PJM Western Sub-Regional RTEP Committee
ATSI Supplemental Upgrades

March 25, 2019

PIM W SRRTEP — ATSI Supplemental 3/25/2019 PIM©2019


http://www.pjm.com/
http://www.pjm.com/
http://www.pjm.com/

Needs

Stakeholders must submit any comments within 10 days of this meeting in order to provide time necessary to
consider these comments prior to the next phase of the M-3 process
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= Proximity to other networked facilities

Problem Statement

Chamberlin-Treat 69 kV Line (Radial)

» The Chamberlin-Treat 69 kV line (approximately 13.4 miles) is a radial line.

= Customers and load at risk: Approximately 9,400 customers and 37 MW:s of load.

= Limited operational flexibility to maintain service under transmission maintenance
and restoration efforts.

= The Chamberlin-Treat 69 kV line has experienced four outages in the past five
years.
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Need Number:
Process Stage:
Needs Meeting:

ATSI-2019-054
Need Meeting
03/25/2019

Project Driver(s):

Equipment Material, Condition, Performance and Risk
Operational Flexibility and Efficiency

Infrastructure Resilience

Specific Assumption Reference(s)
Global Considerations

= System reliability and performance
= Substation / Line equipment limits

Problem Statement
Ottawa-West Fremont #2 138 kV Equipment and Tap Connection

= The existing KPF switches A-13135 and A-13136 are obsolete and no
longer supported by the manufacturer. The existing customer tap
connection (tapped between switch A-13135 and switch A-13136) on the
Ottawa-West Fremont #2 138 kV line requires a 270 degree turn and
crosses under both the Ottawa-West Fremont #1 and Ottawa-West
Fremont #2 138 kV lines which creates operational maintenance
constraints.
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Solutions

Stakeholders must submit any comments within 10 days of this meeting in order to provide time
necessary to consider these comments prior to the next phase of the M-3 process
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The Black River-Shinrock 69 kV line is approximately 24 miles long and serves five (5) transmission Wi 5
customers. The transmission line conductor is the limiting element. Gapyright meq-l\

= A Black River-Shinrock 69 kV line outage (N-1) results in approximately 47 MW and 14,200 customers being interrupted.

= Over the past five years, the Black River-Shinrock 69 kV line has experienced approximately 17 outages (9 sustained , 8
momentary).
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Need Number: ATSI-2019-001

Process Stage: Solution Meeting

Solutions Meeting: 03/25/2019 | Eéyltf}'/a

Needs Meeting: 01/14/2019 Shinrock Black River
Proposed Solution: Axtel  Baumhart Becotek

Beaver Substation — New 138/69 kV Substation Washington

= Build a new 138/69 kV substation near the existing Beaver 138 kV substation.

= Extend 138 kV line (Approximately 0.1 miles) from the Beaver 138 kV substation to the new site

= Install one (1) 138/ 69 kV 100/134 MVA transformer Beaver
= Build a three (3) breaker 69 kV ring bus and control house.

= Loop in/out the existing Black River-Shinrock 69 kV line with double circuit line extension
(approximately 0.3 miles) to the new 69 kV ring bus.

nd
= At Shinrock replace the existing Electromechanically Relays. 500 kV -
» Add-atute-sectionalizing-scheme-at-Axtel-substation- 345 kv
= The project will add new 138/69 kV source to the area. i
= Provide operational flexibility and increased reliability 329::\/
» Provide additional capacity on the Beaver-Black River 138 kV line 23 KV
New

Note: Auto-sectionalizing scheme to be installed at Axtel substation in 2019 as a separate project.
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Need Number: ATSI-2019-001
Process Stage: Solution Meeting
Solutions Meeting: 03/25/2019
Needs Meeting: 01/14/2019

Transmission Line Ratings:
» Black River — Shinrock 69 kV Line
= Before Proposed Solution: 80 MVA SN / 96 MVA SE
» Black River — Beaver 69 kV Line
= After Proposed Solution: 80 MVA SN / 96 MVA SE
= Shinrock — Beaver 69 kV Line
= After Proposed Solution: 80 MVA SN / 96 MVA SE

Alternatives Considered:
= Install 69 kV ring bus or auto-sectionalizing scheme at Axtel substation.

Estimated Project Cost: $7.4M
Projected IS Date: 12/31/2020
Status: Conceptual
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Need Number: ATSI-2019-002

Process Stage: Solution Meeting

Solutions Meeting: 03/25/2019

Needs Meeting: 01/14/2019

Proposed Solution: Darrow Brady Hanna
Brady 138 KV, 26.4 MVAR capacitor bank O—L

» Install 138kV, 26.4 MVAR capacitor bank at Brady substation. oo = 26.4 MVAR

= Add one 138KkV circuit breaker to convert Brady three (3) circuit breaker ring bus 138?2:7 KV

into four (4) circuit breaker ring bus.

Transmission Line Ratings: segend

= No Impact 23: :: —
138 kV

Alternatives Considered: 69 kv —

» Bring another 138 kV source into Brady substation. 3SRV | —
23 kv

Estimated Project Cost: $1.4M e S—

Projected IS Date: 12/31/2019
Status: Conceptual
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Need Number: ATSI-2019-003
Process Stage: Solution Meeting
Solutions Meeting: 03/25/2019
Needs Meeting: 01/14/2019

Project Driver(s):
Operational Flexibility and Efficiency
Infrastructure Resilience

Specific Assumption Reference(s)
Global Considerations

= System reliability and performance

= Substation / Line equipment limits

= Reliability of Non-Bulk Electric System (Non-BES) facilities

= Load and risk in planning and operational scenarios

= Load and/or customers at risk on single transmission lines

Problem Statement
Lincoln Park and Riverbend 138 kV Area
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Lincoln Park 138 - 23 kV substation presently serves approximately 35 MW and 5,000 customers

= The loss of the Lincoln Park-Masury 138 kV line followed by the loss of the Lincoln Park-
Lowellville 138 kV line (N-1-1) results in the loss of approximately 35 MW and 5,000 customers.

Continued on next slide...
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Need Number: ATSI-2019-003
Process Stage: Solution Meeting
Solutions Meeting: 03/25/2019
Needs Meeting: 01/14/2019

Problem Statement - Continued

Riverbend 138 - 23 kV substation presently serves approximately 40 MW and 9,100 customers.
Additionally the Wickliffe 138 kV substation serves approximately 22 MW and 10,000 customers.

= The loss of the Boardman-Wickliffe 138 kV line followed by the loss of the Riverbend-Salt Springs
138 kV line (N-1-1) results in the loss of roughly 62 MW and 19,100 customers.

System Performance

= Over the past 5 years, the Lincoln Park-Masury 138 kV line has experienced 1 outage
(0 sustained, 1 momentary).

= Over the past 5 years, the Lincoln Park-Lowellville 138 kV line has experienced 4 outages
(3 sustained , 1 momentary).

= Over the past 5 years, the Boardman-Wickliffe 138 kV line has experienced 2 outages
(2 sustained , 0 momentary).

= Over the past 5 years, the Riverbend-Salt Springs 138 kV line has experienced 1 outage
(1 sustained , 0 momentary).

PJM Western SRRTEP — ATSI Supplemental 3/25/2019

ATSI Transmission Zone

PIM©2019



http://www.pjm.com/
http://www.pjm.com/
http://www.pjm.com/

&/

Need Number: ATSI-2019-003
Process Stage: Solution Meeting
Solutions Meeting: 03/25/2019
Needs Meeting: 01/14/2019

Proposed Solution:
Lincoln Park — Riverbend 138 kV Line
» Build a new 138 kV line from Riverbend to Lincoln Park substation (roughly 5.7 miles)

= Convert the Riverbend substation into a 4-breaker ring bus configuration by installing
two 138 kV breakers

= Expand the Lincoln Park 138 kV ring bus by installing one 138 kV breaker allowing for a
new line terminal

Transmission Line Ratings:
» Lincoln Park — Riverbend 138 kV Line
= After Proposed Solution: 275 MVA SN / 333 MVA SE

Alternatives Considered:

= Build a new Salt Springs-Riverbend #2 138 kV Line and a new Lincoln Park-Shenango
138 kV Line.

Estimated Project Cost: $25.9M
Projected IS Date: 12/31/2022
Status: Conceptual
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Need Number: ATSI-2019-004
Process Stage: Solution Meeting
Solutions Meeting: 03/25/2019
Needs Meeting: 01/14/2019
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Specific Assumption Reference(s)
Global Considerations
= System reliability and performance
= Substation / Line equipment limits

Legend |

ATSI Transmission Zone

14 Miles

Transmis saon Lines.
K

5k
120 kW
138 kY
161 kY

230 K

45 kY AvonLake
g B . Edgewater (CPP).
: Crestwood-Damwin - ProcilBr
y 7 :“ " BonteyT Dewson 22028 (CFF) Clinfon
L Mestlomn el g T o B sy
Wit (T iy NASA Gl Reseach Centr FondBrokrt < Qo
Matsrion- e Crystal Dell iy

Bakn’ Fond TP

iy mﬁ“\m Elden  Fat
Fieldstane Duiilrk 2 wies

I

= Reliability of Non-Bulk Electric System (Non-BES) facilities

= Load and risk in planning and operational scenarios
= Load and/or customers at risk on single transmission lines

Problem Statement
Ambherst 69 kV Area

The Amherst 69 kV substation is owned by Amherst Municipality with transmission service from a
tapped 69 kV transmission line. The Henrietta-Johnson 69 kV line outage (N-1) results in
approximately 39 MW & 9,195 customers at three transmission service points being interrupted.

= Over the past five years, the Henrietta-Johnson 69 kV line has experienced approximately 21
outages (13 sustained , 8 momentary).
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Need Number: ATSI-2019-004
Process Stage: Solution Meeting
Solutions Meeting: 03/25/2019 Ambherst

Muni Nordson

Needs Meeting: 01/14/2019 ==X 23K

Proposed Solution: Henrietta Amherst Johnson
Ambherst (New) 69 kV Ring Bus (New)

» Build new 69 kV three (3) circuit breaker, future four(4), ring bus adjacent to Amherst Muni substation. S

Y Y

= Rebuild the Amherst Muni / Nordson tap (Approximately 1 mile) as double circuit 69 kV line, match Aﬁ?h”;?st
the main line conductor, and loop the Henrietta-Johnson 69 kV line in/out of the new Amherst 69 kV
ring bus.

» Terminate Amherst Muni into the new ring bus switch station.

500 kV
Transmission Line Ratings: 345 kV
» Henrietta — Johnson (existing) 69 kV Line 138 kY
= Before Proposed Solution: 45 MVA SN / 54 MVA SE il
= Henrietta — Amherst (New) 69 kV Line Mo
» After Proposed Solution:45 MVA SN / 54 MVA SE ki
= Johnson — Amherst (New) 69 kV Line
= After Proposed Solution: 80 MVA SN / 96 MVA SE

§
IE

New

Alternatives Considered:
= Maintain existing configuration.

Estimated Project Cost: $4.0M
Projected IS Date: 12/31/2020
Status: Conceptual
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ATSI Transmission Zone
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Problem Statement
The Delaware — Tangy 138 kV Line is an ~1.0 mile tie line between FirstEnergy and AEP.

The line is operated normally open and has not been closed since 2014.
Failing pilot wire relays and phone line communications are near or beyond their expected
service life or obsolete.
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Need Number: ATSI-2019-005

Process Stage: Solution Meeting

Solutions Meeting: 03/25/2019

Needs Meeting: 01/14/2019

Proposed Solution:

= Remove the Tangy — Delaware 138 kV Line and poles.

= Remove Tangy’'s B50 relays associated with the Pilot wire scheme (CEY,NAA and CFPG).
= Keep all other relaying and equipment associated with Breaker B50.

= Breaker B50 will be used as the transfer breaker.

Alternatives Considered:

» Replace the obsolete relaying and phone line with fiber and 411L PR/L90 BU scheme with 200 KV
both using current differential over fiber.

345 kV

138 kV

Estimated Project Costs: $0.6M
Projected IS Date: 06/30/2020 34.5 kV
Status: Conceptual 23 kV

—————
—————
69 kv ——
——
————

New
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Need Number: ATSI-2019-006
Process Stage: Solution Meeting
Solutions Meeting: 03/25/2019
Needs Meeting: 01/14/2019

Project Driver(s):
Operational Flexibility and Efficiency
Infrastructure Resilience

Specific Assumption Reference(s)

Global Considerations

= System reliability and performance

= Substation / Line equipment limits

Reliability of Non-Bulk Electric System (Non-BES) facilities
Load and risk in planning and operational scenarios

Load and/or customers at risk on single transmission lines

Problem Statement

Elm 138 kV Area

The contingency loss of the Ivanhoe-Packard 138 kV line followed by the loss of the Niles-Niles

Central Muni 138 kV line results in the loss of approximately 137 MW and 28,600 customers at

six (6) transmission service points.

= Qver the past five years, the Ivanhoe-Packard 138 kV line has experienced approximately 2
outages (1 sustained , 1 momentary).

= Over the past five years, the Niles-Niles Central Muni 138 kV line has experienced
approximately 4 outages (1 sustained , 3 momentary).

PJM Western SRRTEP — ATSI Supplemental 3/25/2019

Substations
. EOKY
115 kY
[ ] 120 kY
L] 138 Hv
& 16T KV
220 KW
345 KV
S0 Ky

TED KV

Subs |dentified

ATSI Transmission Zon

Logand

Transmission Lines

EQ
115 kW

120 kY

1248 kv
16T KV
2RV
345 KV
BO0 KV

TES EV

S
Newion Falls Evergreen’
Reactive Metals,
Hihland
GMLodstown

Republic Spacial Metals ~ Comimerce Wickiiffe "

Berlin Lake |

F

L Niles saitSprngs
V&M Star Steel Rivetsend

D

|
ﬁ" NLMK-Philadelphia

S Nigs Canal— esury ' Crossland
HcDongl Shll dod Enginesr Castings

- g ‘

Lincoln'Park
LTV Ste

e Ll

Nevada Dabbin| mn;ﬁ

"nf-al-'.w:'-'ml‘-_

Boardman

PIM©2019



http://www.pjm.com/
http://www.pjm.com/
http://www.pjm.com/

B

Need Number: ATSI-2019-006
Process Stage: Solution Meeting
Solutions Meeting: 03/25/2019
Needs Meeting: 01/14/2019

Proposed Solution:
Elm 138 kV Ring Bus

= Convert Ivanhoe 138 kV substation to a six (6) breaker ring bus configuration by
installing two (2) 138 kV breakers

= Convert ElIm 138 kV substation to a five (5) breaker ring bus configuration (future 6) by
installing four (4) 138 kV breakers

= Build approximately 3 miles of 138 kV line from Ivanhoe to EIm.

Transmission Line Ratings:
= [vanhoe — EIm 138 kV Line
= After Proposed Solution: 274 MVA SN / 333 MVA SE

Alternatives Considered:

» Build new transmission line (approximately 3 miles) from Niles to Niles Central Muni and
convert Niles Central Muni to a four (4) breaker ring bus configuration (space constraints
at Niles)

Estimated Project Cost: $12.1M
Projected IS Date: 6/1/2023
Status: Conceptual

PJM Western SRRTEP — ATSI Supplemental 3/25/2019
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Need Number: ATSI-2019-007 — Y e L=
Process Stage: Solution Meeting Substations Transmission Lines \
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Problem Statement

Jackman 138 / 69 kV Area Liouid A
The Jackman 69 kV substation is electrically isolated from the Jackman 138 kV substation; it is i Eber

Wentworth

Hawthome j ' atings

sourced from Dixie 69 kV substation. The contingency loss of the Dixie-Jackman 69 kV line or a S Frey
stuck breaker at Dixie substation results in the loss of approximately 43 MW and 19,000 Nt
customers at three transmission service points. TMT Ware \ Copyright € 20714 Esri

= Over the past five years, the Dixie-Jackman 69 kV line has experienced approximately 1 outage
(1 sustained , 0 momentary).
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Need Number: ATSI-2019-007
Process Stage: Solution Meeting
Solutions Meeting: 03/25/2019
Needs Meeting: 01/14/2019

Proposed Solution:
Jackman 69 kV Ring Bus and Transformer

» Expand Jackman substation to a five (5) breaker 69 kV ring bus by adding 5 breakers.
= Create positions for two transformers, a capacitor bank, and two line exits.

» Add a 138 kV high side breaker and install a 138 / 69 kV 100/134 MVA transformer.

» Close the normally open circuit switcher at Hawley substation to network the Jackman
69 kV system with the Vulcan sourced 69 kV system by replacing both 69 kV circuit
switchers at Hawley substation with 69 kV circuit breakers.

Transmission Line Ratings:
= Jackman-Vulcan 69 kV Line
= Before Proposed Solution: 96 MVA SN / 96 MVA SE
= After Proposed Solution: 108 MVA SN /132 MVA SE
» Jackman-Dixie 69 kV Line
= Before Proposed Solution: 107 MVA SN / 138 MVA SE
= After Proposed Solution: 107 MVA SN / 138 MVA SE

Alternatives Considered:
» Maintain existing condition and elevated risk of failure

PJM Western SRRTEP — ATSI Supplemental 3/25/2019
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Need Number: ATSI-2019-008
Process Stage: Solution Meeting
Solutions Meeting: 03/25/2019
Needs Meeting: 01/14/2019

Project Driver(s):
Operational Flexibility and Efficiency
Infrastructure Resilience

Specific Assumption Reference(s)

Global Considerations

= System reliability and performance

= Substation / Line equipment limits

= Reliability of Non-Bulk Electric System (Non-BES) facilities
= Load and risk in planning and operational scenarios

= Load and/or customers at risk on single transmission lines

Problem Statement
Kimberly 69 kV Area

The Kimberly 69 kV substation is served from a 3.6 mile radial transmission line from Salt Springs
138 / 69 kV substation with 19 MW and 5,500 customers at risk.

Additionally, the contingency loss of the nearby Berlin Lake-Boardman 69 kV line results in the loss
of approximately 46 MW and 12,500 customers at four (4) transmission service points.

PJM Western SRRTEP — ATSI Supplemental 3/25/2019
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Need Number: ATSI-2019-008
Process Stage: Solution Meeting
Solutions Meeting: 03/25/2019
Needs Meeting: 01/14/2019

Proposed Solution:
Weldon 69 kV Ring Bus and Line Build

= Construct a new four (4) breaker ring bus (Weldon Substation) outside the existing Canfield Steel substation.

= Network the new four (4) breaker ring bus by completing the following:
= Loop the existing Canfield Steel radial 69 kV circuit into the new Weldon substation

= Loop the existing Berlin Lake-Boardman 69 kV line into new Weldon substation by constructing
roughly 0.6 miles 69 kV line adjacent to existing Canfield Steel 69 kV radial circuit

= Build new Weldon-Kimberly 69 kV line (approximately 6.4 miles).
® |nstall new line exit switch and SCADA to the line exits at Kimberly.
» |nstall auto-sectionalizing scheme at Canfield substation.

Transmission Line Ratings:
Berlin Lake-Weldon 69 kV Line

= After Proposed Solution: 80 MVA SN / 96 MVA SE
Weldon-Boardman 69 kV Line

= After Proposed Solution: 80 MVA SN / 96 MVA SE
Weldon-Kimberly 69 kV Line

= After Proposed Solution: 111 MVA SN / 135 MVA SE

Alternatives Considered:
® |nstall ring bus at Canfield substation (Space constrained)
= Network Kimberly substation by building a new 69 kV line from Kimberly to Salt Springs substation

PJM Western SRRTEP — ATSI Supplemental 3/25/2019
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Need Number: ATSI-2019-009
Process Stage: Solution Meeting
Solutions Meeting: 03/25/2019
Needs Meeting: 01/14/2019

Project Driver(s):
Operational Flexibility and Efficiency
Infrastructure Resilience

Specific Assumption Reference(s)

Global Considerations

= System reliability and performance

= Substation / Line equipment limits

= Reliability of Non-Bulk Electric System (Non-BES) facilities
= Load and risk in planning and operational scenarios

= Load and/or customers at risk on single transmission lines

Continued on next slide...
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1,000 customers at two (2) sub-transmission service points. Holgate
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= The 138 / 34.5 kV transformer #1 at Richland substation is greater than 70 years old and is Richland
showing signs of end of life; including oil leaks, failing components, and increasing maintenance. Holgate Maroe
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Pleasant Twp

= The 69/ 34.5 kV transformer #3 at Westin substation is greater than 74 years old and is showing

signs of end of life; including oil leaks and deteriorating components. 138 kv

. .. . . . .y . Marion Twp
= Customers taking sub-transmission service on these two radial lines have requested additional Eidenidbos e 069 kV

reliability and operational flexibility.
— The 34.5 kV radial lines cannot be networked due to insufficient short circuit current. A

— The Westin 69 / 34.5 kV transformer #3 (end of life) does not have the capacity to carry the
entire load on a networked 34.5 kV system for a path end outage at Richland substation.

034.5 kV

Substation
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Need Number: ATSI-2019-009
Process Stage: Solution Meeting
Solutions Meeting: 03/25/2019
Needs Meeting: 01/14/2019

Proposed Solution:
Richland-Weston 69 kV Line - Conversion from 34.5 kV

» Richland Substation: Install one (1) new 69 kV breaker and reconfigure the 69 kV yard to a three (3)
breaker ring bus with a new 69 kV line exit to Weston substation. Remove all 34.5 kV equipment post
conversion (ex: Richland 138 - 34.5 kV transformer #1 and circuit breakers).

= Weston Substation: Expand Weston substation to a four (4) breaker, future six (6) breaker ring bus
with 69 kV line exits for the new Richland line, and the Midway and Tontogany 69 kV lines. Remove all
34.5 kV equipment post conversion (ex: Weston 69 - 34.5 kV transformer #3 and circuit breakers).

= New Richland-Weston 69 kV Line:
= Build new 5.6 mile 69 kV line to network Richland-Maroe and Weston-Malinta radial lines.

= Convert the existing Richland-Maroe 34.5 kV line to 69 kV (Approximately 19 miles); customers to
upgrade existing substation equipment at Holgate and Maroe to 69 kV.

= Convert the existing Weston-Malinta 34.5 kV line to 69 kV (Approximately 13 miles) ; customers to
upgrade existing substation equipment at Weston, McClure, and Malinta substations.

= Remove all 34.5 kV equipment post conversion.

Transmission Line Ratings:
» Richland-Weston 69 kV Line
= After Proposed Solution: 80 MVA SN / 96 MVA SE

Alternatives Considered:

= Replace existing 138 - 34.5 kV and 69 - 34.5 kV transformers; rehab the existing 34.5 kV lines and
maintain radial configuration; limits restoration, maintenance, and future economic growth.

PJM Western SRRTEP — ATSI Supplemental 3/25/2019
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Need Number: ATSI-2019-011
Process Stage: Solution Meeting
Solutions Meeting: 03/25/2019
Needs Meeting: 01/14/2019

Project Driver(s):

Equipment Material, Condition, Performance and Risk
Operational Flexibility and Efficiency

Infrastructure Resilience

Specific Assumption Reference(s)

Global Considerations

= System reliability and performance

= Substation / Line equipment limits

Upgrade Relay Schemes

= Bus protection schemes

= Relay schemes that have a history of mis-operation

Problem Statement
Evergreen Substation 138 kV Equipment and Protection

= BES bus protection is presently performed by a complex scheme that has a history of
causing mis-operations at other substations. The scheme uses distributed
electromechanical relays to exclude a bus fault rather than detecting the bus fault
directly.

PJM Western SRRTEP — ATSI Supplemental 3/25/2019
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Need Number: ATSI-2019-011
Process Stage: Solution Meeting
Solutions Meeting: 03/25/2019
Needs Meeting: 01/14/2019

Proposed Solution:
Evergreen 138 kV Relay Upgrades
» Replace bus protection scheme with dual differential protection.

» Replace bus PTs due to condition
» Replace 3 breakers (B23, B24, and B27 bus transfer) due to condition and insufficient

lack of sufficient CTs for proper system to support standard, redundant bus protection.

Transmission Line Ratings:

» Evergreen-lvanhoe 138 kV Line
= Before Proposed Solution: 226 MVA WN /249 MVA WE
= After Proposed Solution: 226 MVA WN / 286 MVA WE

= Evergreen-Niles 138 kV Line
= Before Proposed Solution: 224 MVA SN / 293 MVA SE
= After Proposed Solution: 278 MVA SN / 339 MVA SE

Alternatives Considered:
» Maintain existing protection scheme with high risk for mis-operation.

Estimated Project Cost: $1.3M
Projected IS Date: 3/1/2021
Status: Conceptual

PJM Western SRRTEP — ATSI Supplemental 3/25/2019
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No diagram required.
All work is within the substation
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Need Number: ATSI-2019-012 i l?ﬁ\”“ 3;5{ P
. . . Subsiations Transmission Lines GRS Rat g et g e

Process Stage: Solution Meeting i B !

Solutions Meeting: 03/25/2019 DR L1 0 15k New Castle

oy
120 kY

Needs Meeting: 01/14/2019 e ::z:
461 KY

Project Driver(s): 3 e

Equipment Material, Condition, Performance and Risk e :{:

Operational Flexibility and Efficiency 265 kv 500 KV

Infrastructure Resilience Subs cenlified G

Specific Assumption Reference(s)
Global Considerations

= System reliability and performance

Fennsylvania

= Substation / Line equipment limits :
Upgrade Relay Schemes
= Protection system with single point of failure

Problem Statement
Frisco Substation 69 kV Protection

= Line protection at Frisco substation consists of a single relay protection scheme. A
recent relay failure during a fault at a nearby substation led to delayed fault clearing
and a larger number of customers affected than necessary. There is not backup relay
schemes to reduce customer exposure to a similar single point of failure.
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Need Number: ATSI-2019-012
Process Stage: Solution Meeting
Solutions Meeting: 03/25/2019
Needs Meeting: 01/14/2019

Proposed Solution:

Frisco 69 V Relay Upgrades

» Replace bus protection with dual differential scheme.

» Upgrade relays and substation conductors on the Frisco-Maple 69 kV line exit.

No diagram required.
Transmission Line Ratings:

» Frisco-Maple #1 69 kV Line (Frisco-Knox T) A” Work IS Wlthm the substatlon

= Before Proposed Solution: 72 MVA SN / 72 MVA SE
= After Proposed Solution: 80 MVA SN / 96 MVA SE

Alternatives Considered:
» Maintain existing protection scheme with high risk for mis-operation and single point of failure.

Estimated Project Cost: $0.3M
Projected IS Date: 12/31/2020
Status: Conceptual
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= System reliability and performance

= Substation / Line equipment limits
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Need Number: ATSI-2019-013
Process Stage: Solution Meeting
Solutions Meeting: 03/25/2019
Needs Meeting: 01/14/2019

Proposed Solution:
Maple 69 kV Relay Upgrades

» Replace bus protection scheme with dual differential protection.
» Replace two breakers (B118, and B134) due to condition and lack of sufficient CTs to support
standard redundant bus protection. . .
» Upgrade the relays on the Maple-Frisco #2 69 KV line exit. No dlagram requwed.

All work is within the substation
Transmission Line Ratings:
» Maple-Frisco #2 69 kV Line (Maple-Thompson T)
= Before Proposed Solution: 62 MVA SN / 62 MVA SE
= After Proposed Solution: 80 MVA SN / 96 MVA SE

Alternatives Considered:
» Maintain existing protection scheme with high risk for mis-operation and single point of failure.

Estimated Project Cost: $0.95M
Projected IS Date: 12/31/2021
Status: Conceptual
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Need Number: ATSI-2019-015 e S e
Process Stage:  Solution Meeting et i
Solutions Meeting: 03/25/2019 P ey 115 kv
120 kv S
Needs Meeting: ~ 01/14/2019 raewy e
. . i 161 kY
Project Driver(s): S s ]
Equipment Material, Condition, Performance and Risk 5 945 KV ’JPﬂ{éaljrgh&C
755 Ky 500 kv P |
Specific Assumption Reference(s) o o2 g sl :
Global Factors i i
* At or beyond expected service life or obsolete Ashtabula @[
= Failure risk, to the extent caused by asset design characteristics, or historical Mﬁzl;tabula? G S [ ms_ i
industry/company performance data, or application design error P~ SR B

S ﬁa‘Cﬁ‘emi.ﬂs\/‘ |

= Show a high level of criticality to system performance and operations

Substation Condition Rebuild / Replacement
= Circuit breakers and other fault interrupting devices
= Switches

Gahews

= Station system protection and controls
Austinburg

Problem Statement
Ashtabula 138 kV Substation Equipment and Protection %
acy %

= Two (2) 138 kV breakers (B143 & B149), lightning arresters and associated switches, and el '
control wiring are showing degrading performance, increasing maintenance, age (46-63 years),
and obsolescence of equipment and spare parts.
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Need Number: ATSI-2019-015
Process Stage: Solution Meeting
Solutions Meeting: 03/25/2019
Needs Meeting: 01/14/2019

Proposed Solution:
Ashtabula 138 kV Breakers and Relay Upgrades
= Replace two (2) 138 kV breakers (B143 & B149), associated switches, and substation conductor.

Transmission Line Ratings: No diagram required_
= Ashtabula-Pitts Conn Dock Q15 138 kV Line . cp .
= Before Proposed Solution: 329 MVA SN / 399 MVA SE A” Work IS Wlthln the SUbStatlon

= After Proposed Solution: 347 MVA SN / 423 MVA SE

Alternatives Considered:
» Maintain existing condition and risk of failure.

Estimated Project Cost: $5.2M
Projected IS Date: 12/31/2019
Status: Conceptual
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Need Number: ATSI-2019-017
Process Stage: Solution Meeting
Solutions Meeting: 03/25/2019
Needs Meeting: 01/14/2019

Project Driver(s):
Equipment Material, Condition, Performance and Risk

Specific Assumption Reference(s)
Global Factors
= At or beyond expected service life or obsolete

= Failure risk, to the extent caused by asset design characteristics, or historical
industry/company performance data, or application design error

= Show a high level of criticality to system performance and operations

Substation Condition Rebuild / Replacement

= Circuit breakers and other fault interrupting devices
= Switches

= Relays

= CCVTs

Problem Statement
Fowles — NASA Q16 138 kV Terminal Equipment

= One (1) 138 kV breaker at Fowles (Q16), associated switches, relays, and
CCVTs are showing degrading performance, increasing maintenance, age (60
years), and obsolescence of equipment and spare parts.
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Need Number: ATSI-2019-017
Process Stage: Solution Meeting
Solutions Meeting: 03/25/2019
Needs Meeting: 01/14/2019

Proposed Solution:
Fowles138 kV Breaker and Substation Upgrades

» Replace the 138 kV Q16 breaker at Fowles, associated switches, substation conductor,
EM relays, and CCVTs.

o | No diagram required.
Transmission Line Ratings:

» Fowles-NASA Q16 138 kV Line (Fowles-Dunkirk Tap) A” Work iS Wlthln the substation

= Before Proposed Solution: 153 MVA SN / 199 MVA SE
= After Proposed Solution: 237 MVA SN / 287 MVA SE

Alternatives Considered:
» Maintain existing condition and risk of failure.

Estimated Project Cost: $0.7M
Projected IS Date: 12/31/2019
Status: Conceptual
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Need Number: ATSI-2019-019
Process Stage: Solution Meeting
Solutions Meeting: 03/25/2019
Needs Meeting: 01/14/2019

Project Driver(s):
Equipment Material, Condition, Performance and Risk

Specific Assumption Reference(s)
Global Factors
= At or beyond expected service life or obsolete

= Failure risk, to the extent caused by asset design characteristics, or historical
industry/company performance data, or application design error

= Show a high level of criticality to system performance and operations

Substation Condition Rebuild / Replacement

= Circuit breakers and other fault interrupting devices

= Switches

= Current transformers (CTs), control cables, and cable trays
= Carrier sets and associated wave-traps

= Line Arresters, Risers and connections

Problem Statement

West Akron 138 kV Substation
One (1) 138 kV Oil Circuit Breaker (OCB) breaker (B1) at West Akron, lightning arresters and

ATSI Transmission Zone
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associated switches, and CCVTs are showing degrading performance, increasing maintenance,

age (30 years), and obsolescence of equipment and spare parts.
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Need Number: ATSI-2019-019
Process Stage: Solution Meeting
Solutions Meeting: 03/28/2019
Needs Meeting: 01/14/2019

Proposed Solution:
West Akron 138 kV Breaker and Substation Upgrades

» Replace the 138 kV B1 Qil Circuit Breaker (OCB) breaker at West Akron, wave-trap,
substation conductor, and associated switches, and CCVTs

o . No diagram required.
Transmission Line Ratings:

= West Akron-Pleasant Valley 138 kV Line (West Akron-Bath Tap) A” Work iS Wlthm the substation

= Before Proposed Solution: 196 MVA SN / 228 MVA SE
= After Proposed Solution: 196 MVA SN / 242 MVA SE

Alternatives Considered:
» Maintain existing condition and risk of failure.

Estimated Project Cost: $0.6M
Projected IS Date: 12/01/2019
Status: Conceptual
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Needs Meeting: ~ 01/14/2019 e iy Promway 23 |
1'F;1 k_;' 128 K Belden Village i
Project Driver(s): o 161 kY | Northeast Canton
. . . . | 230 kv West Canton
Equipment Material, Condition, Performance and Risk s e Packant®
. 500 kY 345 ATy e

- . 765 ki 500 kv T | SRESCLERS 3¢
Specific Assumption Reference(s) s, s BRI
Global Factors Miles Avene. :'-.Wég?"fi_a"s Republic
= At or beyond expected service life or obsolete Reedurban éunn?'s_';dé- LTV Steel
* Show a high level of criticality to system performance and operations Cloverdale AGA Gas ~ Timksn M

L]

= Impact customer outage frequency and/or duration Lmat Torm | Negley——+ Wamner

Schepler Switch
Apple Cresk e

220 Timken Richvills
Upgrade Relay Schemes Harmon ik
= Relay schemes that have a history of mis-operation —— 2 .

= Obsolete and difficult to repair communication equipment (DTT, Blocking, etc.) \ A

= Communication technology upgrades

= Bus protection schemes \’
NN
Problem Statement Nort Strasburch
Cloverdale 69 kV Substation Assessment '
The electromechanical relays and communication equipment at the 69 kV Cloverdale Areshurg D!
substation have been identified to be prone to mis-operation. The disconnect switches T - 4 ¥

have operation difficulty and are greater than 40 years of age. The 69 kV Bus PTs are
nearing end of life with increased risk of failure.
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Need Number: ATSI-2019-020
Process Stage: Solution Meeting
Solutions Meeting: 03/25/2019
Needs Meeting: 01/14/2019

Proposed Solution:
Cloverdale 69 kV Relay and Equipment Upgrades

= Replace the 69 kV line relays related to breakers B269 and B233, relays related to
transfer bus breaker relays B275, 69 kV bus PTs, and associated CTs, disconnection
switches, and communication equipment at the 69 kV Cloverdale substation.

No diagram required.

Transmission Line Ratings: All work is within the substation
» Cloverdale-Dale #2 69 kV Line (Cloverdale-Carmont Tap)

= Before Proposed Solution: 139 MVA SN / 153 MVA SE

= After Proposed Solution: 139 MVA SN / 169 MVA SE

Alternatives Considered:
» Maintain existing condition and risk of failure.

Estimated Project Cost: $0.5M
Projected IS Date: 6/1/2020
Status: Conceptual
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Need Number: ATSI-2019-021 e AP E M  Li /

Process Stage:  Solution Meeting sz S St _
Solutions Meeting: 03/25/2019 3. 113K /
Needs Meeting:  01/14/2019 ot =8 Bt
181 kW A el
Project Driver(s): gy 2201
Equipment Material, Condition, Performance and Risk ey 245 4 Shelby
Specific Assumption Reference(s) e r;u:d P
Global Factors e
= Level of criticality to system performance and operations et Pl Plate Glass Aae A i T S I
* Negative impact on equipment health and/or system reliability Ko e :Ci'estlin X 'Wﬂti?_mnbbzip;?:”:gvton;;:w
= Customer outage frequency and/or durations AP BRDS?E,%B ..:.Q.- o8 ﬁ”‘i‘“ _
= Expected service life (at or beyond) or obsolescence Ala e n Clin‘;'l.dlalElemc
Upgrade Relay Schemes 50 e | ixres 1 Cook
. . . . Therma Disc
= Relay schemes that have a history of mis-operation >Stevens Mansfield Water Works// Lexing‘fhon
= Obsolete and difficult to repair communication equipment (DTT, Blocking, etc.)
= Communication technology upgrades \Imy Lexington
= Bus protection schemes Snfder gl oy
Problem Statement WebtBeliille  North Bellile
Longview 69 kV Substation Assessment g

= The electromechanical relays and communication equipment at the 69 kV Longview
substation have been identified to be prone to mis-operation. The disconnect switches
have operation difficulty and the 69 kV Bus PTs are nearing end of life with increased risk
of failure.
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Need Number: ATSI-2019-021
Process Stage: Solution Meeting
Solutions Meeting: 03/25/2019
Needs Meeting: 01/14/2019

Proposed Solution:
Longview 69 kV Relay Upgrades

» Replace line relays and bus transfer switches associated with breakers B228, B232, B215, B70, B4
and bus tie breaker B94. Replace 69 kV bus PTs.

» Longview-Mohican 69 KV line being rebuilt under ATSI-2019-024 NoO diagram required

Transmission Line Ratings: All work is within the substation

» Longview-Mohican 69 kV Line (Longview-Mifflin Muni Tap)
= Before Proposed Solution: 36 MVA SN / 36 MVA SE
= After Proposed Solution: 80 MVA SN / 96 MVA SE

— Final rating with ATSI-2019-021 and ATSI-2019-024 complete.

Alternatives Considered:
» Maintain existing condition and risk of failure.

Estimated Project Cost: $1.3M
Projected IS Date: 09/23/2019
Status: Conceptual
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arion &) Gart &
Need Number: ATSI-2019-022 o [ s wm"i
. : H Substations Transmission Lines =i I et el Fagiffies o M= Harlan T
Process Stage: Solution Meeting R = s v Iltystéel 0 . Harlan Tap

Solutions Meeting: 03/25/2019 15KV 15Ky Cas:
Needs Meeting: ~ 01/14/2019 ey
161 KW
Project Driver(s): 230 K
. . . . 4 230K
Equipment Material, Condition, Performance and Risk o i
500 kY i
165 KW 300 kY
Specific Assumption Reference(s) s:nmnm 765 K

Global Factors

= Level of criticality to system performance and operations o T S 301
* Equipment installation times (long lead and/or extended) o & Hoytdale /i3l R
. . . o, n frisco
= Environmental considerations ES S Koppel Steel
HEs e & 3

= Expected service life (at or beyond) or obsolescence

Markwest 2
Dekenopie Marh
Maple* - Zslien6pie TAP

bEu-’ﬂH—a‘e e
’ L3 8
A Jl’.
WA A ]
K R fodidtod

Substation Condition Rebuild / Replacement
= Power transformers and load tap changers (LTCs)

X LA
o "-.

w

Problem Statement 2 ’__g_ L
Hoytdale Substation Transformer Assessment ‘_"i-'?}i.-f" X '.J.i
= The existing 345 / 138 kV Hoytdale transformer #1 is showing end of service life Valley

issues; including oil leaks, moisture ingress, problematic cooling controls, unreliable
gauges / annunciators, failing pumps and relays that are prone to mis-operations. \

St Joamnj /&utlﬁammar Georgatown

Mafiscg

At
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Need Number: ATSI-2019-022
Process Stage: Solution Meeting
Solutions Meeting: 03/25/2019
Needs Meeting: 01/14/2019

Proposed Solution:
Hoytdale 345 / 138 kV Transformer #1

» Replace the 345/ 138 kV Transformer #1 400 MVA transformer with a standard
448 MVA transformer.

» Replace existing relays, MOABs A-108 and A-36, and CCVTs NoO diagram required

All work is within the substation

Transmission Line Ratings:

» Hoytdale 345/ 138 kV Transformer #1
= Before Proposed Solution: 514 MVA SN / 533 MVA SE
= After Proposed Solution: 533 MVA SN / 601 MVA SE

Alternatives Considered:

» Rebuild and reseal transformer, replacing pumps, bushings, gauges and cooling
controls. Replace identified relays, CCVTs, and MOABs. Add on-line monitoring to
transformer.

» Maintain existing condition and risk of failure.

Estimated Project Cost: $4.8M
Projected IS Date: 6/1/2021
Status: Conceptual
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Need Number: ATSI-2019-023 | P

Process Stage: Solution Meeting . :

Solutions Meeting: 03/25/2019 it me |

Needs Meeting: 01/14/2019 0% bowellsvill
e Pk

Project Driver(s):
Equipment Material, Condition, Performance and Risk

Dobbins o Pl B
- _ ./ Ellwagd-Clality Steel
Specific Assumption Reference(s) al Faciiiet b EIPUDH
Global Factors < ! fadar Straat’#
* |Increasing negative trend in maintenance findings and/or costs g'lﬂkﬂw RUn Energy Center

= Limited availability of spare parts, software obsolescence and/or compatibility, or
vendor technical support

» Expected service life (at or beyond) or obsolescence

Substation Condition Rebuild / Replacement (agens
= Circuit breakers and other fault interrupting devices s'ih’“";;:v '““""::':" i
= Switches 15 kY et
= Risers and connections :;: :V L

138 KV
Problem Statement . waiu 5 n
New Castle 138 kV and 69 kV Substation Assessment S s
» One (1) 138 kV OCB breaker (B166) and five (5) 69 kV OCB breakers (B32, B86, B90, 765 kv 500 KV

B96 and B106) at New Castle are showing end of life characteristics; including s et i
deteriorated bushings, mechanism, oil leaks, and age (> 30 years) with increasing
maintenance and obsolescence of equipment and spare parts. Associated disconnect
switches are also deteriorating with failures and operating difficulties.

Capyrifgr e ZBEsr,
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Need Number: ATSI-2019-023
Process Stage: Solution Meeting
Solutions Meeting: 03/25/2019
Needs Meeting: 01/14/2019

Proposed Solution:
New Castle 138 kV and 69 kV Breakers

= Replace existing 138 kV oil circuit breaker B166, five (5) 69 kV oil circuit breakers (B32, B86, B90,
B96, and B106), substation conductor, and associated disconnect switches at New Castle substation.
= Upgrade substation conductor at Lowellville substation on the New Castle-Lowellville 69 kV line. . .
U _ _ _ . e . No diagram required.
pgrade disconnect switches at Frisco substation on the New Castle-Frisco 69 kV line. ) T ]
All work is within the substation
Transmission Line Ratings:
= New Castle-Lowellville 69 kV Line (Lowellville-Bessemer Tap)
= Before Proposed Solution: 88 MVA SN / 115 MVA SE
= After Proposed Solution: 100 MVA SN / 121 MVA SE
= New Castle-Frisco 69 kV Line (Firsco-KoppleTap)
= Before Proposed Solution: 82 MVA SN / 103 MVA SE
= After Proposed Solution: 100 MVA SN / 121 MVA SE

Alternatives Considered:
= Maintain existing condition and risk of failure.

Estimated Project Cost: $3.4M
Projected IS Date: 12/31/2020
Status: Conceptual
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Need Number: ATSI-2019-024
Process Stage: Solution Meeting
Solutions Meeting: 03/25/2019
Needs Meeting: 01/14/2019

Project Driver(s):
Equipment Material, Condition, Performance and Risk

Specific Assumption Reference(s)

Global Factors supporting Line Rebuild

= Negative impact on equipment health and/or system reliability

= Age/condition of wood pole structures and line hardware

®* |Increasing negative trend in maintenance findings and/or costs

» Limited availability of spare parts and/or vendor technical support

= Current design criteria, applicable codes, and industry best practices

Problem Statement
Coulter-Longview 69 kV Line Assessment

= The poles and associated hardware on this line have reached end of life with 90% of
the poles greater than 60 years.

» Maintenance and repairs are trending upward in frequency and severity.
= Four Air Break switches are obsolete and no longer supported for parts.
= Conductor (1/0 and 2/0 Copper) dates to original construction

System Performance

= Over the past 5 years, the Coulter-Longview 69 kV line has experienced 10 outages
(6 sustained , 4 momentary).

PJM Western SRRTEP — ATSI Supplemental 3/25/2019
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Need Number: ATSI-2019-024
Process Stage: Solution Meeting
Solutions Meeting: 03/25/2019
Needs Meeting: 01/14/2019

Proposed Solution:
Longview-Mohican 69 kV Line (Longview-Coulter 69 kV Line Segment)

» Rebuild the Longview-Coulter 69 kV line segment (approximately 15.8 miles of the 22.1 line miles), replace
four (4) line switches (A-10, A-19, A-23 and A-27) and add SCADA control.

» Terminal equipment at Longview substation to be upgraded under ATSI-2019-021; including:
= Line relaying, substation conductor, and disconnect switches

Transmission Line Ratings:

» Longview-Mohican 69 kV Line
= Before Proposed Solution: 36 MVA SN / 36 MVA SE
= After Proposed Solution: 80 MVA SN / 96 MVA SE

— Final rating with ATSI-2019-021 and ATSI-2019-024 complete.

Alternatives Considered:

= Selective pole replacements and line rehab. This alternative was not selected due to 99% of the poles not
meeting reliability evaluation for age and condition: Greater than 70 years old, top rot, woodpecker, failed
hammer and sound tests, worn attachment hardware, rising maintenance costs.

Estimated Project Cost: $22.2M
Projected IS Date: 12/31/2022
Status: Conceptual
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Need Number: ATSI-2019-025
Process Stage: Solution Meeting
Solutions Meeting: 03/25/2019
Needs Meeting: 01/14/2019

Project Driver(s):
Equipment Material, Condition, Performance and Risk

Specific Assumption Reference(s)
Global Factors supporting Line Rebuild
= Negative impact on equipment health and/or system reliability

o

= Age/condition of wood pole structures and line hardware

= |Increasing negative trend in maintenance findings and/or costs

= Limited availability of spare parts and/or vendor technical support

= Current design criteria, applicable codes, and industry best practices

Problem Statement
Brush Wellman-Ottawa 69 kV Line Assessment

= The poles and associated hardware on this line have reached end of life with 92% of
the poles greater than 60 years.

serville

® Maintenance and repairs are trending upward in frequency and severity.

= Four Air Break switches are obsolete and no longer supported for parts.

System Performance

= Over the past 5 years, the Brush Wellman-Ottawa 69 line has experienced 4 outages
(3 sustained , 1 momentary).

PJM Western SRRTEP — ATSI Supplemental 3/25/2019
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Need Number: ATSI-2019-025
Process Stage: Solution Meeting
Solutions Meeting: 03/25/2019
Needs Meeting: 01/14/2019

Ottawa To MacLean
Brush

Proposed Solution: Wellman

Brush Wellman-Ottawa 69 kV Line

» Rebuild the Brush Wellman-Ottawa 69 kV line (approximately 7.3 miles) %

» Replace four line switches; A-7240, A-7228, A-7235 and 7235 N.O Oak Harbor
= Upgrade the terminal equipment at Brush Wellman substation including:

= Substation conductors and relay communication equipment

500 kv

Transmission Line Ratings:

» Brush Wellman-Ottawa 69 kV Line
= Before Proposed Solution: 72 MVA SN/ 72 MVA SE
= After Proposed Solution: 80 MVA SN / 96 MVA SE

345 kv

138 kV

69 kV

34.5 kV

23 kV

§
IE

Alternatives Considered: New

» Selective pole replacements (REHAB) and continue to maintain from present condition
with risk of failure.

Estimated Project Cost: $10.0M
Projected IS Date: 12/31/2022
Status: Conceptual
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Need Number: ATSI-2019-026 through ATSI-2019-049
Process Stage: Solution Meeting

Solutions Meeting: 03/25/2019

Needs Meeting: 01/14/2019

Project Driver(s):
Operational Flexibility and Efficiency
Infrastructure Resilience

Specific Assumption Reference(s) Map NOt Sh own
Global Factors . .
= System reliability and performance M U Itl p | e L 0 C atl O n S

» Substation / line equipment limits

Upgrade Relay Schemes

= Relay schemes that have a history of mis-operation

= Obsolete and difficult to repair communication equipment (DTT, Blocking, etc.)
= Communication technology upgrades

= Bus protection schemes

Continued on next slide...
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Problem Statement

PJM Zone - ATSI

= FirstEnergy has identified protection schemes using a certain vintage of relays and communication equipment that have a history of misoperation.
= Proper operation of the protection scheme requires all the separate components perform adequately during a fault

= |n many cases the protection equipment cannot be repaired due to a lack of replacement parts and available expertise in the outdated technology.

= Transmission line ratings are limited by terminal equipment.

Existing Line Existing
Rating Conductor Rating
ATSI-2019- Transmission Line / Substation Locations (SN / SE) (SN / SE) Limiting Terminal Equipment
026 Allen Junction-Vulcan 138 kV Line 290/ 325 290/ 346 Line Relay, Substation Conductor / Drops
027 Avery 138 / 69 kV Substation 153 /153 1771177 Relay, Substation Conductor / Drops, Disconnect Switches
028 Bayshore-GM Powertrain 138 kV Line 278342 2781343 Line Relay
029 Bayshore-Jeep 138 kV Line 297/ 326 297/ 365 Line Relay, Substation Conductor / Drops
030 Blue Jacket-Kirby 138 kV Line 218/ 269 278/ 339 External Company Equipment
031 Carlisle-Gates 138 kV Line 196/ 210 233/282 Line Relay, Wave-trap, Substation Conductor / Drops
032 Cedar Street-New Castle 138 KV Line 294350 370/ 452 Line Relay, CT, Circuit Breaker, Substation Conductor /
Drops, Disconnect Switches
033 East Akron-West Ravenna 138 kV Line 176/ 229 200/ 242 Substation Conductor / Drops
034 GM Defiance-Richland #1 138 kV Line 216/ 229 216/ 264 Line Relay
035 GM Defiance-Richland #2 138 kV Line 216/ 229 216/ 264 Line Relay

Continued on next slide...
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Problem Statement — Continued from previous slide

Existing MVA Existing MVA
Line Rating Conductor Rating
ATSI-2019- Transmission Line / Substation Locations (SN / SE) (SN / SE) Limiting Terminal Equipment
036 Greenfield-New Departure 138 kV Line 153/199 200/ 242 Substation Conductor / Drops
037 Hanna-West Ravenna #1 138 kV Line 295/ 369 324/ 395 Substation Conductor / Drops
038 Hoytdale-Maple 138 kV Line 278 /332 278 /339 Wave-trap
039 Hyatt-Tangy 345 kV Line 971/971 1560 / 1900 External Company Equipment
040 Ivanhoe-Mahoningside 138 kV Line 196 / 222 200/ 242 Wave-trap
041 Ivanhoe-Packard 138 kV Line 196/ 210 200/ 242 Line Relay, Wave-trap
042 Jennings-LTV West Q-12 138 kV Line 43 /43 256 / 262 Line Relay, CT, Circuit Breaker
043 Jennings-LTV West Q-14 138 kV Line 43 /43 256 / 262 Line Relay, CT, Circuit Breaker
044 Kirby-Tangy 138 kV Line 265/ 273 278 /339 Line Relay, Substation Conductor / Drops
045 Midway-Levis Park 138 kV Line 278 | 286 308 /376 Line Relay, Substation Conductor / Drops
046 Midway-Napoleon 138 kV Line 161/179 161/194 Meter
047 Salt Springs-Riverbend 138 kV Line 223 /223 278/ 339 Line Relay, CT, Substation Conductor / Drops
048 Star-Wadsworth Muni 138 kV Line 221/ 262 233 /282 Substation Conductor / Drops
049 West Akron-Babb 138 kV Line 190/ 223 200/ 242 Line Relay, Wave-trap, Substation Conductor / Drops
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Solution Statement

New MVA
Transmission Line / Line Rating Estimate
ATSI-2019- Substation Locations (SN / SE) Scope of Work Costs (3 M) Target ISD
0 5 Vulcan: replace 138 kV breaker B-13397, disconnect switches, relay panel, CCVTSs, line
; ; tuner, and wave trap.
026 Allen Junction-Vulcan 138 kV Line (Vulcan-Toledo U Tap) Allen Junction: replace 138 kV breaker B-13377, disconnect switches, relay panel, CCVTs, $0.9M 11/01/2019
line tuner, and wave trap
" 177/ 177 Avery: Replace Avery 138 / 69 kV transformer relaying, substation conductor and
027 Avery 138 / 69 kV Substation e e disconnect switches. $0.3 M 12/16/2019
028 Bayshore-GM Powertrain 138 kV Line 278 / 343 Replace Bayshore 238 kV Breaker, disconnect switches, wave trap, line tuner, CCVTs. $0.6 M 11/1/2019
029 Bayshore-Jeep 138 kV Line 279/ 365 Bayshore : Replace Jeep 138 kV Line relaying, replace CCVT, Wave Trap and Line Tuner. $0.6 M 12/31/2019
030 Blue Jacket-Kirby 138 kV Line 278/ 339 Kirby: Replace Blue Jacket - Kirby 138kV Line relaying, CCVT, Line Tuner $0.4 M 12/1/2021
(Blue Jacket Upgrade) ' ' :

Carlisle: Replace Carlisle-Gates 138 kV Line Relaying, Breaker B-67, disconnect switches,

iala . Wave Trap, Line Tuner, upgrade substation conductor.
031 Carlisle-Gates 138 kV Line 233/282 Gates: Replace Carlisle-Gates 138 kV Line Relaying, Breakers B-18 & B-22, disconnect $20M 3/31/2020

switches, Wave Trap, Line Tuner, upgrade substation conductor
032 Cedar Street-New Castle 138 kV Line 370/ 452 Cedar Street: Replace 138 kV Cedar Street — New castle Line relaying $0.2 M 4/1/2020

East Akron: Replace 138 kV Line Relaying, AirBreak Switch A-102, Disconnect switches,

. CCVT, metering, upgrade Substation conductor
033 East Akron-West Ravenna 138 kV Line 200/ 242 West Ravenna: Replace 138 kV Line Relaying, AirBreak Switch A-39, Disconnect switches, $0.9M 12/1/2021

CCVT, metering, upgrade Substation conductor

GM Defiance: Replace GM Defiance-Richland #1 138 kV Line relaying, line conductor,

; ; . disconnect switch, Remove Wave Trap and coupling capacitor
034 GM Defiance-Richland #1 138 kV Line 216/ 264 Richland: Replace GM-Defiance-Richland #1 138 kV Line relaying, line conductor, Breaker $0.6 M 2/15/2022

B-13242, disconnect switch

GM Defiance: Replace GM Defiance-Richland #2 138 kV Line relaying, GOAB switch

. . . 13277, Wavetrap, Line Tuner, PT's, CCVT,upgrade substation conductor
035 GM Defiance-Richland #2 138 kV Line 216/ 264 Richland: Replace GM Defiance-Richland #2 138 kV line relaying, breaker B-13243, $11M 3/30/2022

disconnect switch, CCVT, Wavetrap, Line Tuner, upgrade substation conductor

PJM Western SRRTEP — ATSI Supplemental 3/25/2019 PIM©2019
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Solution Statement — Continued from previous slide

New MVA
Transmission Line / Line Rating Estimate
ATSI-2019- Substation Locations (SN / SE) Scope of Work Costs ($ M) Target ISD
Greenfield: Replace Greenfield-New Departure 138 kV Line Relaying, disconnect switches,
036 Greenfield-New Departure 138 kV Line 200/ 242 substation conductor $0.8 M 6/1/2020

New Departure: Replace Greenfield-New Departure 138 kV Line Relaying, breakers B-17 &
B-20, disconnect switches, substation conductor

Hanna: Replace Hanna-West Ravenna 138 kV Line Relaying, Breaker B-7, Disconnect
. switches
037 Hanna-West Ravenna #1 138 kV Line 3241395 West Ravenna: Replace Hanna-West Ravenna 138 kV Line Relaying, disconnect switches, $0.7M 4/1/2020
tuner

Maple: Replace Hoytdale-Maple 138 kV Line relaying, breaker B-22, disconnect switches,

. AB-switch, wave trap, tuner, CCVTs
038 Hoytdale-Maple 138 kV Line 2781339 Hoytdale: Replace Hoytdale-Maple 138 kV Line relaying, breaker B-2, disconnect switches, $11M 12/31/2019
AB-switch, CCVTs, Wavetrap, line tuner
: 1560 / 1900 ) . . i
039 Hyatt-Tangy 345 kV Line Tangy: Replace Hyatt-Tangy 345 kV Line relaying, upgrade substation conductor $0.2 M 6/1/2020

(Hyatt Upgrade)

Ivanhoe: Replace lvanhoe-Mahoningside 138 kV line relaying, disconnect switches, Wave
. . . trap, line tuner, and CCVTs
040 Ivanhoe-Mahomngmde 138 kV Line 200/ 242 Mahoningside: Replace Ivanhoe-Mahoningside 138 kV Line relaying, breaker B-63, $1.2M 3/31/2021
disconnect switch, CCVTs, Wave trap, line tuner

Ivanhoe: Replace Ivanhoe-Packard 138 kV line relaying, breaker B-9, disconnect switches,

. CCVTs, Wave trap, line tuner, upgrade substation conductor
041 Ivanhoe-Packard 138 kV Line 200/ 242 Packard: Replace Ivanhoe-Packard 138 kV line relaying, breaker B-10, Airbreak Switch, $15M 12/1/2021
disconnect switches, CCVTs, Wave trap, line tuner, upgrade substation conductor
042 Jennings-LTV West Q-12 138 kV Line 256 / 262 Jennings: Replace Jennings-LTV Wesst Q-12 138 kV line relaying, disconnect switch $0.2 M 6/1/2020
; . Jennings: Repalce Jennigns-LTV West Q-14 138 kV line relaying, breaker B-7, discounnect
043 Jennings-LTV West Q-14 138 kV Line 256/ 262 switches, CCVT's $0.5M 12/1/2020
044 Kirby-Tangy 138 kV Line 278339 Kirby: Replace Kirby-Tangy 138 kV line relaying $0.8 M 3/31/2021

Tangy: Replace Kirby-Tangy 1378 kV line relaying, disconnect switches, CCVTs
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é/ ATSI Transmission Zone

Solution Statement — Continued from previous slide

New MVA
Transmission Line / Line Rating Estimate
ATSI-2019- Substation Locations (SN / SE) Scope of Work Costs (3 M) Target ISD
Midway: R(?place Midvyay-Levis Par.k 138 kV line relaying, breaker 13300, CCVTs,
045 Midway-Levis Park 138 kV Line 308 /376 wavetrap, line tuner, disconnect switches $1.0 M 12/31/2019

Levis Park: Replace Midway-Levis Park 138 kV line relaying, breaker 13336, CCVTs,
wavetrap, line tuner, disconnect switches

Midway: Replace Midway-Napoleon 138 kV line relaying, breaker 13304, disconnect
046 Midway-Napoleon 138 kV Line 161/ 194 switch, CCVT’s Wavetrap, line tuner $0.8 M 6/1/2020
Napoleon: Replace Midway-Napoleon 138 kV line relaying

047 Salt Springs-Riverbend 138 kV Line N/A Cancelled Project — To be completed under ATSI-2019-003 N/A N/A

048 Star-Wadsworth Muni 138 kV Line N/A Cancelled Project — To be completed under PIJM Supplemental # s1695 N/A N/A

West Akron: Replace West Akron-Babb 138 kV line relaying, breaker b-159, disconnect

: switches, ab switch, CCVTs, upgrade substation conductor
049 West Akron-Babb 138 kV Line 200/ 242 Babb: Replace West Akron-Babb 138 kV line relaying, breaker, b-95, disconnect switch, AB $0.9 M 6/01/2021

switch, CCVTs, upgrade substation conductor

Alternatives Considered:
= Maintain existing condition and elevated risk of failure

No Diagrams Required

Project ISD: See Summary Tables . iy .
All work is within the substation

Status: All projects are Conceptual
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F % High level M-3 Meeting Schedule
Assumptions

Posting of TO Assumptions Meeting information 20 days before Assumptions Meeting
Stakeholder comments 10 days after Assumptions Meeting
Needs Activity Timing
TOs and Stakeholders Post Needs Meeting slides 10 days before Needs Meeting
Stakeholder comments 10 days after Needs Meeting
Solutions Activity Timing
TOs and Stakeholders Post Solutions Meeting slides 10 days before Solutions Meeting
Stakeholder comments 10 days after Solutions Meeting
Activity Timing
Submission of Do No Harm (DNH) analysis for selected solution Prior to posting selected solution
Supp|ementa| Post selected solution(s) Following completion of DNH analysis
Projects & Local Stakeholder comments 10 days prior to Local Plan Submission for integration into RTEP
Plan Local Plan submitted to PJM for integration into RTEP Following review and consideration of comments received after

posting of selected solutions
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B

Revision History

3/15/2019 - V1 - Original version posted to pjm.com
3/20/2019 — V2 — Corrected Need Reference on Slide 51

4/4/2019 - V3

ATSI-2019-001 — Removed the auto-sectionalizing scheme at Axtel from the solution and added a note to reference the scheme

ATSI-2019-004 — Henrietta-Amherst 69 kV line ratings corrected
ATSI-2019-007 — Corrected transformer rating, summer normal (SN) line rating on the Jackman-Vulcan 69 kV line, and in-service date

ATSI-2019-025 - Corrected the reference to the normally open (N.O.) airswitch

PIM©2019
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