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AEP Transmission Owner Criteria Violation

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

Potential Alternative Solutions Considered:

. Add a 2 138/69 kV transformer at Newark Center 138.
Estimated cost: $3M

. Add a 2nd 138/69 kV transformer at West Hebron 138. Estimated
cost: $3M

. Add a new 138 kV source to the area. Estimated cost: $7M

Preliminary 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).

Estimated Project Cost: $1.096M
Required IS Date: 6/1/2021

Status: Scoping
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AEP Transmission Owner Criteria Violation

Problem Statement:
The Speidel-Barnesville 69kV line section (#1 Copper, 31 MVA

rating) is overloaded (117% worst loading) for multiple N-1-1
contingency pairs in the 2021 RTEP case. —-Belmont County, Ohio

Potential Alternative Solution Considered:

. Rebuild the 69kV line through the city of Barnesville. This
would involve tearing down and rebuilding 1 mile of line
through town. Ultimately, this would be an overly expensive
option, and would face siting and construction challenges.
Estimated cost: $2.1M Q

Preliminary Solution: Install a new 3-way 69kV line switch to
provide service to AEP’s Barnesville distribution station. Remove a
portion of the #1 copper T-Line from the 69kV through-path. The
Speidel-Summerfield 69 kV line and future bypass route was
previously submitted to and reviewed by PJM as s1158. An
additional plan of service is being discussed with AEP Ohio.

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

Status: Scoping
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AEP Transmission Owner Criteria Violation

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. —Boarder of Ohio and West Virginia

Potential Alternative Solution Considered:

. Re-arrange the Brues 138/69kV breaker layout and add a 3rd
138-69kV XFMR. A third line between West Bellaire and Brues
would also be required, approximately 5 miles in length through
ver){ c$02n7gl\ﬁsted areas with ROW and siting challenges. Estimated
cost:

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

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

Status: Scoping
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AEP Transmission Owner Criteria
Violation

Problem Statement:

Voltage drop violation (0.915 pu) at Sarahsville 34.5kV bus
for a Caldwell 138/34.9kV transformer fault or bus fault
contingencies Caldwell in the 2021 RTEP case.— Noble
County, Ohio

Potential Alternative Solution Considered:

. A fixed tap change of the South Cumberland 138-
34.5kV XFMR was considered but did not alleviate
the violation. Estimated cost: $0.05M

. Install a second transformer at Caldwell station and
%%al\glrange the station breaker layout. Estimated cost:

Preliminary Solution: Install a 3 MVAR, 34.5kV cap bank
at Caldwell substation.

Estimated Project Cost: $0.426M
Required IS Date: 6/1/2021

Status: Scoping
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AEP Transmission Owner Criteria Violation and
Supplemental Project

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

The East Tiffin-Howard 69 kV path was originally constructed in 1918 with wood pole structures
utilizing #1 Copper conductor. There are 285 open conditions on the 57-mile long line associated
with structure, hardware, and shielding. There has also been increased IPP activity in this area,
resulting in increased power flows on lines. —Richland County, Ohio

Potential Alternative Solution Considered:

. Install a new capacitor bank at West Shelby and cut the Howard-Willard line into West
Shelby station. West Shelby station is not easily expandable and would require
rebuilding in the clear. Rebuild & upgrade Upper Sandusky-Broken Sword and East
Tiffin-Greenlawn 69KV line sections to address N-1-1 violation. Install a new transformer
at Howard or Chatfield station. This option does not address the rehabilitation needs on
the East Tiffin-Howard line. Estimated cost: $40M

. Install a new 138/69kV station near Hinesville station or add a new 138/69 kV
transformer at Howard station. Rebuild Saint Stephens Switch — Hinesville. This option
does got address all of the rehabilitation needs on the East Tiffin-Howard line Estimated
cost: $30M

Continued on next slide...
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2 AEP Transmission Zone

AEP Transmission Owner Criteria Violation and
Supplemental Project
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Continued from previous slide...

Preliminary Solution: _. >—m_¥] zjm"ﬁm
Rebuild portions of the East Tiffin-Howard 69kV line from East Tiffin to West ey P el
Rockaway Switch (0.8 miles) using 795 ACSR Drake conductor (129 MVA rating, <% 7 i K\
50% loading)-and from St. Stephen’s Switch to Hinesville (14.7 miles) using 795 | e /
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new 138/69kV 90 MVA transformer with 138kV & 69kV protection at Chatfield station.
Install new 138kV & 69kV protection at existing Chatfield transformer. (Baseline)

Estimated Project Cost: $20.386M

Rebuild 69kV line from West Rockaway Switch-St. Stephen’s Switch (10.6 miles)
using 795 ACSR Drake conductor. Rebuild Hinesville-Howard (6.1 miles) using 795

ACSR Drake conductor. New 138kV circuit switcher at existing South Tiffin
transformer. Replace -69kV CB’s A & B at Chatfield with 40 kA units. (Supplemental)

Estimated Project Cost: $21.751M i
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2 AEP Transmission Zone

AEP Transmission Owner Criteria Violation

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% S
and 104% respectively) for the loss of the Poston — Strouds Run - \ ‘ b
Crooksville 138KkV Line. The Clark Street — Strouds Run 69 kV line (336 ins Eam i
ACSR, 73 MVA rating) is overloaded (107%) for the loss of the Dexter — b

Elliot — Poston 138kV line in the 2021 RTEP case. —Athens, Ohio

Potential Alternative Solution Considered:

. Build a parallel line for Clark Street — Strouds Run line. Cost
prohibitive and ROW would be hard to get in this area due to
’5$e1r(r)?\i/|n and the line passing through park areas. Estimated cost:

. Construct a new switching station at Rosewood and install a
138/69 kV transformer. Construct a new 69 kV line to Clark Street
station. While this alleviates the overloads, siting and new line
construction through this area is prohibitive. Estimated cost: $20M
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Preliminary 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 (102 MVA rating, 76% loading).
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Estimated Project Cost: $5.76M

Required IS Date: 6/1/2021
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é/ | AEP Transmission Zone
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AEP Transmission Owner Criteria Violation

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

Potential Alternative Solution Considered:

. Construct a 34.5 kV line from Stillwell to Jefferson Township
stations (~11 miles). Estimated cost: $20M

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

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

Status: Scoping
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AEP Transmission Owner Criteria Violation

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

Potential Alternative Solution Considered:

. A new 138-69kV interconnection station with FirstEnergy’s
Knox-Nottingham 138kV circuit. However, this would be a
more expensive project for both utilities, and has a lesser
impact on system overloads (only left 3 MVA of margin).
Estimated cost: $12M

. A new 138-69kV interconnection with FirstEnergy’s Sammis-
Hagan 138kV or Toronto-Congress 138kV circuits. However,
this would be a more expensive project for both utilities, and
has a lesser impact on system overloads (only left 11 MVA of
margin). Estimated cost: $12M

Preliminary Solution: Rebuild the Malvern-Oneida Switch 69kV line
(sggtigg)with 795 ACSR (1.8 miles, 125 MVA rating, 55% loading).
7

Estimated Project Cost: $4.1M
Required IS Date: 6/1/2021

Status: Scoping
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é/ ~_AEP Transmission Zone

North Coshocton_

AEP Transmission Owner Criteria Violation NI WNORCSCH i
| N Coshocton

Problem Statement: Hill (Frontier Power) 1 ' \~

The Ohio Central - Conesville 69KV line section (4/0 Copper and 336 ACSR, 54 MVA i e e

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

Potential Alternative Solution Considered:

. Mitigate some of the contingencies involved, by adding XFMR high-side
breakers, line breakers, etc., to limit the extent of facilities outaged by a fault.
Construct a new 5-mile 138 kV line between Conesville and South Coshocton.
Estimated cost: $25M

. A new 138-69kV substation south of Conesville (“Adams Street”) connecting DEs SRR =
AEP’s Conesville-Centerburg 138kV circuit to the Ohio Central-Cyclops 69kV ' .
circuit, and injecting a 90 MVA transformer source. However, the new 138-69kV Conesville
source just shifts the overload further north, requiring 9.5 miles of additional 69 &
kV rebuilds north of Conesville 69 kV station to North Coshocton station.
Estimated cost: $30M

Tyndall
Cyclops

138 C'rc"'t

Conesviile '

Preliminary 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.

Estimated Project Cost: $20.6M

Required IS Date: 6/1/2021

Status: Scoping
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AEP Transmission Owner Criteria
Violation

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. —Hicksuville,
Ohio

Potential Alternative Solution Considered:

. Build a new 138/69kV station cut into South
Hicksville-Grabill 69kV circuit. Estimated cost: $12M

Convert the South Hicksville 69kV bus to ring bus
configuration. Estimated cost: $7M

Preliminary Solution: Install a 14.4 MVAr capacitor bank at West
Hicksville station. Replace ground switch/MOAB at West Hicksville
with a circuit switcher

Estimated Project Cost: $1.3 M

Grabill

Required IS Date: 6/1/2021 Grabill
(x]

Status: Scoping
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AEP Transmission Zone

AEP Transmission Owner Criteria Violation and Supplemental Project

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 — Aimena (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, Aand 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).

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. Additionezlly, 138/34)1.5 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. Qil spills occur often during routine maintenance and failures, which can become an environmental concern.
—Kalamazoo, MI
Continued on next slide...
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2 AEP Transmission Zone

AEP Transmission Owner Criteria Violation and Supplemental Project
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Potential Alternative Solution Considered:

. Construct new 10 mile 138 kV line between Valley and Murch stations. Rebuild Murch as a 138/69 kV station on a new
location due to site constraints at the existing station site. Add 138 kV line exit and breaker at Valley towards Murch.
Establish 138/69 kV source at Benton Harbor station. Rebuild 18 miles of the Benton Harbor — South Haven 69 kV line
as double circuit. Rebuild 4 miles of the Murch-Almena 69 kV line. Estimated cost: $70M

;l tvers
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D

Preliminary Solution: ‘ , ¢
T fngor : Parchment ¢

Rebuild 12 miles of Valley — Aimena 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. Rebuild 3.2 miles of Aimena to Hartford 69kV
line using 795 ACSR conductor (90 MVA rating). Rebuild 3.8 miles of Riverside — South Haven 69V line using 795 ACSR
conductor (90 MVA rating). At Valley station, add new 138kV 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. At Aimena station, install a 90MVA 138kV/69kV transformer with low
side 3000 A 40 kA breaker and establish a new 138kV line exit towards Valley. At Hartford station, install a second 90MVA
138/69kV transformer with a circuit switcher and 3000 A 40 kA low side breaker. (Baseline)

Estimated Baseline Project Cost: $53.0 M

| Wes v
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Rebuild remaining 13.8 miles of Almena to Hartford 69kV line using 795 ACSR conductor (90 MVA rating). Rebuild remaining
21.2 miles of Riverside — South Haven 69V line using 795 ACSR conductor (90 MVA rating). At Hartford station, replace
transformer 138/69kV 1 with a 90 MVA unit and replace 69kV CB H and G with 3000 A 40 kA breakers. At Riverside station,
replace Transformer 5 with a new 90MVA 138/69kV transformer, replace 69 kV CB L and 138 kV CB R with 3000 A 40 kA
breakers. At Main Street station, rebuild the entire station on existing property at the site and install a 90 MVA transformer with
3000 A 40 kA breakers. At Hickory Creek station, rebuild the 34.5 kV yard, replace the 138kV CBs with 3000 A 40 kA breakers,
replace the existing 138/34.5 kV transformers #1 and #3 with a single 138/69/34.5 kV 90 MVA bank and move the distribution
feeds from 34.5 kV to 138 kV service. At South Haven station, retire bus tie CB A and install two new 69kV 3000 A 40 kA
breakers towards Riverside and Hartford remote end stations. At the Covert FBEC hard tap location, install a new phase-over-
phase switch (Vector Switch) with load splitting capability. (Supplemental)

Estimated Supplemental Project Cost: $143.0 M

Portage

Sister Lakes
Required IS Date: 6/1/2021 i

Status: Scoping Sqds, Consolidated Dil@s;r
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é/ AEP Transmission Zone

AEP Transmission Owner Criteria Violation & =

(=l Oxygen Plant

Problem Statement: it o Forestdale
The Cannonsburg — South Neal 69 kV line section (336 ACSR, 75 MVA rating, 100%) overloads for L g .
loss of Bellefonte 69 kV bus #2 or loss of Bellefonte — Hoods Creek 69 kV in the 2021 RTEP case. - Tenth Street
Ashland, KY B
EDAshland
Potential Alternative Solutions Considered: :;E:;‘::: ::' S
. Eeconfigu(rje the 69 kV blus at Bellefonte to ?Iiminate the contingencyg causing the overload.h ™
owever, due to space limitations, aging infrastructure concerns, and outage constraints, the

69 kV yard would likely need to be rebuilt in the clear. After taking into account the feasibility fronville L. Howard Collins e BN SR (R R

of finding a viable location to build in the clear and a conceptual look at all of the line work Hoods Creek = Forty Seventh Street

entailed (8 lines terminate on the 69kV bus at Bellefonte), it was determined that this would not = (=]

be a cost effective alternative. Estimated cost: $20M HOODS CREEKCSM (it i

“ 9
Preliminary Solution: %‘6 Unity
Rebuild approximately 4.77 miles of the Cannonsburg — South Neal 69 kV line section utilizing 795 2, sh
ACSR conductor (90 MVA rating, 83%) . °.° otlettebun NS outh Point
3 ¢ ;
Additional Benefit: Cannonsburg ’o‘_ Kenova“}ihlﬂﬂd Marathon; ..,
In addition to the planning criteria violation, this rebuild will address three open category A conditions on ?; Ceredo [g..
the Cannonsburg — South Neal line section. These conditions include damaged equipment and cross 2 (" - 1_‘5 -
arm. Princess °O 335 Hubbards Bréqch,éw.‘
s o % ~
L e sw@Asrl (Cust. Owned) -~
) e Vi

Estimated Project Cost: $12.5M 3 = Markwest Hydrocarbon (Cus

England HIlI[E]

Coalton Leach(H] Sigeet Run
Chadwick chadwick 69kV
=

@tieol Cered

Required IS Date: 6/1/2021
Projected IS Date: 12/1/2018

=]
Xy
S

§

Leach South Neal
Status: Scoping

-
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AEP Transmission Zone

AEP Transmission Owner Criteria Violation and Supplemental Project

Problem Statement: Cedar Grove (AP)

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.

\a
. )
In addition to the planning criteria violation, the Carbondale — London 46kYV line is a poor performing circuit in the APCo ad 6/

region. From 2013-2016, this circuit has experienced 9 permanent outages and 1,721,181 customer minutes of y "
interruption. Approximately 2.4 miles of this circuit utilizes structures from 1915. There are currently 65 category A open N Fag \ '%k ;

gk Glagon  tongy, 46 Clr

602 - Kap,,
h

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

*, Hugheston

Potential Alternative Solutions Considered:

. Reconfigure the 138kV bus arrangement at Kanawha River station into a breaker and a half to resolve the K ha River 138KV
thermal violation caused by various stuck breaker/bus outages at Kanawha station. Due to space and outage / SENWRR i Kanawha River 345kV
constraints, it would need to be rebuilt in the clear. Rebuilding the station would leave aging infrastructure and , Coalburg I
small conductor concerns unresolved on the Carbondale - London 46kV line that drives the supplemental 1 =
portion of the project. Estimated cost: $31M \ Cabin Creek 46kV

E Hansford \
Preliminary Solution: [ﬂcgm Creek 138kV . London (AP)

Rebuild ~1.7 miles of the Dunn Hollow — London 46kV line section utilizing 795 26/7 ACSR conductor (58 MVA rating, non-

conductor limited, 55%). (Baseline) London Hydro

0

Estimated Project Cost: $4.5M

Rebuild ~3.5 miles of the Carbondale — Dunn Hollow 46kV line section with 795 ACSR conductor. This section of line is
currently comprised of a mix of 2/0, 3/0, and 4/0 Copper conductor. The line portion to Montgomery station is of newer
construction with larger conductor . (Supplemental)

Retire the Smithers Switch structure. Smithers load will be served out of Carbondale station via a new transformer. \ Montgomery
Replace existing Dunn Hollow Switching Structure with new 3-way phase over phase Structure. (Supplemental) \

Estimated Project Cost: $9.4M

Smithers

Gallagher SpurRonda™
Required IS Date: 6/1/2021 il -
Projected IS Date: 12/1/2018 1 03
&
N

Project Status: Engineering N . Elﬁallagher
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é/ | AEP Transmission Zone

Martins

AEP Transmission Owner Criteria Violation and Supplemental Project

Problem Statement:

The Reusens — Peakland Switch 69 kV line (4/0 Copper, 54 MVA rating, 106%) overloads for loss of the Peaksview 69 Reusens 138 circuit
kV bus in the 2021 RTEP case. PEAK;\fND TAP SS

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 Peakland

line. These conditions include damaged pole/crossarm/shield wire and conductor. — Lynchburg, VA = N Wrights

Shop

Potential Alternative Solutions Considered: e

. Construct a new 138kV line from East Lynchburg to Peaksview (~3 miles) to create a second 138 kV source N Gomingo
into Peaksview. Install 6 138kV CBs, 2 69kV CBs and 138/69kV 130MVA XFR at Peaksview Station. )
Reconfigure East Lynchburg Station to accommodate new line to Peaksview and install 2 138kV CBs. While T
this alternate would address the planning criteria violations, the equipment needs in the area would not be
addressed. Estimated cost: $21.5M by S

Reconfigure the bus at Peaksview into a ring bus to eliminate the contingency causing the overloads. 2 Blackwater - Reu No. 1 Glam d/gdi
Outages on this bus are difficult to obtain and the station would need to be built in the clear in order to e
maintain service to the 69 kV system. While this alternate would address the planning criteria violations, the
equipment needs in the area would not be addressed. Estimated cost: $15M

_/—Blackwater
Babcoc|

Preliminary Solution: EaatLyiohbary %

Rebuild the Reusens - Peakland Switch 69 kV line (approximately 0.8 miles) utilizing 795 ACSR conductor (86 MVA , whE = E]A":"
rating, non-conductor limited, 67%).(Baseline) Wess filN,____ Mead Corporation

Lynchburg
Replace existing Peakland S.S. with new 3 way switch phase over phase structure.(Baseline) x
Estimated Project Cost: $2.9M

l‘\ \ &

\_ \Switch
\ ~
N T~

} A‘\.
’\ /Peaksview

Rebuild Peakland — Dearington 69 kV circuit (approximately 4.4 miles) utilizing 795 26/7 ACSR conductor. A portion of L eri(/;;g e HelShte
this line shares a common tower with the Dearington — Blackwater 34.5 kV circuit. This line is currently comprised of P F;f;;,f;;
4/0 Copper, 1/0 Copper and 336 ACSR conductor.(Supplemental) f N i

/

Estimated Project Cost: $12.7M

Required IS Date: 6/1/2021 okville
Projected IS Date: 12/1/2018

Status: Scoping L7 et
./ Opossum Creek - Reusens 1 Brobk
SWItch$ou|h Lynchburg

Opossum Creek

SescsaSlaaiciont ittt
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é/ AEP Transmission Zone

AEP Transmission Owner Criteria Violation and Supplemental Project

Problem Statement: —""" Pond (Cust. Owned)

The Craneco — Pardee — Three Forks — Skin Fork 46KV line (3/0 Copper, 37 MVA rating, 126%) T
overloads due to N-1-1 outage of the Huff Creek 138/69/46 kV and Chauncey 138/46 kV o
transformers in the 2021 RTEP case. &=l EdwightEdwight

The Becco — Skin Fork circuit is a poor performer in the APCO region. From 2013-2016, the Becco Barutt Pt (ML w;j:_j;;" W) Ve A sundial

Walhonde Metering, Big Branch
E@ @

"f'onv:h o

— Skin Fork circuit has experienced 15 permanent outages, resulting in 8,031,079 customer B
minutes of interruption. Approximately 11.5 miles of the line utilizes 1955 wood structures. There

are 78 open category A conditions along the 18 mile long line. These include damaged poles and
crossarms, conductor/shield wires, and guy anchor/knee/vee braces. -Logan, WV

Q
t
)
1
>
2

Potential Alternative Solutions Considered:

. Reconfigure Huff Creek Station and install 6 138kV CBs and a second 138/69kV 90 MVA Switch %
3

transformer. Install a second 138/69kV transformer at Sundial Station with 2 69kV g " Yolyn =

i -°/,. 54 unknown line
\ °0/’

breakers and 2 Circuit Switchers. There are concerns about acquiring additional land i e SR Oene g omd Fork

(]
and a significant amount of grading would be need in order to perform the work at Rt Demugfon : Gariand Branch g,
Sundial. This alternate would address the baseline criteria violations but would not it e 3
address the equipment concerns on the system. Estimated Cost: $16M e Stow,

Rum Creek

_ Pardee

Preliminary Solution:

Rebuild the Craneco — Pardee — Three Forks — Skin Fork 46kV line section (approximately 7.2 s Ul

miles) utilizing 795 26/7 ACSR conductor (108 MVA rating, 43%). (Baseline) : T
Estimated Cost: $12.2M N ol Braehoim ..

Rich Creek ¥

Taplin

Bacpn i hdho5e SWioh \ \ ! Kopperston
Fancn(Cusl.Owneq)Ei" 7 \ | 5 PP

Rebuild Latrobe — Craneco 46kV line section (approximately 2.3 miles) utilizing 795 26/7 ACSR
conductor. The existing conductor on this line is 3/0 Copper. (Supplemental)

;Toney Fork
Estimated Cost: $4M S o s
Huff Junction (Retired?), . Claypool . y
. & “mE Mallory :“ s |
Required IS date: 6/1/2021 O Dry Brhnciolinz
Projected IS date: 4/1/2018 i ~ ey

Fork

Upper Branch

Coal Oceana
Mountain

Status: Engineering
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AEP Transmission Owner Criteria Violation and Supplemental Project

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

Potential Alternative Solutions Considered:

. Rebuild and replace the overloaded 34.5 kV facilities and associated transformers.
This alternative would not be cost effective in comparison to the Nagel transformer
addition. Estimated cost: $30M

Preliminary 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. (Baseline)

Estimated Cost: $13M

Purchase single phase 250MVA 500/138kV bank to be a shared spare for Nagel Station
existing transformer 3 and for the proposed transformer.(Supplemental)

Estimated Cost: $2.8M

Required IS date: 6/1/2021
Projected IS date: 12/1/2019

Status: Scoping
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AEP Transmission Owner Criteria Violation and Supplemental
Project

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

Continued on next slide...
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AEP Transmission Owner Criteria Violation and Supplemental
Project

Continued from previous slide...

Potential Alternative Solutions Considered:

. Extend 69kV from East Beaver-Buckeye Co-Op to Pine Ridge, construct ring
bus at Pine Ridge. This alternative was ruled out due to the need to rebuild the
radial from East Beaver-Buckeye Co-Op (4.53 miles) and the need for 7 miles of
new right-of-way to extend the line to Pine Ridge. Estimated Cost: $34M

. New 138/69kV Transformer at Corwin, 69KV line extension through AEP’s
retired Berlin Station. Expansion difficulties at Corwin would likely lead to a
complete rebuild of the station, plus an additional mile of 69kV greenfield line in
addition to constructing Rhodes station. Estimated Cost: $23M

Preliminary Solution:

Install a new Ironman Switch to serve a new delivery point requested by the City of

Jackson for a load increase request. Establish a new 138/69 kV station (Rhodes) to

serve as a third source to the area to help relieve overloads caused by the customer

I(%ad irll_cre)ase. Replace Coalton Switch with a new three breaker ring bus (Heppner).
aseline

Estimated Cost: $13M

Rebuild approximately 6 miles of line from Rhodes to Heppner and from Heppner to Lick
with 1033 ACSR (148 MVA rating). Build for future 138 kV conversion. (Supplemental)

Estimated Cost: $7M
Required IS date: 3/1/2018

Status: Engineering
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AEP Transmission Owner Criteria Violation and Supplemental Project

Problem Statement:

N-1-1 analysis identified an overload of the East End 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.

At West End Fostoria, 69 kV circuit breakers S and BB are vintage GE, FK and 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.

The West End Fostoria breakers have the following documented conditions: unavailability of spare parts, obsolete
interrupting medium, PCB content, and age.

The installation of a high side CB to replace the existing transformer #5 MOAB “XX” will eliminate the need to isolate
the entire 138 kV bus for a transformer fault. This will ensure the path to Melmore/Chatfield, Lemoyne(FE) and
Fostoria Central will remain intact for loss of the existing transformer. —Fostoria, OH

Potential Alternative Solutions Considered:

. Rebuild the West End Fostoria — East End Fostoria 69 kV line and install a new capacitor bank to alleviate
the planning criteria violations. This solution does not address the equipment condition needs identified.
Estimated cost: $9M

Preliminary Solution:

Install 90 MVA 138/69 kV transformer, new transformer high and low side 3000 A, 40 kA CBs, and a 138 kV 40 kA
bus tie breaker at West End Fostoria. (Baseline)

Estimated Cost: $3.2M

Replace 600 A 40 KA MOAB (XX) with new 40 kA transformer CB. Replace 69 kV CBs BB (21 kA) & S (12 kA) with
new 40 KA units at West End Fostoria. (Supplemental)

Estimated Cost: $2.7M

Required IS date: 6/1/2021
Status: Engineering
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Common Mode Outage

Problem Statement:

The Mifflin-Stelzer 138kV line is overloaded for the loss of the

Clinton — Morse Road 138kV line with the stuck breaker at

Morse. — East side of Columbus, OH

Preliminary 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.

Alternatives Considered:

. No good transmission alternatives were identified. New
construction in the area is difficult to execute due to the

urban nature of the area.

Estimated Cost: $3.0M
Projected IS date: 12/31/2019

Status: Engineering

PJM SRRTEP — West 4/21/2017
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Common Mode Outage, Basecase Analysis and TO criteria violation

Problem Statement:
PJM 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
4528 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

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

Continued on next slide...
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2 AEP Transmission Zone

Common Mode Outage, Basecase Analysis and TO — — —
criteria violation , : .

Trimble new connection
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Continued from previous slide... RUN — Crooksville 138 | [
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Alternatives Considered:

. Replace all equipment at Poston in place. This is not practical as the station is
prone to flooding. Outages are difficult to obtain to replace the equipment
considering nearly every piece of equipment needs to be replaced. Relocate
the Trimble 69 kV delivery point to 138 kV off the Poston-Strouds Run-
Crooksville circuit. Retire the Poston-Trimble line. Estimated cost: $18M

Proposed Solution:
Remove and retire the Poston 138kV station.

Install a new greenfield station, Lemaster 138kV Station, in the clear as a 138 kV
switching station utilizing 3000 A 40 kA breakers.

Relocate the Trimble 69 kV AEP Ohio radial delivery point to 138 kV, to be served off

of the Poston — Strouds Run - Crooksville 138 kV circuit via a new three-way switch.
Retire the Poston-Trimble 69kV line. Narimaa..

R0 fenlaRassy IBsACult

Estimated Cost: $26.97M Lemaster 138 kV new
greenfield station to

| Post tation.
Projected IS date: 12/31/2018 GGl il

Status: Engineering
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AEP Transmission Owner Criteria Violation and Supplemental Project
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

Potential Alternative Solutions Considered:

. 6-wire the existing ~13 mile line section from Lee Highway to Byllesby to increase the capacity on the line
section subject to the thermal violation. This project was not pursued due to the fact the line is approximately
93 years old and will still be loaded to around 90% of its thermal limit under N-1-1 conditions. Any future load
increase will likely push the 6-wired line beyond its thermal limit. Estimated Cost: $500K

. Tap the existing Austinville — Jubal Early 138kV line and construct ~2 miles in/out to Byllesby Station. Install

138/69kV transformer and CBs at Byllesby. This project was not pursued due to space constraints at Byllesby
Station: the station is located in the national forest near the New River. This new double circuit line would need

to cross the new river and require the Byllesby Station to be expanded in the national forest, which is not
feasible. This project would also create a new N-1-1 pair and require the replacement of the existing Wythe
138/69 transformer as well as include the 6 wire option mentioned above. The sectionalizing at new Byllesby
138kV would also cause through flow issue on the 69kV system in an 138kV N-1-1 event. Estimated Cost:
$22M

. Rebuild the existing ~13 mile double circuit line section subject to the thermal violation. This project was not
pursued due to cost and siting challenges as it passes through a national forest. Estimated Cost: $52M

Continued on next slide...
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AEP Transmission Owner Criteria Violation and Supplemental Project ;
Lee Highway

Continued from previous slide...
Preliminary Solution:

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

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

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

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. (Baseline)

Estimated Baseline Project Cost: $30M

Pipers Gap: Install five 138kV CBs (40kA 3000A). (Supplemental)
Jacksons Ferry: Install one 138kV CB. (Supplemental)

Jacksons Ferry — Pipers Gap 138kV: Construct a new 138kV line (~10 miles) from Jacksons Ferry
to Pipers Gap utilizing 1033.5 ACSR conductor. (Supplemental)

Estimated Supplemental Project Cost: $35M

Required IS Date: 6/1/2021
Projected IS Date: 6/1/2021

Status: Scoping
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AEP Transmission Owner Criteria Violation and Baseline Scope Change

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.
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The East Cambridge — Smyrna 34.5 kV circuit was built originally in 1954 and is
comprised of mostly 1/0 and 4/0 ACSR 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
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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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Potential Alternative Solutions Considered:

Rebuild the overloaded facilities, approximately 30 miles, and convert West

Cambridge-East Cambridge 34.5 kV line to 69 kV operation. While this

option would eliminate the planning criteria violations, it does not address

customer concerns or the existing condition concerns on the East

Cambridge-Smyrna line. Estimated cost: $50M L i/ m"c-m«*"mm
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Continued on next slide...
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AEP Transmission Zone
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AEP Transmission Owner Criteria Violation and Baseline Scope Change

Continued from previous slide...
Preliminary Solution: 5
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.
East Cambridge: Install a 2000 A 69 kV 40 kA circuit breaker for the East Cambridge

— Smyrna 69 KV circuit.
Old Washington: Install 69 kV 2000 A two way phase over phase switch.

Antrim Switch: Install 69 kV 2000 A two way phase over phase switch.
Modify the scope for PJM project b2715 ($4M increase over original b2715 cost

Estimated Cost: $40.25M
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Required IS Date: 6/1/2021 |
j

Status: Engineering
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B2715 original Scope: Build approximately 11.5 miles of 34.5 kV line with 556.5 R
ACSR 26/7 Dove conductor on wood poles from Fl