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Clean Power Plan (CPP) Reliability Studies
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= Y CPP Planning Background

 Provide a representative overview of the types of reliability issues that can be
expected.

 Each scenario has a distinct portfolio of generation additions and retirements
derived from the economic studies PJM has performed.

 The starting base case that each of the scenarios will be built from is the
2019/20 RPM power flow model.

o All scenarios will be studied for year 2025
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= Y CPP Planning Reliability Analysis Scope

 Generator deliverablility will be performed on the following scenarios

— Reference
— Trade Ready Mass
— Trade Ready Rate

 Load deliverability will be performed only on the Reference scenario power flow
model, but selected individual LDAs will be updated and examined separately to
account for the most severe scenario for that LDA if the LDA'’s forecast CETO

exceeds its forecast CETL
— Reference: BGE & MAAC — State MASS NSC: Dayton

— Reference 5/20: DLCO & EMAAC — Low Natural Gas Price: APS & AEP

PV analysis will be performed on the following scenarios
— Reference — State Mass

— Trade Ready Mass — State Mass NSC
— Trade Ready Rate — State Rate

PIM©2016
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= Y CPP Planning Status & Next Steps

 The reliability power flow models for each scenario have been developed.

 The generator deliverability studies are nearing completion. The load
deliverablility studies have been started. Results are expected be available
for the January TEAC.

PJM RTEP — 12/15/2016 www.pjm.com PIJM©2016



Immediate Need Reliability Projects
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« PJM Criteria Violation — Load Logond
. . Substations Transmission Lines
Loss Limit . sow
* 15kV 15 kV
. Load model update -- Consequential Load Loss is greater 120KV 120 kv
than 300MW for the loss of the South Butler — 1351 138 kv
Collingwood 345kV line tallol 161 kv
Sl 230 kV
. e 345kV P
. Immediate Need . 500KV o
. Due to the timing of the need for the reinforcement an SORE .
RTEP proposal window is infeasible SR eens
+ Option 1
. . 'o. Option 2
. Alternatives Considered

Diamond Lake

Option 1: Construct a new 345 kV switching
station near the customer (SDI); Tap the Rob
Park —Allen 345 kV line and extend a new double
circuit 345KV line (around 17 miles) into this new
station ($76.5M)

Option 2: Construct a new 138 kV station,
Campbell Road, by tapping into the Grabill —
South Hicksville138kV line; Reconstruct sections
of the Butler-N.Hicksville and Auburn-Butler 69kV
circuits as 138kV double circuit and extend 138kV
from Campbell Road station; Construct a new
345/138kV SDI Wilmington Station which will be
sourced from Collingwood 345KV and serve the
SDI load at 345KV and 138 kV respectively;
138Ky circuits will be looped in-out of the new
SDI Willington station resulting in a direct circuit
to Auburn and in direct circuit to Auburn and Rob
Park via Dunton Lake, and a circuit to Campbell
Road; Reconductor 138KV line section between
Dunton Lake — SDI Wilmington; Expand 138kV
bus at Auburn ($107.7M)

Columbia
Raber
E. Whitley

Meridian

Huntington \

Saturn

AEP Transmission Zone

De Kalb South Butler S |

Lockwood Rd.
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Ege
Laotto

Laotto Tap Huntertown

Harpej:r
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Summit Wallen

Reed Trier

Industrial Park
Anthony Lincoln

Spy Run

Dawkins

State Street Tillman Timber Switch

i Blue Creek
lllinois Road
Havilaind

- Allen
Sorenson Nefinley

Ellison Road Engle Ridge
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é/ AEP Transmission Zone

« Comparison of two Options
Estimated | Right of way Additional ROW Addresses Ease of future area

Cost (M) Width (feet) (miles) Local Area Outage
Needs? Scheduling?
Option 1 $76.5 150 ~17 No No
(345kV double circuit)
Option 2 $107.7 100 ~7 (~15.5 existing)  Yes* Yes

(138 kV solution)

* Local 69kV lines built in the 1950s with wood pole construction with distribution class cross arms and the existing conductor is 4/0
ACSR.

*  During 2013-2016, there were 6 outages on Auburn-Butler 69kV line and 4 outages on Butler-North Hicksville 69kV line.

*  For the Auburn-Butler and Butler-North Hickville 69kV lines, there are 5 towers in A1 condition, 79 towers in A2 conditions, and 22
towers in A3 conditions.

*  The existing 69 kV line passes through an industrial zone and continued area industrial growth is anticipated.

*  Local wholesale distribution cooperative is also served from the 69 kV line of similar vintage and construction. This cooperative just
West of this area has experienced multiple forced and momentary outages in the recent past.

NOTE: The 138KV option will use 795ACSR conductor. The cost difference between 556 ACSR and 795 ACSR is about 2-3% of the overall

project cost and the rating difference are show in the following table: Conductor Type SN/SE (MVA) 69 | SN/SE (MVA) 138
kV kV
4/0 ACSR Penguin 50/50 N/A
existing

556 ACSR Dove 102/142 205/284
795 ACSR Drake 129/180 257/360
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é/ AEP Transmission Zone

e Recommended Solution:

—  Construction a new 138 kV station, Campbell Road, tapping into the Grabill — South Hicksville138kV line (B2779.1)

- Reconstruct sections of the Butler-N.Hicksville and Auburn-Butler 69kV circuits as 138kV double circuit using 795ACSR
and extend 138kV from Campbell Road station (B2779.2)

—  Construct a new 345/138kV SDI Wilmington Station which will be sourced from Collingwood 345KV and serve the SDI load
at 345KV and 138 kV respectively; (B2779.3)

- 138KV circuits will be looped in-out of the new SDI Willington station resulting in a direct circuit to Auburn and in direct
circuit to Auburn and Rob Park via Dunton Lake, and a circuit to Campbell Road; Reconductor 138kV line section between
Dunton Lake — SDI Wilmington; (B2779.4)

Cost Detalils
- Expand 138kv bUS at AUburn (827795) 138 kV Station on Rob Park-S Hicksville line, Campbell Road S4.8
. . . 138 kV line single and double ckt sections, 22.5 mi 533.0
 Estimated Project Cost: $107.7M
138 kV Dunton Lake-Wilmington Reconductor, 9.5 mi 513.3
345/138 kV South Butler station, (5) 345 kV and (8) 138 kV CBs, 541.5

(2) 345/138 kV XF, (2) 138 kV Cap Bank and CS, & Land

« Required IS Date: Immediate Need

138kV Expansion at Auburn, (1) 138 kV CB 51.0

Total 593.6

« Expected IS Date: 6/1/2019 15% Contingency  $14.1
Grand Total (Million) 5107.7
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é/ Dominion Transmission Zone

(S \

Dominion End of Life Criteria Violation:

. Original SVC at its End of Life >;
— Harsh Environment / High Salt Contamination

4
Elizabéhh City Avdletto-pbint Habor
¢ (s \

Tanglewood D.P.

has led to component corrosion i b =, F o\
—  Capffilters have reached end of life
—  Non-redundant design B ‘\'\\;%l,\ W
—  Unique components with no spares L
Immediate Need: \ih L ab S =
. Due to the immediate need, the timing required for /V}d't;gpﬂ v
0P | ‘

an RTEP proposal window is infeasible. As a result,
the local Transmission Owner will be the Designated

e e,

Entity. R
Alternatives Considered:
. Due to the immediate need of the project no
alternatives were considered
Proposed Solution: Slfbs::;tli(:ns Transmission Lines i
. Install a +/-125 MVAr Statcom at Colington 230kV L o
(B2757) L
Estimated Project Cost: $30 M - 20k
Required IS Date: 06/01/2017 " caw
Projected IS Date: 06/01/2017 [Roh
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é/ Dominion Transmission Zone

Dominion End of Life Criteria Violation:
. The Dooms - Valley 500 kV Line has reached its End of Life

. Third party evaluation: Confirmed the Dooms - Valley500 kV :  Logens -
has reached its End of Life b o

«  PJM Reliability Assessments without the line result in oy e
Criteria violations: Numerous thermal and voltage violations DN

for various contingencies around and at Bath County, 3

345 kV
500 kv

Lexington, Clifton, Lowmoor, and Dooms. & o 00
765 kV
Immediate Need:

. Due to the immediate need, the timing required for an RTEP
proposal window is infeasible. As a result, the local
Transmission Owner will be the Designated Entity.

Alternatives Considered:

» Alternatives that would require new lines to be built were not _
considered. Trimble's Mill OP

Proposed Solution:

* Rebuild Line #549 Dooms — Valley 500kV (B2758)
Estimated Project Cost: $58.16 M

Required IS Date: Immediate Need ke
Projected IS Date: 6/1/2021

©  Ssubs Identified

West Staunton Hydraulic Roa
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- 4

Dominion End of Life Criteria Violation:
. The Mt. Storm - Valley 500 kV Line has reached its End of Life

. Third party evaluation: Confirmed the Mt. Storm - Valley500 kV
has reached its End of Life

. PJM Reliability Assessments without the line result in Criteria
violations: Numerous thermal and voltage violations for various
contingencies around and at Barrack Road, Charlottesville,
Bath County, Lexington, Clifton, Endless Caverns, Ox, and
Possum.

Immediate Need:

. Due to the immediate need, the timing required for an RTEP
proposal window is infeasible. As a result, the local
Transmission Owner will be the Designated Entity.

Alternatives Considered:

» Alternatives that would require new lines to be built were not
considered.

Proposed Solution:
* Rebuild Line #550 Mt. Storm — Valley 500kV (B2759)
Estimated Project Cost: $225 M

Required IS Date: Immediate Need
Projected IS Date: 6/1/2021
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Potential High Voltage issue in PSEG During
Light Load
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é/ PSEG Transmission Zone

e Background

— The BLC (Bergen —Linden Corridor ) project in the Northern
PSEG is under construction to be completed by June 2018.
The project includes several pieces of underground cable.

— The northern PSEG area previously experienced high voltage
ISsue.

— The last three years average load in PSEG was about 4000
MW during light load. The 2015-2016 load average was about
3900 MW during light load hours.

Purpose:

— The purpose of this analysis is to determine if a high voltage
violations exist after the Bergen — Linden Corridor is fully
energized.
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é/ PSEG Transmission Zone

o Assumptions/Analysis

— PJM performed voltage analysis using the 2021 RTEP
Light Load case with 3900 MW load model for PSEG area
and identified several high voltage violations in Northern

PSEG.

— System transmission topology is unchanged between
2019 and 2021 in the PSEG North area and therefore the
violation is expected to occur during the 2018/20109.

PIM©2016
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 PSEG stations with High
voltage violations

138 kV substation I 230 kV substation

Doremus Place 138 kV
Fair Lawn 138 kV
Federal Square 138 kV
Foundry Street 138 kV
Newark 138 kV

PSEG Transmission Zone

aldwick _~  Fillsdale ~ 'R

va

k¢

leasantville
awthome oR E

Hinchmans e.\e !Q
Fair Lawn

lackson Rd.

New_Milford

ywood  (Bergenfield
Kuller Rd.
Cedar Grove i/ Saddle Brook

345 kV substation

49TH Street R 230 kV Newark Airport 345 kV ~J = \.
49th Street Y 230 kV Bayonne 345 kV At
Essex 230kV Bayway 345 kV
Hoboken 230 kV Bergen 345kV L d enhO/Tap wast -
Homestead 230 kV Linden 345kV it McCarte Essex - O
- i 70,00
Kearny 230 kV Marion 345 kV __Newark ¥"—Y
Stanle}{TerracE (o) ! S po
o \\oFarragut

Madison 230kV North Avenue 345 kV / Federal
Springfield Rd.

Sq uare Legend

Newport 230 kV

Gillette

NJT Meadows 230 kV N Ol'th Bayonne 7 Substations  Transmission Lines
o ¢ B9KV B9 kV
Penhourn 230 kV e ®Ave. ‘ 0 E e
South Water Front 230 kV font Stieel, Fanwood arinanco Bayway WY \/ ok
Linden VFT Llnden ew Yok “ / 138 kV \/ 1k
Tosco GIS ‘ﬂ‘ falky \/ 181kv
T0205 " Gogthals ! g o 230 kv

*  345kV

; o 5KV

Greenbrook _ g S 500 kV
/ L e 765 kv

SEKSWICOTEDN (ake Nelson 14 = By O swwemes
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é/ PSEG Transmission Zone

e Conclusion

— The voltage violations exist after the Bergen-Linden
Corridor project is placed in-service in 2018.

— The addition of reactive devices is an immediate need.

— B600MVAR of new shunt reactors installed in PSE&G’s

northern and central zones will address the high system
voltages.

— Because of long shunt reactor procurement time, need to
start as soon as possible to meet in-service dates.
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é/ PSEG Transmission Zone

e Preliminary Recommendation

Install shunt reactors in the following stations

Location Size Cost In-Service
Kearny 230kV 2x50 MVAR $17.8M May-19
Hudson 230kV 2x100 MVAR* $13.5M Sep-19
Bayway 345kV 2x100 MVAR $30.6M May-19
Linden 345kV 2x100 MVAR $28.5M Jun-19

1 Existing 2x50 MVAR at Hudson to be replaced with 2X100 MVAR for a net increase of 100 MVAR.
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2016 RTEP Proposal Window #2
Updates and Recommendations
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é/ DEOK/EKPC Transmission Zone

« DEOK and EKPC Transmission ZONes iz,
+ Reliability Criteria FG#s:

—  897-Thermal Overload on Clifty-Miami Fort 138 kV |
—  905-Thermal Overload on SpurKent-Kenton 138 kV \
—  906-Thermal Overload on Spurlock-SpurKent 138kV | \/ ]
— 907-Thermal Overload on Nickel-Warren 138kV

— 1137-Thermal Overload on Clifty-Miami Fort 138 kV

— N2-T4-Thermal Overload on Port Union-E Provi 138 kV

— N2-T5-Thermal Overload on Port Union-E Provi 138 kV

— N2-T6-Thermal Overload on Tod Hunter 345/138 kV XFMR
— N2-T7-Thermal Overload on Tod Hunter 345/138 kV XFMR
— N2-T8-Thermal Overload on Tod Hunter 345/138 kV XFMR
— N2-T9-Thermal Overload on Tod Hunter 345/138 kV XFMR

— N2-T10-Thermal Overload on Tod Hunter 345/138 kV XFMR ; ' , '
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 Proposals:
—  2016_2-1A
— 2016 _2-1B
— 2016 _2-1C
— 2016_2-1D
— 2016 2-3C
— 2016 2-3F
—  2016_2-5A
—  2016_2-6A
— 2016_2-7S

DEOK/EKPC Transmission Zone

\
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DEOK/EKPC Transmission Zone

proposaip  laalic oo Jac dsr Jsadea izl lor
75($0.82M),
Alternate Proposal 13\'1%1114'\3) 10B($30M) 9T ($6M),11D($44M),
11E($86M), 13F($12M)
Proposal Proposed Cost ($M) 18.7 10.5 2.2 19 63 25 17.1 1.0 17 18.7
Upgrade/Greenfield  Upgrade Upgrade Upgrade Greenfield Greenfield Upgrade Greenfield Upgrade Greenfield Greenfield
Proposing Entity DEOK DEOK DEOK Transource Transource EKPC Nextera AEP LS Power LS Power

897 X X X X
905 X X X
906 X X X
907 o X X X X X
1137 X X X X
N2-T4 X X X
Flowgates NoLTS « x «
N2-T6 X X X X X X
N2-T7 X X X X X X
N2-T8 X X X X X X
N2-T9 X X X X X X
N2-T10 X X X X X X

O: Proposal solves the FG, but was not indicated in the proposal from the project sponsor
X: Proposal solves the FG as indicated in the proposal
X: Proposal does NOT solve the FG as indicated in the proposal
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= Y DEOK/EKPC Transmission Zone
Independent Consultant Cost Estimate Result

Proposal D -----“
Independent Cost

Upgrade/Greenfield Upgrade Upgrade Greenfield  Greenfield  Greenfield  Greenfield
Proposing Entity DEOK DEOK Transource Nextera LS Power LS Power
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= Y DEOK/EKPC Transmission Zone
Constructability Findings

« Generally no significant permitting or siting issues identified for
any of the proposals

— Endangered species may require time-of-year work restrictions

e Transource 3C

— Foster substation expansion has risk of scope increase
e Current configuration is a 7 position 345kV ring bus

e LS Power 9R

— Potential for additional studies or surveys to be required due to
oroximity of historic buildings
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é/ EKPC Transmission Zone
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Common Mode Outage (FG# 905, 906): s ? oayon - Beokjgulf fereeD

. Spurlock — Kenton 138 kV circuit is overloaded /,
for loss of the tower lines of the Spurlock — Stuart o] Parkey
345KV and the Spurlock- Meldahl 345kV

—

/W N\ t\\*:‘ \{

Alternatives considered: e e.dghmam_Tap 3
— 2016 2-3C ($19.0 M) el ) H
— 2016 _2-3F ($63.0 M) Vanc
- 2016_2'5A ($25 M) ‘Inlangd bntal e
ayswlle\\%mam _
Preliminary Recommendation: . SR
. Upgrade the current 5% impedance 1200A line ) :
reactor, which connects the 4SPURLOCK - :
4SPUR-KENT-R and 4SPUR-KENT-R - :
4KENTON 138kV line sections, to a 6.5% AP C
impedance 1600A line reactor.(2016_2-5A) Renaker v ‘-
en
1O]
Estimated Project Cost: $ 2.5M o Hemitasouy Goudaro
Substations Transmission Lines .

Required IS Date: 6/1/2021 L e 69KV

15 kv 15 kv AD Cranston
Lty 120 KV A

138 kV 138 kV
161 kV

161 kV Sharkeh

o 230KV Rowan County
230 kV 'y

o 345KV e e Al

o 500KV AEI

765 kV 00KV North Clark

. 765 kV
Subs Identified

Farmers

Copyright /2014 Esri
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B

Common Mode Outage (FG# 897, 1137):

. The Clifty Creek— Miami Fort 138 kV circuit is
overloaded for multiple common model
Contingencies

Alternatives considered:
- 2016 _2-1B ($1.0M)
- 2016 _2-3C ($19.0 M)
- 2016 _2-3F ($63.0 M)
- 2016_2-7S ($0.82M)
- 2016 _2-9R ($18.7M)
- 2016 _2-9T ($6.1M)
- 2016 _2-11D ($44.3M)
- 2016 _2-11E ($85.7M)
- 2016 _2-13F ($12.4M)

Preliminary Recommendation:

. Install 5% reactors at Miami Fort to limit current. (2016_2-
1B)

Estimated Project Cost: $ 1.0M

Required IS Date: 6/1/2021
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é/ DEOK Transmission Zone

N-1-1 Thermal Violation (FG# N2-T4, N2-T5):

. The Port Union — EPROV 138 kV
circuit is overloaded for loss of the
Todhunter — Rockies Express 138kV
and the Foster- Garver 345kV

Alternatives considered:
— 2016_2-1D ($2.19M)
— 2016 2-3F ($63.0 M)
— 2016 2-9R ($18.7M)

Millikin

Beckett

Preliminary Recommendation: wdig wo /7
. Reconductor Feeder from Port Union to R : o ek D TR
East Provident 138kV line for 300MVA.
(2016_2-1D) o

Substations Transmission Lines Kemper
. 69KV 69 kv
15KV 15 kv

Estimated Project Cost: $ 2.19M ® @ \/ pow g oy
® 138KV \/ 13skv Cornell Cornell Tap
. ? ;z;:: \/ 181KV
Required IS Date: 6/1/2021 S e ik 7

* 500kV
500 kV

765 kV
. o Cooper COOP_TP
Subs Identified Finneytown
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Common Mode Outage (FG# 907):
. Nickel — Warren 138 kV circuit is overloaded for

loss of the tower lines of the Todhunter — Rockies
Express 138kV and the Foster- Garver 345kV

Alternatives considered:
- 2016 _2-1C ($10.48 M)
- 2016 _2-13I ($11.19 M)
- 2016 _2-13J ($14.27M)
- 2016 _2-3C ($19.0 M)
- 2016 _2-3F ($63.0 M)
- 2016 _2- 6A ($17.1M)
- 2016 2 9J ($17.0M)
- 2016 _2-10B ($29.5M)
- 2016 _2 1A ($18.7M)

Preliminary Recommendation:

. Expand Garver 345kV sub to include 138kV. Install 1-
345kV breaker, 1-345/138kV 400MVA transformer, 6-
138kV Breakers and bus work. Connect local 138kV
circuits from Todhunter, Rockies Express, and Union.
(2016_2-1A)

Estimated Project Cost: $ 18.7M

Required IS Date: 6/1/2021
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Trenton
i

L

oMadigén‘thunter g
(\GWaodddale—" E 0

.r Millikin

u

___"eWarren
Maineville

Beckett

N

-
Legend _ Bethany
Substations Transmission Lines [j! Seward A
° 69KV 69 kv e IS .
Parl
o 115KV ;
Az —Port Unign
120 kv 120 kv / P M
138 kV * .
138 kV d . — :
161 kV oy . Hall Mulhauser}, . Dimmick Simpson Foster
. =
;jz :: 230 kv : ' d Socialville TwentyMile
0 </ Kempe
345 kV/ 4
* 500 kV - .‘ Montgomery
765 kV | Cornell
. 765 kV -| I Cornell Tap
Subs Identified =1
L ; Copyright:@ 2014 Esri,
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é/ DEOK Transmission Zon

N-1-1 Thermal Violation (FG# N2-T6, N2-T7, N2-T8, D——-*’/V koS
N2-T9, N2-T10):
. The left one of the three Todhunter 345/138kV

transformers is overloaded for loss of the any two
of them

Union

Alternatives considered: Rockies Express

- 2016_2-1A ($18.7M)
- 2016_2-3C ($19.0M)
- 2016_2-3F ($63.0 M)
- 2016_2-6A ($17.1 M)
- 2016_2-9J ($17.0 M)
- 2016_2-9R ($18.7M)
- 2016_2-10B ($29.5M)
Preliminary Recommendation:

. Expand Garver 345kV sub to include 138kV. Install 1-
345kV breaker, 1-345/138kV 400MVA transformer, 6-
138kV Breakers and bus work. Connect local 138kV
circuits from Todhunter, Rockies Express, and Union.
(2016_2-1A)

Armco

Di@eek

Todhunter®; Shaker Run

Legend
Substations Transmission Lines

Estimated Project Cost: $18.7M

Required IS Date: 6/1/2021

PJM RTEP - 12/15/2016 www.pjm.com

* 69KV
= 15kV
120 kV
138 kV
161 kV
s 230kV
e 345kV
s 500kV
765 kV
Subs Identified

69 kv

115 kV
120 kV
138 kV
161 kV
230 kV
345 kV
500 kV
765 kV

Beckett

Milikin

Maineville

Bethany

Copyrighti&r2014 Esri
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= Y 2016 RTEP Proposal Window 2

« PJM had to perform retool analysis for the following flowgates from 2016 2" Window. The facilities are
impacted by queue project that recently signed ISA (with IS date of prior to January 31, 2019), and the
PSEG/ConED plus RAMAPO PAR settings. PJM completed the retool analysis and the overloaded facilities
listed below are no longer overloaded with the exception of the Lackawanna 500/230 kV transformers. Due
to the IS date of the queue project, the Lackawanna transformers upgrade will be an immediate need

project.
200825 26MESH2REA 200706 26N.MESHPN 115/230 226/226 232.01 23157 123.18 'PN-P1-2-PN-230-013' single  Transformer
26MESH2RE - |
29 200677 26NO MESHO 200825 A 3 115/115 226/226 197 23211 226.13 114.79 'PN-P1-2-PN-230-013' single  Transformer
90 200675 26E.TWANDA 200924 26CANYON 1 230/230 226/226 515 580.01 55329 |HIISIGEN 107.43 Base Case single Rate A/B = 546/666
91 200675 26E.TWANDA 200924 26CANYON 1 230/230 226/226 615 661.97 63455 |HIOMGEN 103.18  'PL:P12:001029'  single Rate A/B = 546/666
92 200675 26E.TWANDA 200924 26CANYON 1 230/230 226/226 615 643.47 61527 |NIOBGSM 10004  'PL:P12:000189  single Rate A/B = 546/666
1042 208009 LACK 200074 LACKAW 4 230/500 229/225 1165 134452 1354.97 |G 11631  'PL:P42:101630' breaker  Transformer
1044 208009 LACK 200074 LACKAW 3 230/500 229/225 1165 134452 1351.41 |HEICHE 116. 'PL:P42:101631'  breaker  Transformer
1059 200927 26FOURMILE 200820 26ERIESE 1 115/115 226/226 245 278.63 27504 |NIIGHEN 112.26 'PN-P2-3-PN-230-6G' breaker Same as basecase
- 'PN-P2-3-PN-115-

1132 130807 WESTOVER115 200680 26LAUREL L 1 115/115 102/226 149 154.84 154.18 103.48 46G' breaker  Rate A/B =

PJM RTEP — 12/15/2016 www.pjm.com PIJM©2016




é/ PPL Transmission Zone

! Elwrll YL 40
Common Mode Outage LW Greenfied
—  The Lackawanna 500/230 kV transformers # 3 and #4 are R
overloaded for line fault stuck breaker contingency loss of the
Lackawanna — Susquehanna 500 kV circuit and the =1 =
Lackawanna 500/230 kV transformer #3 or #4. Tink Tap -

Immediate Need: Bmw,,eu 5~ East Carbondale

- The Y2-089 queue generation project recently signed ISA
and will be in-service by January 2019, in the immediate need

timeframe.
. . Jermyn
Alternatives Considered: Bela \ o)
: Archbalg N
— Install series reactors along the Lackawanna 500/230 kV \ 8 el
transformers Lackawanna c,1 EV"""

- Install Phase Angle Regulator at Lackawanna .
- Replace Lackawanna 500/230 kV transformers.
Proposed Solution:

- Reconfigure/Expand the Lackawanna 500 kV substation by
adding a third bay with three breakers.

Mehopollta___[ls rénce = \‘ e o
Chambeﬂam ac @wanna Energy

7 burban Yerd %y OUP‘SpeclaIty Records

Legend

Substations Transmission Lines
¢ BIKV 69 kV
e 15kV N5kV

Estimated Project Cost: $11.26 M Bt W \/ 20w
. ] S 138 kV Vi
Required IS Date: 1/31/2019 st ) B

*  230kV

Expected IS Date: 1/31/2019 el B o
500 kv
765 kV

Subs [dentified

230 kV
345kV
500 kV
765 kV

tard Stillivan Trail__pyne and Talbot
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2016 RTEP Proposal Window #3 Update

PJM RTEP - 12/15/2016 www.pjm.com



= Y 2016 RTEP Proposal Window 3

o Status: 30 Day Portion closed 10/31/2016, Final details due 11/15/2016
e Scope:
— 2016 RTEP Winter Analysis

« Baseline N-1 (thermal and Voltage)

* Generation Deliverability and Common Mode Outage
 N-1-1 (thermal and Voltage)

» Load Deliverability (thermal and voltage)

— 2016 RTEP Light Load Analysis

« Baseline N-1 (thermal and voltage)
* Generation Deliverability and Common Mode Outage

— Short Circuit Analysis

PJM RTEP — 12/15/2016 www.pjm.com PIJM©2016




= Y 2016 RTEP Proposal Window 3

 Timeline
— Window Opened: 9/30/2016

— Window Closed: 10/31/2016

* Proposal definitions, simulation data and planning cost estimate due
— Detalled Cost due: 11/15/2016

« Additional 15 days to develop and provide detailed cost data

* See the window documentation for additional information

PJM RTEP — 12/15/2016 www.pjm.com PIJM©2016




= Y 2016 RTEP Proposal Window 3

« 25 total flowgates

Test/kV Level* <200 kv 230kV 345 kV 500kV 765kV Total

Short Circuit 2 1 3
|[Winter Baseline N-1 0
|[Winter Gen Deliv/CMO 17 3 20
[Winter N-1-1 0
Winter Load Deliv 0
Light Load N-1 0
Light Load Gen Deliv 0
|Gen Deliv 1 1
Winter Baseline Thermal 1 1

Total 21 0 q 0 0 25

*Transformers are categorized based on low side kV

PJM RTEP - 12/15/2016 www.pjm.com

PIM©2016




= Y 2016 RTEP Proposal Window 3

o 25 flowgates recommended for proposals

« 29 Proposals Received from 7 entities addressing 6 Target
Zones

— 17 Greenfield
— 12 Transmission Owner Upgrade

PJM RTEP — 12/15/2016 www.pjm.com PIJM©2016



2016 RTEP Proposal Window #3
Recommendations
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B

Generation Deliverability (FG# 41):

Tanner Creek to Miami Fort 345 kV
circuit is overloaded for the loss of the
Terminal — East Bend 345 kV circuit.

Alternatives considered:
— 2016 _3-1A ($7.8 M)
— 2016 _3-2A ($14.5 M)
— 2016 _3-2E ($59.8 M)
— 2016 _3-5G ($14.5 M)

Preliminary Recommendation:
— Upgrade the Tanner Creek to Miami
Fort 345 kV circuit. (2016_3-1A)
Estimated Project Cost: $7.8 M

Required IS Date: 12/1/2021

PJM RTEP - 12/15/2016 www.pjm.com

AEP/DEO

&K Transmission Zone

\ vayton
|
|

Mt. t

Coleriary
Mapleknoll

Rybolt
Gl
: Kleeman A
Midway
Neumann P1783
Ebenezer,
o fac
B . Hanxess Monsanto Ineos (
Miami Fort Gas Turbing’/” S Ferguson
Greendale /i | ﬁ
Miami Fort o 1
Dearbor ) LawrerEeburg Pl NN
°
Tanngfsfcreek B0 1
{ Crescent
\@
£

Substations Transmission Lines
. B9V 89 kV
o 115kV 115kV

120V \/ 120kv
138 kV \/ 18k

161 kV \/ 181 kV
. 230kV 230 kV

o 5KV
o 500KV
765 kv
© subs Identified

345 kV
500 kv
785 kV
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é/ AEP Transmission Zon

 Generation Deliverability (FG# 84) : 2 Derter /

 Kyger Creek to Sporn 345 KV circuit #2 is VAVLEE Y
overloaded for single contingency loss of the
Kyger Creek — Sporn 345 kV circuit #1.

. Alternatives considered:
— 2016 3-4B ($ 15.5 M)
— 2016 3-4C ($0.3 M)

Rutland

oMeigs 05=5 \ A PAAS

Belleville

- ""/“‘Mbyntainee
— 2016_3-5E ($19.8 M) 27N 5 o ¥
America?': Allot‘;:s 7 \\_ 0 [
e  Preliminary Recommendation: T A G L U
—  Six wire the Kyger Creek to Sporn 345 7 K:??t’ Sreek // | =
KV circuits #1 and #2 and convert them e Bl '
to one circuit . (2016_3-4C) i otisgey
I i aners ,’ \ Legend
hd EStImated PrOJeCt COSt $ 03 M ‘L-l—-—/ Substations iransmission Lines

e MSkv 15 kV
® 120kv \/ 120kv
® 138kv \/ 138Ky

® 181kV \/
161 kV
. 230kV

. 345KV
. 500KV

765 kv
O  subs Identified

. Required IS Date: 12/1/2021

230 kV
345 kV
500 kV
765 kV
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"é PEP Transmission Zone

f —r by T s e Dt 1) GM Defiance
A i S.W. Defiance rsville
 Baseline and Common Mode Outage (FG# 123) : et & L TS
«  Maddox Creek to East Lima 345 kV circuit is Lo
overloaded for single contingency loss of the

Marysville — Sorenson 765 kV circuit. e

. . & Dawkins _ East Leipsic Findlay Genter/lﬁ
. Alternatives considered: L Tilman I Newu@ i
_ 2016_3-3A ($ 5.95 M) rspy ¢ i | Timber Switch ?Blue Creek Baiion RRCEOP) 8 e e The
— 2016 3-4D ($18.2 M) ﬂ : bR Haviland ey Creek Switc
— 2016_3-4F ($67.7 M) fen |

—  2016_3-4G ($ 69.3 M)

— 2016_3-7A($ 55.9 M) MaddoX-Creek™x, . Noith Delphos
Cambell Rd. Switch Rockpor N. Woodcock
Hillcrest Ry,
Ry AE P, /
. Preliminary Recommendation: Lima

— Reconductor the Maddox Creek to East Lime
345 kV circuit with 2-954 ACSS Cardinal
conductor. (2016 _3-4D)

Northwest Lima

Eastown Roaq Fast Side Lima
Woodlawn - vestLima Hanth
Ordinance Jct S Greal

: ng : L
SW. Lima awanBEa_" ‘ Substations Transmission Lines

* BORV 69 kV

. Estimated Project Cost: $18.2 M

+ 15KV 15KV
120kV \/ 120kv
18RV \/ 138kv

Nobile Midwest  Gity of StMary's 161 kV WA e

D giySteolh -‘fyestMauM 20k : 230 kV
Rockford Celina St_Marys . 35KV ey

. Required IS Date: 12/1/2021

v 500KV

Marathon Oil Co. ety 500 kY

"-\ 5 e Chickasaw  New-Bremen T e 765 kV
i t a | E [ [=]
i Mgld'-‘f&{ /d\\ /J = / Q B
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é/ AEP Transmission Zone

 Baseline and Common Mode Outage (FG# // Siseon

394, 395, 396, 397, 398 and N1-35) :

 Chemical to Capitol Hill 138 kV circuit is 7
overloaded for several tower outages. [

Lanham

Jor]r]Amos

. Alternatives considered: %
— 2016 _3-4A($ 7.3 M) |
- 2016_3'5C ($ 30 M) Crooked Creek  Ortin

b Dalewood
pphoK Tackett Creek  Lakeview

. Preliminary Recommendation: 87,5078
— Reconductor and string open position Union Caride #3 Chemical

Flatv

and sixwire 6.2 miles of the Chemical to 2> s
Capitol Hill 138 kV circuit. (2016_3-4A) et Catbide in
Rutiedge Tap
- Estimated Project Cost: $7.3 M Aty -
Angel Branch S:S. Chesterfield Avenue Substations  Transmission Lines
«  Required IS Date: 12/1/2021 s o
120 kV v 120 KV
Point Lick EAR \/ 138kv
Chestfield Ave. Tap : ;::,:: )l

230 kv
345 kv
500 kv

e 345kV
. 500KV
Hemshaw 765 kV

: 765 kv
O  subs Identified
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é/ ATSI Transmission Zone

Generation Deliverability and Common Mode
Outage (FG# 392, 393, 400, 407, 489, 490,
493 and 504) .

. Black River — Lorain - Avon 138 kV circuit is

overloaded for tower outage loss of Avon — resvuad_Darun_Dodge (CPP)
Lake Ave 345 KV circuits and line fault stuck Davsen
breaker contingency loss of the Avon — Lake
Ave 345 kV circuits.
* AI ter nza(; 2/6883 CZOCI? S| d er ed : NASA Glenn Research Center Fc
— 2016_3_58 "\\ng Dell - > A Clg:;l:nd He
- Clifford DK‘%%(_TDL_T
— 2016 _3-5D Gates ¥ Eid
- 2016_3'68 . ID_lrmkirk
owles Tap. _Fowles
- 2016—3_6(: £ ; A Fieldstone 7
- 2016_3-6D ey Substations Lei:::smission Lines
i StatUS Oberﬁn - f:?sk:(lv f?::v
— Evaluation in progress Ml o/
—  PJM will continue to evaluate these g e

230 kV

proposals along with those submitted in 2016
RTEP Proposal Window 3 Addendum /Mcﬂmde"

e 345kV

o 500KV
765KV

O  subs ldentified

345 kV
500 kV
765 kV
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é/ ATSI Transmission Zone

Wauseon

« Common Mode Outage (FG# 1, 2, b Arcm/

and 3) _ MSauderWoodworking
* Richland to Naomi Junction 138 kV L,ran
circuit is overloaded for multiple bus PR . £ S ey
and line fault stuck breaker '
ContlngenCIeS. Liberty Center

e Alternatives considered:
— 2016 3-2B ($8.3 M)
— 2016 _3-2D ($17.2 M)
— 2016 3-5A ($85M)
— 2016 3-5H ($6.1 M)
— 2016_3-6E ($9.1 M)

Lockwood Rd. '
: i . B9KV
Richland
. ® 120k
i St a.t us. Johns Manville Defiance GM Defiance o i x :j: :z
. . Johns Manville 2 o i v/ ey
— Evaluation in progress SW Dence g

e 345kV
. 500KV
765 KV
O  subs identified

345kV
500 kV
765 kV
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Short Circuit

PJM RTEP — 12/15/2016 www.pjm.com PIJM©2016



B

Scope and Cost Change for B2631 Upgrade

Problem: Short Circuit

. The Linden 230kV GSU breakers are
overstressed

Old Proposed Solution:

 Replace the four Linden 230 kV GSU
breakers with 80kA breakers (b2631)

New Proposed Solution:

 Install 0.123% series reactor on the Z-2252
230 kV circuit connecting the Linden
generators to Linden station.

Old Estimated Project Cost: $4.5 M
New Estimated Project Cost: $8.25 M
This is a PSE&G generation funded project.

Required IS Date: 6/1/2018

PJM RTEP - 12/15/2016 www.pjm.com

PSE&G Transmission Area

Federal Square
Stanley Terrace i
f Pagsaic'Valley Sewerage Commission f
— ! /i
Springfield Rd. Pl i | =
: 7 [ [Bayome - .
: / s dl L -, .
__‘.'.‘n ne _’.I -"‘ -
; Baway . [
Fanwood e \Warinanco. .~ gt )
en W G e e i / et R
verq  Linden Ly { | i
ToscoGIS gt o) . i S A
g + p Goethals \
Westfield emer =S inue $Iot, i /_,‘ R \ ; "\_‘
i ) 13 i
Greenbrook P S /.., E- =
omervile _ Bridgewater § /4 '.”M{'-xm W
2 g sk Nefion A erson Ay -/ o/ A o
\...l":- i ) 4 e
yKilme, gy AN i
{ &

Legend

Substations Transmission Lines
© BV 89KV

+ N5k 15KV

120kV \/ 120k

138 kv v 138 KV
\'H‘I

_Sunnymeade Rd. X Meadow Road oy v
\ i il =
Bennelts Lane fdl_zy‘:/_f.__.,y
I o g
k aalh Sayreuille Converter Station (Negtung) E_Jm; o0 (New Jersey Steel)
Py o Raritan River (Sayrgvi arlin R,

.4:1'

BEans

161 kV / 1k
P L S < 230KV S
= © skY

345 kV
+ 500KV

765 kV

2 O subsidentfied
N Rooeark SR

500 kV
765 kW
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é/ ATSI Transmission Zone

e  Short Circuit (FG# SC-1):
. The Bruce Mansfield 345 kV breaker
‘B57’ is overstressed.

Valley

« Recommendation:
— Replace Bruce Mansfield 345 kV
breaker ‘B57’ with an 80 kA
breaker, and associated gang-

I
East Liverpool Whemgo-Mid NO.2

operated disconnect switches D56 o 1 L )
== g v ON S
and D58 (2016_3'6F) (82780) ) F 5 | J&L Furnace Mm'@ Mansfield J ot
: N 4 i —__Bedver Valley opewe
South Chester : % \‘\ // 5 Koppel Steel - Legior

« Estimated Project Cost: $1.3 M

Legend Valley Tap

Substations Transmission Lines 4

* Required IS Date: 6/1/2021 . oow

s 115kV 115 kV Crescent

® 120KV r
® 138KV \/ 138KV
®

Sewict

LA \/ 161kv

* Projected IS Date: 11/30/2017

o 230KV
. 345KV
o 500kV
765 kV

© subs Identified

230 kV
345 kV
500 kV
765 kv
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é/ AEP Transmission Zone

P u s s

«  Short Circuit (FG# SC-4, SC-5):
. The South Canton 138 kV breakers ‘L’

‘ ’ Miles Avenue Republic
and ‘L2’ are overstressed. - 2
Reedurban
I - overdale Timken - e
L4 ReC O m m en d a.tl O n . & oy Negley W ss anlon Central
— Replace South Canton 138 kV < ScteplgrSwich &5 6. s\ /]

breakers ‘L’ and ‘L2’ with 80 kA N r Aodd Timken Richvile ~ Torrey
breakers (2016_3-4E) (B2733)

South Canton

« Estimated Project Cost: $780 K

* Required IS Date: 6/1/2021

Legend
Substations Transmission Lines
= B9kV 69 kV
. 15KV 115 kV
120 kV \/ 120kv
138 kv \/ 138KV

161 kV \/‘ 161 kV Strasburg
0 kv
250 230 kV

*  345kV

345 kV
*  500kV

500 kV

765 KV
765 kV
© subs identified

North Strasburgh
Bolivar
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ey Dell 1Y Ao\ NOMmnorook
Supplemental Project 470 ) undes _W“'?f.':.iﬂ.,.& et Northfield el
Wer LLC Hpopwcme 0T D Elmwood ral g
d i S Golf Ml : /
Problem Statement: W IV v e S SOKE Nierson
o Hanoter Hofman Esiafes u§~ Howard Niztﬂklﬁ Skokie /
gin S . Tonne _ Higgins ; : i
. . paulding % Des Plaines |99 o, 0 Rosehill
. 765 KV line 11215 from Wilton Center to Dumont has a 150 M fau 0 o Whode  torogs | % o,
MVAR shunt inductor at Wilton Center and a 300 MVAR B I e MU= TR j
shunt inductor at Dumont in AEP. The AEP inductor will ) A Iasamnﬁm-e':im;g s ) oo IS;.LC.AirRights
have a circuit breaker installed under b2231 (Install 765 kv~ Siea80 = Ry vees HE.,"E‘,WD-WMWWZTM I« e P
reactor breaker at Dumont 765 kV substation on the g e R0 | ST O ™ A N Ontwa
Dumont - Wilton Center line). _ra'rr=ﬁ.mm. WiletBprings /- Cieaing, _:::I Wl;;;ﬁ;gn - - Rigkerman/Road \Da{denl?goe;gf]gr Granger
. The Wilton Center inductor is bolted to the line with no Napervle il o~ i B o WQH\-:{ " US Steel Mehgan Gty lreek"jirﬁ‘g"@fmak‘; ~ SouthBeid T
switching device. 1) v NF lr / e i et 0y Stateine (DOMENE) = Bosserma”:ﬂ“éﬁj:“’"’ o PR G oy o
. This line has a large impact on the PJM market. L i ol aisip -, Wildwoods== " 7fi“WofLake P LaPorte Jet. = é\n S \1 (
The inductor is removed in summer months for voltage Plainfie A o e = Liguid Carbonics Ao >LlJ8 It Jofise o prdgson o
* umr ) e ainfie e Mol G0 O N / Méple “Galvert 7/ oncor
support and returned to service in the fall. Each time itis o O e A T | G Stilliel }a]ksonoad'!lreiér{d Road Kine
switched requires a day long outage to bolt or unbolt the st M O s, Y Sand Bidge : 5
ConneCtionS. ;S;]gec‘:ﬂoo‘%m:m;j i Cemrg:i gs Mlm% ot s i For& Motor Company ‘ 5 Dumo I‘It
. Installing a CB on the inductor will have several benefits: "y JoletO sl el U Ptk Foreg . Geneva Energy . -
—  No more line outages required for seasonal alt\ifllénffgk hrod  iesfratco. NO et Paklors £ DS TG 5
itchi . Uiise - ExFON-Mobil il TAP1562 .
SW|tC_h|n9- _ _ L SN Amrican/asy @ Wilton Ctr. Crete | -
- The inductor can be switched in and out as NFesden Lift BAMGS B coln Eneraw.Cent 1 | —
conditions change instead of being switched ins| )i £/ Gt | e
seasonally g 1
- The inductor will automatically close in the event of R 'S$t |
a high voltage condition. Legend Fpio
- Line will stay in service for inductor faults Substations  Transmission Lines |
69 kV 69 kv :
Potential Solution: 115 kv 115 kv ;
Install 765 kV CB at Wilton Center 765kV substation on line 11215 120KV 120 kv DA
(Wilton Center — Dumont 765kV line) shunt inductor (S1204) el 138 kv
Bl 161 kV
230 kV
230 kV
. Estimated Project Cost: $5.8M :‘;2 :: 345 kV
. Projected IS Date: 12/31/2017 265 kv 500 kv
. Project Status: Engineering Phase Subs Identiisd Teaky | Reynolds
[ Copyright:@ 2814 Esri
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Supplemental Project

Problem Statement:

. Presently Pontiac transformer 82 shares a 345 kV
ring bus position with 345 kV line 8014 (Pontiac —
Dresden).

—  There is no high-side circuit breaker on
transformer 82, so any transformer fault
trips line 8014.

— The line must be switched out of service to
switch the transformer off.

— Aline fault on 8014 trips transformer 82.

Potential Solution:

At Pontiac 345kV station, install 345 kV bus tie 6-7 to
separate the transformer and line onto their own bus
sections and Install a high side circuit breaker on
transformer 82 to bring it up to current standards.
(S1205)

. Estimated Project Cost: $4.1M
. Projected IS Date: 12/31/2017

. Project Status: Engineering Phase

PJM RTEP - 12/15/2016
WWW.pjm.com
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69 kv
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345 kV
500 kV
765 kV
Subs Identified

6101

ComEd Transmission Area

LaSalle Pumping Station I
Oglesby Kickapoo Creek

Mole Creek Midpoint

y 0

Minonk

Lanesville

Kendall-County E.C.

Marseilles

| alSalle
Grand Ridge
N. Streator g

Streator

Katydid Road Top Crop

Brokaw

Clinton (AMERGEN)

ChannahonjV

Minook:
AUX ablejfa
orris Cogef. = e s

Cayuga Ridge

Loretto

Rising

Shorew0o s ... - Joliet Central

IF‘F . ﬁ ~Styrolution-America i
est ;ﬁs -
b ﬁﬁ;s l

en
| “IDresden Lift P
Mazon COlins 177\ oton”

Joliet © b
oliet - C
Caterpllr i :

Roskdale

gn" N :
i lew Lenox Ran ;’

Elwood

[

Exon-Mobil

Beitond Davis Cre

ek Alabama MetaI/Chappefal Steel

NucorSteg| -2 Nucor Steel -1 i
Bradley

Kankakee

K4 Pilot Township Kensington Ave

Copyright:® 2014 Esri

PIM©2016




é/ PSE&G Transmission Zone

PSE&G End Of Life Assessment
Metuchen — Edison — Trenton — Burlington Corridor
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é/ PSE&G Transmission Zone

Metuchen — Burlington Corridor
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é/ PSE&G Transmission Zone
Metuchen — Burlington Corridor

e Refer to PSE&G criteria;
VIlI. EQUIPMENT ASSESSMENT AND STORM HARDENING

http://www.pjm.com/~/media/planning/planning-criteria/PSE&G-
planning-criteria.ashx

— Metuchen to Trenton is approximately 30 miles of 138 kV circuit
and the average structure age is 86 years.

— Trenton to Burlington is approximately 22 miles of 138 kV circuit
and the average structure age is 75 years.

PIM©2016
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http://www.pjm.com/%7E/media/planning/planning-criteria/pseg-planning-criteria.ashx
http://www.pjm.com/%7E/media/planning/planning-criteria/pseg-planning-criteria.ashx

B/

Assessment Result:

— Consultant - Foundation assessment

o 23% and 30% of structures for MT-T
and T-BU respectively will require
extensive foundation rehabilitation or
total foundation replacement.

— Consultant — Tower line assessment

o 25% of the tower structures exceed
the tower load carrying design
capability

 35% of the towers are at 99-100% of
the tower’s load bearing capability,
and 81% of the towers at 95-100% of
the tower’s capability.

PJM RTEP — 12/15/2016 www.pjm.com

PSE&G Transmission Zone
Metuchen — Burlington Corridor

QIB17 /R 1318
Tower. MT-T "f/l
ngij_

Figure 1: Examples of 25-30% foundation
structure loss
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é/ PSE&G Transmission Zone

Metuchen — Burlington Corridor

« Deteriorating tower leg,
gusset plates and angles
due to corrosion

e “Condition E” in the
consultant report
Indicates greater than
50% thickness loss of
steel member

e Load carr_ying capability [ Stucure DMTT 1777
compromised
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é/ PSE&G Transmission Zone

Metuchen — Burlington Corridor
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é/ Alternatives Considered

« Remove the 138 kV corridor without replacing

* Install new parallel circuit on new right of way and remove the
existing corridor

 Replace / rebuild the 138 kV corridor in kind with new
foundations, 138 kV structures and hardware.

e Convert the 138 kV corridor to 230 kV
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= Y Remove Existing Corridor Without Replacing

 Load (approximately 544 MVA) would need alternative supply at nine stations

* No transmission supply available near Devils Brook, Plainsboro, Yardville, Crosswicks, and
Bustleton.

Would require extensive new 69KV line construction
 Loss of existing transmission corridor

e High population density
— Would require extensive underground construction.

 This option does not eliminate b2590, “Install two 75 MVAR 230 kV capacitors at Sewaren station”
($8.4M). Also, does not eliminate b2589, “Install a 100 MVAR 230 kV shunt reactor at Mercer station”
($7.2M).

PJM RTEP — 12/15/2016 www.pjm.com PIJM©2016




= Y Install New Circuit and Remove/Abandon Existing

 High population density in the corridor
— ability to obtain new transmission ROW feasibility is challenging or not feasible
— would require extensive underground construction

 Need to supply nine existing stations, requiring new circuits to loop in an out of the existing stations
 Would require extensive new 69kV line construction.
e Limited 69 kV circuit capacity and line length due to voltage drop

 This option does not eliminate b2590, “Install two 75 MVAR 230 KV capacitors at Sewaren station”
($8.4M). Also, does not eliminate b2589, “Install a 100 MVAR 230 kV shunt reactor at Mercer station”
($7.2M).
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= Y 138 kV Rebuild / Replace Alternative

 Rebuild / Replace existing facilities

e Costs
— Metuchen to Brunswick - $126M
— Brunswick to Trenton - $265M
— Trenton to Burlington - $293M
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= Y 230 kV Rebuild Alternative — Metuchen to Burlington

« Potential Solution for Metuchen - Burlington:

— Convert the R-1318 and Q1317 (Edison — Metuchen) 138 kV circuits to one 230 kV circuit
* Metuchen 138 kV will be eliminated
» The Brunswick 230/138 kV autotransformer will be eliminated
* The new converted 230 kV circuit will be terminated at the existing Metuchen and Brunswick

230 kV stations.
 Project Benefits:
— Resolves voltage violation in the Metuchen vicinity identified in the 2016 RTEP 2" Window

— Eliminates the need for baseline upgrade (B2590 — Install two 75 MVAR 230 kV capacitors at
Sewaren station) identified in the 2014 RTEP window.

— Strengthens the system by replacing 138 KV circuits with 230 KV circuits, improving capacity
and voltage.

— Creates a strong tie between Southern and Central PSE&G

— Increases transfers capability to Central PSE&G
Addresses future reliability and economic needs

. Estlmated Project Cost: $ 125 M

PIM©2016
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é/ Potential Solution for Metuchen - Burlington:
Convert the R-1318 and Q1317 (Edison — Metuchen) 138 kV circuits to one 230 kV circuit

Metuchen — Brunswick Existing and Future Diagram

Before

After
Pierson 2 Pierson 2
Ave Ave

Metuchen Metuchen

Meadow Rd Meadow Rd

Brunswick Brunswick

Edison Edison

D-2204 D-2204

Deans

Deans
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é Potential Solution for Metuchen - Burlington:
Convert the R-1318 and Q1317 (Edison — Metuchen) 138 kV circuits to one 230 kV circuit

 Potential Solution for Brunswick - Trenton:

— Convert the N-1340 and T-1372/D-1330 (Brunswick — Trenton) 138 kV
circuits to 230 KV circuits

 The converted circuits will be terminated at the existing Brunswick 230
kV

e The new converted 230 kV circuit will be terminated at the Trenton 138
kV station with two 138 kV transformers

* Project Benefit:

o Strengthens the system by replacing 138 KV circuits with 230 kV circuits,
Improving capacity and voltage.

 Provides better transfers across the network
« Addresses future reliability and economic needs

Estimated Project Cost: $ 302 M

PJM RTEP — 12/15/2016 www.pjm.com
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Potential Solution for Metuchen - Burlington:

Convert the R-1318 and Q1317 (Edison — Metuchen) 138 kV circuits to one 230 kV circuit

Brunswick — Trenton Existing and Future Diagram

Before

To Metuchen
R-1318

Brunswick Q1317

$-2219

To PECO Plainsboro

Devils Brook

Trenton

To Burlington
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Mercer

Devils Brook

Trenton

To Burlington
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é Potential Solution for Metuchen - Burlington:
Convert the R-1318 and Q1317 (Edison — Metuchen) 138 kV circuits to one 230 kV circuit

e Potential Solution for Trenton - Burlington:
— Convert the F-1358/21326 and K1363/Y-1325 (Trenton - Burlington) 138 kV
circuits to 230 kV circuits

* Trenton 138 kV substation will be replaced with six bay breaker and half 230 kV
substation

. Lnstall 230/138 kV transformer at Trenton to serve the Trenton — US Steele 138
V circuit.

* Project Benefit:

« Eliminates the need for baseline upgrade (B2589 — Install a 100 MVAR 230 kV
shunt reactor at Mercer station) identified in the 2014 RTEP window.

« Strengthens the system by replacing 138 kV circuits with 230 kV circuits,
improving capacity and voltage.
* Provides better transfers across the network

Estimated Project Cost: $ 312
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é/ Potential Solution for Metuchen - Burlington:
Convert the R-1318 and Q1317 (Edison — Metuchen) 138 kV circuits to one 230 kV circuit

Trenton — Burlington Existing and Future Diagram

Before
After
To Lawrence To Brunswick/Metuchen To Lawrance To Brunswick/Metuchen
To PECO / To PECD /

Mercer Mercer

Trenton Trenton

Yardville Yardville

. Crosswicks i
Burlington Burlington Crosswicks

Bustleton Bustleton
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= Y Alternative Comparison Considerations

. Cost: 138kV vs 230kV cost estimates

— Metuchen —Brunswick
o $126M for 138 kV and $125M* for 230 kV

—  Brunswick — Trenton
e $265M for 138 kV and $302M for 230 kV
—  Trenton — Burlington
e $293M for 138 kV and $312M for 230 kV
 Replacing with 138kV does not address voltage issues in the Metuchen area
« The 230 kV conversion option will eliminate the need for the following projects (total cost - $67.1 M)
Metuchen and Edison 138kV Stations approaching end of life and require replacement in the near term - $28 M
Sewaren Caps and Mercer Reactors required with the 138kV option - $15.6 M
Class-H transformers that require replacement in the near term - $10.5
Autotransformers (3) savings from other projects - $7 M
Refurbishment of Trenton control house building - $1 M

YV V. V V VYV V

Refurbishment of Metuchen auto transformer and installation of Brunswick autotransformer - $5 M

*Higher cost of the 138kV attributed to replacement of the existing Brunswick 230-138kV transformer, the 230kV option eliminates the transformer.
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RTEP Next Steps
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= Y RTEP Next Steps

« 1/5/2017

— SRRTEP-West, SRRTEP-Mid-Atlantic, SRRTEP-South meetings scheduled
o 2017 Subregional Assumptions & Local Transmission Owner Assumptions Review
« Reliability and Supplemental Project Review

« 1/12/2017

— TEAC
e Continue 2017 RTEP Assumptions Review
* Reliability and Supplemental Project Review

o 2/14 - 2/15/2017
— PJM Board Meeting
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Questions?
Email: RTEP@pjm.com
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= Y Revision History

* Revision History

— V1 -12/13/2016 — Original Version Posted to PJM.com

— V2 —-12/14/2016 — Updated slide 41 to show evaluation in progress,
update slide 21 to correct typo for project 3C and FG 907

— V3 -12/14/2016 — Added slide 21 to include FG detail; Updated slide

31, expected IS date; Added section with slides for Metuchen-Trenton-
Burlington Corridor

— V4 - 12/15/2016 — Updated map on Slide 21
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