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é/ Agenda

 Planning 201 Course
« TEAC Draft Charter

 Transmission Upgrade
Web Page

« RTEP Baseline Update

e Market Efficiency
Analysis Update

* Interconnection Planning
Impact Studies




Planning 201 Training Course

PJM’s Regional Transmission
Expansion Planning Process

NEXT SESSION -- June 8, 2007/




Fy,

Planning 201 Training Course Topics include...
Regional Transmission Expansion Plan (RTEP) Process:

— Scope, Definition and Objectives

— RTO regulatory/contractual obligations

— Brief history — evolving to meet RTO needs
— Stakeholder process

Baseline development concepts, reliability analyses, 15-year planning
horizon

Load Growth, CETO/CETL, Reserve Margin
Key planning drivers and assessing their impact:

- e.g., interconnection requests, long lead-time backbone transmission
needs, aging infrastructure, generator deactivation, congestion

Developing a package of backbone transmission solutions

Market Efficiency

_ =EQE National Interest Electric Transmission Corridors (NIETC)
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‘g/' Planning 201 Training Course — Logistics

= Date: Friday, June 8, 2007
= Time: 9:00 a.m. — 3:00 p.m.
= |In-person: PJM Visitors Center

Norristown, PA
Virtual: YeS (See Registration for details)

Registration:

http://www.pjm.com/services/courses/c-pjm-system-
planning-201.html




é/ TEAC Charter

« MRC and MC approved changes to Operating
Agreement concerning the role of the TEAC

« TEAC responsibilities outlined in Schedule 6 of

the OA and Manual 14B

— Provide comments and recommendations on the
scope, assumptions and analysis for the RTEP

— Provide comments and recommendations on RTEP
as requested by the PJM Board of Managers

 Draft Charter i1s consistent with these documents
o Seeking approval of the draft TEAC charter




Draft Data Used for Demo Purposes Only
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2007 RTEP Reliability Analysis Update




é/ | Cost Allocation

e On April 19th, the FERC issued orders on cost
allocation.

« Cost for 500 kV and above facilities will be allocated on a
region-wide basis.
» Cost for facilities that will be energized at voltages below

500 kV will be allocated to those customers who derive
the benefits of the upgrade.

 PJM will submit a compliance filing for 500 kV and above
facilities.

« The FERC granted a rehearing for below 500 kV
facilities.

e Cost allocation for the following upgrades will be
determined pending those proceedings.




2007 RTEP Status

Base case development complete

N-2 analysis, generator and load deliverability
analysis complete

Development of solutions to identified problems
IS In progress

15 year analysis to identify longer lead time
reinforcements complete

Sensitivity analysis performed for potential
generation retirements




é/ 2007 RTEP Case — What's In and What's Out

 B.L. England Units — not in the model
 Benning Road - included in the model
e Buzzard Point — included in the model

e 066 Merchant transmission project — not in the
model




5 Year Analysis Update
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e N-2 Issues

—Atlantic — Larrabee 230 kv =~ e
Prospect Road — Smithburg

of Atlantic — South River = g

230 kV line

—Atlantic-New Prospect
Road — Smithburg 230 kV  Faiiscseiidicer
line overload for the loss of
Atlantic — South River 230

First Energy - JCPL Transmission Zone
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é | PECO Transmission Zone

* Breaker Replacement

—Replace the North Wales 230 kV circuit breaker #105,
the capacitor bank breaker by 6/1/2010

—The estimated cost to replace this breaker is $500,000
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é/ PSEG Transmission Zone

Bt)d Lake

*N-2 Violation Wi -
—Aldene 230/ 138 kV transformer Elastimold—",
overload for the loss of the ﬂe’fgi,ﬁt,?Oi‘”‘,{,o&,?S“;’j"' | reste

Newark

E
ROSE|and 230 / 138 kV Washmgtron\\\ // ‘L i ;{on\l:‘)‘gt S‘gmrmt Hu;iﬁ)éouﬁy'
transformer 4 + loss of West N - Ghdstone / S LTS
Orange — Roseland 138 kV line. ,;;amm" T Bemausile  Gilletid/SPringfield Rd. | ) o ',32353{,‘,29,

New Yor@ City, Umon Count|

» Solution

Glenfsardner
_Install a 138 kV breaker at /Jiy/&
Roseland and tie the Roseland

\south Fox Hllls

Réadington /,’i:// — {Mintie,Stef ¢ Fresh Kills
138 kV buses. SomersFt ounty Some"””eGre/e”mek New Dove '/ Rmhf:??:rd County
. . ] 7| Somerville , P s/oe aren Viocdrow
—EXxpected in-service date: 6/1/12 anterdon County . Bridgewatoria e Netuchen ¥

Rarltan River Steel
New York City Metro Area

—Estimated cost: $1.0 million

Werner

. . \‘ E. Fle\rp'/ington B N Edigd / beayravite S
° N'2 V|O|at|0n \\ Hemirgton \\ enneNe‘sN Bz:;, 4 Melrose South Iglver '\”“'m{"‘*-f :g
—Lawrence — Pleasant Valley 230 \ ST Adame ;Deep ATUN S
KV line overloads for the loss of | il

5
' Frankiin Park .~ “
\
| / Dgans Mfddleseik Hn

Branchburg — Deans 500 kV line = j

\

and Deans 500 / 230 kV S SR AN q
transformer + Windsor — Orchar o ‘:rresapl \ o 42;
: ) } T Princeton Plainsboro _ ras: Lines Gerioaced
(aka AIIOWay) 500 kV Ilne Doylestown Pléasanl/V\éilleyPe gt A\ \\ Eng||sh \S’:tbasgt:tlons l:l:::iﬁion Lines Lz
° So|ut|on BuckinqhamMFence Clarksville =" e P 5 ?ZZKE: % " i
—Replace the wave traps at both frento MRESSNY o o -

Mercer County T

Lawrence and Pleasant Valley Eastivingd © =
230 kV substations. ; ”S‘?TR""} s I

N
Yardville” | e sy AN s
AN

’—Expected in-service date: 6/1/12 s Merw e

S olonial 7
Wﬁmﬁm et N
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B

* N-2 Violation
— Saddle Brook — Athenia 230 kV
line overload for the loss of the
550 MW generator at Bergen
230 kV station + loss of
Waldwick — Hillsdale 230 kV
line
e Solution
— Add forced oil cooling to
increase Rate B by 25%
— Expected in-service date:
6/1/12
— Estimated cost: PSEG is
working on an estimate.
* N-1 Load deliverability
Violation
— Voltage criteria violation in the

Lawrence 230 kV vicinity for
multiple single contingency.

e Solution

— Move the 150 MVAR mobile
capacitor from Aldene 230 kV
to Lawrence 230 kV substation.

— Expected in-service date:
6/1/12

— Estimated cost: $1.5 million
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é/ BG&E Transm|53|on Zone

e N-2 V|O|at|on Carroll County Wéstminstler
Finksburgr s/
—Waugh Chapel 230/ 115 kV o M
transformer overloads for the loss of ST Rl o

the other two Waugh Chapel 230/ 115 P
kV transformers [7-tSudbrook Park  Awindy Edge Honey.go

— J. '5 \
l Coldsprlng Nonheast ‘\ /!
- 7azelwood L.
Mount Washington ’
g Erdman# 5‘ iddle RlverCrane \ ,‘5
m . i E
i G

Whi
« Solution ’//
—Add a fourth 230/ 115 kV transformer,
two 230 kV circuit breakers and a 115
kV breaker at Waugh Chapel S

—Estimated cost: $17 million
—Expected in-service date: 6/1/12

i N'2 VIO|atI0n e LakePr’ne Orchard
—Harrisonville — Granite 115 kV line and | a.ggllﬂ"'a\

Harrisonville — Dolfield 115 kV line SRy 5 Bethichem Steel  /
overloads for the loss of the two N - ' P 1 N /
Northwest 230/ 115 kV transformers

» Solution

—Create two 230 KV ring buses at North
West

—Add two 230/ 115 kV transformers at

',’

;’ '\,,~;
a tpOInt L Harford c.aamty

Frederick Rd.

/
Kent Coupity

H 7
i§t )
VAN

North West _ Montgomery County -
—Create a new 115 kV station at North oWhiteoak  / § P e
West CO /,"’ ; Substations Transmission Lines
—Estimated cost: $20 million FER \\f B A S
. . 115kV NS s 1]
—Expected in-service date: 6/1/12 o m
o /N = \
= ——— 500KV VAV AR
— 785KV N\ o
ﬁ— 3 - zn::n:s gl

TRV
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é/ BG&E Transm|33|on Zone

A SE
° N_2 Vlolatlon Carrolfiﬁ:;nbt{lrg V‘:festmlnster
—Voltage violation at High Ridge Lo sy
230 kV vicinity for several N-2 DeerparkDehght Beiteid
contmgenues. Sudbrook Park

* Solution pnte R°°"”b"§h‘“’e""t Coldspring )
Rebuild High Ridge 230 kV el Mount Washingfon ;g 7“9"”"“ e S
- ; { Erdman# P
sub?tatlon_ to Breaker and Half BGE .G Holofeld Center iddlt‘e RwerCrane ) 4
configuration. =~y Ea tpo,m ; Rl
. . = A Harford' C,ounty
—Expected in-service date: 6/1/12 Meadows
—BGE is working on the cost . Frediick Rd.
estimate ”

_ _ Wilde Lakec imbi :
*N-2 Violation e
—Waugh Chapel 500/230 kV #1 N '
transformer overloads for the loss

of the other two Waugh Chapel
500/230 kV transformers

* Solution
—Replace Waugh Chapel 500/230

5 Bethlehem Steel ‘/'f
Kent Coa.rj,r’ity

e
i§t )
VAN

TRV

kV #1 transformer with three ““&7;:;;{)‘;‘;“"“’ ’
single phase transformers of U R 1o ot SR 1o o
larger capacity and install 500kV | repco \\ o !
breaker s A s i
—Estimated cost: $26 million b
g—Expected in-service date: 6/1/12 s e ‘
= — 765k N\ o
k = ‘S?;ﬂ::;s gl
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é/ PP&L Transmission Zone

*N-2 Violations

— Middletown Junction — Steel Tap 230 kV line
overloaded for the loss of Dauphin — Juniata
230 kV line and the Dauphin 230 / 69 kV
transformer 2 + loss of Middletown Junction —
Hummelstown 230 kV line and Hummelstown
230 /69 kV transformer 3

—Middletown Junction — Hummelstown 230 kV
line overloaded for the loss of Dauphin — - 7
Juniata 230 kV line and the Dauphin 230/ 69 - e J / cistown  Hershek S. Lebanon
kV transformer 2 + loss of Middletown Junctior R o \

— Steel Tap — Hummelstown 230 kV line ="

N. Lebanon

Lebano

Lebanon Count
| -
\ o "AES Ironwood Project

N4H9rshey Annville
, N

\
\\ Paimyra
§

L

A\
Hummelstown\
‘\

¢ SO|Ut|0n Y Middletown Jctn
—Build a new substation with two 150 MVA ;3, y 2
transformers between Dauphin and a5 CmAgrland (o g
Hummelstown 230 / 69 kV substations by Three M"e |S|and Sttt Manhei’rﬁ

sectionalizing the Middletown Junction — North
Lebanon 230 kV line in the MetEd
transmission zone.

— Expected in-service date: 6/1/12

Cumberland Coury

\Brunner Islan

\ / \ castyumf_/
d Mount Jor Salunga
7 J

Marietta

— Estimated cost: $24.2 million i Mougf Wolf Ny .. W. Hempfield
) ; Y A A e . _Caftrpbia "\,
*N-2 Violation
— Voltage criteria violation at Cumberland and Legend A o
WeSt Shore 230 kV SUbStatlon for the |OSS Of o Substations with Overloads o Substations ldentified Pleasureville \\
the WeSt Shore _ Steelton and Cumberland — - M Trans. Lines with Overloads N Trans. Lines Identified AFo ] \\\‘
\]un|ata 230 kV CII‘CUItS. Substations Transmission Lines
1 Voltage York
» Solution e m P Jackson
—Install 130 MVAR capacitor at West Shore 23C | o = % -
kV substation e A T
— Expected in-service date: 6/1/12 EF b Aveas [ counies &

5 —Estimated cost: $2.2 million S | /
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PHI — DPL Transmission Zone

}Rehn}' Falia M =1=0=Tal
\

Fy,

* N- 1 Load Dellverablllty Lank Midway Rehoboth I\"\ (o] Suhslalions(‘.‘lmrlo:;fendo Substations Identified
VIOlatlon ‘.\,',-\f;-\'\l ‘I\-. ,N Trans. Lines Overloaded /N Trans. Lines Identified
— Lank - Five Points 69 kV Hooerdn e Transmission Lines
overloads for the loss of //.ﬁ L] e e N
Indian River - Robinsonville B T A
138 kV N - e !1 138KV 138
_ Robinsonville .~ 181 161
d SOIUUOn 1J :\ > : ;:::: A 0
— Rebuild Lank - Five Points 69 oS o N/
kV _aF - zorbamn.}\reas VAR
— Expected in-service date: -
e/t/az 7
— Estimated cost: $3.4 million SR
* N-1 Load Deliverability codarnece T\
Violation Bethan)
— Omar - Indian River 138 kV |
overloads for the loss of Sussex County
Indian River - Bishop 138 kV Fsnkford
° i ““-\
SOIUtlon ] - 138th Street
— Replace wave trap at Indian N
River 138 kV Substation RN
— Expected in-service date: = - f %.
6/1/12 i Bishop _ Worcesfer County

=

——

e
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Worcester County

— Estimated cost: $0.2 million  Wieomice County
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PHI

B

— DPL Transmission Zone

o , . [B= Spoitgounty_f | | R
e Delmarva Criteria Violation Jo T MaSSoY dew st coumy _ IR rogs
. ’ YNCH J = ~ Substations Overloaded Substations |dentified
_MIIISborO - Zoar 69 kV . Ehesterown CIa,Yt/(«)fr!’ E)f,mec NUG N Trans. Lines Ovarloaded N Trans. Lines |dentified
overloads for the loss of Indian i TCnT |
River - Robinsonville 138 kV Chuteh: o ww A
) ! o 15Ky /\/ 116
e Solution o -
—Rebuild Millsboro - Zoar 69 kV N Cheswold o A
= [-] 346k
—Expected in-service date: o o AN
J i, 'Coll Road @ ek SN/ 5o
12/ 1/ 08 - - ';‘ \L OKe(?}t:J nct);:jl [___'é_'_J Srnha:zﬁma NS T
—Estimated cost: $1.8 million I ‘ 7
e Delmarva Criteria Violation | Rellon . ent Nra Dover e
—Church area Voltage violations e"‘ewi],';e’j | Vaughn,” Coe
for the loss of both Church ppLorensioe | 4o gHarmison B S
138/69 KV transformers s e Mills o :"’ge’y outh Rarrington A Y
e Solution R T
reenwoo 0
—Replace Church 138/69 kV & ) J, A
transformer and add two T N
breake rS \‘. Sussex County \!ﬁ I
. . | Brid il . : : Rehobol eac!
—Expected in-service date: I (it Five P°'”ts""'d‘g?;, S
6/1/09 “.\ HabersoR ™ %‘
—Estimated cost: $4.4 million = o Sussex \ Rektheotiila
—Note: This upgrade eliminates S *o\gﬁggnf?%fgfrgrd isgdro
the need for BO391 project oty | ~gldian River
‘.\ - Frankford mar épthany'
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= Y PHI — DPL Transmission Zone

O .

e Delmarva Criteria Sy , 0 cmomen™o |
Violation Wiomico County <~ 025 \ Mount Hermon ] o) T o e ot
—Piney Grove - Mt Olive 69 f Substations Transmission Lines
kV overloads and Mt. Olive J oy N e
area voltage violations for -, oy N
the loss of Oak Hall - = ) Mt. Olive o 128
Wattsville 69 kV o o PN
. L (o] 345KV
° Solutlon . 2 \ Worcester, County : ﬁ % zz
—Build Oak Hall - Wattsville ) snow HilPenney | immt < AN T
138 kV line ’ —
!
—Estimated cost: $2.7 n
million Stockton. o ./
—Add 138/69 kV transformer , N 4
at WattSVIIIe - Pocomoke City . ‘:‘\r:‘f/‘-\" ’__:j:/"r
. I v,;’l.o
—rEn?Itllig\r?ted cost: $4.1 Pocomoke |
= =T L _“ZJ:: /,

I '8 /4

—Establish 138 kV bus
position at Oak Hall

—Estimated cost: $1.2
million

—EXxpected in-service date:
6/1/09

m
==
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= Y PHI — DPL Transmission Zone

\ IHarrlson o L
. . - - ! .
« Delmarva Criteria Violation South Harfngton agtord © soeercn 0 s
. | Kent Cot Y ubstations Cverloaded Suhbstations |dentified
- WorceSter - Berlln 69 kV : /‘/ N Trans. Lines Overloaded N Trans. Lines Identified
OVGI’lOadS fOf the IOSS Of Jf/ Substations Transmission Lines
Ocean Bay 138/69 kV | goreemmoe R
tranSfOFmer ‘I‘ | [~ ° 112?;:// AS s
b SO'UtIOn Carofi "“ ]Z?Ei -
— Re-tension Worcester - - ° A
Bel'|ln 69 kV "‘ Bridgeville e 5ok //\/\/ 345
. R | [-] TEEKY 500
— Estimated cost $0.2 million | e L N
. - i @ Urban Areas
— Expected in-service date: | Taylor = =
6/1/10 o North Seaford S:SSEXC t [robinsonville
== \\\ 1 ussex County N /’_\‘.5 'LI/A
e Delmarva Criteria Vlolatlon DPL " sesrs Spupont Seafald M.usb?m S
— Taylor — North Seaford 69 ‘i . Indlan) River | /1
kV overloads for the loss of | / v AV
South Harrington 138/69 Rrankford  gothany
kV transformer. ,‘= L-aurel Cedar Neck |
« Solution mIe O Frankford |
138thﬁStreé\t

— Re-tension Taylor — North
Seaford 69 kV

— Estimated cost $0.6 million

— Expected in-service date:
6/1/10

Nelson R B

/fharpto
Vlenna k

Wicomico County
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B

* Replace baseline upgrade
B0260

— Old upgrade

* Replace Red Lion 230/138
kV transformer for $5 million

 New upgrade

— Install a 2nd Red Lion
230/138 kV for $2.523
million
Hares Corner - Relay
Improvement for $0.8
million
Reybold - Relay
Improvement for $0.165
million
New Castle - Relay
Improvement for $0.165
million
Estimated total cost $3.65
million,

Expected in-service date is
6/1/2009

M—-
km_
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PHI — DPL Transmission Zone

Chester County

Newark

Chrysler

Mt. Pleasant
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é/ PHI — AE Transmission Zone

Upper Pittsgrove

* N-1 Load Deliverability
Violation

— Voltage collapse for the loss of
the Cumberland — Orchard
(a.k.a. Alloway) 230 kV line

« Solution Qe ,
— Install a 60 MVAR 230 kV j
capacitor at Cumberland : a > Mingtola
— Expected in-service: 6/1/12
— Estimated cost: $2.0M
* N-1 Load Deliverability
Violation

— Cumberland — Union 138 kV , - -
line overload for the loss of the S Bridgeton umbeniand. winie

;//
e Vs Atlantic County
y:

Vineland Wy

Dennis 230 / 138 kV Legend bna county
tran SfO rmer ©  substations Overloaded  Transmission Lines
- N Trans. Lines Overloaded Voltage
° SOIUtlon Substations % ’fs
— Complete BO433 to eliminate | *%" .., b
stranded bus limitation o i '
— Revise limiting relay setting to - 7 P
bring the line rating up to 483 o AN o
MVA g 345KV N 765 =

— Estimated cost: $0.0 K‘IW'_‘v Ceee |
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* N-1 Load Deliverability
Violation

— Monroe — Landis Tap —
Shieldalloy — North
Central 69 kV line
overload for the loss of
the Cumberland —
Orchard (a.k.a Alloway)
230 kV line

e Solution

— Reinforce the 138/ 69
kV facilities in the
AE/Vineland area.

— Specific plans under
review

* Note: The Atlantic
Electric area analysis
was done with BL
England out of service.
Some plans may be
able to be deferred if
units are available.

WWW.pjm.com

PHI — AE Transmission Zone

Glassboro S !
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Cariden County
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L]
= ¥,
/"‘otg‘hambers - \\\ ANy ,
Upper Pittsgrove

2 /
f 1%y i Atlantic County
» ~ /
:“ A \\\ /
2Rl I Landis Tap* :
N
AEC |i \\ MII’lOtOla
N
\\.
\\
\\
= ~
Vineland Sy,
.
.
\'\
Legend \\
» o Substations Qverloaded ° Substations Identified \n‘
b N‘ Trans. Lines Ovarloaded N Trans. Lines Identified Union ,j
Substations Transmission Lines Cumberland Millville ‘\
Voltage Voltage |
0 69k VAV
(-] 115kV /\/ 115 "
\ 120kV 120 [
& 138KV o :
\ 161KV
161
Nel [+] 230kV
] 345kV
is O  500kV
N -] 765KV
D 1 countie
H e Urban As
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* N-2 Violation

— Burches Hill — Palmers
Corners230 kV line
overload for the loss of
the other two Burches Hill
— Palmers Corners 230
kV lines

» Solutions

— Reconductor the four
circuits from Burches Hill
to Palmers Corner

— Expected in service date:
6/1/12

— Estimated cost: $10
million ($2.5 million per
circuit)

m
=

=
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» Mid-Atlantic Load
Deliverability Issue
—Pleasant View —
Dickerson 230 kV line
IS overloaded for the
loss of Possum Point -

Burches Hill 500 kV
line

e Solution

—Reconductor the
Pleasant View —
Dickerson 230 kV
circuit

—EXpected in service
date: 6/1/2011

—Estimated cost; $5M

PHI — PEPCO Transmission Zone

NAqueduct
Bickerson reosn
n {1} Ubstations Overloade Trans. Lines ldentified
Dickerson Station 0D O cumimeoomnn S
7 APS - N Trans Unes overosed Q) Substatons e
i Qu|nce orc Substations Transmission Lines
Yoltage Yoltage L
LI AN e
[ - BT NS s [=
Montgomery Coun Derwood 12000 10
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» Generator Deliverability Violation ;

—Tidd — Mahans Lane — Weirton

of Wylie Ridge — Tidd 345 kV and
Tidd — Collier 345 kV tower line

e Solution

—Upgrade substation equipment
and reconductor the line with 954
ACSR

—Expected in service date: 6/1/12
—Estimated cost: $ 3 million
* N-2 Violation

—Mitchell — Shepler Hill Junction
138 kV line overloaded for the loss -
of Hatfield — Ronco 500 kV line +
Hatfield Unit 1
e Solution

—Reconductor the Mitchell —

Shepler Hill Junction 138 kV CIFCUI'[L

with 954 ACSR

—Expected in service date: 6/1/10
—Estimated cost: $3 million

|

Five

West Liberty.
“Fort \Henry

JTItonszIe AEP  APS Clayswlle

Maltins Ferry
Ohio Courtty ‘

celing Valley Grdve

Legend

o Substations Overloaded o Substations |dertified
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@ 75Ky N

APS Transmission Zone
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.S ! /’/—fr Murryst){i.'le
ammis
' | focaver county Anst%chfhemlcal Montour  Hig p :
/" {Clinton __
\ Toronto / Findlay Arser
| -Rf_a—ff Se=EEEEN S Pittsburgh MetroAre
| - e _Imperi Brunot Island Forbes
Squth~Toronto y County Sout\S| o
! 1
dq e"ﬁ Smith Candor Enlow Elwyn uctui/ A
Weirton Qg - Sl BOC Gases
Steubenvrﬂé aml O'n_ North Fayeﬂewoodwue Collier
Parkview West Mifflir f frwirr
Steuban ille , Mich MCDO"E"’ A ‘ ;
‘ I\Ilahans LAl N W. Mifflin US Steql F Irvin
=y [
Cecil ‘\\St. Clair  Ciaittor MoKeespbrt
e Wikson GlasspoRobbins
CrossgatesPiney Fork - Stewartsville
Thomas Elrama/ Elrama y
Houston Bethel Park Mitchell >
Canonsburg Gastonville D-Run //'
i ; Manifold Peters — o x
j' Windsor | Washingten County Monongl .
| Dutch Foik washingion Washington  Vanceville Beln;lon,,/

=
“

Allenpoﬂ \

California-——

1 Stockade
¢
\\
\
!
e

o T, //

[ L S oo, /“\7 ( Y //'
.~ Millsboro )
i

( Emerald

% SN
-

Franklin

Luzern

Fayette County,

Li' eeasy

°\

WWW.pjm.com 29

PJM ©2007




B

APS Transmission Zone

Ry
S :
: Connellsville

Washington County = onne
8 N\ jf Luzerne
» Generator N
Deliverability Violation S oy ol
- Alb”g ht Bethe|b0r0 138 \) U}ﬂontown Nokth Union LIRS //

kV line is overloaded for| - ”;,' Jie

the |OSS Of ROI’]CO - Hatfleg)pFayaeﬁeeE:;:;y Station Necessity t\\\

Ha.tfleld SOOkV and the Greene County % South Union - . I-\\.
Masontown Lardin Elliotsville ;

Hatfield Generating Unit
#3.

e Solution

—Albright - Bethelboro 138
KV circuit will be
upgraded by raising

Whiteley

Pierpont

limiting structures and
replacing terminal
equipment in 12-2010

—Estimated cost: $ 0.8
Million

\
frookhaveni ‘,
/ i
tations | ified i {
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Lines| ified h M ff ‘\ Gar{ett
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i Kingwood Snowy Creek

b
i !
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1 Tayior Cannt e Terra Alfa *
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* N-2 Thermal Violation

— Carson — Oakland 138 kV line
overload for the loss of
Cheswick Unit 1 + loss of
Arsenal 345/ 138 kV
transformer

— Arsenal — Brunot Island 345 kV
line overloaded for the loss of
the other Arsenal — Brunot
Island circuit over normal rating

e Solution

— Reviewing alternatives with
DLCO

» Generator Deliverability
Violation

— Cheswick - Logan's Ferry 138
kV overloads for category C
contingencies involving the loss
of the parallel circuit

e Solution

— Reconductor the circuits by
June 1, 2012 for $2,400,000.

M_
km_
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_g/ AEP Transmission Zone

e Short Circuit Violation
—Cook 345 kV breakers M2 and N2 are overstressed

 Solution
—Replace Cook 345 kV breakers M2 and N2
—Estimated In-Service Date: 6-1-09
—Estimated Cost: $1.4 M

WWW.pjm.com 32 PJM ©2007



Fy,

Exelon — ComEd Transmission Zone

. . . . B [ T P T e
« Generator Deliverability Violation TR e undin o GCVIRDVaseaiad N
. [ _ flabery Woodridge  wjilld
—Oswego — Montgomery 138 kV line Naperville :
overloaded for the loss of Wolfs — Aurora bupage Coun S
Oswego 138 kV A Frontenac ~ “* _ Burrfjig i
* Solution A onigamery I SN SO [ . _AArgonne;
—Increase rating of 138 kV line | Rt. 59 Jecerodk / : :
| W I - . | /,/ :
14304 between Oswego and v, OSWeS 3" oo, ol BOImgproK Shater Stee Ghicego ot
Montgomery R °‘i’ aZ N S o |
—Estimated cost: $2.25 Million ol [ /G002 ot
« N-2 and Load Deliverability il cho | g " Paper o
Voltage Violations Plainfield WWeber Roady/  Owill County Eﬁ%ead’@&i%”d Crestwood.
—East Frankfort, Joliet, and Will SocsRRE LGoodhin < Grove Tinley Park
County 138 kV areas T Eomy | Oak Forest
* Solution C RrEak
—Install 115.2 MVAR cap at _ \ |
Libertyville — Est. cost: $2.3 M | Hillcrest U.S. Steel Rl Estate —Nlloken-a
_ Shorewood , i
:_I’llsltga.r|1|t§7_6E|;/{V?OF\;tC%€ aZtI\F/)IrOSpeCt Shorewood Y lyoliet Central — crefit Hi ISR
: P _ ugmlcmmm | .| Joliet : 1 |
—Install 115.2 MVAR cap at Will e Joliet O Briggs Frankfort |
County — Est. cost: $2.3 M _ e J e - J Tl o // Jl %&st%Frankfort
—Install 115.2 MVAR cap at Joliet — | rwwimomes S8 el RedZ ons Va \_ ,,,,,,,,
Est. cost: $2.3 M i - Elwg/gfd} University Park Noith E.C.
—Install 115.2 MVAR cap at East o o N }%/ University Park EY¢.>
Frankfort — Est. cost: $2.3 M o s Pkl
—Expected in service date 6/1/12 0= T < /\J Wilton Ctr Woodhill
O  soow NS ws = '
e R - | -
r - e Lincoln Energy Center g
== T - EE
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» Generator Deliverability
Violation
— Byron — Wempletown
345 kV line overloaded
for a tower contingency

e Solution

— Advance existing
baseline upgrade for
second Byron —
Wempletown 345 kV
circuit from 2014 to
2012

— Expected cost $14.5
Million

WWW.pjm.com
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ép]m Dominion Transmission Zone

* N-2 Violation
—Voltage violation at ' y | o
Fredricksburg area 230 kV : '
buses for the loss of Four |
Rivers — Fredricksburg 230

kV + Possum Point — ,. o
Garrisonville 230 kV ' —r

« Solution |

—Install a 150 MVAR 230 kV
capacitor at Fredricksburg

—Expected in-service date: N .
6/1/12 i g

—Estimated cost: $1.2 millon - 4 N~ |
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épjm Dominion Transmission Zone

* N-2 Violation

—Voltage violation at
Pratts 115 kV for the
loss of Gordonsville —
Louisa Ct 230 kV +
Gordonsville —
Charlottesville 230 kV |

e Solution

_Install a 25 MVAR 115 |
KV capacitor at
Somerset

—Expected in-service
date: 6/1/12

—Estimated cost; $0.5
million
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é/ Dominion Transmission Zone

« N-2 Violation d

— Voltage violation at | shortPump
Northwest 230 kV for ———*’j

the loss of Chesterfield

— Southwest 230 kV +

Northwest — Elmont 230 Y
kv

* Solution omton <
— Install a 150 MVAR 230 .

Old Church

Twelfth Street Pineli 3
e me’ Weco Sandston

L
b DLrbytown CT's

kV Ca aCItOI’ a‘t / /r}\lli i nTrabue BeIIen['n-ade wnite Oakﬁ
dlothian /f' \-/\ P
Midlothigh 8 B i
Northwest Mar.boflf
— Expected in-service O commons © s
. AR Trars Lines Cverioaded F 44 Trars. Lines idented
date . 6/1/12 sz:z:t:tions l’;:r;::wission Lines
. O ev AN @
— Estimated cost: $1.2 e m A
million
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» Mid-Atlantic Load
Deliverability
—Dooms — Lexington
500 kV line overloads

for the loss of Bath
County — Valley 500 kV

e Solution

—Replace the wave traps
at both Lexington and
Dooms

—EXxpected in-service
date: 6/1/12

—Estimated cost; $0.3
million
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Dominion Transmission Zone
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épjm Dominion Transmission Zone

Legend

. . . . (o] &W?nsmubam /fsf' Tlans.l.-innlmm
e Dominion Criteria . ST S

§

B9kV

Violation

— Endless Caverns 230/ 115
kV transformer overloads

for the loss of Dooms —
Grottoes 230 kV

e Solution

— Add a second Endless
Caverns 230/ 115 kV
transformer

— EXxpected in-service date:
6/1/10

— Estimated cost: $6 million

00000000
1

==
&
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é/ Dominion Transmission Zone

77 !},/ ; ,-"\' =
APS /  Edinburg "oo%esk a G4
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—Edinburg — Mt. Jackson ey \
115 KV overloads for the JORISECIEN ,
/ ! N\ §

loss of Cunningham — - Merok#s, Culpeper D.
Elmont 500 kV e | 3 z

e Solution

N\ , /D

Locust Grove / : L
ot il ForkSlabtown D, P

Orange : F‘J

e

—Reconductor 9.4 miles Payied.0.2 5005 TV D
of the Edinburg — Mt. “\\'“'{*\.S_grr Roubledéy'b.P. NI River p:P. Chancellor

ordorisvile-2 .

Gordonsvillepg e X g
/ALouisa CT  North Anna Ladysmith

i _A‘ '.fx\ /
offit D. P. ouisa -/
rlottesville PN

/. Louisa Pumping Station \ - g il b
\’ Mount Eadl‘e*-;\ Kings Lj’omin'ion DP.o 1

—Estimated cost: $5 e . R / Greenwobd D.P. o4

unningham B

Northfields

Jackson 115 kV line

—EXpected in-service I, -
date: 6/1/10 AP e B s

Substations Transmission Lines
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— James Cn‘y\C.ounty . E)E};‘V\) \
I . . .J - 4 Gr.‘ave"\NeCk \FortzE'ﬁstis
« Dominion Criteria N ). . u
V. | . N frur p) Grafton
10 atIOn \\\ A \" ’ Do?mn
o NewportNews City County COI ny Jabb., W
- Newport News — \ Pooleswlle (" de gf’t=.~n|n~‘5_u!a’° NASA ,"’\\
S\ \\ A
Chuckatuck 230 kV S — : \_\ B WaleCkEUmon Carglde\
4 & ¥ B ) = f /
overloads for the loss of 77/ = Y
- \_/ fe i ‘-\\ pton Cify County ;
Surry — Winchester 230 i S\ Magiuder ety
k\ e NN V\‘;‘;“;Z':’t’;‘r Shellpank
S | _ : i / ,' *}‘-’ ——— ¢ &qul_and ‘Park ¢
e Solution & Newport News
e &= N
. y N, Y
—Reconductor 2.4 miles of Staco Norl
|
the Newport News — ,r Do et °"’°°“?",
. i S, i "
Chuckatuck 230 kV line \ S !
. . ] ] i et %” o e _ Craney Islang
— Expected in-service date: A il B e e r"ﬁ
g e Churchland .
6/1/12 5 AN )
— Estimated cost: $3 million ( © = 'Y
o N & Hodg_ea_g Ferry
g ﬁ:: NS s Pon‘smouth
A e A/ s u&;; city Cmmty'
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ép]m Dominion Transmission Zone

* Tower line outage & o L
Dominion Criteria Violation | |2, 0O ==

—Tower line outage — Morrisville K3
to Marsh Run overloads 115 kV
network in the area.

—Loudoun 500/ 230 kV
transformer overloads for loss
of the other transformer.

e Solution

—Convert the Remington —
Sowego 115 KV line to 230 kV

—Add a new 230 kV line from
Sowego — Gainsville

—Add a Sowego 230/ 115 kV
transformer

Voltage
69KV NS w
15KV NS s
120k v
13BkV
138
161KV % o
NS o

[+]

o

o

o

-]

(-]

-]
o
| R
L

—Estimated cost $30 million
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500 kV Overloads
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e Build a new 765 kV
transmission line from the
John Amos substation to
Bedington substation and
extend a twin circuit 500 kV
line to a new substation in
Kemptown near the Doubs-
Brighton and Brighton-
Conastone 500 kV lines.

e 15 year analysis shows that
this alternative has the
greatest impact on the
overloads shown on the
previous page.

» This line also reduces the
flow on the Kammer 765 kV
which was heavily overload
for Mid-Atlantic load
deliverability.

« Expected in service: 6/1/12

e Approximate cost: $ 1.8
Billion
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é/ 500 kV Backbone Overload Reduction

Amos -
Bedington
Overloaded Facility Base Case 765KV -
Kemptown
500kV
Keystone - Airydale 500 kV 2012 > 2022
Keystone - Conemaugh 500 kV 2012 > 2022
Mt. Storm - Doubs 500 kV 2012 2022
Airydale - Juniata 500 kV 2013 2021
Airydale - Juniata 500 kV 2013 2021
Pruntytown - Mt. Storm 500 kV 2015 > 2022
Harrison - Pruntytown 500 kV 2016 > 2022
Lexington - Dooms 500 kV 2017 > 2022
Loudon - Pleasant View 500 kV 2017 > 2022
Greenland Gap - Meadowbrook 500 kV 2020 > 2022
Mt. Storm - Greenland Gap 500 kV 2020 > 2022
Hosensack - Elroy 500 kV

gBath County - Valley 500 kV
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NNJ Overloads
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é/ Northern New Jersey Overloads

Binghamton Deposit

. ngstorr
e Build a new 500 kV 2 e
transmission line from 7 e., -ocicen Vot
Susguehanna — Substations N A N\obory Newrdiz
Lackawanna — ° % ARSI ) R o
Jefferson — Roseland. | @ = g e IR ados
Walddn

* Solution resolves most ~o___ ..., ; Nowbioah

Carbondale <‘

of the overloads shown el

Lackawanna i West Poirt

On the preV|OUS page_ ..4.;_‘.',._., * ‘LP;\/_\”J(\ D~ e
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S Ma;_@n%o@s Floridla  Wonroe

. . . s S ;
limitations still need to */ i NS e
H 5 Sussex o
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Canadensfs i (Y S el "

(Y Franklin b

conductor limits were
used in the analysis.

 EXxpected in service: .2
6/1/12

e Approximate cost: _
$350M . e e,
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é/ Northern New Jersey Overload Reduction

Susquehanna - Roseland

Overloaded Facility Base Case 500KV
Greystone — Whippany 230 kV 2013 > 2022
Larrabee — Atlantic 230 kV 2013 > 2022
Branchburg — Flagtown 230 kV 2013 > 2022
Flagtown — Somerville 230 kV 2013 > 2022
East Windsor — Smithburg 230 kV 2014 2018
Hosensack — Elroy 500 kV 2014 > 2022
Cedar Grove F — Roseland 230 kV 2015 2016
Whippany — Roseland 230 kV 2015 > 2022
Kittatinny — Pohatcong 230 kV 2016 > 2022
Bushkill — Kittatinny 230 kV 2016 > 2022
Roseland — Cedar Grove B 230 kV 2016 2017
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Overloaded Facility

Northern New Jersey Overload Reduction

Susquehanna - Roseland

Base Case 500K\

Gilbert — Morristown 230 kV
Readington — Roseland 230 kV
Pleasant Valley — Lawrence 230 kV
Cox’s Corner — Lumberton 230 kV
Kittatinny — Newton 230 kV
Gilbert — Glenn Gardner 230 kV
Branchburg — Readington 230 kV
Portland — Martins Creek 230 kV
Somerville — Bridgewater 230 kV
Cedar Grove F — Clifton K 230 kV
Glen Gardner — Chester 230 kV
Smithburg — New Prospect 230 kV
Alburtis - Branchburg 500 kV

Qest Wharton - Greystone J 230 kV
S
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* One phase of the Kammer
765 / 500 KV transformer
failed earlier this spring and
was replaced with the spare.

* There is currently no spare
available.

« RTEP analysis shows this
transformer is overloaded in

2012 for the Mid-Atlantic load
deliverability test.

 Loading on the transformer is

reduced with the addition of
the Amos — Bedington —
Kemptown circuit.

» Upgrading this transformer
will be required if delays are
experienced in construction of
the new line.

» Given these issues, analysis
to evaluate purchasing a new
larger transformer is
underway.
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é/ Reliability Issues — Washington D.C.

 Since the 2007 RTEP base P
case was developed, Benning | 0 swwwwmomme: T we [ ME
Road and Buzzard Point ©  ssions e o oo e [ [~ conasfone DPL
generating stations have | * Nt e e e Provos e VORGE1Y |
announced their intent to [ gy YA &
retirg (approximately 800 MW | ° = % AN o
tota . -] 500 28 0‘

* These retirements will require
transmission enhancements
to address thermal and
reactive issues.

« Evaluating a number of ‘]
upgrades that will be required ~ - \ &
to reinforce the area.

e Evaluating backbone '

alternatives along with
previously identified solutions.
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randgn Shores
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* Analysis of the various i
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this summer. SN g TR
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* With

Susquehanna —
Lackawanna —
Jefferson

Roseland 500 kV |

circuit al
overload

resolved
2015
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* PJM performed
sensitivity analyses to
determine what
additional overloads
may be expected.

PENELEC

NNJ 15 Year Overloads - Sensitivies
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e The diagram shows

Hosensack

A

B L

\3

additional overloads that { % -
result from a large © e
withdrawal of power at ~ |5¥ -
Bergen 230 kV

« Over half of the 23 g =
overloads identified s
occur prior to 2015 -

—
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é/ NNJ 15 Year Overloads - Sensitivies

71 —
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1 —

PENELEC
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Slifton J
Athenia i

e The diagram shows
additional overloads that

result from the :
deactivation of the /
Hudson #2 unit 2

Susquehanna

« Over half of the 18 |5 o

overloads identified R, e
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é/ NNJ 15 Year Overloads - Sensitivies

. e > I ¥ 4

PENELEC

e The diagram shows
additional overloads that
result from the
deactivation of the
Oyster Creek unit

e Over one fourth of the 16 1
overloads identified
occur prior to 2015
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Alternative Backbone Solutions Under Consideration
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Next Steps

Develop cost estimates for remaining upgrades

Complete the reliability analysis for Southwest
Mid-Atlantic area including the impact of
Benning Road and Buzzard Point generation

Develop recommendation for Kammer 765/500
KV transformer

Continue to analyze New Jersey Issues
Reactive Analysis
Sensitivity Analysis




Interconnection Planning Impact Studies
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Dominion Impact Studies Results




Dominion Interconnection Projects

Y Merchant Projects Substations

Queues Voltage (kV)
Status Code © 230
O AcTIVE o 345 ./ 2 O
@ IsnC o s00 0000 TN L
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N 345

N\ 500
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é/ Dominion Interconnection Projects

Fuel Upgrade

Queue MW N D Network Upgrade Cost

Reconductor 1.1 mi of overhead 3-ph 34.5kV distribution line from1/0 Al to 477
kcm Al.

P27 13 Methane NO0559 Replace 350 ft of 1/0 underground 1/0 Al with 1000 kecm Al conductor $387,720
Replace line fuse device with 3-ph electronic line recloser.
Install DTT and associated protective relay work at Winchester substation.

Q09 2.5 Hydro - No Upgrades $0

Q32 30 Biomass - No Upgrades $0
Replace 3-ph hydraulic recloser with 3-ph electronic recloser with DTT
capability.

Q69 12 Methane NO560 Install DTT and associated protective relay work at Shacklefords substation. $550,000
Reconductor 0.38 mi of 3-ph circuit from #2 to 1/0 Al.
Reconductor 0.9 mi of 3-ph circuit from #2 to 1/0 Al.
Replace 3-ph hydraulic recloser with 3-ph electronic recloser with DTT
capability.

Q70 11 Methane NO561 Replace 3-ph fuses with 3-ph recloser $490,000

Install DTT and associated protective relay work at Lawrenceville substation.
Reconductor 1.1 mi of 3-ph 34.5kV distribution line from#4 to 1/0 Al.

Removal of two 1-ph step-down transformers

Replace two 1-ph recloser arrangements with 3-ph reclosers with DTT
capability

Convert 2 mi of 2-ph four wire distribution circuit to 3-ph four wire 34.5kV.
Install three step-down transformers.

Replace 25 line transformers.

Install DTT at Cranes Corner substation.

Three phase 2000 feet of existing single phase line to POI.

Q71 2 Methane NO0562

$235,000

m_
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Met Ed Impact Studies Results




Legend

¥ Merchant Projects Substations
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Met Ed Interconnection Projects
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Fuel
Type

Queue MW

Upgrade
ID

Met Ed Interconnection Projects

Q45 3.2 Methane

Q59 9 Biomass

n0452

n0453

n0455

n0456

m
=
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Network Upgrade
No Upgrades $0
South R_eadmg Substation — Install DTT to Pioneer Crossing $65.000
Substation
Birdsboro Substation — Install DTT to Pioneer Crossing

: : $65,000
Generation Substation
::iesglace relays on the Birdsboro terminal of the 817 69 kV $70.000
69 kV Trans. Tap — Install 3-way SCADA controlled motor $215 000

operated switches
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JCPL Impact Studies Results




= Y JCPL Interconnection Projects

PENELEC : S o o -
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PPL Impact Studies Results




PPL Interconnection Projects
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AEC Impact Studies Results




AEC Interconnection Projects

JUFL

RO7
@)
:
= A [
Il. 5" L\ p : b "'\\ _. - = F l N k
egen ue etwor
_ . A ueue MW Cost
1 Y& Merchant Projects Substations '--\__r,-faJ Q Type Upgrade
Queues Voltage (kV) Y -
Status Code o o RO7 2 Methane No Upgrades $0
O ACTIVE o a5 O = Q76 7 Methane No Upgrades $0
@ IsNC e 500 A e J
O IspP ® 765
O we Transmission Lines i -
N Voltage (KV) \
/N 230 i T
: /NS 345 / o
/N 500
NS 785 i |
" PIM ©2007 " ———

™
Www.pjm.com



Penelec Impact Studies Results




Legend
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é/ Penelec Interconnection Projects

Queue MW Upgrade ID Network Upgrade

017 65 508 Wind Support Queue 017 115kV interconnection switchyard 0.20
509 Queue O17 115KV transmission tap (0.1 miles) 0.250
510 Somerset 115kV substation upgrades for O17 0.310
511 Allegheny 115kV substation upgrades for O17 0.310

018 65 502 Wind Support Queue O18 115kV interconnection switchyard 0.20
503 Queue 018 115kV transmission tap (0.1 miles) 0.250
504 Hilltop 115kV substation upgrades 0.20
505 Rachel Hill 115kV substation upgrades 0.20
506 Claysburg 115kV substation upgrades 0.310
507 Hilltop to 018 to Rachel fiber optic installation (23 miles) 1.044

019 33 512 Wind Support Queue 019 115kV interconnection switchyard 0.200
513 Queue 019 115kV transmission tap (0.1 miles) 0.250
514 Somerset 115kV substation upgrades for 019 0.310
515 Allegheny 115kV substation upgrades for O19 0.310
516 Fiber optic between 019 and O17 interconnection switchyards 0.310

038 50 517 Wind Bear Rock substation upgrades

%,_
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é/ Penelec Interconnection Projects

Queu Upgrade Fuel Cost
e MW ID Type Network Upgrade (M)
048** 37.8 464* Wind Addition of fiber optic terminal equipment at Rockwood 115kV substation 0.035
465* Addition of fiber optic terminal equipment at Meyersdale North substation 0.035

466* Fiber optic line between Rockwood and Meyersdale North 0.700

R40** 37.8 518 Wind Support Queue O48/R40 115kV interconnection switchyard and tap 0.450
521 Arnold REC 115kV substation upgrades for O48/R40 0.005

522 Berkley Flats WF 115kV substation upgrades for O48/R40 0.005

523 Garrett Tap - Garret substation 115kV circuit 0.100

525 Rockwood 115kV substation disconnect switch replacement 0.060

526 Somerset 115kV substation disconnect switch replacement 0.060

052 100 540 Wind 052 115kV interconnection switchyard 0.200
541 052 115kV transmission tap (0.1 miles) 0.250

542 Potter 115kV substation upgrades 0.005

543 Niles Valley or N36 115kV substation upgrades 0.115

545 Fiber Optic between Potter, 052, and Niles Valley 0.525

056 125 535 Wind 056 115kV interconnection switchyard 0.200
536 056 115kV transmission tap (0.1 miles) 0.250

537 Claysburg 115kV substation upgrades 0.210

538 Fiber Optic between Claysburg and O56 (12.54 miles) 1.200

539 Altoona 230 kV line wave trap replacement 0.115

** note: projects 048 and R40 are combined /’-
#'__ﬂ

* note: upgrades 464, 465 and 466 are shared 50/50 by projects L13 and O48/R40
e e ——

AL\




é/ Penelec Interconnection Projects

Upgrade Fuel

ID Type Network Upgrade

059 99 546 Wind Support N36 115kV interconnection switchyard new connection 0.005
547 N36 115KV interconnection switchyard ring bus expansion 0.350
548 052 115kV substation upgrades 0.005
549 Niles Valley 115kV substation upgrades 0.005
550 Ansonia to Gains 34kV reconductoring (5.37 miles) 0.950
551 Ansonia to Wellsboro 34kV reconductoring (9.47 miles) 1.660
552 Communication equipment if O59 proceeds 052 or N36 TBA

072 60 527 Wind Support O72 115kV interconnection switchyard 0.200
528 072 115kV transmission tap (0.1 miles) 0.250
529 113 115kV substation upgrades 0.050
530 Central City 115kV substation upgrades 0.030
531 Fiber Optic O72 to 113 (3.1 miles) 0.300
532 Altoona 230 kV line wave trap replacement 0.115
533 Johnstown 115kV substation breaker replacement on Bon Air line 0.225
534 Hooversville 115kV substation breaker replacement on Central City West line 0.225
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APS Impact Studies Results




APS Interconnection Projects
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DQE Impact Studies Results




g’pjm DQE Interconnection Projects
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AEP Impact Studies Results




AEP Interconnection Projects
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