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Anticipated Ohio Valley Electric Corporation
(OVEC) Integration Analysis Results
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= Y OVEC Overview

* Anticipated Integration Date
— 3/1/2018

e (Generation
— Clifty Creek ~1.3 GW coal fired generation
— Kyger Creek ~1.1 GW coal fired generation
e Transmission
— 345 kV transmission
 Load
— Less than 50 MW
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= Y OVEC Overview

 Baseline RTEP integration analysis performed

— Thermal & Voltage

e N-1

* Generator Deliverability
— Short Circuit

— Dynamic Stabllity
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é/ OVEC Transmission Zone
Baseline Project

Baseline Reliability — Generator Deliverability and Legand |
Common Mode Violation (pending OVEC integration into Substations  Transmission Lines W M‘-ami;niﬂumel/;g-
PJIM) o i o R i
Problem Statement: The Dearborn — Clifty 345KV line is 5 o '

overloaded for the loss of either the JK Smith — Dale 138kV o =

line or the Jefferson — Greentown 765kV line fault with a stuck resky o

Subs Identified

breaker at the Jefferson 765kV.

Immediate Need Solution:

Due to the immediate need, the timing required for an RTEP g
proposal window is infeasible. As a result, the local S
Transmission Owner will be the Designated Entity. 3 3

Recommended Solution:

Perform a LIDAR study on the Clifty Creek - Dearborn 345 kV
line to increase the Summer Emergency rating above
1023MVA). (B2943) (c e

Ghent _
.~ @ Gallatin County

i

Estimated Project Cost: $0.168 M
Required IS Date: 6/1/2018

Carrolton
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Natural Gas Contingency Scenario Analysis
Results
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= Y Gas Contingency Analysis

Study cases: 2022 Winter Peak case and Summer Peak case

Study type: N-1, N-1-1 thermal, N-1-1 voltage and Load deliverability voltage

— In the N-1-1 test, Gas contingencies were studied as the first contingency with the second
contingency being the loss of another single system element

— In Load Deliverability voltage test, the gas event is applied as an N-1 single contingency

Study focus: Voltage collapse or system cascading

« (Gas contingencies:

— 26 PJM gas pipeline outage / compressor contingencies that result in 27000 MW or more of
generation loss (Assume that all gas generation downstream is lost, regardless of dual fuel
status)

— 4 temperature threshold contingencies (Assume that non-firm customers will be interrupted at a
pre-determined threshold) which are only applied to winter case

— 8 gas contingencies defined and identified by PJM Operation as impactful in their EMS analysis
(5 for gas compressor failure and 3 for gas LDC failure).
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= Y 2017 RTEP Gas Contingency Analysis

e 2022 Winter Results:
— N-1:
 Thermal: No overload identified

* Voltage Magnitude:
—  All 38 contingencies converge;
— High Voltage at 345KV and 230KV buses in Eastern Mid-Atlantic PIJM (EMAAC) are observed for 6 gas contingencies
— No low voltage issue

* Voltage Drop: No issue identified
— N-1-1:
 Thermal: No overload identified

* Voltage Magnitude
—  All contingency pairs converge;
— High Voltage at 138KV and 230KV buses in EMAAC are observed for 11 gas contingencies (paired with another single contingency)
—  No low voltage issue

« Voltage Drop
—  All contingency pairs converge;
— All voltage drop are within Emergency limits

— Load Deliverability Voltage:
« All gas contingencies converge
* No voltage issue identified
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= Y 2017 RTEP Gas Contingency Analysis

e 2022 Summer Results:

— N-1:
« Thermal: No issue
» Voltage Magnitude: No issue
» Voltage Drop:

— 3 of the 34 gas contingencies (the low temperature threshold contingencies were
not applied due to summer conditions) studied show voltage collapse. Two of
them are pipeline outages in EMAAC with one for losing more than 11,000MW
generation and the other for losing more than 10,000MW generation. Another one
Is LDC failure contingency in EMAAC.

— 3 other pipeline outages show voltage drop violations at several 500kV buses in
EMAAC
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= Y 2017 RTEP Gas Contingency Analysis

. 2022 Summer Results:
— N-1-1:
 Thermal
— 3 gas contingencies (paired with another single contingency) result in thermal overloads in ComEd and 8 gas contingencies
(paired with another single contingency) result in overloads in EMAAC. None have cascading consequences.
* Voltage Magnitude
— All contingency pairs converge

— Low Voltage at 500KV and 230KV buses in EMAAC are observed for 8 gas contingencies (paired with another single
contingency) . Among these 8 gas contingencies, the majority result in mild voltage magnitude violations at a limited number
of locations. Two of the 8 gas contingencies result in low voltage in a large area. Both are pipeline outages in EMAAC with
one losing more than 11,000MW generation and the other losing more than 10,000MW generation

» Voltage Drop

— In addition to the 3 contingencies not converged in N-1 voltage drop test, 5 more gas contingencies do not converge after
paired with several specific single contingencies; All these contingencies are in EMAAC

— Voltage Drop violations at several 500KV and 230KV buses in EMAAC are observed for 8 gas contingencies (paired with
another single contingency)

— One gas contingency paired with another specific single contingency results in mild voltage drop violations at several 500kV
buses in EMAAC. Two of the 8 gas contingencies causes low voltage in large area.

—  Load Deliverability Voltage: LDAs EMAAC, SWMAAC, MAAC, PSGE, PSNORTH, BGE, and ComEd show not converged for multiple gas
contingencies
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= Y 2017 RTEP Gas Contingency Analysis

e Observations:

— The current study procedure is conservative

* Inthis analysis, the simultaneous and instantaneous loss of power plants for gas contingency events is assumed. If
there were actual failure of a compressor station or pipeline, the actual impact to the power plants is the loss of gas
pressure which may take minutes or hours.

* Inthis analysis, the loss of the gas plant is assumed regardless of dual fuel capability. In actual operations, plants
with dual gas sources may be less impacted. Dual fuel units may also take hours or days to switch to an alternate

fuel.
» The probability of a gas LDC failure is very low since there may be more than one source of supply. In our study, we
treat all the gas contingencies the same

— In general, our system is robust for gas contingencies
* No voltage collapse or cascading result was demonstrated in the winter study simulation

* In summer, using the current methodology, there is potential for voltage collapse for 3 of the gas contingencies or
combinations of some gas contingencies with specific single contingencies. The issues are mainly in EMAAC. There
are several LDAs may also have potential voltage collapses with system generation and load emergency condition

plus gas contingency at the same time

° Suggestions for next step:
— Refine gas contingency definitions to considering the benefit of dual fuel.
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2017 Proposal Window Update
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é/ Analysis of 2022 — Reliability Criteria Violations

« 190 flowgates
o« 2022 conditions

e  Summer, Winter &
Light Load

e Includes both
voltage and
thermal violations
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2 2022 Analysis Violations

Count of Load N-1Lload N-1 N-1 Voltage N-1-1 Voltage Grand
FG # Gen Deliv Deliv Drop Thermal High Thermal High Total 80
69 3 1 4
MAAC 3 1 4 70
South 0
115 8 2 10
MAAC 7 2 9
South 1 1 _
138 51 2 2 14 8 77 " Votiage Hion
mN-1-1 Thermal
CAV':SA;C 510 2 5 1 2 752 40 mN-1 Voltage High
mN-1 Thermal
161 14 3 2 19 30 EN-1 Load Drop
West 14 3 2 19 = Load Deliv
230 33 1 34 m Gen Deliv
MAAC 27 1 28 %0
South 6 6
345 6 5 35 46 10
MAAC 5 35 40 I
West 6 6 0 .
Grand MAAC|MAAC| South |MAAC| West | West |MAAC| South |MAAC| est
Total 115 3 2 17 5 11 37 190 69 115 138 161 230 345
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= Y 2017 RTEP Proposal Window 1 - Overview

Overview of 2022 Results
Total of 190 flowgates identified

— 40 included in the window
o 32 in West region
* 5inthe South region
 3inthe MAAC region

— 150 flowgates excluded
 Immediate need (PJM OA 1.5.8(m)) (Includes Generator Deactivation related)
e < 200kV (PJM OA 1.5.8(n))
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2 2017 RTEP Proposal

{
/ \\
| \

Window 1 - Violations

| | : = ¢

Wisconsin

40 flowgates are
window eligible

e Includes both
voltage and
thermal violations
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= Y 2017 RTEP Proposal Window 1 - Statistics

 Timeline
— Window Opened: July 11t 2017

— Window Closed: August 25", 2017

 Proposal definitions, simulation data and detailed cost data all due
at this time

 PJM requested proposals for 40 reliability violation flowgates

e 51 Proposals received from 10 entities addressing 9 target zones
— 29 Greenfield
— 22 Transmission Owner Upgrade
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Immediate Need Baseline Upgrades
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é/ PenElec Transmission Zone

Baseline Analysis Voltage (Summer, Winter and Light
Load) and Operational High Voltage Issue:

Problem Statement:

 The Mainesburg 345 kV station has been experiencing a high
voltage issue in the last couple of years. In addition, the 2022
RTEP analysis shows high voltage issue for several
contingencies, for all seasonal basecases.

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.

Recommended Solution:
* Install two 345 kV 80 MVAR shunt reactors at Mainesburg station.

(B2944)
e Estimated Project Cost: $11.493 M
Alternative Solution: '
« No alternative considered AN an
Required IS date: 6/1/2017 . o\
Expected IS date: 10/1/2019 o Mo
Project Status: Engineering e e

765 kV
©  subs Identified
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é/ PSEG Transmission Zone

Basg!jv/[]e Project

Generation Deliverability and N-1-1 (Summer):

Problem Statement:

. Bergen 138KV station has series reactors installed on the two (2) 138kV underground
circuits leaving the station, one on the M-1339 (Bergen — Fair Lawn) and one on the
R-1344 (Bergen — East Rutherford).

. The M-1339 reactor is 46 years old, installed in 1971

. The R-1344 reactor is also 46 years old, installed in 1971

. Both reactors have the ability to be shunted.

. Failure of the M-1339 reactor overloads the Bergen — Fair Lawn 138 kV circuit and/or
failure of the R-1344 reactor overloads the Bergen — East Rutherford 138 kV circuit.

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.

Alternative solutions under consideration: _ : _

«  Retirement of circuits - Not viable because of the need to supply load. Limits generation S A Hudson Transmission Project
output at Bergen. Removes two supplies to load pocket.

«  Replace with 138kV XLPE type cable - Maintains same voltage. Eliminates need for stop : et
joints. Lower O&M. Resolves thermal issues. . : Rj iy . Legend

e Conversion to 230kV - Potential short-circuit issues being studied. Utilizes existing ' : @ substations  Transmission Lines

Jd C Rl

3000kcmil conductors. Resolves thermal issues. N/ ik B9V

«  Conversion to 345kV - Provides higher capacity. Addresses any potential short-circuit / ‘ :‘;:: Vi
issues. Resolves thermal issues. S e

: B. / ALY \/ te1xv

. , Gl / ! . 230KV r
Required IS date: 6/1/2018 Livst dheip . s o

M5 RV
* 500V

Project Status: Conceptual | y | N i i o0k
f .' 765 kV
SpirgheidRA. | Darenus L.

O subs dentified
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é/ PSEG Transmission Zone

mpike

Generation Deliverability (Summer and Winter):

Problem Statement:
. The VFT — Warinanco 230 kV circuit is overloaded for several contingencies.
(FG# GD-S26, GD-S27, GD-S28, GD-S33, GD-S556, GD-W37, GD-W38, GD-
W39, and GD-W348)

. The Warinanco — Aldene 230 kV circuit is overloaded for tower contingency loss
of the Linden to Deans and Linden to Sewaren 230 kV circuits. (FG# GD-W353)

Foundry St
jewark Bay

Jelrsey

Federal Square

Passaic Valley Sewerage Commission oNewarkr Energy Center

|

BergmusPI |
Immediate Need: { 0 Bape
. 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 North Ave.
Entity. ;{A %,%

Potential Solution:

. Wreck and re-build the VFT — Warinanco — Aldene 230 kV circuit with paired
conductor. Addresses tower age. Does not require new right of way. Paired
conductor can address load requirement with room for future growth. VF

Alternative Solutions: Tosco QS oty
 Install parallel towerline - Dense, industrial area with limited property available. Would
require new right of way and new station terminations.

Legend

Substations Transmission Lines

* Install parallel XLPE cable - Requires opening the street. Adjacent to a railroad. ' e St | Y 69kv
Requires two new terminations. Create an impedance imbalance with the parallel i SR 15KV
overhead circuit. Cable will have lower impedance and lower capacity than the f d e
overhead circuit. - | | V ook o1 ¥ o

Required IS date: 6/1/2018 7 ey oo Yon

) , 345 kv
. . | Afacte Rd. 4 = o 500KV
Project Status: Conceptual - i

785KV
’ o O subs idenfied
Kilmefode: PIM 872017
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4

Generation Deliverability (Summer):

Problem Statement:
. The Cedar Grove — Jackson Rd. 230 kV circuit is overloaded for tower
contingency loss of the Cedar Grove — Athenia 230 kV circuits B2228 and K2263.
(FG# GD-S601)
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
Potential Solution:
. Reconductor 3.85 miles of the Cedar Grove — Jackson Rd. 230 kV circuit with
3500 kemil underground, pipe-type cable.

Alternative Solution:
 Install parallel XLPE cable - Requires opening the street, two river crossing, and two US

highway crossings. Would result in an impedance imbalance between the existing HPFF

and new XLPE. Does not address age of the existing cable. Per mile cost is over twice

that of reconductoring HPFF.Requires two new terminations, which will further add to the

alternative cost.

* Replace existing cable with XLPE cable - Requires opening the street, two river
crossing, and two US highway crossings. Per mile cost is approximately twice that of
reconductoring HPFF.

* Replace with overhead construction - Need right of way. Surrounding area is developed

and densely populated. Requires two river crossings, interstate highway crossing, and a

U.S. route crossing. Airport nearby. The construction of this alternative is not feasible.

Required IS date: 6/1/2018
Project Status: Conceptual
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PSEG Transmission Zone
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B

N-1-1 Thermal (Summer):

Problem Statement:

. The Maywood — Saddle Brook 230 kV circuit is overloaded (Rate A) for the loss
of the Leonia — Bergenfield 230 kV circuit. (FG# N2-ST13)

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.

Potential Solution:

. Reconductor 2.71 miles of the Maywood — Saddle Brook 230 kV circuit with 3500
kemil underground, pipe-type cable.

Alternative Solution:

 Install parallel XLPE cable - Requires opening the street, a river crossing, and three US
highway crossings. Would result in an impedance imbalance between the existing
HPFF and new XLPE. Does not address age of the existing cable. Per mile cost is over
twice that of reconductoring HPFF. Requires two new terminations, which will further
add to the alternative cost.

* Replace existing cable with XLPE cable - Requires opening the street, a river crossing,
and three US highway crossings. Per mile cost is approximately twice that of
reconductoring HPFF.

* Replace with overhead construction - Need right of way. Surrounding area is developed
and densely populated. Requires a river crossing, interstate highway crossing, and U.S.
route crossings. Airport nearby. The construction of this alternative is not feasible.

Required IS date: 6/1/2018
Project Status: Conceptual
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Operational Performance
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B

Baseline Reliability — Operational Performance
High Voltage at Davis Besse

Problem Statement:

Over the past year, Transmission Operations and the Davis Besse nuclear
power plant have experienced high voltage operational alerts and warnings
due to transmission system voltages that have exceeded the power plants

technical specification limits under system light load conditions.

Immediate Need:

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

Recommended Solution:
Install a 100MVAR 345kV shunt reactor at Hayes substation (B2942.1)
Install a 200MVAR 345kV shunt reactor at Bayshore substation (B2942.2)

NOTE: An existing operational switching solution has been implemented in
the past to assist with in the mitigation of the high system voltage until a
solution is fully implemented.

Continued on next slide...
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é/ ATSI Transmission Zone
Baseline Project

Baseline Reliability — Operational Performance
High Voltage at Davis Besse

Legend

Substations Transmission Lines

...Continued from previous slide

Estimated Project Costs:
Hayes substation reactor (B2942.1) - $5.7M
Bayshore substation reactor (B2942.2) - $5.0M

Required IS Date: Now

Projected IS Date:
10/31/2017 for Hayes substation reactor (B2942.1)
10/31/2018 for Bayshore substation reactor (B2942.2)

Benefit:

Operational flexibility to adjust the system voltage at the Davis Besse
345kV bus under light conditions with both reactors on-line.
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Dominion Update
End of Life Criteria
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é/ Dominion Transmission Zone
Baseline Project
L™ — _

N =T R

Baseline Reliability - TO Criteria Violation
Line #2144 Winfall to Swamp is at its End of Life
Date Project Last Presented: 8/10/2017 TEAC

Problem Statement: Dominion “End of Life Criteria”

» 230KV Line #2144 Winfall - Swamp was constructed mostly on wood H frames in 1968. This line needs to be
rebuilt to current standards based on Dominion’s “End of Life” criteria. The existing summer emergency rating
of this line is 478 MVA. The existing conductor is 1109 ACAR (24/13).

* Rebuild is needed because:

- Permanent retirement of Line #2144 changes 230kV Line #247 Suffolk - Swamp from a 230kV network
line to a 31 mile long radial line serving 3900 customers.

- The MW—mile for Line #247 Suffolk - Swamp would be 685 MW-mile based on the Winter 2025/26
projection. Dominion’s 700 MW-mile radial line criteria would be violated if 0.5 MW or more of new
load were added in the future.

- Contingencies result in reliability violations (low voltage) under stress case conditions (solar generation L ¢\ sunBURY |
off line)
Recommended Solution:
* Rebuild 230kV Line #2144 from Winfall to Swamp (4.3 miles) to current standards with a standard conductor
(bundled 636 ACSR) having a summer emergency rating of 1047 MVA at 230kV (b2929). Pasquot
TANGLEWOOD DF
Estimated Project Cost: $6 M COLOR | vOLTWOE TRANSMISSION LINE NUMBER i g e — .
Required IS Date: Immediate —— | 500 kv. | 500 thru 599 D T " |—\§;
Projected IS Date: 12/30/2022 e e B i P 3
; . — 28 . | %8 n;;rsn N S U - — Pergquimanst
Project Status: Conceptual s ?;:._____.;-3:—9_3.:"_' SHERTFORD {l swinFALL q ‘ .
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é/ Dominion Transmission Zone
Baseline Project

Baseline Reliability - TO Criteria Violation
Line #567 River Crossing Rebuild
Date Project Last Presented: 4/25/2017 SRRTEP, 8/10/2017 TEAC

Problem Statement: Dominion “End of Life Criteria”
. This project was previously presented as a Supplemental Project (s1280)
. Baseline project classification due to characteristics of the problem

. Dominion filed an application with the Virginia SCC in December of 2016 to replace four
structures of 500kV Line #567 (Chickahominy — Surry PS).

. Two of these structures are located in the James River and are approximately 400 feet tall
and the other two structures are located on the rivers edge.

. These structures have deteriorated to a point that they need to be replaced. A specialized
conductor was used in the construction of the river crossing which limits the line to 1954
MVA.

. This is the only location on Dominion's system that this conductor is used.

. Loss of Line #567 results in multiple Generation Deliverability violations:

o 230KkV Line #259 Chesterfield — Basin is overloaded for the loss of Line #563 Carson —
Midlothian or the loss of 230kV Line #217 Chesterfield — Lakeside

River Crossing
in question

0 230 kV Line #2154 Skiffes Creek — Kings Mill is overloaded for the loss of Line # 563 e R v
Carson — Midlothian . skv 15KV

0 230KV Line #2154 Skiffes Creek — Kings Mill — Penniman — Waller is overloaded for e e
stuck breaker 56372 at Carson .o Y

o 500kV — 230 kV Transformer at Carson is overloaded for stuck breaker 562T563 at . s o
Carson S 01y

0 230KV Line #259 Chesterfield — Basin is overloaded for stuck breaker 205T217 at ouwiiomtied 71

Chesterfield

Continued on next slide...

PJM TEAC - 9/14/2017 PIM©2017
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é/ Dominion Transmission Zone
Baseline Project

Continued from previous slide...

Recommended Immediate Need Solution:

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.

River Crossing
in question

 Rebuild the four structures using galvanized steel and replace
the river crossing conductor with 3-1534 ACSR.

e This will increase the 500kV Line #567 line rating from 1954
MVA to 2600 MVA (b2928).

Estimated Project Cost: $41 M Subeisions Taremieston bines

¢ B9kV 89 kV
. 115kV N5kV
® 120kV \/ 120kv
. . L ik \/ 188kv
Required IS Date: Immediate S BNV
230 kV

¢ 345kV

Projected IS Date: 12/30/2017 . mom e

765 kV

765 kv
O  subs identified

Project Status: Engineering

PJM TEAC - 9/14/2017 PIM©2017
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Short Circult Projects
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Supplemental Projects
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é/ . AEP Transmission Zone
| Supplemental Project

< >

Supplemental Project: Broadford 765 kV CB-Q1 Replacement

Problem Statement:

Equipment Material/Condition/Performance/Risk:

Broadford 765kV QL1 is a 50 kA air blast breaker type PK10D that will be

replaced. PK’s have historically presented a safety concern for field personnel

in general. From experience, PK’s are prone to catastrophic bushing failures

(shards of porcelain are usually violently expelled from the bushing) and can Circuit Centerline

—_— 7

result in injury to anyone inside the station. Additional drivers include age (1969 — 12
Mfg. year), number of fault operations (32; Mfg. recommendation is 10) and lack —u
of available repair parts. oz

34
40
— 46
69
88

Potential Solution:
* Replace the 765kV Q1 Circuit Breaker with a new 4000A, 63KA breaker.

, _ , Broadford 138kV
Alternatives: No feasible alternatives &

Estimated Project Cost: $3.3 M

Projected IS Date: 3/31/2019

163-296/1
Project Status: Engineering

»
z
2
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é/ AEP Transmission Zone
Supplemental Project

Supplemental Project: Jacksons Ferry 765/500 XFR Replacement

- e mmem e —mnes
F“k}ﬂr“k

Fulazki- ™

Problem Statement:

Equipment Material/Condition/Performance/Risk:

Several circuit breakers at Jacksons Ferry station are showing signs of
deterioration. These breakers are 3000 A 50 kA air blast PK breakers, which \ ey
present a significant safety concern for individuals entering the station. From 7 mgnw'.;~ Wyths
historical experience AEP has determined that PK breakers are prone to Tt i | e SR . v
catastrophic bushing failures which could result in injury to anyone inside the : '
substation fence. The drivers for replacement of these breakers are age, B N
potential bushing damage, number of fault operations, and a lack of available > \ kK | 5 Jacksons Ferry
repair parts. { ’
Transformer 1 phase 1 is showing significant signs of deterioration. Drivers for o = \

it i vl e

replacement include dielectric strength breakdown (winding insulation), short . WS o A uatinvilie '\ : o : —
circuit strength breakdown (due to the amount of through fault events), and P e o \ % Dugspin
accessory damage (bushings). All three phases of Transformer 1 will be 3

replaced with 500 MVA units.

" 'Progress' Pk ™"

Byllesby

Circuit Centerline
—_— 7
- 12

Potential Solution: B P | — 14

_.} - ..:'-\.__
» Replace Jacksons Ferry 765/500 kV 500 MVA Transformer #1 and 138kV — 23
Circuit Breaker ‘R1’, ‘P’, and ‘P2’ with 3000A 63kA Circuit Breakers. e

40
- 46
- 69

88
— 115
— 138

Alternatives: No feasible alternatives

Estimated Project Cost: $27 M

161
Projected IS Date: 12/01/2020 — 230

— 345
— 500

Project Status: Scoping

— 765

PJM TEAC — 9/14/2017 PIM©2017
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é/ Dominion Transmission Zone
Supplemental Project

. i . . , - \foq-/ 11 .'_gu

Supplemental Project: Allied 230kV Line #2049 and #2050 Terminal Equipment Replacement 1\ \ N 59 arieg
Problem Statement: (‘@0‘3) VARINA\.\~ - (G

« Allied substation 230kV Line #2049 and #2050 terminal equipment needs to be replaced due to SPT:J;'NCE(*ia Ve

age and operational issues.

LANEXA

Potential Solution: N\—CFo
* Replace three 230kV breakers, two line wave traps, and associated line terminal equipment. -_ BEOW
WA
f \ A e
» The two new 3000A wave traps increase the summer emergency rating of the National Welders — _g%} '\_j\';ef‘_w glri?.r:_;% #5?1;2;?% fgfemem
Allied segment of Line #2049, and the Alpine — Allied segment of Line #2050 from 797MVA to % T8, CHESTERFIELD =y 5

956MVA. UNIT 7
@G (2050
Alternatives: No feasible alternatives TYLER g (105) e
230 KV YLER WELDERS/\ N AL BINE
i i 115KV = ALLIED
Estimated Project Cost: $2.2 M ' \ T e AL
= 2049)
(205 !

Possible IS Date: 11/30/2017

s — o
S (55 @5 ()oY rer
. . . | l—_ "/J.. ~SE2 {EP: TTE ‘. WALTHALL @1 1 TS s G) COGENTRIX
Project Status: Engineering b 7= C **\:: S
: FO \2 By T —
7 o= N\ 24D@e8 (240
¥ i TEMPLE 3 =
i AVENUE N== TO
COLOR | VOLTAOE TRANSMISSION LINE MUMBER ! L — SUR RY
S— 523 K. | 500 theu 599 l - — o
— 230 KV, | 200 theu 299 & 2000 theo 2099 § 2
— | us kv | tthru 19 1 '
—— | 128 kv. | a3 NOTED o
69 KV, | AS NOTED ' A, " RGe g
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B

Supplemental Project: Chesterfield 230kV Line #2049 Wave Trap Replacement
Problem Statement:

» Chesterfield 230kV Line #2049 wave trap and associated line terminal equipment needs to be replaced.

Potential Solution:
* Replace existing Line #2049 2000A wave trap with a 3000A wave trap. Chesterfield — Enon line segment
summer emergency rating will be increased from 797MVA to 927MVA due to wave trap replacement.

Alternatives: No feasible alternatives

Estimated Project Cost: $0.5 M
Possible IS Date: 11/30/2017

Project Status: Engineering

Dominion Transmission Zone

Supplemental PrOJect
NE@D [l G |
V@EDVARlNA\\ /CJBMHGO .

Q SPRUANCE<> °\ TURNER

"’/ G
/ Chesterfield Line #2049
Relay Replacement

o
CHESTERFIELD

. \/h % UNIT 7
@ [ ?

—{ 100

V\ 1l
. WELDERS
230KV |2 11L5EKRV /\, ALPINE
: A ALLIED
' ENON > GCHEMICAL
S 20@

L@

VOLTRGE TRANSMISSION LINE NUMBER

— 5@a Ky, | 508 theu 599

230 Ky, | 208 thru 299 & 20008 thro 2099

1S KV. | L thru 199

138 KV. | 45 NOTED

89 KV, | AS NOTED

——u . POLYESTER
= - A rg (0@ '—?n é{}dﬁ
LI A2 ! 211)7 "W
: HARROWGATE /' WALTHALL Q CRint -. C)COGEI\-
- FO) & \<_
268
/ TEMPLE \)\0?6 ‘ >/C
( AVENUE 'S'SKY 1
| Cotonif Heights. su
| 690 Prince GegplYge
FORT
=
LOCKS I HARVELL

PJM TEAC — 9/14/2017
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é/ Dominion Transmission Zone
Supplemental Project

Supplemental Project: Line #238 Wave Trap and Line Terminal Equipment
Problem Statement:

» Clubhouse line #238 wave trap, Carson line #238 breaker and associated line terminal equipment need to be
replaced due to age.

. . Dinwiddie
Potential Solution:

* Replace one 230kV breaker and #238 line relay at Carson. Replace existing line #238 1600A wave trap at
Clubhouse with a 3000A wave trap. Sapony — Clubhouse segment summer emergency rating will be
increased from 637MVA to 722MVA.

Alternatives: No feasible alternatives
Sussex

Estimated Project Cost: $1.2 M

Line #238 wave trap and line
relay replacement

Possible IS Date: 11/15/2017

Project Status: Engineering

i South

| - = T d
Rl e } = e
COLOR | vOLTAOE TRANSMISSION LINE NUMBER /
— | 5@ cv. | 508 theu 599 ' /
230 kv, | 200 thru 299 & 2008 thre 2099 { BRINKS

/ P :
— | 15 K. | 1 thru 199 / (ﬂ ‘ &
—— | 138 k. | as noTen b = /—__ ol T (FO g 1

89 KV, | AS NOTED
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NJ Transit Mason Station
Rebuild Supplemental Project
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PSEG Transmission Zone

e

é Supplemental Project

Background:

The Mason Substation (also known as NJT |
Meadows) consists of two parallel 230kV feeds that
provide power to critical NJ Transit rail facilities in
Northern New Jersey, including power for train
tunnels connecting New York City and New Jersey.

sEast-Rutherford

)/

The Mason Substation is a “pass-through”
substation for the PSE&G 230kV Northern New
Jersey Athenia - Essex transmission line. The
majority of the power flowing through the Mason
Substation is not consumed by NJ Transit.

Federal Squa
lewark Bay
Passaic Valley Sewerage Commission ilewark__E_l_'lergy Center

Bayonne

NorthAve, |

The Mason Substation is owned by NJ Transit and
was severely damaged due to Superstorm Sandy
flooding. The Substation needs to be rebuilt.

Bergen v,

e @ 61y

Bergen

9=

dson Transmission Project

Substations Transmission Lines

o BIKV 69 kV
*« NSkV 115 kV
@ 120k \/ 120kv
@ 13wy \/ 13y
\/ 181k

230 kV

o 230kV
345KV
* 500KV

765 kV

345 RV
500 kV
765 kV

©  subs Identified
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PSEG Transmission Zone
-é/ Supplemental Project

Background:

. The operation of the substation impacts PSE&G’s ability to
deliver power to customers throughout its Northern New
Jersey service area, by agreement, PSE&G has the right to
operate, test, and adjust certain elements of the Existing
Substation.

. The existing equipment configuration and current
operational constraints preclude outages necessary to
accomplish routine maintenance and repairs.

NJT Meadows _#5
M(;Carte P S E G -.;..’_A.-o PMeadow

Newarl oundn 1 Keam;{

EGRRF e
Federal Square/

o lewark Bay
HP ’ T Passaic Valley S Commissi lewark Energy Center
< The current arrangement has proven to limit PSE&G'’s ability o e = —
to promptly access the Existing Substation to expeditiously e Subsators s e
perform necessary repairs. | - RS
borth Ave. 1;Bk\.1 \\\f ::::
¢ 7S Bt Ve

Warinanco § -~ : 765 kY

765 kV

Subs ldentified
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PSEG Transmission Zone
é Supplemental Project

b T ....-".

Proposed Supplemental Project

Bergen

. The New Jersey BPU, NJ Rate Counsel, PSE&G and NJ
Transit are in the process of entering into an agreement
supporting PSE&G’s ownership and operation of the entire
Substation.

. Costs for the project will not be recovered through
transmission rates. Estimated cost for the 230 kV
substation is $127 million with Risk & Contingency.

NJT Meadow AN
McCartei P S = G Essex FMeadaw
Newark Foundry/St. /] Keam

: EGRRF
Federal Square/
lewark Bay

i&ewark Energy Center

Status: Conceptual

Expected IS Date: Under Development

Legend

Substations Transmission Lines

]
/ foicte o B9kV 69 kV
/ o 5KV E
/ o ; 120 KV v 120 kV
North Ave. | - 138 kV \/ 138Ky
: / ‘ ! \ ; il \/ 181k
s = W v 230kV -
Bayway Vi I ) 7 t e 345 KV
e e ) / 500KV

500 kV
765 kV

765 KV

Subs Identified
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PSEG Transmission Zone
Supplemental Project

el F T

\a“u—llll;-“-

The initial Sandy storm surge, estimated to be as high as 7 feet, inundated the Mason Substation and

control building. The equipment, wiring, raceways, and structures were submersed in contaminated
salt water for an extended period at elevations of 4 to 5 feet.

Pressurized surge waters also penetrated the control building and equipment cabinets through
underground conduits, causing damage to devices located above the flood elevation.

PIM©2017
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é/ PSEG Transmission Zone
Supplemental Project

Overview of proposed 230 kV Portion of Substation (“High
Side”)
« Two existing 230kV high voltage transmission circuits will be connected to a 230kV

breaker-and-a-half design gas-insulated switchgear (GIS) switching station in place of the
existing 230kV straight bus design.

« The GIS facility will be comprised of four (4) bays including three (3) breakers and two (2)
line positions each, totaling 12 breakers and 8 line positions of GIS equipment as well as a
protective GIS hall building, control room, station light and power transformers, and a
backup generator.

e The entire 230kV yard will be raised to required 500 year flood elevations to mitigate
damage from future storms.

 The Substation will have line capacity of 735 MVA summer normal rating (estimated peak
load of NJ Transit at the Substation will be approximately 30 MVA).

PIM©2017
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PSEG Transmission Zone
é/ Supplemental Project

Operational Benefits of proposed New Substation & future
PSE&G Ownership

« PSE&G’s ownership of the Substation will ensure that PSE&G has control of the station
to properly effectuate maintenance and repairs that will greatly reduce the likelihood of
outages and the duration of outages.

 Reconstruction of the station will also improve reliability of two adjacent substations in
Kearny serving the PSE&G system, and serving NJ Transit.

« The current 230kV bus configuration provides limited system reliability due to the
existence of a single point of failure. Modification of the Substation from a straight-bus
design to a breaker-and-a-half design will result in increased system reliability benefits to
PSE&G customers.

PIM©2017
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About NJ Transit

NJ Transit is the nation’s largest statewide public
transportation system.

The Substation is the source of traction power for a
14.5 mile segment of NJ Transit's Morris & Essex
Lines between Maplewood and Hoboken, including
critical connection points for travel into and out of New
York City.

The Substation provides traction power for
approximately 74,200 weekday passenger trips and
supports either a large portion, or all, of the power
necessary to facilitate approximately 5,000,000 annual
passenger boardings.

The Substation provides power to NJ Transit's
Regional Operations Center and primary Maintenance
Center.

The Substation is located very short distances from
both the Hackensack River and the Passaic River.

Sgnngﬁeld

46

Ian e?‘Ter:ace

fingfield Road Vs § -, ;
7 / /, i/ = « MN5kV 115 kW
- v \ ® 120KV \/ 120kv
bt i < B ioBky AVARE T
ey By ® ek \/ 161k
i N . 20k
i - o 345KV .
Bayway it [ —_— 3 S 345 kV
Wannmw iy ] i 785KV Kl
Linden VFT # o i O subs identfied L

PSEG Transmission Zone
Supplemental Project

bgﬂ
th
L;m sEastRutherford |
/ , e\ Bergen

/ ; idson Transmission Project

/| *
4/ Steet = & /&
o g 2

W49t

mp}kg Pefitidrm Tan
Penhom Tapz Penhémf
Hudson 2 f '
NJT Meadows A '« obokeh
P G ESS !
. S Waterfro t '
Newark \Eoundry/St _ - ewporl

Je‘rse
Federal Squa iy

ewark Bay

Passaic Valley Sewerage Commission °Newar kEnergy Center

Baremus Pl. : i = Legend
Substations Transmission Lines

Bayonne
69 kV 69 KV
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October 2017 Recommendations to the PJM
Board
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= Y October 2017 PJM Board Approval

 PJM anticipates that all recommended baseline solutions in

today’s presentation (including the Appendix) will be presented
to the PJM Board in October and recommended for inclusion in

the RTEP.

PIM©2017
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2017 RTEP Next Steps
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= Y 2017 RTEP Next Steps

e Anticipate recommendations contained in this presentation to the PJM
Board Reliability Committee on October 17, 2017

e Continue to evaluate 2017 RTEP Window #1 submissions and develop
recommendations

* Prepare for 2018 RTEP Assumptions Review

PJM TEAC - 9/14/2017
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é/ Upcoming TEAC Meetings and anticipated PJM Board Review

10/12 — TEAC Reliability Analysis Update
10/17 — PJM Board of Managers Review
11/9 — TEAC Reliability Analysis Update

12/4 — PJM Board of Managers Review

(If necessary, additional online/teleconference meetings to be held to review potential and recommended
solutions)

PJM TEAC - 9/14/2017 PIM©2017
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Questions?
Email: RTEP@pjm.com
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Previously Reviewed Baseline Upgrades for the
October 2017 PJM Board Recommendation
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Mid Atlantic Region
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é/ PECO Transmission Zone

Short Circuit Violation

Presented: 8/10/2017 TEAC / \N
loodbourne MereerT : :
Problem Statement: The China Tap 230kV breaker ‘CS15’ is Blesislnd e
overstressed Falls
Steel Tap
.Ro’J/Ii_n_g"_MiII

Immediate Need: Due to the immediate need, the timing R

required for an RTEP proposal window is infeasible. As a result, Bybery
the local Transmission Owner will be the Designated Entity. o K j
ChinaTap /. - .
| | / gel 5 {Tﬁ:%gfo;‘jm' 7 -
Recommended Solution: Replace China Tap 230kV breaker / Biue Grass  cuingon
Tabor  — i

‘CS15’ with a 63kA breaker (b2923)

Legend )
Substations Transmission Lines F

Estimated Project Cost: $603 K - e

¢ MSkvV 115 kY

Required In Service Date: 6/1/2019 o

161 kV

AVARFI T
\/ 138KV
\/ 181kv

230 kv

. 230KV
. 345KV
. 500 kV
765 kv

© subs identified

345 kv
500 kv
785 kV

WWW.pjm.com PIM©2017
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Short Circuit Violation
Presented: 8/10/2017 TEAC

Problem Statement: The Emilie 230kV breakers ‘CS15’ and
‘CS25’ are overstressed

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.

Recommended Solution: Replace Emilie 230kV breakers
‘CS15 and ‘CS25’ with 63kA breakers (2924 & b2925)

Estimated Project Cost: $603 K
Required In Service Date: 6/1/2019

WWW.pjm.com

PECO Transmission Zone

T 1
“.“. Y
Mercer Tap
Biles Island b g

Falls

Ford Mil gkeis

%Rollmg' Mill

Crossy

ﬁa :
roydonTAP1416

g
W
N

Fox Chase

Legend
Substations Transmission Lines
“ s BIKV 69 kV
s 115KV 15KV
® 120kv \/ 120kv 7
® 138k \/ 1Ry Bustieton
® 161kv
+ 230kV
* 35KV
* 500KV
765 KV
© subs identified

\/ 181kv

230 kV
345 kv
500 kv
785 kV
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é/ PECO Transmission Zone

Short Circuit Violation

Presented: 8/10/2017 TEAC A / Z—1
Middlete
Problem Statement: The Chichester 230kV breaker ‘215’ is pE e o i e |
overstressed , W ot .MK p
. _ _ . - PSEG
Immediate Need: Due to the immediate need, the timing e IO g et ; (' J /
required for an RTEP proposal window is infeasible. As a result, R i ¢ '\.\& /
Talleyville b ~lickleton=

the local Transmission Owner will be the Designated Entity.

\'\,—? )

Recommended Solution: Replace Chichester 230kV breaker 7
‘215’ Wlth a 63kA breaker (b2926) Silverbrook Brandywine

West Wilmington

a— “Fedrickiown
. . Substations iransmission Lines M
Estimated Project Cost: $342 K e
Required In Service Date: 6/1/2019 o

ey \/ t61kv

230 kV

V
\/ 138KV
V

. 230KV
. 345KV
. 500 kV
765 kv

© subs identified

345 kv
500 kv
785 kV
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é/ PECO Transmission Zone

Short Circuit Violation
Presented: 8/10/2017 TEAC A% Norp e

Pefiien

<=

Problem Statement: The Plymouth Meeting 230kV breaker ‘125’ y
IS overstressed ipain

Immediate Need: Due to the immediate need, the timing

. . . . . od
required for an RTEP proposal window is infeasible. As a result, i ihitermersh
the local Transmission Owner will be the Designated Entity. Barbadoes o o e el o

Plymouth leymeutheeting
Meeting Jenkintown

aton

Recommended Solution: Replace Plymouth Meeting 230kV

. Covanta Plymouth
breaker ‘125’ with a 63kA breakers (b2927) /
Legend
. . Substations Transmission Lines
Estimated Project Cost: $342 K - e Basboroib
- - . 115u'v 115 kv i neeta  Cresc

Required In Service Date: 6/1/2019 S e \
: i:::: :j::: Westmoreland L
. s00kv o Bala Nosth-Philadelphia &
O subs identified 7Ee \
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é/ PSEG Transmission Zone

|

N-1-1 PSEG Planning Criteria (FERC Form 715)
Presented: 8/31/2017 Mid-Atlantic Subregional TEAC

Problem Statement: Springfield Substation is supplied by two 230kV m— : _srfa“'ey '
underground lines. Springfield supplies more than 10,000 customers with :::e
load in excess of B0OMVA. An N-1-1 event would result in a complete loss of J e

electric supply to the station for more than 24 hrs.

illette
North Ay

Stanley Terrace is supplied by two 230kV underground lines. Stanley
Terrace will supply more than 5,000 customers with an anticipated load in
excess of 37MVA. An N-1-1 event would result in a complete loss of electric
supply to the station.

Front Street
Front Sty ;t Q

Recommended Solution:
» Construct a 230/69 kV station at Springfield. (B2933.1)

» Construct a 230/69 kV station at Stanley Terrace. (B2933.2) . : . s‘:bs:ﬁ;m Ve
» Construct a 69 kV network between Front Street, Springfield and Stanley ==
Terrace. (B2933.3) \ 4 B\ e

230 kv
345 kV
785 kV L

Estimated Project Cost: $197M CE
Required In Service Date: 6/1/2018 - :

. 345KV

* 500 kV

WWW.pjm.com PIM©2017
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N-1-1 PSEG Planning Criteria (FERC Form 715)
Presented: 8/31/2017 Mid-Atlantic Subregional TEAC

Problem Statement: The Carlstadt 69kV Substation is supplied
by two partially underground 69kV circuits. Carlstadt supplies

more than 1,400 customers with load in excess of 30 MVA. An N-

1-1 event would result in a complete loss of electric supply to the
station for more than 24 hrs.

Recommended Solution: Build a new 69kV line between
Hasbrouck Heights and Carlstadt. (B2934))

Estimated Project Cost: $21M
Required In Service Date: 6/1/2018

WWW.pjm.com

PSEG Transmission Zone

Ave. o 2
air Lawn
R E
North Paterson Warren Point w Milford
" LJ e pferson McLean ulevard Spring Valley Road
rgenfield
3 ackson Rd. TH Street

uth tterson
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é/ PSEG Transmission Zone

g ey

“Maple Shade
N-1-1 PSEG Planning Criteria (FERC Form 715) @ g 3

Presented: 8/31/2017 Mid-Atlantic Subregional TEAC

exceeds 46MW. One of the lines has portions of the circuit fed by underground cable that
would take longer than 24 hours to restore during an outage. In addition, a breaker failure
on the Runnemede 69kV bus would result in the loss of both 69kV supply lines and a
complete substation shutdown, interrupting more than 11,000 customers. As a result, there
is a need to enhance the station design and provide a 3rd source to Runnemede 69kV
station. The Woodbury station, after conversion to 69kV, will be supplied by two 69kV lines
from Gloucester 69kV station with no other 69kV source in the near vicinity to supply the 3rd .‘
source, leaving a need to provide a 3rd supply to satisfy FERC Form 715 requirements. Woodbury

Problem Statement: Runnemede 69kV Substation is supplied by only two 69kV lines; load /J/@nrose

Network Availability: The cost effective solution for the southern area is to convert stations ! T
to 69kV. Long term it will be cost effective to supply all PSE&G stations in Gloucester and
Camden County from 69kV because there is less infrastructure required and the system
benefits from being planned to and operating at higher voltages.
Recommended Solution:
¢ Build a new 230/69 kV switching substation at Hilltop utilizing the PSE&G property and o
the K-2237 230 kV line. (B2935.1) siere] kv ire
e Build a new line between Hilltop and Woodbury 69 kV providing the 3rd supply . @ C1Y
I o 115kV 15kv
(B2935.2). ; .
\ 1206V
¢ Convert Runnemede’s straight bus to a ring bus (eliminating the bus fault violation) and ‘ WY\
construct a 69 kV line from Hilltop to Runnemede 69 kV. (B2935.3) LR VAR
¥ o 20KV
A B
Estimated Project Cost: $98M . o sy
Required In Service Date: 6/1/2018 0 swbmma . ™
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é/ Dominion Transmission Zone

Existing b2649 Cost Increase and Scope Modification
Presented: 6/9/2017 Southern Subregional TEAC

Problem Statement: DOM “End Of Life Criteria” Violation

End of Life Criteria — The Clubhouse to Carolina 115kV line was constructed on wood H-frames and single poles in 1955. This line
serves Mecklenburg delivery points Brink, Belfield and Emporia.

System Impact Assessment — Permanent MW load loss for removal of this line is 42 MW.

When this criteria violation was identified, the need date was already in the immediate timeframe. This is an immediate need project
based on “End of Life” criteria.

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.

WWW.pjm.com PIM©2017
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Existing b2649 Cost Increase and Scope Modification
Presented: 6/9/2017 Southern Subregional TEAC

Scope Change & Cost Increase

. Add rebuild of 1.7 mile tap to Metcalf and Belfield DP
(MEC) due to poor condition. The existing summer rating
of the tap is 48 MVA and existing conductor is 4/0 ACSR on
wood H-frames. The proposed new rating is 176 MVA
using 636 ACSR conductor. (b2649.1) ($3,569,000)

. Add rebuild of 4.1 mile tap to Brinks DP (MEC) due to wood
poles built in 1962. The existing summer rating of the tap is
48 MVA and existing conductor is 4/0 ACSR and 393.6
ACSR on wood H-frames. The proposed new rating is 176
MVA using 636 ACSR conductor. (b2649.2) ($8,212,000)

. Both tap rebuilds require a temporary line.
. Proposed permanent construction is steel H-frames.

Estimate Project Cost Increase: $11.781 M
Required In Service Date: 12/31/2019
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é/ Dominion Transmission Zone

Dominion Transmission Owner Criteria B
. NORTH
Presented: 6/9/2017 Southern Subregional TEAC o
H A Coes
(]
EERES UTTLE CREEK
Problem Statement: DOM “End of Life Criteria” - " «ia G irrer A :
M.
A 7 mile segment of 115kV Line #120 located approximately between ErsPT (L Can ) oLe mfgm“%n BASE &
Dozier and Thompsons Corner Substations was constructed on wood H- = il 198) (o7 B&v2ine
frame structures in 1955 . The existing summer emergency rating of this line aNGMAN moLauaHLN 22\ (T S
. . IND. . 27
segment is 147 MVA. Current conductor used is 477 ACSR. % Evﬁsmx — S (ar2)
g 2019
Lo . i g gy GREENWICH 1 ATuaua (o)
This line segment needs to be rebuilt to current standards based on = 2T Gaoss N R
Dominion’s “End of Life” criteria. 5‘ "cg,,&qp RugrTag_ THowpsons]lj “NO. =)
= 279
%7%% NORFOLK . @ - GEEEN
. . . 164

Permanent MW load loss for removal of this line is 100MW. a e 1 Z 22 21 irg

LIZABETH EMERGY e

RIVER NUG FTEMOUTH MATURAL GAS K

iz YWaomo) JACS
Recommended Solution: The 7 mile section from Dozier to Thompsons = 2n LAKE | AL s
Corner of line #120 will be rebuilt to current standards using 768.2 ACSS AT R R i, %) A
conductor with a summer emergency rating of 346 MVA at 115kV. Line is o %ﬁ% L N I LTI
proposed to be rebuilt on single circuit steel monopole structures. (b2800) * 7 @), T“‘J’”F’Sr?"s EnEE e

GRASSFIELD 2 \
o . . Z arear |'I
Alternatives: No feasible alternatives @ |' T T T [ T e
FENTRESS "‘- — 580 KV. | 500 theu 599
— 230 Ky, | 200 thru 299 & 2008 theo 2099

Estimated Project Cost: $6.5M = @) [ — [ o [
Required In Service Date: 12/30/2021 69 k. | @S MNOTED
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Dominion Transmission Owner Criteria
Presented: 6/9/2017 Southern Subregional TEAC

Problem Statement: DOM “End of Life Criteria”

115kV Lines #76 and #79 from Yorktown to Peninsula are 11 miles long and
were constructed on double circuit 3 pole wood H-frame structures in 1957.
The existing summer emergency rating of these lines are 193 MVA. Current
conductor used includes 477 ACSR and 636 ACSR.

This line needs to be rebuilt to current standards based on Dominion’s “End
of Life” criteria.

Permanent MW load loss for removal of these lines is 30 MW.

Recommended Solution: Line #76 and #79 will be rebuilt to current
standard using 768.2 ACSS conductor with a summer emergency rating of
346 MVA at 115kV. Proposed structure for rebuild is double circuit steel
monopole structure. (b2801)

Alternatives: No feasible alternatives

Estimated Project Cost: $22.0 M
Required In Service Date: 12/30/2020
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Dominion Transmission Owner Criteria
Presented: 8/29/2017 Southern Subregional TEAC

Problem Statement: DOM “End of Life Criteria”

115kV Line #101 from Mackeys to Creswell (14 miles) was constructed on
wood H-frames in the 1970-1975 timeframe. The conductor has broken
stranding consistent across entire line. The existing summer emergency
rating of this line is 152 MVA. Current conductor used is 545.6 ACAR (15/7).

This line needs to be rebuilt to current standards based on Dominion’s “End
of Life” criteria.

Permanent MW load loss for removal of this line is 21 MW.

The MW—mile for line #101 is 518 MW-mile based on the Winter 2025/26
projection. Dominion’s 700 MW-mile radial line criteria would be violated if 8
MW or more of new load were added in the future.

Recommended Solution: Rebuild Line #101 from Mackeys to Creswell,
14 miles, with double circuit steel structures. Install one circuit with
provisions for a second circuit. Provisions for a future second circuit would
allow networking of the line (Mackeys — Creswell) if the 700 MW-mile level
was exceeded. The conductor used will be at current standards (636
ACSR) with a summer emergency rating of 262 MVA at 115kV. Additional
right-of-way is required for the temporary line. (b2876)

Estimated Project Cost: $40 M
Required In Service Date: 12/30/2022
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é/ Dominion Transmission Zone

Continued from previous slide...

“ENTES - Rebuild Line

Supporting Project Information:

* Radial Line #101 is located in an isolated area with no
distribution ties

* Riders Creek to TEMC's Fairfield route was reviewed in 2013
by NRG

» Obtaining right-of-way to network Line #101 to a different
source is restricted by wetlands and significant natural S
heritage areas to the south as well as very long water ¥ Albemarle

Dare

: : - Dominion
crossings to the north and to the east \ Existing RTEP Territbr ' {
 Riders Creek to Fairfield preliminary route is 25 miles and ', Zoine 2018 [ ¥ At - -

) . X L ) == Dominion
could become 50 miles if federal and state regulatory \ L . ﬂ Energy
agencies are unwilling to approve routing *

* Riders Creek to Colington — previous studies have shown this @T g Fairfield T R ST N I T
option resulted in voltage collapse for a tower line outage of Non Dominion (TE’i\/IEC) k| 1 R | R e
the two 230KV lines from Shawboro to Kitty Hawk . = | 230 k.| 200 chru299 & 2000 theu 2099
. . o Territory I — | u5 v | 1 owu 190
* Any option to a different source, assuming right-of-way could —— | 138 . | as noten
be obtained, would be much greater than the preferred option s Rl e
cost
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Dominion Transmission Owner Criteria
Presented: 6/9/2017 Southern Subregional TEAC

Problem Statement: DOM “End of Life Criteria”

138KV Line #112 from Fudge Hollow to Lowmoor line was constructed in 1929 and includes
thirty-three Blaw Knox steel lattice towers that span 5.16 miles. These structures have
experienced severe corrosion at grade and their grillage style foundations are no longer
considered a dependable system to resist uplift forces that occur during a wind event. The
existing summer emergency rating of this line is 207 MVA. Current conductor used for this
line includes 4/0 ACSR, 721 ACAR, 336 ACSR, and 1109 ACAR.

Of this distance, a 1.24 mile section includes double circuit towers that are shared with Line
#161.

Line #112 serves 9,778 customers including 3,586 fed by Co-op. The loss of a double
circuit structure for this line would result in the additional loss of line numbers #161, #109,
and #155 along with East Mill, Fudge Hollow, Covington, and Westvaco substations. In
2016 the peak load at Westvaco was 94 MW on August 18th.

This line is part of the transmission loop between Westvaco and Lexington and needs to be
rebuilt to current standards based on Dominion’s “End of Life” criteria.

Recommended Solution: Rebuild Line #112 from Fudge Hollow and Lowmoor (5.16
miles) to current standards (636 ACSR) with a summer emergency rating of 314 MVA at
138kV. Steel tower and double circuit steel monopole replacement structures are being
considered. (b2877)

Alternatives: No feasible alternatives

Estimated Project Cost: $8 M
Required In Service Date: 10/31/2020
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é/ Dominion Transmission Zone

Dominion Transmission Owner Criteria

Presented: 7/13/2017 TEAC Legend . iginia Beach
Substations Transmission Lines & i E
. MN5kV M5 kV E:
Problem Statement: Dominion “End of Life Criteria” S
230KV Line #231 from Landstown to Thrasher is 8.5 miles long and was built PN e
mostly on double circuit weathering steel (Corten) towers in 1965. The corten y W e
structures are in poor condition. The existing summer emergency rating of this line . o0y

785 kV

iS 955 MVA. Subs Identified endleton
g 7

This line needs to be rebuilt to current standards based on Dominion’s “End of Life”

criteria.

Elizébeth River NUG

\—/\/ Thrasher
Recommended Solution: Line #231 will be rebuilt to current standard with a o e
summer emergency rating of 1046 MVA at 230kV. Proposed conductor is 2-636 A il

ACSR. Structures being considered include double circuit steel pole and double
circuit galvanized steel tower. (b2899)

Permanent MW load loss for removal of this line is 89 MW.

Proposed conductor has a summer load dump rating of 1203 MVA. An N-1-1 study
using the 2022 RTEP summer case indicates with the proposed conductor, 48% is
the highest loading on the line. Therefore, there is no justification to consider a
higher capacity conductor.

Estimated Project Cost: $22 M
Required In Service Date: 12/1/2020
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Dominion Transmission Owner Criteria
Presented: 8/29/2017 Southern Subregional TEAC

Problem Statement: DOM “End of Life Criteria”

115kV Line #139 Everetts to Windsor has 336 ACSR conductor constructed
on wood H-frames in the 1951 timeframe. Line #139 serves one delivery
point Windsor DP (Roanoke EC). This line needs to be rebuilt to current
standards or provide another source for Windsor DP based on Dominion’s
“End of Life” criteria.

Permanent MW load loss for removal of this line is 10 MW.

Recommended Solution: Build a new 230-115kV switching station
connecting to 230kV network Line #2014 (Earleys — Everetts). Purchase
land and install three single phase 30 MVA 230-115kV transformers (and a
spare) with a high and low side breaker. Provide a 115kV source from the
new station to serve Windsor DP. Remove Line #139 19.5 miles (15.5
miles Everetts — Windsor, 1.1 mile Windsor to idle line, 2.9 miles idle line).
(b2900)

Estimated Project Cost: $11.5M
Required In Service Date: 12/30/2022

WWW.pjm.com

Dominion Transmission Zone

.‘. EARLEYS

4 \KELFORD @

New 230-115kV ;
Switching Station to Bertie

Serve Windsor DP ‘

(REC)

WINDSOR
DP

/ \CASHIE
=
£
W 3 168
A e
i CIRCUIT,
COLOR VOLTAOE TRANSMISSION LINE WU r

5@ V.

MBER EVERETTS
508 thru 599 ‘

238 Kv.

200 thru 299 & 2000 theu 2099

15 K.

L thru 19%

138 Kv.

45 NOTED

B89 KV,

AS NOTED

PIM©2017



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

é/ Dominion Transmission Zone
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Dominion Transmission Owner Criteria
Presented: 8/10/2017 TEAC

TITCT

Problem Statement: Dominion “End of Life Criteria”

230kV Lines #211 and #228 run 11 miles from Chesterfield to Hopewell and are
double circuit lines

Iron Bridge

Approximately 8 miles of the lines were built on double circuit weathering steel A -
(Corten) towers in 1969. Field reports and condition assessment indicate the Fhnirdia S~ hesterfield
Corten structures are in poor condition. Static fiber is also at end of life.

Tyler
These lines provide critical outlet for Chesterfield Power station along with HCF § gl ) T ¥
and Polyester. _ A JBHe.

nbon Nauonzl}fv_elders Ind:f' i

Walthall A a %
Recommended Solution: Rebuild 8 miles of Line #211 and #228 to current /
standard. Proposed conductor is 2-636 ACSR. Summer emergency rating of the Polyester PS, -
rebuilt section is 1046 MVA. Summer emergency rating of the entire lines after ogend Hopewell
rebuild is 477 MVA with the remaining 3 mile section being the most limiting pstatic T -
conductor. (b2922)

l Harvell

Structures being considered include double circuit steel pole and double circuit : %
galvanized steel tower. : : Bl ;‘;s‘l’:
Fiber on the entire line will be replaced. . . Jod FJL&E

Prince George

Estimated Project Cost: $28.1 M
Required In Service Date: 12/1/2020
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Baseline Cost Change (B2753.1-10)
Presented: 8/21/2017 Western Subregional TEAC

. N5076.1/B2753.1 - George Washington Station — Replace existing 138kV yard with GIS 138kV breaker and a half yard in existing station footprint.
Install 138kV revenue metering for new IPP connection. (AEP)

. N5076.2/B2753.2 - Dilles Bottom Station — Replace Dilles Bottom 69/4kV Distribution station as breaker and a half 138kV yard design including AEP
Distribution facilities but initial configuration will constitute a 3 breaker ring bus. (AEP)

. N5076.3/B2753.3 - Holloway Station — Connect two 138kV 6-wired ckts from “Point A” (currently de-energized and owned by First Energy) in ckt
positions previously designated Burger #1 & Burger #2. Install interconnection settlement metering on both circuits exiting Holloway station. (AEP)

. N5076.4/B2753.4 - Holloway-"Point A” FE “Burger-Cloverdale No.2” 138kV Line — 6 wire “Burger-Cloverdale No. 2” 138kV Line for double capacity and
connect at Holloway and “Point A” (ATSI)

. N5076.5/B2753.5 - Holloway -"Point A” FE “Burger-Longview” 138kV Line — 6 wire “Burger-Longview” 138kV Line for double capacity and connect at
Holloway and “Point A” (ATSI)

. N5076.6/B2753.6 - Dilles Bottom -"Point A”138kV Line - Build dbl ckt 138kV line from Dilles Bottom to “Point A”. Tie each new AEP ckt in with a 6 wired
line at Point A. This will create a Dilles Bottom-Holloway 138kV ckt and a George Washington-Holloway circuit. (AEP)

. N5076.7/B2753.7 - Dilles Bottom-Bellaire and Moundsville-Dilles Bottom 69kV Lines - Retire line sections south of First Energy 138KV line corridor, near
“Point A”. Tie George Washington-Moundsville 69kV ckt to George Washington-West Bellaire 69kV ckt (AEP)

. N5076.8/B2753.8 - Washington-Dilles Bottom 69kV Line — Rebuild existing line as dbl ckt 138kV from George Washington to Dilles Bottom. One circuit
will cut into Dilles Bottom initially and the other will go past with future plans to cut in. (AEP)

. N5076.9/B2753.9 - Remove/Open Kammer 345/138 kV transformer #301
. N5076.10/B2753.10 - Complete sag study mitigation on the Muskingum — Natrium 138 kV line

ad on next slide
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é/ AEP/ATSI Transmission Zone

Baseline Cost Change (B2753.1-10)
Presented: 8/21/2017 Western Subregional TEAC

Cost Sharing Approach: The interconnection project was to share $24.5614M of the cost (their ISA commitment) and the Baseline would

assume the remainder
Original Split Cost New Split Cost

Cost Sharing Update: The interconnection project

withdrew, the project is still needed. The baseline B2753.1: $0M N5076.1: $24M B2753.1: $22.32M  N5076.1: Cancelled
cost portion will now be 100% of the required B2753.2: $9M N5076.2: $0M B2753.2: $9M N5076.2: Cancelled
project cost. B2753.3: $2M N5076.3: $0M B2753.3: $2M N5076.3: Cancelled
_ _ B2753.4: $0.25M  N5076.4: $0M B2753.4: $0.25M  N5076.4: Cancelled
Required IS Date: 1/1/2019 B2753.5:$0.25M  N5076.5: $0M B2753.5:$0.25M  N5076.5: Cancelled
B2753.6: $5M N5076.6: 30M B2753.6: $5M N5076.6: Cancelled
B2753.7: $4.96M  N5076.7: $0.5614M B2753.7: $5.52M  N5076.7: Cancelled
B2753.8: $3.56M  N5076.8: $0M B2753.8: $3.56M  N5076.8: Cancelled
B2753.9: $0M N5076.9: $0M B2753.9: $0M N5076.9: Cancelled

Continued on next slide B2753.10: $2.8M  N5076.10: $0M B2753.10: $2.8M  N5076.10: Cancelled
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é/ AEP/ATSI Transmission Zone

Baseline Cost Change (B2753.1-10)

Presented: 8/21/2017 Western Subregional TEAC \ O \ﬁ 43 WW/ |
Reasons for the Cost Change: bt 2P : , . /

= TGIS

. Queue projects Y3-068 / Z2-048 have been withdrawn. The | ™o maune u’*fé'm?s"?om
shared cost of $24.761M now is transferred to Baseline o9
B2753.1-10. T
. B2753.1 New Scope: George Washington Station — =t
Replace existing 138kV yard with GIS 138KV breaker and a a 3
half yard in existing station footprint. (Due to the - 6 ?
withdrawal of the interconnection request, there is noneed | — s ¥ s o
for the revenue metering for new IPP connection) - P (L g 8
= H‘"‘“",‘
. New Estimated Cost: $50.7M : ik

| EX s Ko P n’«'m )
. New Required IS Date: 5/31/2020 ' B \\ Kammer 345kV 5,...:.’ 120 "‘ :

“,,L,.. Plant g KAMMER. Tss-aouuv i
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AEP Transmission Owner Criteria Violation
Presented: 5/31/2017 Western Subregional TEAC

Problem Statement: The Kaiser Jct — Air Force Jct section (3/0
ACSR, 44 MVA rating) of the Kaiser - Heath 69 kV circuit is
overloaded (129%) for the failure of the 138/69 kV transformer at
West Hebron and subsequent failure of the 138/69 kV
transformer at Newark Center in the 2021 RTEP case. —Newark
Ohio, Northeast of Columbus

Recommended Solution: Reconductor 0.53 miles (14 spans) of
the Kaiser Jct-Air Force Jct Sw section of the Kaiser-Heath 69 kV
circuit/line with 336 ACSR to match the rest of the circuit (73
MVA rating, 78% loading). (B2787)

Estimated Project Cost: $1.096M
Required In Service Date: 6/1/2021
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AEP Transmission Owner Criteria Violation
Presented: 5/31/2017 Western Subregional TEAC

) B cCh, s B .

Problem Statement: The Speidel-Barnesville 69kV line section 3 iy < u{_ e fé ’”; \jﬁa%‘ - ?’c@eﬁ“ﬁ
(#1 Copper, 31 MVA rating) is overloaded (117% worst loading) IS S S
for multiple N-1-1 contingency pairs in the 2021 RTEP case. — gjbﬂ'”" St e, o z
Belmont County, Ohio 8 2 Lo A 5

gy | F N s Szira Neweokv: £
Recommended Solution: Install a new 3-way 69KV line switch i 7 AR § ) T4 3hayswih?
to provide service to AEP’s Barnesville distribution station. bAve A Tt K m;u“
Remove a portion of the #1 copper T-Line from the 69kV through- 25 S F
path. The Speidel-Summerfield 69 kV line and future bypass ! P rLimﬁ»z»:f?iun 5%
route was previously submitted to and reviewed by PJM as 3 - Ghgerol™ 1 %
s1158. An additional plan of service is being discussed with AEP & $ .

Ohio.(B2788)

= Future line
amatary ﬁ!r_-rrl_,J ]]}-PHSS rﬂute

Estimated Project Cost: $0.35M
Required In Service Date : 6/1/2021

PIM©2017
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AEP Transmission Owner Criteria Violation
Presented: 5/31/2017 Western Subregional TEAC

Problem Statement: The Brues-Glendale Heights 69kV line
section (3/0 copper, 46 MVA rating) is overloaded (120% worst
loading) for multiple N-1-1 contingency pairs, common towerline,
and breaker-failure contingencies in the 2021 RTEP case.

The 5-mile long Brues-Glendale line was built in 1917. 81% of
the line is still on the original 1917 wood poles. —Border of Ohio
and West Virginia

Recommended Solution: Rebuild the Brues-Glendale Heights
69kV line section (5 miles) with 795 ACSR (128 MVA rating, 43%
loading). (B2789)

Estimated Project Cost: $16.7M
Required In Service Date: 6/1/2021

WWW.pjm.com
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- _||§H“ &‘clﬁl S
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L
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AEP Transmission Owner Criteria Violation
Presented: 5/31/2017 Western Subregional TEAC

Problem Statement: Voltage drop violation (0.915 pu) at ZEE _{Dmh " '£“ i fom’g 4.en. ; j:ﬁ'“u et |
Sarahsville 34.5 kV bus for a Caldwell 138/34.5kV transformer | _Distribution Transformer 5

S o £ _ Foe
fault or bus fault contingencies at Caldwell in the 2021 RTEP i E 'L'.a.;:-' | & o A A Summeri
case. —Noble County, Ohio & HEmuth Cumhen‘md “J o Steamto;vl;:;
! & 4 N T
. ! o Jéﬂf /Texas Eastern - E
Recommended Solution: Install a 3 MVAR, 34.5kV cap bank at | | pnointing L | gl 75) ~ |
Caldwell substation. (B2790) _ nf.-nmcu
- el i) - |
™ Noble Correctional caldwell"; |
Estimated Project Cost: $0.426M Station 55 WL Spe® .
. . N South Caldwell
Required In Service Date: 6/1/2021 ¢ /] \ “p, %
- e ¢ Nt 2
| & 5 3

XSouth Dlwe (REA)

Dﬁ'ﬁ ity |-:r-'|:‘.‘é
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AEP Transmission Owner Criteria Violation
Presented: 5/31/2017 Western Subregional TEAC

Problem Statement: The West Rockaway Switch — East Tiffin 69kV line (#1 Copper, 31 MVA,
203%), the Greenlawn — East Tiffin 69kV line (2/0 ACSR, 39 MVA, 161%), the Chatfield — New
Washington Switch 69kV line (#1 Copper, 31 MVA, 112%), the Howard — Willard 69kV line (3/0
ACSR, 44 MVA rating, 101%), the Broken Sword — Nevada Switch 69kV line (#1 Copper, 31
MVA rating, 117%), and the Upper Sandusky — Nevada Switch 69kV line (#1 Copper, 31 MVA
rating, 124%) are overloaded for a Chatfield 138-69 kV XFMR fault or similar bus fault

Attisa™= -

contingencies near Chatfield and for multiple N-1-1 contingency pairs in the 2021 RTEP case. T T
Voltage drop (9.6%) and voltage magnitude violation (0.916 pu) at West Shelby, Hinesville and g Sshns i Conrt o R e
other surrounding 69KV buses for multiple contingencies are also seen in the 2021 RTEP case. R/ /&

3 armthers / i
The East Tiffin-Howard 69 kV path was originally constructed in 1918 with wood pole structures hmf W | 2
utilizing #1 Copper conductor. There are 285 open conditions on the 57-mile long line [ qé;.?,., ; J

associated with structure, hardware, and shielding. There has also been increased IPP activity =

= \;“*"‘-‘-'thmnmon (Noggh Cenjral Co-op)
in this area, resulting in increased power flows on lines. —Richland County, Ohio

Recommended Solution:

. Rebuild portions of the East Tiffin-Howard 69kV line from East Tiffin to West Rockaway ——
Switch (0.8 miles) using 795 ACSR Drake conductor (129 MVA rating, 50% loading). =
(B2791.1) R-4 L v
. Rebuild Tiffin-Howard 69KV line from St. Stephen’s Switch to Hinesville (14.7 miles) ‘Hw'i?wmn : Wi
using 795 ACSR Drake conductor (90 MVA rating, non-conductor limited, 38% ,jm-‘.,g},,_-‘ fe e e ] et e T R
loading). (B2791.2) _’% i 2 e :
. New 138/69kV transformer with 138kV & 69KV protection at Chatfield station. (B2791.3) ’ ' o
. New 138kV & 69KV protection at existing Chatfield transformer. (B2791.4)

Estimated Project Cost: $20.386M
Required In Service Date: 6/1/2021
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AEP Transmission Owner Criteria Violation
Presented: 5/31/2017 Western Subregional TEAC

Problem Statement: The Elliott 138/69 kV transformer (89 MVA
rating) and the Elliott — Ohio University 69 kV line (336 ACSR, 73
MVA rating) are overloaded (108% and 104% respectively) for
the loss of the Poston — Strouds Run — Crooksville 138kV Line.
The Clark Street — Strouds Run 69 kV line (336 ACSR, 73 MVA
rating) is overloaded (107%) for the loss of the Dexter — Elliot —
Poston 138KV line in the 2021 RTEP case. —Athens, Ohio

3 WEST cLARKIfWCLARK STREET |'I|'!
Recommended Solution: Replace the Elliott transformer with a | =
130 MVA unit. Reconductor 0.42 miles of the Elliott — Ohio

University 69 kV line with 556 ACSR to match the rest of the line
conductor (102 MVA rating, 73% loading) and rebuild 4 miles of

the Clark Street — Strouds Run 69 kV with 556 ACSR conductor

/‘Iﬁ_ 3 g o) ™
sien st Ohio Uni ity e
s io.| _nlversliy/.;&p’

R Unive rsity
g S 4
o 7
Elliott = ’//

BN
k) o et
o-Elliott -Lee

P

(102 MVA rating, 76% loading). (B2792) i
; ﬁae‘ f;’i\w
Estimated Project Cost: $5.76M & AN :

Required In Service Date: 6/1/2021
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AEP Transmission Owner Criteria Violation
Presented: 5/31/2017 Western Subregional TEAC

Problem Statement: The Fremont Center — Riverview 69 kV
circuit is overloaded (118%) for the loss of the Fremont Center
138/69 kV transformer #1 and the Fremont 138/69 kV
transformer #1 in the 2021 RTEP case. — Fremont, Ohio.

Recommended Solution: Energize the spare Fremont Center
138/69 kV 130 MVA transformer #3. Reduces overloaded
facilities to 46% loading.(B2793)

Estimated Project Cost: $0.081M
Required In Service Date: 6/1/2021

WWW.pjm.com
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AEP Transmission Owner Criteria Violation
Presented: 5/31/2017 Western Subregional TEAC

Problem Statement: Low Voltage (0.883 pu) and voltage drop
(17% worst drop) violations at South Upper Sandusky, Harpster,
Ridgedale, South Morral, Meeker, and Decliff 69kV buses for the
outage of the Upper Sandusky 69kV bus in the 2021 RTEP case.

The Harpster area has had over 670,000 customer minutes of
interruptions over the past three years, including 360,000
minutes on the Harpster-Decliff line. —Marion, Ohio

Recommended Solution: Construct new 138/69/34kV station
and 1-34KkV circuit (designed for 69kV) from new station to Decliff
station, approximately 4 miles, with 556 ACSR conductor (51
MVA rating). (B2794)

Estimated Project Cost: $12.65M
Required In Service Date: 6/1/2021
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AEP Transmission Owner Criteria Violation
Presented: 5/31/2017 Western Subregional TEAC

Problem Statement: Low Voltage (0.916 pu) and voltage drop
(10.7% worst drop) violations at Stillwell, Glenmont, and Killbuck
34.5kV buses for the outage of the South Millersburg 34.5kV bus
in the 2021 RTEP case. — Holmes County, Ohio

Recommended Solution: Install a 34.5 kV 4.8 MVAR capacitor
bank at Killouck 34.5kV station. (B2795)

Estimated Project Cost: $0.482M
Required In Service Date: 6/1/2021

WWW.pjm.com
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AEP Transmission Owner Criteria Violation
Presented: 5/31/2017 Western Subregional TEAC

Problem Statement: The Malvern - Oneida Switch 69kV line
section (4/0 Copper, 54 MVA rating) is overloaded (128% worst
loading) for multiple N-1 and N-1-1 contingencies in the 2021
RTEP case. — Carroll County, Ohio

Recommended Solution: Rebuild the Malvern-Oneida Switch
69kV line section with 795 ACSR (1.8 miles, 125 MVA rating,
55% loading). (B2796)

Estimated Project Cost: $4.1M
Required In Service Date: 6/1/2021
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AEP Transmission Owner Criteria Violation
Presented: 5/31/2017 Western Subregional TEAC

Problem Statement: The Ohio Central - Conesville 69kV line
section (4/0 Copper and 336 ACSR, 54 MVA rating) and the Ohio
Central 138/69 kV transformer (50 MVA rating) are overloaded
(135% worst loading) for multiple N-1 and N-1-1 contingencies in
the 2021 RTEP case. — Coshocton County, Ohio

Recommended Solution: Rebuild the Ohio Central-Conesville
69kV line section (11.8 miles) with 795 ACSR conductor (128
MVA rating, 57% loading). Replace the 50 MVA Ohio Central
138-69kV XFMR with a 90 MVA unit. (B2797)

Estimated Project Cost: $20.6M
Required In Service Date: 6/1/2021
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AEP Transmission Owner Criteria Violation
Presented: 5/31/2017 Western Subregional TEAC

Problem Statement: Low voltage violation (0.905 pu) at West
Hicksville station for loss of the South Hicksville 69 kV bus in the
2021 RTEP case. —Hicksville, Ohio Wimingon BALy 5 1
Recommended Solution: Install a 14.4 MVAr capacitor bank at S ;;;ﬂ\ | L
West Hicksuville station. Replace ground switch/MOAB at West West
. . . . . . . Hicksvill
Hicksville with a circuit switcher (B2798) T W lmim"e T Ll
Hicksville Hickswille
O
Estimated Project Cost: $1.3 M oty “ |
Required In Service Date: 6/1/2021 o e P
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e oy et
1f'JW AVARF I
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AEP Transmission Zone

AEP Transmission Owner Criteria Violation
Presented: 5/31/2017 Western Subregional TEAC

Problem Statement:

Low voltage violations at 19 different stations (0.70 pu voltage and 33% worst drop) were identified, along with thermal violations on the Hartford — Almena (336 ACSR conductor, 73 MVA rating, 141% worst
loading), Riverside — South Haven (4/0 Copper conductor, 54 MVA, 142%), and Valley — Almena (556 AAC conductor, 90 MVA, 111%) 69kV lines. Additionally, Valley 138/69 kV transformer 1 (93 MVA, 117%),
Riverside 138/69 kV transformer 5 (71 MVA, 111%), and Hartford 138/69 kV transformer 1 (120 MVA, 102%) overload for multiple N-1-1 type contingencies involving the 138/69 kV sources and lines in the area in
the 2021 RTEP case.

The Riverside-South Haven 69 kV line was constructed in the 1960s on wood poles with 4/0 Copper conductor (54 MVA rating). This line has experienced over 6,000,000 customer minutes of interruption over the
past three years. There are 57 open A conditions along this 24 mile long line, mostly related to rotten wood poles and cross-arms, burnt insulators, and missing ground lead wire. Transmission Operations cannot
sectionalize this line without momentarily dropping all customers currently served from this line. AEP’s MOAB installation criteria calculations justify the installation of a MOAB at Vector Switch.

The Almena-Hartford 69 kV line was also constructed in the 1960s with 336 ACSR conductor (73 MVA rating). There are 21 open A conditions on this 16 mile long line and has had 34 momentary and 4 permanent
outages over the past three years.

The Almena-Valley 69 kV line was built in 1971 with 556 AAC conductor (99 MVA rating). It has 18 open A conditions along the 11 mile long line.

The existing 69kV bus tie CB A at South Haven station is a 1200 A 20 kA GE, FK-type oil filled breaker that was manufactured in 1966. This breaker has a total 265 fault operations, exceeding the manufacturer
limit of 10. The current configuration at South Haven station combines more than 3 elements into one protection zone. The existing bus tie protection scheme exposes all three transformers to line faults and
increases the probability of relay misoperations. This has been a concern to the customers in the City of South Haven because this is the only transmission source in the area.

At Hickory Creek station, 138 kV breakers L, A and J are 1200 A 20 kA oil filled breakers and 34.5 kV breakers H, G, C, and F are 1200 A 15 kA oil filled breakers. 138 kV circuit breaker B is a 2000 A 40 kA air
insulated breaker. During winter conditions, breaker B is at a higher risk of failure than a typical oil filled breaker due to the lack of a dryer system associated with the air system and the loss of heating source.
There have been several instances in the past where this breaker has frozen, putting the system at risk of a breaker failure. Additionally, air breakers tend to fail violently and their porcelain bushings disperse
particles into the surrounding area, which is a safety concern. Breaker J has had 47 fault operations. Breaker A has had 57 fault operations. Breaker H has had 28 fault operations. Breaker G has had 22 fault
operations. Breaker F has had 85 fault operations. All these exceed the manufacturer recommendation of 10. These breakers all have some combination of the following documented conditions: age, bushing
damage, number of fault operations, a lack of available repair parts, and PCB contamination. Additionally, 138/34.5 kV 30 MVA transformers 1 and 3 are showing significant signs of deterioration. Drivers for
replacement include dielectric strength breakdown (winding insulation), short circuit strength breakdown (due to the amount of through fault events), and accessory damage (bushings).
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AEP Transmission Zone

AEP Transmission Owner Criteria Violation
Presented: 5/31/2017 Western Subregional TEAC

Problem Statement (continued):

At Main Street station, 138 kV 1200 A 20 kA breaker A and 34.5 kV 1200 A 22 kA breakers B, C, D, and E are all oil filled breakers. Breaker A has had 59 fault operations. Breaker B has had 20 fault operations.
Breaker C has had 58 fault operations. Breaker D has had 15 fault operations. Breaker E has had 17 fault operations. All exceed the manufacturer recommendation of 10. These breakers all have some
combination of the following documented conditions: age, bushing damage, number of fault operations, and PCB contamination. Additionally, 138/34.5 kV 30 MVA transformer 3 is showing significant signs of
deterioration. Drivers for replacement include dielectric strength breakdown (winding insulation), short circuit strength breakdown (due to the amount of through fault events), and accessory damage (bushings).

At Riverside station, 69 kV 1200 A 20 kA breaker L and 138 kV 800 A 15 kA breaker R are oil filled breakers manufactured in 1965 and 1947. Breaker L has had 126 fault operations, exceeding the manufacturer
recommendation of 10. These breaker have the following documented conditions: age, number of fault operations, a lack of available repair parts, and PCB content. Additionally, 138/69/34.5 kV 50 MVA
Transformer #5 is beginning to show signs of deterioration. Drivers for replacement include dielectric strength breakdown (winding insulation), short circuit strength breakdown (due to the amount of through fault
events), accessory damage (bushings), and high temperature (winding thermal condition). Transformer #5 also has high levels of dissolved Ethylene and Carbon Dioxide in the oil.

At Hartford station, 69 kV breakers G and H are 1200 A 20 kA oil filled breakers manufactured in 1965 and 1966. Breaker G has had 207 fault operations. Breaker H has had 199 fault operations. Both exceed the
manufacturer recommended limit of 10. These breakers have the following documented conditions: age, bushing damage, number of fault operations, and PCB content. Additionally, 138/69/34.5 kV 115 MVA
Transformer #1 is showing signs of deterioration. Drivers for replacement include dielectric strength breakdown (winding insulation), short circuit strength breakdown (due to the amount of through fault events),
and accessory damage (bushings).

In general, oil breakers have become more difficult to maintain due to the required oil handling. Oil spills occur often during routine maintenance and failures, which can become an environmental concern.
—Kalamazoo, MI
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AEP Transmission Owner Criteria Violation
Presented: 5/31/2017 Western Subregional TEAC

Problem Statement (continued): B R
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AEP Transmission Owner Criteria Violation
Presented: 5/31/2017 Western Subregional TEAC

Recommended Solution:

. Rebuild 12 miles of Valley — Almena 69KV line as a double circuit
138kV/69kV line using 795 ACSR conductor (360 MVA rating) to
introduce a new 138 kV source into the 69 kV load pocket around
Almena station. (B2799.1)

. Rebuild 3.2 miles of Almena to Hartford 69kV line using 795 ACSR
conductor (90 MVA rating). (B2799.2)

. Rebuild 3.8 miles of Riverside — South Haven 69V line using 795
ACSR conductor (90 MVA rating). (B2799.3)

. At Valley station, add new 138KkV line exit with a 3000 A 40 kA
breaker for the new 138 kV line to Almena and replace CB D with a
3000 A 40 kA breaker. (B2799.4)

. At Almena station, install a 90MVA 138kV/69kV transformer with low
side 3000 A 40 kA breaker and establish a new 138kV line exit
towards Valley. (B2799.5)

. At Hartford station, install a second 90MVA 138/69kV transformer
with a circuit switcher and 3000 A 40 kA low side breaker. (B2799.6)

Estimated Project Cost: $53.0 M
Required In Service Date: 6/1/2021
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Short Circuit Violation
Presented: 6/30/2017 Western Subregional TEAC

Miles Avenue Republic

Problem Statement: The South Canton 138 kV breaker ‘K2’ is i =7
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required for an RTEP proposal window is infeasible. As a result, 2o L 50 W) oy A /L"“'“E““’a"“
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South Canton Ry 7 \

Recommended Solution: Replace the South Canton 138 kV
breaker ‘K2’ with an 80 kA breaker . (b2872)
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Short Circuit Violation
Presented: 6/30/2017 Western Subregional TEAC

Problem Statement: The South Canton 138 kV breakers ‘M’ and
‘M2’ are overstressed for a fault at South Canton 138 kV.

Recommended Solution: Replace the South Canton 138 kV
breakers ‘M’ and ‘M2’ with 80 kA breakers. (b2873 and b2874)

Estimated Project Cost: $600 K per breaker
Required In Service Date: 6/1/2022
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AEP Transmission Owner Criteria Violation
Presented: 5/31/2017 Western Subregional TEAC

Sgpail

Problem Statement: The Cannonsburg — South Neal 69 kV line %";em%jm . ’ 3{,.__?;
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Recommended Solution: Rebuild approximately 4.77 miles of Pt R s Lo
the Cannonsburg — South Neal 69 kV line section utilizing 795 S
ACSR conductor (90 MVA rating, 83%). (B2880) s
Estimated Project Cost: $12.5M : W

Required In Service Date: 6/1/2021
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AEP Transmission Owner Criteria Violation
Presented: 5/31/2017 Western Subregional TEAC

Problem Statement: The Dunnhollow — London 69 kV line (3/0 Copper, 31
MVA rating, 103%) overloads for loss of Kanawha River 138 kV Bus #1 or
multiple breaker failure contingencies at Kanawha River in the 2021 RTEP
case.

In addition to the planning criteria violation, the Carbondale — London 46kV
line is a poor performing circuit in the APCo region. From 2013-2016, this
circuit has experienced 9 permanent outages and 1,721,181 customer
minutes of interruption. Approximately 2.4 miles of this circuit utilizes
structures from 1915. There are currently 65 category A open conditions
along the 5.9 mile long line. These open conditions include damaged/rotted
poles and damaged guy wires, shield wire, conductor, insulator and cross
arms. -- Charleston, WV

Recommended Solution: Rebuild ~1.7 miles of the Dunn Hollow — London
46KkV line section utilizing 795 26/7 ACSR conductor (58 MVA rating, non-
conductor limited, 55%). (B2881)

Estimated Project Cost: $4.5M
Required In Service Date: 6/1/2021
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AEP Transmission Owner Criteria Violation
Presented: 5/31/2017 Western Subregional TEAC

Problem Statement: The Reusens — Peakland Switch 69 kV line (4/0
Copper, 54 MVA rating, 106%) overloads for loss of the Peaksview 69 kV
bus in the 2021 RTEP case.

The Dearington — Reusens 69KV is a poor performing circuit in the APCo
region. From 2013 — 2016, the circuit has experienced 12 permanent
outages with 1,469,505 customer minutes of interruption. Approximately
75% of the structures of this circuit are 1925 vintage. There are currently 60
category A open conditions along the 5.2 mile long line. These conditions
include damaged pole/crossarm/shield wire and conductor. — Lynchburg, VA

Recommended Solution:

. Rebuild the Reusens - Peakland Switch 69 kV line (approximately 0.8
miles) utilizing 795 ACSR conductor (86 MVA rating, non-conductor
limited, 67%). (B2882.1)

. Replace existing Peakland S.S with new 3 way switch phase over
phase structure.(B2882.2)

Estimated Project Cost: $2.9M
Required In Service Date: 6/1/2021
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AEP Transmission Owner Criteria Violation
Presented: 5/31/2017 Western Subregional TEAC

Pond (Cust. Gwned)

“Dal-Tex (Cust, owned) ""“" i

Walhonde Metering_ Big Branch
=

Problem Statement: The Craneco — Pardee — Three Forks — Skin Fork
46KkV line (3/0 Copper, 37 MVA rating, 126%) overloads due to the N-1-1
outage of the Huff Creek 138/69/46 kV and Chauncey 138/46 kV
transformers in the 2021 RTEP case.
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Recommended Solution: Rebuild the Craneco — Pardee — Three Forks —
Skin Fork 46kV line section (approximately 7.2 miles) utilizing 795 26/7
ACSR conductor (108 MVA rating, 43%). (B2883)

Estimated Project Cost: $12.2M
Required In Service Date: 6/1/2021
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AEP Transmission Owner Criteria Violation
Presented: 5/31/2017 Western Subregional TEAC

Problem Statement: Numerous thermal and voltage deviation
violations on the Kingsport 34.5 kV sub-transmission system for
various N-1 and N-1-1 outages were identified in the 2021 RTEP
case.—Kingsport, TN

Recommended Solution: Install a second transformer at Nagel
station, comprised of 3 single phase 250MVA 500/138kV
transformers. Presently, TVA operates their end of the Boone
Dam — Holston 138 kV interconnection as normally open
preemptively for the loss of the existing Nagel 500/138 kV XF. By
adding a second 500/138 kV transformer at Nagel, TVA will close
in the interconnection, providing an additional source to the
Kingsport area. (B2884)

Estimated Project Cost: $13M
Required In Service Date: 6/1/2021
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AEP Transmission Owner Criteria Violation
Presented: 5/31/2017 Western Subregional TEAC

Problem Statement:

The City of Jackson has requested a new 69kV delivery point (Ironman Switch) capable of carrying their entire load, which will be ~37 MW due to a 4 MW load
increase by the City. This new delivery point will be redundant with the existing 138kV delivery point out of Lick Station.

After the customer load is connected and is at the full capacity, there is an N-1 violation that drops the voltage at the customer bus to ~65% and thermally
overloads the Lick-Ross 69kV Circuit to 130%. To solve this violation, a new 138/69kV station will be established (Rhodes Station), injecting a 3rd source onto
the Lick-Ross 69KV circuit. Following the solution, no N-1 or N-1-1 violations appear.

The new City of Jackson delivery point is directly adjacent to the existing Berlin-Lick-Ross 69kV circuit. Of the 37+ miles of conductor on the circuit, 88%
(32.96 miles) is original from the 1926 line construction — mostly 4/0 ACSR Penguin (50 MVA rating). Of the 275 structures, 98% (269) are wood and 43%
(119) are older than 1960. There are 241 open conditions on the line, including issues with conductor, structures, and ROW encroachments. The line has
been responsible for 1.4M CMI from 2013-2015, including over 12.5k customer interruptions. It is recommended that this circuit be rebuilt to 138kV standards in
anticipation of a future 138kV conversion to become an additional 138kV path to support Ross Station as there is only one 138 kV source that currently feeds
Ross station from the South.

Issues at every switch structure on this circuit (Coalton Sw, Pine Ridge Sw, Vigo, and Ginger) complicates any planned outages as momentary outages are
required at all three stations in order to isolate a circuit section. AEP’s MPOI calculation justifies the installation of breakers at Heppner station, which will
replace Coalton switch. —City of Jackson, Jackson County, OH
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AEP Transmission Owner Criteria Violation
Presented: 5/31/2017 Western Subregional TEAC

Continued

Recommended Solution:

. Install a new Ironman Switch to serve a new delivery point
requested by the City of Jackson for a load increase
request. (B2885.1)

. Install a new 138/69 kV station (Rhodes) to serve as a third
source to the area to help relieve overloads caused by the
customer load increase. (B2885.2)

. Replace Coalton Switch with a new three breaker ring bus
(Heppner). (B2885.3)

Estimated Project Cost: $13M
Required In Service Date: 3/1/2018

WWW.pjm.com PIM©2017



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

é/ AEP Transmission Zone

AEP Transmission Owner Criteria Violation
Presented: 5/31/2017 Western Subregional TEAC

o Sulmnzirpslma

Problem Statement: N-1-1 analysis identified an overload of the East End s =
Fostoria-West End Fostoria 69 kV line and low voltage violations on the 69 kV \
system for loss of the West End Fostoria 138/69 kV transformer and the Buckley
Road 138/69 kV transformer in the 2021 RTEP case. -

Rising Sun _ (Fostoria)
At West End Fostoria, 69 kV circuit breakers S and BB are vintage GE, FK and g uokey R

© Fostoria Road

Allis-Chalmer, FZO model oil filled circuit breakers manufactured in 1965 and
1961. Furthermore, the maintenance has become difficult due to the oil handling
required to maintain them. Qil spills are frequent with breaker failures and routine
maintenance and can become an environmental hazard.

. . . ori e Ay
The West End Fostoria breakers have the following documented conditions: Foors @1 aus FOSTOTIA
Foffzka

unavailability of spare parts, obsolete interrupting medium, PCB content, and age.

EastEnd
A P i
West End :éi"é‘tm’“ ast-End_Fostoria
Fosoria (H F::ﬁt' ffest End Fostoria. g \
-o51ona (Hanco:
i WeLst End _pene

Airco (N.C. Co-Op)

The installation of a high side CB to replace the existing transformer #5 MOAB Legend

“XX” will eliminate the need to isolate the entire 138 kV bus for a transformer fauilt. S emesentines

This will ensure the path to Melmore/Chatfield, Lemoyne(FE) and Fostoria Central e

will remain intact for loss of the existing transformer. —Fostoria, OH 1381y Y o

Recommended Solution: Install 90 MVA 138/69 kV transformer, new transformer s e

high and low side 3000 A 40 kA CBs, and a 138 kV 40 kA bus tie breaker at West g 0%

End Fostoria. (B2886) subs entfed T

Estimated Project Cost: $3.2M
Required In Service Date: 6/1/2021
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AEP Transmission Owner Criteria Violation iR T \ "

Presented: 5/31/2017 Western Subregional TEAC : '|| Polaris |'| Gefljga
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Problem Statement: PJM identified the Mifflin-Stelzer 138kV line "_;.‘ e, A

overloaded for the loss of the Clinton — Morse Road 138kV line -i & .Lg*" Wﬁ&mﬂ!@

with the stuck breaker at Morse. — East side of Columbus, OH f /_"”""'_Fi s | We

a Worthington Incllstries " SPR

- Busch fﬁ\ S Weshreckid

Immediate Need: Due to the immediate need, the timing =
required for an RTEP proposal window is infeasible. As a result, rasives | Huntley ‘*""E=-,¢f,,__
the local Transmission Owner will be the Designated Entity. e kit dos

Fiver|ea il 7 -

Recommended Solution: Add 2-138kV CB’s and relocate 2-
138kV circuit exits to different bays at Morse Road. Eliminate 3
terminal line by terminating Genoa-Morse circuit at Morse Road.
(B2887)
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Estimated Project Cost: $3.0M
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AEP Transmission Owner Criteria Violation
Presented: 5/31/2017 Western Subregional TEAC

Problem Statement: PIM identified the Elliot —-Rosewood 138KV line is overloaded for multiple common mode contingencies at Poston 138kV substation
AEP and PJM identified the Elliot — Ohio-U 69KV line and Elliot transformer are overloaded for multiple common mode contingencies at Poston 138kV substation.
PJM identified Low Voltage and Voltage drop violations at Elliot 138kV bus for multiple common mode contingencies at Poston 138kV substation.

The physical equipment at Poston is deteriorated and is mostly over 60 years in age. The bus consists of cap and pin insulators which are a safety concern due to the fact
that the mechanical strength of the supports is greatly weakened over time. These cap and pin arrangements have a high tendency to fail during switching and AEP has had
multiple instances of cap and pin insulators cracking and breaking while being removed out of service. Additionally, this station has been subject to flooding in the past,
making it very difficult to repair or replace existing equipment in place.

All except 1 breaker (138kV & 69kV) at Poston are oil breakers (1200 A 20 kA FK-439’s and 600 A 13 kA GO-4Bs types) that were originally installed in the 1940’s and 50's.
These breaker types are obsolete and do not work well with modern relaying schemes. Oil breakers in general have become difficult to maintain due to the required oil
handling. Breaker 552N has had 49 fault operations. Breaker 652S has had 18 fault operations. Breaker 452S has had 178 fault operations. Breaker 252N has had 138 fault
operations. Breaker 352N has had 36 fault operations. Breaker 152S has had 82 fault operations. Breaker 152N has had 99 fault operations. Breaker 652 has had 79 fault
operations. The manufacturer recommended limit for fault operations for these types of breakers is 10. These breakers have the following documented conditions: age,
bushing damage, PCB content, and number of fault operations.

Poston 138/69 kV 47 MVA transformer 2 also needs to be replaced. The drivers for replacement are age, dielectric strength breakdown (winding insulation), short circuit
strength breakdown (due to the amount of through fault events), and accessory damage (bushings).

The Poston — Trimble 69 kV line was originally built in 1924 utilizing 336 ACSR conductor (75 MVA rating) and currently has 30 open conditions along the 9.7 mile long line.
In coordination with AEP Ohio and transmission operations and transmission field services, a plan to replace the existing 69 kV radial line with a new 138 kV tap to serve
customers at Trimble station was developed.

—Athens,OH
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AEP Transmission Owner Criteria Violation ¢

Presented: 5/31/2017 Western Subregional TEAC N\ Trimble new connection ',
to the Poston — Strouds

Run — Crooksville 138 \:J
kV. L

Continued from previous slide

Haydmile

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.

Recommended Solution:

. Remove and retire the Poston 138KV station (B2888.1)
. Install a new greenfield station, Lemaster 138kV Station, in the clear
as a 138 kV switching station utilizing 3000 A 40 kA breakers. : .
(82888.2) o Ao
. Relocate the Trimble 69 kV AEP Ohio radial delivery point to 138 kV, Yo/
to be served off of the Poston — Strouds Run — Crooksville 138 kV Lemaster 138 kV new
circuit via a new three-way switch. Retire the Poston-Trimble 69kV greenfield station to ol 4

line. (B2888.3) replace Poston station.

Estimated Project Cost: $26.97M
Projected In Service Date: 12/31/2018
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AEP Transmission Owner Criteria Violation
Presented: 5/31/2017 Western Subregional TEAC

Problem Statement: The Cliffview — Lee Highway 69 kV line
(1/0 Copper, 48 MVA rating, 139%) overloads for loss of the
Jubal Early 138/69 kV transformer in the 2021 RTEP case.

The ~13 mile double circuit line section north of Byllesby (Wythe
— Cliffview and Wythe — Byllesby) is approximately 93 years old
and has small 1/0 CU conductor. ~4 miles of this double circuit
line is also in the national forest near Byllesby.

There is approximately 120 MW of load being served directly off
the 138kV system in this area. Under N-1-1 conditions on the
138kV system, this entire load would be dropped. There is no
opportunity to sectionalize the 138kV system as this would force
the 69kV system to support the existing 90 MW of load plus the
120 MW of load on the 138KV, resulting in the entire 69kV
system overloading. —~Wytheville, VA
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AEP Transmission Owner Criteria Violation
Presented: 5/31/2017 Western Subregional TEAC

Continued

Recommended Solution:

Cliffview Station: Establish 138kV bus. Install two 138/69kV XFRs
(130 MVA), six 138kV CBs (40kA 3000A) and four 69kV CBs (40kA
3000A) .(B2889.1)

Cliffview Line: Tap the existing Pipers Gap — Jubal Early 138KV line
section. Construct double circuit in/out (~2 miles) to newly
established 138kV bus, utilizing 795 26/7 ACSR conductor.(B2889.4)

Byllesby — Wythe 69kV: Retire all 13.77 miles (1/0 CU) of this circuit
(~4 miles currently in national forest). (B2889.2)

Galax — Wythe 69kV: Retire 13.53 miles (1/0 CU section) of line from
Lee Highway down to Byllesby. This section is currently double
circuited with Byllesby — Wythe 69kV. Terminate the southern 3/0
ACSR section into the newly opened position at Byllesby 69kV,
creating a new Galax — Byllesby 69kV circuit..(B2889.3)

Estimated Project Cost: $30M
Required In Service Date: 6/1/2021
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AEP Transmission Owner Criteria Violation
Presented: 5/31/2017 Western Subregional TEAC

Problem Statement: The Fairdale-Cambridge 69 kV line (266 ACSR, 64
MVA rating), the Summerfield-Derwent 69 kV line (336 ACSR, 75 MVA
rating), and the Cambridge-West Cambridge 34.5kV line (4/0 Copper, 27
MVA rating) are overloaded for several combinations of N-1-1 contingencies
in the Cambridge area in the 2021 RTEP.

The East Cambridge — Smyrna 34.5 kV circuit was built originally in 1954
and is comprised of mostly 1/0 and 4/0 Copper conductor (17 MVA rating). It
presently has 135 open A conditions on the 23.5 mile long line associated
with conductor and structure concerns and has resulted in over 3.1M
customer minutes of interruption between 2013 and 2016

The East Cambridge-Smyrna lines and associated stations can’t be
adequately maintained without shutting power off to customers. After
significant outreach and discussions with all stakeholders, including AEP
Distribution and the Guernsey-Muskingum Co-op, a commitment to the
69kV loop was agreed to. —Cambridge, OH
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AEP Transmission Owner Criteria Violation
Presented: 5/31/2017 Western Subregional TEAC

Continued

Recommended Solution:

. Rebuild 23.55 miles of the East Cambridge — Smyrna 34.5
kV circuit with 795 ACSR conductor (128 MVA rating) and
convert to 69 kV. Estimated cost: $34M (B2890.1)

. East Cambridge: Install a 2000 A 69 kV 40 KA circuit
breaker for the East Cambridge — Smyrna 69 kV circuit.
Estimated cost: $0.538M (B2890.2)

. Old Washington: Install 69 kV 2000 A two way phase over
phase switch. Estimated cost: $0.512M (B2890.3)

. Antrim Switch: Install 69 kV 2000 A two way phase over
phase switch. Estimated cost: $1.2M (B2890.4)

Estimated Project Cost: $36.25M
Required In Service Date: 6/1/2021
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AEP Transmission Owner Criteria Violation
Presented: 5/31/2017 Western Subregional TEAC
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Problem Statement: The Midland Switch-East Findlay 34.5 kV
line (4/0 ACSR, 25 MVA rating) is overloaded for the N-1-1 loss
of the Ebersole 138/34.5 kV transformer and the Findlay Center

138/34.5 kV transformer. —Findlay, OH
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AEP Transmission Owner Criteria Violation
Presented: 5/31/2017 Western Subregional TEAC

Problem Statement: The Leon-Ripley 69kV line (4/0 ACSR, 61 MVA rating, 125%) and 138/69kV transformers #3 at Leon (45 MVA rating, 100%) overload for
N-1-1 loss of the Gavin — Meigs 69KV line in conjunction with the Lakin — Racine 69 kV line in the 2021 RTEP case. There are voltage violations (0.90 pu, 12%
drop) at the Ripley bus for an N-1 loss of the Leon-Ripley line.

The Leon-Ripley line was constructed in 1957 utilizing 4/0 ACSR conductor on wood H-frame structures and has 209 open A conditions on the 13 mile long
line. Most of the structures on this line (77%) are still original from 1957.

Leon 69 kV breaker A is a 1200 A 12 kA FK-type oil breaker manufactured in 1958. Breaker A has had 127 fault operations, exceeding the manufacturer
recommended limit of 10. 138/69 kV 25 MVA transformers 1 and 3 at Leon have High concentrations of combustible gases due to Corona Partial Discharges.
There is also significant increased trending in oil moisture content which reduces the oil dielectric strength, indicating a breakdown of the paper insulation of the
transformer windings. Additionally, there are multiple overlapping zones of protection at Leon (two line exits, two transformers, and bus). The recommended
maximum is two overlapping zones.

The Ravenswood 69 kV breakers G and H are 1200 A 20 kA CF-type oil filled breakers manufactured in 1968. Breaker G has had 125 fault operations. Breaker
H has had 202 fault operations. Both exceed the manufacturer recommended limit of 10.

In general, oil breakers have become more difficult to maintain due to the required oil handling. Oil spills occur often during routine maintenance and failures,
which can become an environmental concern.

— Charleston, WV
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é/ AEP Transmission Zone

AEP Transmission Owner Criteria Violation
Presented: 5/31/2017 Western Subregional TEAC

Continued
Recommended Solution: Install new 138/12kV transformer with dickown
high side circuit switcher at Leon and a new 138 kV line exit s 7""‘"""";';:,':,1’.,':,,";“&
towards Ripley. Establish 138kV at Ripley station with a new carit 8 sporn1sswﬁi‘“"";v,..owbusnaadaﬂ-
138/69 kV 130MVA transformer and move the distribution load to e N e
138 kV service. Rebuild the existing 69kV Leon — Ripley branch Gavin 1AAS Upper las i S
with 1033 ACSR and operate at 138kV. Rebuild the Ripley 69 kV | o R
bus. (B2892) ’
. . EA;:I:;: Pleasant Ec"““““" s
Estimated Project Cost: $27.1M Bkt

Required In Service Date: 6/1/2021

Ambrosia

Beech Hill
Leon (AP)
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é/ AEP Transmission Zone

Common Mode Violation
Presented: 9/11/2017 Western Subregional TEAC

Problem Statement:

Planning Criteria Violations: The 6.7 miles Mottville — Pigeon River 69kV line is one of the strongest sources at the eastern edge of the Michigan footprint. The total load
served from the Mottville — Pigeon River and the Corey — Pigeon River 69kV lines is approximately 74 MVA. AEP Transmission planning has identified multiple N-1-1
contingency scenarios that result in thermal violations on the Mottville — Pigeon River (3/0 ACSR, 44MVA, 115% worst loading) and Corey — Pigeon River (3/0 ACSR,
44MVA, 101% worst loading) 69kV lines for loss of any sources out of Corey station.

Equipment Material/Condition/Performance/Risk: The 6.7 miles Mottville — Pigeon River 69kV line was installed in 1978 and has 23 structures without ground wire and/or
with broken ground wire. Transmission line engineering and Transmission Field Services agree that the existing structures will not have the capacity to keep standard
clearances if a bigger conductor is installed. There are 10 open A conditions along the line. The existing 69kV CB H at Pigeon River station is a 1200 A 19 kA oil filled breaker
that was manufactured in 1969. This breaker has had 89 fault operations, exceeding the manufacturer limit of 10. Oil samples on this breaker indicate a large concentration
of PCB. QOil spills are frequent with breaker failures and routine maintenance can become an environmental hazard.

Operational Flexibility and Efficiency: Multiple Post Contingency Local Loading Relief Warnings (PCLLRW’s) have been issued in this area as a result of the current 44MVA
rating of the line. In order to identify a potential temporary solution to the PCLLRW's, transmission planning performed a LIDAR study on this line to determine the feasibility
of operating it at a higher operating temperature. LIDAR study identified clearance constraints across several sections of the line that will prohibit increasing the operating
temperature.

Customer Service: The City of Sturgis has requested a study to analyze the impacts of 20 MW demand increase. Planning analysis shows that a 138 kV conversion will be
required to mitigate low voltage constraints as result of a 20 MW demand increase in the Sturgis area. Presently, City of Sturgis operates its 69 kV network in radial
configuration due to operational constraints on the AEP network. In addition to the 20 MW demand, City of Sturgis is also planning to close the network to improve reliability.
By designing the proposed line to 138 kV standards for a future conversion the network is able to meet the 20 MW incremental demand and City’s desire to close the network.
The incremental cost of 138 kV design is $0.2M per mile.
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Common Mode Violation
Presented: 9/11/2017 Western Subregional TEAC

AEP Transmission Zone

Continued from previous slide

reult

Recommended Solution:

59 Moorepark Tap Sw
-
[ ]

e,

Y
Rebuild approximately 6.7 miles of 69kV line between Mottville
and Pigeon River using 795 ACSR conductor (129 MVA

rating). New construction will be designed to 138kV standards
but operated at 69kV. (B2936.1)

& on st .‘-\-"l'mﬂfforeie;éa Road
Pigeon River Station: Replace existing MOAB Sw. ‘W’ with a

new 69kV 3000 A 40 kA breaker, and upgrade existing relays

towards HMD station. Replace CB H with a 3000 A 40 kA
breaker. (B2936.2)

“tn
Frzg, oy
A,

&,

White Pigeon (FBEC)

*‘,.,.. R vy o - _‘“m:zﬂ-Smb-y:‘tfu 15::1; :o: *'E,".‘;‘Tﬂl.
Estimated Project Cost: $12M for rebuilding and $1.5M for
pigeon river station upgrades (Total $13.5M)

Required In Service Date: 6/1/2020

r
)
H
L]
o
g
.
a
o
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é/ AEP Transmission Zone

Common Mode Violation
Presented: 9/11/2017 Western Subregional TEAC

. Garden Creel ————

@M‘

Shack Mills\

Keen Mountain
Buchanan IPP Grassy Creek

Problem Statement: Clinchfield — Fletcher Ridge 138KV line is
overloaded for the loss of Broadford — Saltville 138kV line with
the stuck breaker at Saltville 138kV (GD-S862)

Whitewd
Fletcher
Ridge

Recommended Solutions: Replace the existing 636 ACSR 138 2.0 274

KV Bus at Fletchers Ridge with a larger 954 ACSR conductor
(B2937)

P

Estimated Project Cost: $0.63M
Required In Service Date: 6/1/2022 T

Substations Transmission Lines
. 69KV 69 kV
*  115kV 15 kV
® 120k \/ 120kv Virginia City Hybrid Energy Center
® 138k \/ 138kv Ol . River Lebanon
? ;; :x \/ 161k Elk Garden
. 345kV
. 500 kV
785 KV

©  subs identified

230 kV
345 kV
500 kV
765 kV

Sexton Tap
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é/ AEP Transmission Zone

Common Mode and Generator Deliverability Violation
Presented: 9/11/2017 Western Subregional TEAC Logen

Substations Transmission Lines

s 69KV 69 kV

*  15kV M5 kV

Problem Statement: Broadford — Wolf Hills 138kV line is -\ e

161 kV

overloaded for the loss of the Boardford — Sullivan 500KV line B Eebanoy B Girden

230 kV
345 kV

and the Broadford 765/500kV transformer or the loss of the . soow i

500 kV
765 kV

Broadford — Sulllivan 500kV line with the breaker stuck at O swsiemited "W
Broadford 765kV. (GD-S70, GD-S114, GD-S755, GD-S802)

Keywood 5.5 Jf K¢€ywood

Dickens

Recommended Solutions: Perform a sag mitigations on the
Broadford — Wolf Hills 138kV circuit to allow the line to operate to s
a higher maximum temperature. (B2938)

Meadowview

Estimated Project Cost: $2.6M o i
Required In Service Date: 6/1/2022 Wolf HillsM

Bristol
N. Bristol

WWW.pjm.com PIM©2017



http://www.pjm.com/
http://www.pjm.com/
http://www.pjm.com/
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Additional Scope for Existing Project B2689

Presented: 5/31/2017 Western Subregional TEAC K v , Wﬂ“@"\ TV,
Brunot.|
Imperial Mkm
Problem Statement: Baseline RTEP project ?Fbes Sk
b2689.1(Reconductor approximately 7 miles of the Woodbville - S I O Casn Winarng gt
Peters (Z-117) 138 kV circuit), assigned to Duquesne Light, e e i o oy US Stsllinos Huning
reconductors the Woodville-Peters 138 kV line. The existing il gLl S e
conductor will be upgraded from 795 ACSR to 795 ACSS. The ol
termination point is located at structure 27A, which is owned and W Mifin_US Steel F i
maintained by West Penn Power (WPP), FE. In order to S'“g:‘;""‘*“ems"m; I . i
accommodate baseline RTEP project b2689.1, FirstEnergy/WPP S o
will need to upgrade associated facilities (i.e. insulators, clamps, As P oS Wikt /
jumpers, etc.). Nyswaner % Peters Mitchel
Legend Union Jet. T;p Dry Run /

Recommended Solution: B2689.3 - Upgrade terminal S it NG ot
equipment owned by FE related to B2689.1 Fre e i e 1

) o Charleroi _ghepler Hil Jct. Tap 7

sl uskv e Laytor
Estimated Project Cost: $0.05M e e ( Foge
Required In Service Date: 6/1/2018 e
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é/ DEOK Transmission Zone

Short Circuit Violation
Presented: 6/30/2017 Western Subregional TEAC i

Problem Statement: The Todhunter 138 kV breakers ‘931",
‘919’, and ‘913’ are overstressed for a fault at Todhunter 138 kV.

Union

Rockies Express

Recommended Solution: Replace Todhunter 138 kV breakers
‘931, '919’, and ‘913’ with 80 kA breakers (B2894)

Shaker Run
r.

ter.

Estimated Project Cost: $1.967 M (total)
Required In Service Date: 6/1/2021

Substations Transmission Lines
. B9KV 69 kV
¢ MSkvV 115 kY
® 120kV \/ 120kv Millikin
® 138kV \/ 1Ry
® 161kv \ / [

\/ 181k .
. 230KV 20k Beckett Maineville
. 35KY

345 kv

*  500kYV Bethany
765 KV S00KY
765 kV
© subs identified
Gyt mn-&;”
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Short Circuit Violation
Presented: 6/30/2017 Western Subregional TEAC

Problem Statement: The Dicks Creek 138kV breaker “963” is
overstressed

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.

Recommended Solution: Replace the Dicks Creek 138kV
breaker “963” with 63kA breaker (B2895)

Estimated Project Cost: $300 K
Required In Service Date: 6/1/2019

WWW.pjm.com

DEOK Transmission Zone

Union

Rockies Express

Shaker Run
r.

Legend
Substations Transmission Lines
. B9KV 69 kV
¢ MSkvV 115 kY
® 120kV \/ 120kv Millikin
® 138kV \/ 1Ry
v

s v e Maineville |
o B0k 230 kv Beckett

. 345KV
345 kv

*  500kYV Bethany
765 KV S00KY
765 kV
© subs identified
Gyt mm&;”
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B

>300 MW Load Loss
Presented: 9/11/2017 Western Subregional TEAC

Problem Statement: >300MW load loss for the loss of the 138kV tower
lines L4605 (Des Plaines — Busse — Schaumburg — Landmeier — Tonne
138kV “Red” line) and L4606 (Des Plaines — Busse — Schaumburg —
Landmeier —Tonne 138kV “Blue” line) (N1-SLD1)

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.

Recommended Solution: Build an indoor new Elk Grove 138kV GIS
substation at the point where Rolling Meadows & Schaumburg tap off from
the main lines, between Landmeier and Busse. The four 345 kV circuits in
the ROW will be diverted into Gas Insulated Bus (GIB) and go through the
basement of the building to provide clearance for the above ground portion
of the building. (B2941)

Estimated Project Cost: $90M
Projected In Service Date: 6/1/2021

WWW.pjm.com

ComEd Transmission Zone

Barrington Hills Amaki% Buffalo Grove De:kid .
Barrington e) \
Whi l{lg Prospect Heights
5! < Northbrook
‘Prospect Heights
i i Northfield
Dundee Palatine Singice Hesghtsi g \
1 Elmwood
Rocky Road Power, LLC |
Mt. Prospect
Poplar Creek
s Sefiauriurg Rolling Meadows 2 11
s Plaines Golf Mill
{'[ brhis Hofiman Estates : Schaurnbt,lrg/z_-____L 2
£ _
Elk Grovey/ fs Niles
fd Busse
7 Howard
G roRsm Landmeier  pesPlaines
Elgin | Dewc
Spaulding ~/ it
ELGIN E.C! T
Legend Norridge
St:bs:tf:ns Wansﬁr:i:fslon Lines Nordic Portage 1
e e Glendale Heights Feadkl Pak P
120y Sy ranklin Paj Natoma
138 kV \/ 138 kv
16rky \/ 16 i Church Rd. Galewood
- 230KV e . oo Northlake Data Center
230 kv nbard Eimbiurst Hanson Park
. 345KV e 70 ) Ascent CH2 Data Center
. 500KV Pleasant Hil | Berkeley
765 kV 20Ky Bellwood Oak Park
ubs (dentifed 765 KV Glen Ellyn et
o wnight ©
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EKPC Transmission Owner Criteria Violation
Presented: 5/31/2017 Western Subregional TEAC

Problem Statement: The Davis - Nicholasville 69kV line is
overloaded for the loss of the Baker Lane-Baker Lane 138kV line
and Trimble unit #2 .

Recommended Solution: Increase Maximum Operating
Temperature of Davis - Nicholasville 69kv line section 266.8
MCM conductor to 284°F (LTE of 266°F). (B2781)

Estimated Project Cost: $0.19M
Required In Service Date: 6/1/2021

WWW.pjm.com

EKPC Transmission Zone

Loudon
Tyrone /
& K%"

Becknerville

Boonesbord North

Legend

Substations Transmission Lines Q.. Union City
. BOKV 89 kV
B e Four Mile Road

® 120KV \/ 1206V

® 138KV \/ 138kv

- HE \/ 161kv

. 230KV

230 kV

. 345KV

345KV
. 500KV
765 KV

O Ssubs Identified

Fawkes LG

500 kV
765 kv
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é/ EKPC Transmission Zone

EKPC Transmission Owner Criteria Violation
Presented: 5/31/2017 Western Subregional TEAC

Problem Statement: The Plumville - Rectorville 69kV line is
overloaded for the loss of the Goddard 138/69KYV transformer
and Cooper units 1&2.

Recommended Solution: Increase the maximum operating
temperature of Plumville - Rectorville 69KV line section 266.8
MCM conductor to 212°F (LTE of 185°F). (B2782)

Estimated Project Cost: $0.14M :
Required In Service Date: 6/1/2021 Logea

Substations Transmission Lines

s BOKV 89 kV
* MN5kV 15 kV
® 120KV \/ 120k
® 138k AVARE" T
® 161k 61k Kent
* 20k 230KV Flemingsburg
. 345KV
. 500KV

765 KV

765 KV

O subs Identified AEP AEP

345 kV
500 kV
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é/ EKPC Transmission Zone

EKPC Transmission Owner Criteria Violation
Presented: 5/31/2017 Western Subregional TEAC

Loudon

Problem Statement: The Davis - Fayette 69kV line is 2
overloaded for the loss of the Baker Lane-Baker Lane 138KV line gn/lf

and Brown unit #3.

Becknerville

: Boonesbord North

Recommended Solution: Rebuild the Davis - Fayette 69kv line
section to 556.5 MCM (3.15 miles) (B2783)

K-Smith

Baker Tap

Legend
Substations Transmission Lines O Fawkes
. BOKV 69 kV
* MSkV 15 kv

® 120KV \ 120k

Estimated Project Cost: $1.3M
Required In Service Date: 12/1/2021

Fawkes Tap Union City

FawkesLG  poir Mile Rosd

® 138kv \/ 138k
® 161KV o
. 200KV
o SRV
.+ 500KV

765 kv

230 kV
345 kV
500 kV
765 kv

O Ssubs Identified

PIM©2017
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é/ EKPC Transmission Zone

EKPC Transmission Owner Criteria Violation
Presented: 5/31/2017 Western Subregional TEAC 7454

pper awias e Union City e
Problem Statement: The West Berea 138/69kV transformer is "'*‘“ Favkes LG Four e Road
overloaded for the loss of the Crooksvil-Fawks 69kV line and N
Cooper units 1&2.

Recommended Solution: Increase overcurrent relay at West .
Berea 138/69kV to at least 139 MVA Winter LTE (B2784) ; EoK2 P

West Berea

Estimated Project Cost: $0.0M
Required In Service Date: 12/1/2021

Legend

Substations Transmission Lines
. 69KV 89 KV
. 115kV 15 kv
120 kv \/ 120kv
138 kv
161 kv
. 230KV
. 345KV
. 500KV
765 kV
©  subs Identified

\/ 138kv
AVARTINY
230 kV
345 kV
500 kv
765 kV
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EKPC Transmission Owner Criteria Violation
Presented: 5/31/2017 Western Subregional TEAC

Problem Statement: Low voltage at Williamstown 69kV bus for
the loss of the Munk Jct.- Williamstown 69KV line and JK Smith
Unit 9.

Recommended Solution: Increase Williamstown cap bank to
11.225 MVAR (B2786)

Estimated Cost: $0.02M
Required In Service Date: 12/1/2021

WWW.pjm.com

EKPC Transmission Zone

Sterling

ol — e
7 Gallatin Steel
Ghent

Q" Gallatin County Blackwell Tap

Williamstown

Substations Transmission Lines
. BOKV 89 kV
. M5 kv 15 kV
® 120kv \/ 120k
® 138KV \/
\/ 138kv Renaker

® 161kv \/ 181kv
. 230KV

230 kV
. 345KV

345 kv
* 500KV

500 kv

765 kv

765 kV

O  Ssubs Identified
Copriight B20 1\
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EKPC Transmission Owner Criteria Violation
Presented: 5/31/2017 Western Subregional TEAC

Problem Statement: Low voltage at the Deatsville distribution substation
during the loss of the Bullitt County-Deatsville Tap 69 KV line section.

Thermal overload of the South Bardstown — West Bardstown Jct. 69kV line
during the loss of the Bullitt County 138/69 KV transformer.

Other Considerations: EKPC Reliability Team identified concerns related
to the age and condition of this conductor during their conductor
assessment. The Reliability Team identified this entire line section as one of
the top line sections to be addressed based on condition of the conductor
and age of the line.

Recommended Solution: Re-build the existing (1.5 mile), 1/0 MCM ACSR
South Bardstown — West Bardstown Jct. 69KV line using 556.5 MCM
ACTW conductor. (B2893)

Estimated Cost: $1.03M
Required In Service Date: 6/1/2017

WWW.pjm.com

EKPC Transmission Zone

Pleasant Grove

dar Grove
Bullitt County

Cedar Grove

Shepherdsville

R

Deatsvi le@Deats,vi lle

E K P C

Substations Transmission Lines =0

69 kV

120KV
138 kV
161 kv
. 230KV
. 345kV
¢ 500kVv
765 kv
Subs Identified Nelson Tap LGEE

Nalenn Connty

R

Joe Tichenor

st Bardstown

Owens lllinois
Owens lllinois Jct

East Bardstown
Bardstown

¥ Bluegrass Parkway
. Bardsim::’n Shp Ctr
. N5KV West-Bardstown Jct Woodland Capacitor Bank Fredricks

i =
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é/ EKPC Transmission Zone

Baseline Reliability

Presented: 6/30/2017 Western Subregional TEAC i e A A /LHickowmams
PPG

Paintl.ickTaj%’ieam .
Problem Statement: Potential industrial load continues to grow Spigs e P
(2.5MW — 7MW) over the next couple of years at will cause low 42 e
voltage violations at Asahi, Shopville, and Woodstock substations EinksyIctyign e
for the loss of the Norwood-Shopville 69kV line section. The vy o /]
original scope (b2785) provides only a short term solution to the e

voltage issues in an area overly reliant on capacitor banks for

voltage support. A new scope has been created to better serve

voltage in the area, as well as serve as a buffer for the future BmmdLgEE\éSrodhead
Brodh

ad

ighland E K P/ .C

industrial load growth. This low voltage issues now occurs in the
2018/19W, based on new load forecast data.

Legend

Substations Transmission Lines

Recommended Solution: Rebuild the Brodhead - Three Links o Lo

5KV 115KV

Jct. 69 kV line section (8.2 miles) using 556.5 MCM ACTW wire. e

\/ 138y

(B 2 902) 5 :_:; : AVAR I

230 kV

= I B Poy Woodstock
.+ s00kV

TBS kW

Project Cost Estimate: $4.715M O s stes
Required In Service date: 12/1/2018

m
o
@

=

500 kY
765 KV
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EKPC Transmission Owner Criteria Violation
Presented: 6/30/2017 Western Subregional TEAC

Problem Statement: Low voltage at the Coburg 69 kV station
during an outage of the Coburg to Sewellton Jct. 69 kV line
section.

Recommended Solution: Raise the V-low setting for Summer
Shade 69 kV cap bank to 1.01 pu. (B2903)

Estimated Project Cost: $0
Required In Service Date: 12/1/2027

WWW.pjm.com

EKPC Transmission Zone

Legend \Gmen County
Substations Transmission Lines 2 Greenburg
* B8kV B9kV
o 115k M5kV
120 k. V 120 kY
138 kv
161 kW
s 230 kv

. 345KV ~ McKinney's Comner
E 0
o B00kV

Creston

N/ 138KV
\/ 181KV

500 KV
B3 kW

_ 765KV
O subs identified

Sewellton Jot__Vebbs CrossR

Russell Springs

KU Russell Spﬁngs

Jamestown

Summer Shade Tap
\ ,fé{uﬁer Shade
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é/ EKPC Transmission Zone

EKPC Transmission Owner Criteria Violation

Presented: 6/30/2017 Western Subregional TEAC T /,—/ \ |
Sl..lbu.:t:zns TTans::i;sion Lines Meter ;
. 115 . HE n/ quo'l'reeha\ren oty Fogg Pike b
Problem Statement: Low voltage at the Mt. Sterling 69 kV S el Winchestr ¥ e

161 kW

station during the loss of the Dale 138-69 kV transformer. T ST Lty

230 kv
345KV

345 kY
* 500 kV

500 kV
765KV Boonesboro'Nerth

B3 kW

Recommended Solution: Raise the V-low setting for Newby 69 Ol smiae Bt s
kV cap bank to 0.955 pu (B2904)

Estimated Project Cost: $0 I
Required In Service Date: 12/1/2026 AV Yy )

Union City

Fawkes LG Four Mile Road

Crooksville
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EKPC Transmission Owner Criteria Violation
Presented: 6/30/2017 Western Subregional TEAC

Problem Statement: Low voltage at the Upchurch 69 kV station
during the loss of the Zula Jct. — Upchurch Tap 69 kV line
section.

Recommended Solution: Resize the Albany 69 KV capacitor
bank from 8.4 to 13.776 MVAR. (B2905)

Estimated Project Cost: $0.09M
Required In Service Date: 6/1/2026

WWW.pjm.com

EKPC Transmission Zone

Legend

Substations Transmission Lines
*  B3kV B KV
15KV 115KV
120 kv \/ 120kv

138 kv \/ 1wy
161 kW

. 230KV
345KV

\/ 181KV
230 kV

500 kV =Y l
“ :
e oZolllcofer
765 kV
) 765 kV
O subs identified
Jabez

Union LGEE Gap of the Ridge

/Stmmer Shade
Wolf Creek

Monticello
Slat ghetoryt
Wayne County

Burkesville Zula Ji
Snow

Sngf Junction
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é/ EKPC Transmission Zone

EKPC Transmission Owner Criteria Violation

Presented: 6/30/2017 Western Subregional TEAC Legend
Substations Transmission Lines Loudon
Problem Statement: Overload of the Baker Lane-Holloway Jct S el om/
69 kV line section during the loss of the Avon - Fayette 138 kV 2 S g
line. 2 sy

500 KV £
765 KV

765 kv
O subs identified

Recommended Solution: Increase the Zone 3 distance relay Fayetie
setting at Baker Lane associated with the Baker Lane-Holloway s e Hickmn
Jct. 69 kV line to at least 142 MVA LTE Winter. (B2906) i v p SR
West Nicholasvile Y Holloway Jct
) ) PRI A o i ) "ﬁhﬂ'ﬂw”e Spears
Estimated Project Cost: $0 £
Baker Tap th Jessamine

Required In Service Date: 12/1/2018

E K P /G

Brown

Dix Dam & I
7 S/ L
why cu
woy = R
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é/ EKPC Transmission Zone

EKPC Transmission Owner Criteria Violation
Presented: 6/30/2017 Western Subregional TEAC Legend ) A

iy 2
Substations Transmission Lines Qwen Coum/y:/a Bromley
Owen’J2. Owen J1Tap

* B8kV BIKV

s 115KV 15KV

Problem Statement: Overload of Clay Village - KU Clay Village 1 A

® 161kV

69 kV Tap during an outage of the KU Ghent — Owen Co- Scott R

230 KV b
s A Keith

Co 138 kV line section. B s

500 KV
B3 kW

: 765KV
O subs identified

Recommended Solution: Upgrade the metering CT associated
with the Clay Village - KU Clay Village 69 kV Tap line section to
600 A; at least 64 MVA Winter LTE; Upgrade the distance relay
associated with the Clay Village - KU Clay Village 69 kV Tap line
section to at least 64 MVA Winter LTE. (B2907)

Scott County

Estimated Project Cost: $0.125M Clay Village
Required In Service Date: 12/1/2024 Shelby County

Darwin Thomas

Little Mountain Tap
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é/ EKPC Transmission Zone

EKPC Transmission Owner Criteria Violation

Presented: 6/30/2017 Western Subregional TEAC e 5 / %&reehm N
5 e b=

Problem Statement: Overload of the Dale - JK Smith 138 kV e Ly 2ol

line section. N
D BB,

765 kV
765 KV

O subs identified Boonst

Recommended Solution: Upgrade the distance relay
associated with Dale-JK Smith 138 kV line section to 362 MVA
normal rating. (B2908)

Nicholasville

Estimated Project Cost: $0 Q;Jemmme
Required In Service Date: 12/1/2027

Three Forks

s iz o Union Gity
aWKES
fawesls Four Mile Road
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EKPC Transmission Owner Criteria Violation
Presented: 6/30/2017 Western Subregional TEAC

Problem Statement: Overload of Elizabethtown #2 - Tharp 69
kV Tap line section during the loss of KU Rogersuville -
Rogersville Junction 69 kV line.

Recommended Solution: Increase the MOT of the EKPC
Elizabethtown - Tharp Tap 69 kV line section (1.7 miles) to
302°F. (LTE at 284°F) (B2909)

Estimated Project Cost: $0.2M
Required In Service Date: 12/1/2026

WWW.pjm.com

EKPC Transmission Zone

Legend

Substations Transmission Lines
*  B3kV B KV
15KV 115KV
120 kv \/ 120kv
N/ 138KV

138 kv
161 kW
. 230KV

. M5V
45KV
. s00kV { ; Colesburg

500 kY r
Nelson Tap |

Tunnel Hill
Nelson Coun

\/ 181KV

230 kv

B3 kW

_ 765KV
O subs identified

Elizabethtown Tunnel Hi![Jctf_-oL an B. Willlams

-
Elizabethtdwn

Ventrees ey U Tharp ;"

Elizabethtown

\.‘Elizabethtuwn

_Kargle

New Haven

Stephiensburg

odgenville
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EKPC Transmission Owner Criteria Violation
Presented: 6/30/2017 Western Subregional TEAC

Problem Statement: Overload of the Glendale - Hodgenville 69
kV line section during the loss of KU Elizabethtown - KU
Elizabethtown #4 69 kV line section.

Recommended Solution: Upgrade the distance relay at the
Hodgenwville station associated with the Glendale - Hodgenville
69 kV line section to at least 90 MVA Winter LTE. (B2910)

Estimated Project Cost: $0
Required In Service Date: 12/1/2026

WWW.pjm.com

EKPC Transmission Zone

Legend

Substations Transmission Lines
o B9V 69KV
+ 1SkV 115KV
120 kv \/ 120kv
Cab \/ 138k adcliff
161 kV \/ 61y T. Brown Logsdon
. 230KV

230 kv Vine Grove
. 3GV
345 kv Fort Knox

o 500KV :
500 KV : Rodgersville Jet
785 kv 20 eyville J

Subs Identified ik
Smithersville

entral Hardin
T
n

Hardin Co. p

Ventrees % i
Kargle Elizabethtown
E K

p

Sephensbu’s _ Glendale

Glendale ™

Upton

ot t\:@l‘éﬂnanﬁ_ liams
'Z?"w Tunnel Hil Jet
El

Hodgenville

Deatsville
Joe Tichenor
lest Bardstown

East Bardstown 1
Owens Ninois Jot
Boston Bardstown ch
Bgrdsmvm Shp Bluegrass.Ba

Colesburg

New Haven

nill Sulphur Creek

gnolia
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é/ EKPC Transmission Zone

EKPC Transmission Owner Criteria Violation

Presented: 6/30/2017 Western Subregional TEAC g
Problem Statement: Overload of the Powell County 138-69 kV o un
transformer during the loss of the Powell County — Beattyville 161 e
kV line section. 2 sy

500 KV
765 KV

B3 kW

O subs identified

Recommended Solution: Upgrade the overcurrent relay setting
associated with Powell County 138-69 kV transformer to at least
139 MVA Winter LTE. (B2911)

Estimated Project Cost: $0
Required In Service Date: 12/1/2025

Zachariah

Crooksville
E) /
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http://www.pjm.com/
http://www.pjm.com/
http://www.pjm.com/

B

EKPC Transmission Owner Criteria Violation
Presented: 6/30/2017 Western Subregional TEAC

Problem Statement: Overload of the KU Russell Springs-
Russell Co 69 kV line section during the loss of the Summer
Shade - West Columbia 69 kV line.

Recommended Solution:

Upgrade the existing S408-605, 600 A KU Russell Springs Tap -
Russell County 69 kV disconnect switch to 1200 A. (B2912)

Estimated Project Cost: $0.15M
Required In Service Date: 12/1/2025

WWW.pjm.com

EKPC Transmission Zone

Legend

Substations Transmission Lines
*  B3kV B KV
15KV 115KV
120 kv \/ 120kv

138 kv
161 kW
. 230KV
345KV
*  500kV
B3 kW

N/ 138KV
\/ 181KV
230KV
345KV
500 KV

O subs identified

West Columbia Russell Springs

KU Russell KU Russell Springs
Springh—s'd<

Jamestown

Russell

L Russell County
County &) ¢ ceelct

Union LGEE

Wolf Creek

Pulas}

Zollicofer
o

Jabez

Ab‘ap of the Ridge

Monticef
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é/ EKPC Transmission Zone

EKPC Transmission Owner Criteria Violation

Presented: 6/30/2017 Western Subregional TEAC e A
- i e ww“r,
Problem Statement: Overload of the Stephensburg-Glendale 69 S el Rmesm:g qor
kV line section during an outage of the KU Elizabethtown - KU Teo e © v
Elizabethtown #4 69 kV line section. § vy Woosley

500 KV
B3 kW

_ 765KV
O subs identified

Smithersille ; f
Tunnel Hil 4A,/'K//’\
; "9 LymanB Willams ! Netsor County

izabethtown—riondl il Jet

Recommended Solution: Upgrade distance relay at the
Stephensburg station associated with Stephensburg - Glendale Ventees
69kV line section to at least winter LTE 100 MVA. (B2913)

lizabethtown

New Haven

Estimated Project Cost: $0 Stephensburg ST
Required In Service Date: 12/1/2024 e T e __fhigemile

Upton
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EKPC Transmission Owner Criteria Violation

Presented: 6/30/2017 Western Subregional TEAC = 7
Substations Transmission Lines

Problem Statement: Overload of the Tharp Tap - KU S el et

Elizabethtown 69 kV line section during the loss of the 2 S g e

Rogersville — Rogersville Jct. 69 kV line section. . sow - he i O L

B3 kW

768 kv s
O subs identified ;g,ne ille

Smithersville

Recommended Solution: Rebuild Tharp Tap-KU Elizabethtown bk
69kV line section to 795 MCM (2.11 miles). (B2914)

Tunnel Hill 5 !
Lyman B- Williams

1

I

' Nelson Coun
W0 —Tunnel Hill Jt. y

izal

Tharp

ng Pt
Elizabethtown

argle '
Elizabethtown

Nehiicte Hardin Co.

Estimated Project Cost: $1.22M
Required In Service Date: 12/1/2024

New Haven

genville
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EKPC Transmission Owner Criteria Violation

Presented: 6/30/2017 Western Subregional TEAC Legend J
Substations Transmission Lines Cane Ridg Millersburg

Problem Statement: Low voltage at the Mt. Sterling substation o unl

for the loss of the Dale 138-69 kV transformer. e

230 kV
345 kV
500 kV

345KV
* 500 kV

B3 kW
765 kV

O subs identified

Recommended Solution: Resize the Sideview 69 kV capacitor
bank from 6.12 MVAR to 9.18 MVAR. (B2915)

P
E P c
Nortfi Clark U Owir

Estimated Project Cost: $0.07M Sideview
Belvins
Reid Village Fogq Pike Spencer Road f
\KQM‘ Sterling pe

Required In Service Date: 12/1/2023
i
Bbberst BN

Winchester
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EKPC Transmission Zone

B/

EKPC Transmission Owner Criteria Violation
Presented: 6/30/2017 Western Subregional TEAC

Problem Statement: Overload of the East Bardstown - KU
Bardstown Industrial 69 kV line section during the loss of the
Blue Lick 345-161 kV transformer and associated operating

guide Comew ' _.
: ) T 2o

Recommended Solution: Upgrade the existing metering CTs
(Quantity of 2) associated with the East Bardstown - KU D
Bardstown Industrial Tap 69 kV line section to 1200 A, at least / 2= :’f s
100 MVA Winter LTE; and upgrade the existing East Bardstown f ’r.f’f Jﬁ“m’;;x
;..- b Bardstown Aot \\._f;if}lﬁ
S = “‘“7 AR
- g >/ / ~ 4

bus and jumpers from 4/0 to 500 MCM Copper (B2916)

Sowrces: Esri, USG5 NOAY

Estimated Project Cost: $0.25M
Required In Service Date: 12/1/2023
Ff'}

PIM©2017
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é/ EKPC Transmission Zone

EKPC Transmission Owner Criteria Violation
Presented: 6/30/2017 Western Subregional TEAC T o

Substations Transmission Lines

* B8kV BIKV
s 115KV 115KV

Problem Statement: Overload of the West Berea 138-69 kV S el o M
transformer during the loss of the Crookesville-Fawkes 69kV line. p

> Gty 345 kv
o 500KV Fawkes Tap

2 500 kV Fawk

TES kV awkes

765KV Fawkes LG
gwb

Union City

O subs identified Four Mile Road

Recommended Solution: Replace the existing 100 MVA 138-
69 kV transformer bank at the West Berea substation with a 150
MVA transformer. (B2917)

Estimated Project Cost: $1.725M
Required In Service Date: 12/1/2026

iy Garrard County
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EKPC Transmission Owner Criteria Violation
Presented: 6/30/2017 Western Subregional TEAC

Problem Statement: Overload of the Three Links Jct-West
Berea 69 kV line section during the loss of the KU Brown North-
Alcalde-Pineville 345kV line section.

Recommended Solution: Upgrade the 4/0 bus and jumpers
associated with the West Berea Jct. — Three Links Jct 69 kV line
to 500 MCM copper or equivalent equipment at the Three Links
Jct. substation. (B2918)

Estimated Project Cost: $0.15M
Required In Service Date: 12/1/2026

WWW.pjm.com
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Legend

Substations Transmission Lines
*  B3kV B KV
15KV 115KV
® 120KV \/ 120k

® 138KV \/ 138KV
® 161kV ﬂ,.Jf 181KV

. 230KV 230k

345KV
345 kv
* 500 kV

765 kv
O subs identified

500 KV
765 KV

West Berea Jct

ford = K P C

Paint Lick Tuaim Lick
Three
Links Jct

Conway

Brodhead LGEE
Brodhead

Sand Gap

L)
Three LinksJc
Three Linb/‘\
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EKPC Transmission Owner Criteria Violation
Presented: 6/30/2017 Western Subregional TEAC

Problem Statement: Low voltage at the Powell Taylor 69 kV
station during the loss of the KU Florida Tile Tap-Lawrenceburg
69kV line section.

Recommended Solution:

Install a 69 kV, 15.31 MVAR capacitor bank at South Anderson
substation. (B2919)

Estimated Project Cost: $0.365M
Required In Service Date: 12/1/2026

WWW.pjm.com

EKPC Transmission Zone

Legend

Substations Transmission Lines
*  B3kV B KV
15KV 115KV
® 120KV \/ 120k
® 138KV \/ 138KV
® f81kv \/ 61y
230KV
. 345k
+ 500KV
765 KV

230 kv
345 kY
500 KV
765 KV

Subs Identified

Tyrone

South
Anderson

Pz
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é/ EKPC Transmission Zone

EKPC Transmission Owner Criteria Violation

. . < Jkimapurg i

Presented: 6/30/2017 Western Subregional TEAC e Qm\mmnmnw o, T
Sl..lbu.::t:zns TTans:::;snon Lines §&§ .. . \ 3 Dtakdaon O \j Marshaﬁ\
. 1:5 KV 15KV R ﬁm’ L/a{.khew .

Problem Statement: Low voltage on the EK Bromley 69 kV bus s \ Tofefn

during the loss of the Owen County Jct 1 — EK Bromley 69 kV e Hands

345 kv

line section. 5 Ak

765 kV

Subs Identified

Recommended Solution:Rebuild Boone - Big Bone Tap 69 kV
line section using 556.5 MCM ACTW conductor (6.3 miles).
(B2920)

1y Bank Lick m
Richwood nley-Parker Jct 2
er

Bavarian Lanﬂﬂll V

t Bend

N Big Bone ;8 Bone

Estimated Project Cost: $3.625M
Required In Service Date: 12/1/2025

Sterling

" Galatin Steel
Blackwell

— 7 Gallatin County

\

Blackwell Tap

Oakley Noel
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é/ EKPC Transmission Zone

EKPC Transmission Owner Criteria Violation
Presented: 7/21/2017 Western Subregional TEAC

Problem Statement: B2414 (Presented on 11/4/2013 SRTEAC): Build the 2nd Summer Shade EKPC - Summer Shade TVA 161 kV circuit; Required IS Date: 6/1/2018
The original Cost: $4.6M ; The new cost: $15.9M - with further evaluation, a new station will need to be built.

Overload of the Summer Shade 161-69 kV transformer for the loss of the Barren County 161-69 kV transformer in 6/1/2020, which will be solved by baseline project B2710
(Presented 11/5/2015 TEAC): Upgrade the Summer Shade bus and CT associated with the 161/69 kV transformer #1. The Original Cost: $0.075M

However, the transformer will show up again in 2022 winter. Further upgrades will be needed which include Upgrade CT associated with Summershade 161-69kv
transformer to at least 190 MVA Winter LTE; upgrade 1 1/4" IPS bus associated with Summershade 161/69kv transformer to 2" or larger ( Estimated Cost of $0.35M); In
2023 winter, the transformer will be overloaded again. The solution will be to add a second 161-69 kV Tansformer at Summer Shade. Estimated Cost - $1.68 Million

Overload of the Barren county 161-69 kV transformer for the loss of the Summershade - Summershade Jct. 69 kV Line is first identified for 2018 summer. The least cost fix is
to replace the Barren County 161-69 kV Xfmr- (Estimated Cost of $1.6 Million); The transformer will be further overloaded in 12/1/2020, and the fix will be to Increase
overcurrent relay at Barren Co 161-69kv transformer to at least 145 MVA Winter LTE (Estimated Cost of $0). In 2024 winter, the transformer will be overloaded again and the
fix will be to upgrade Barren Co 69kv CT associated with 161/69kv transformer from 800/5 CT to 1200/5 CT. (Estimated Cost $0.01M)

Overload of the Summer Shade Jct. - Summer Shade 69 kV Line for the loss of the Barren County - Summer Shade 161 kV Line is first identified for 2018 summer. The fix is
to increase the Maximum Operating Tempearture of the Summer Shade Jct. - Summer Shade 69 kV Line to 302°F (Estimated Cost of $0.1M). The line is further overloaded
in 2020 winter and the fix will be to upgrade the Summer Shade 69kV bus and Jumpers Associated with the Summer Shade-Summer Shade Jct 69 KV line section and
reconductor the Summer Shade - Summer Shade Jct.69 KV line section (0.15 miles) using 795 MCM ACSR (Estimated Cost of $0.35M).

WWW.pjm.com PIM©2017
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EKPC Transmission Zone
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é/ EKPC Transmission Zone

EKPC Transmission Owner Criteria Violation
Presented: 7/21/2017 Western Subregional TEAC

Recommended Solution:

. New TVA 161kV Interconnection to TVA's East Glasgow Tap-East Glasgow 161 KV line section (~1 mile due West of Fox Hollow).
Add Fox Hollow 161/69 KV 150 MVA transformer. Construct new Fox Hollow-Fox Hollow Jct 161 KV line section using 795 MCM
ACSR (~1 mile) and new 161kV switching station at point of interconnection with TVA. (B2921)

. Cancel B2414 and B2710

Estimated Cost: $18.1M
Required In Service Data: 6/1/2018

PIM©2017
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Summer Generator Deliverability Violation
Presented: 9/11/2017 Western Subregional TEAC

Becknerville H

Problem Statement: JK Smith — Dale 138kV line is overloaded

for the loss of the JK Smith — N Clark 345kV line (GD-S174) Fayete e
WestHidcmanZ

Recommended Solutions: Increase the conductor MOT for the
Dale — JK Smith 138kV line to 275°F. The new summer ratings
would be 229/296 (B2939)

Estimated Project Cost: $0.4M
Required In Service Date: 6/1/2022

Legend

Substations Transmission Lines
. B9KV 89 kV
. 115KV 15 kv Three Forks

® 120kv 120 KV

138Ky AVARETY]

161K \/ 1e1kv

. 230KV ey Fawkes Tap Union Ci
345kV
. S Inion City
. 500kV Fawkes
500 kV
765 kV awk -
765 kV b Faikes1G Four Mile Road
QO subs Identified
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Winter Generator Deliverability Violation
Presented: 9/11/2017 Western Subregional TEAC

Problem Statement: The Wayne Co — Wayne Co KY 161kV line
is overloaded for the loss of the Summer Shade 161kV bus
section S11-1039. (GD-W314, GD-W483)

Recommended Solutions: Upgrade the distance relay on the
Wayne Co — Wayne Co KY 161KV line to increase the line winter
rating would be 167/167. (B2940)

Estimated Project Cost: $0M
Required In Service Date: 6/1/2022
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= Y Revision History

V1 -9/8/2017 — Original Slides Posted

V2 —-9/11/2017
— Clarified statement on slide 49.
— Updated the maps for PSEG upgrades in the Appendix (slides 62-64)
— Added legend Dominion slides in the Appendix (slides 66-75)

V3 —9/12/2017
— Removed Slides 33 and 57
— Modified slides 26 and 27
V4- 9/20/2017
— Corrected OVEC name on Slide 3
— Removed blank pages from V3
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