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2 Transmission Topology and Constraints

 Power flow Cases
— 2010 power flow case to represent today’s “as-is” system

— 2014 RTEP power flow case to represent future system

e Scenario 1 without MAPP, PATH, Branchburg-Roseland-Hudson,
Susquehanna-Roseland backbone upgrades.

e Scenario 2 without Branchburg-Roseland-Hudson upgrade

 Thermal Constraints
— monitor/contingency pairs
— NERC Book of Flowgates
— Planning study results
— Historical PJM congestion events

 Voltage Constraints
— PJM reactive interface limits
— MW limits based on historical values for “as-is” case adjusted for

I future upgrade impacts in 2014 case I



- Y Setup

 Market Efficiency Runs

Study Year 2010 2013 2016 2019 2024
2014 topology without MAPP, PATH, 2014 topology 2014 topology 2014 topology
System Topology 2010 As-Is Model Branchburg-Roseland-Hudson, Without Branchburg- | Without Branchburg- | Without Branchburg-
Susguehanna-Roseland Roseland-Hudson Roseland-Hudson Roseland-Hudson

e 2010 and 2013 Study Years

— Compare Market Congestion for As-Is vs. Future topology
— Estimates economic impact of future upgrades

 Future Study Years
— Compare Market Congestion using expected topology for study year

— Review results to identify future constraints causing significant
congestion
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Market Simulation Results
2010 Generation and Load Scenario

=~ %

2014 System Topology (without PATH, MAPP,
2010 As-Is System Topology Susguehanna-Roseland, Branchburg-Roseland-Hudson)
Market Congestion Market Congestion

Constraint Freguency (Hours) (Bmillions) Fregquency (Hours) (Bmillions)
AP - South Interface 4605 3401.9 4128 3458.4
1BLACKO - O1BEDMNGT 3745 $359.9 10 304
50045005 Interface 3634 3287.6 511 $31.5
1DOUBS - 1DOUBS 470 $195.7 0 30.0
SLEXMNGTM - 8DO0OMS 595 51235 333 555.8
0APRMNTY - 8MT STM 1511 561.8 0 30.0
ALTOOMA - BEAR RCK 2212 554.5 2405 360.5
O5CLOWRD - SBLEXMGTM 11581 544 0 885 $19.9
E FRA: B - CRETE.BFP 1615 $29.2 1700 532 3
8MT STM (T157_TAP) - 01DOUBS 131 $15.0 79 $17.0
15SELRM & - 01MITCHL 1752 $13.1 1895 $15.3
Eastern Interface 278 $11.7 1249 53872
WVYATER:3B - W DEK:3T 51 $58.0 51 $9.4
ECLOVER - BCLOVER 198 7.1 905 $30.2
025AMMIS - 01WYLIE 74 $6.8 183 $0.8
O1BEDMGT - O1HARMMY 49 55.0 0 $0.0
Central Interface 164 54 3 848 533.7
05EUGEME - 05DEQUIM 10 3.5 0 $0.0
SLIMNE: R - 1T7WOLFLK 479 2.3 490 524
FAIRLWMA - SADDLBK 1146 52.2 0 $0.0
EDDYSETH3 - ISLANDRG 15 1.7 0 30.0
CDR GW F - CLIFTK K 3867 $1.5 7283 3164
01WYLIE - 01WYLIE 68 $1.3 495 $9.9
JUMNI BUZ2 - DAURP TR2 il 51.2 31 51.6
CAYUGA:. - PONTI. B 12 311 0 30.0
BANONDUM - PWSC 2211 $1.1 0 $0.0
01CABOT - 01CABOT 9 $1.0 0 30.0
ALTOOMA - BANSTOWM 180 $1.0 2 $0.0
SOLPT 44 - RIV2339 99 31.0 17 0.9
Western Interface 30 0.8 1813 $83.0
0 1MAHMESL - O5TIDD 171 50.8 0 $0.0
025EMNECA - 01KREMDL 5 $0.6 0 $0.0
BRIS - W ORRMSMA 10 $0.5 0 $0.0
HOMER CY% - HOMER CT 181 $0.3 497 $1.4
MAREM:RT - P WAL R 54 50.2 58 50.2
01MITCHL - 15ELRM 5 64 %02 1049 $5.6
LEWISTWHM - JUMI BLUZ2 24 501 164 $1.5
3HALIFAX - 3MT LREL 2 301 72 $9.6
OAMITCHL - O1UMNIOM 0 $0.0 48 50.6
CHERR: B - CHERR:2M 0 $0.0 25 0.7

51,664 2 39861

Indicates congestion reduced by at least $5 million in simulation made with 2014 topology PJ M©2010




Market Simulation Results
é/ 2013 Generation and Load Scenario

2014 System Topology (without PATH. MARPPR,
2010 As-Is System Topology Susqguehanna-Roseland. Branchburg-Roseland-Hudson)
Market Congestion Market Congestion
Constraint Freguency (Hours) (Smillions) Freguency (Hours) Emillions)
AP - South Interface 6386 58591 5888 $909.3
01DOoOUBSsS - 01DOUBS 805 5482 5 0 0.0
50045005 Interface 4054 5367.3 FOT 545 7
01BLACKO - 01BEDMNGT 3880 5345 8 52 $6.3
05CLOVRD - SLEXMNGTM 2301 51554 1902 5102 8
BLEXMNGTM - 8DOOMS 602 51231 317 5684
Eastern Interface 541 $110.4 1988 $5236.6
ALTOOMNA - BEAR RCK 2712 $88.3 2699 586.8
ATHEMLA - SADDLBRK 6656 $80.8 0 0.0
MAREM:RT - P WAL. R Faz2 564.9 656 549 2
8MT STM (T157_TAP) - 01DOUBS 212 548 4 88 5211
EDDYSTMN3 - ISLANDRG 126 533.6 0 0.0
BANYOMNDUM - PVWSC 2808 5326 0 0.0
01PRMNTY - 8MT STM 646 527 .4 0 0.0
BRAMNCHBG - READ-GTM 68 5251 37 510.9
O1BEDMGT - O1THARMM™Y 186 $21.9 0 0.0
EBREMO - 6P OWVWHATM 609 $17.7 13 50.2
Central Interface 348 $16.8 1316 $r1.0
ECLOWVER - BCLOVER 557 5157 1210 534 2
E FRA. B - CRETE.BFP 1128 $14.8 1226 516.2
FAIRLWMN1 - SADDLBK 3145 514 .3 0 0.0
VWATER:3B - W DEK. 3T 68 $11.5 40 7.2
BRADFRDZ - PLAMNBRKA 23 5111 14 $2.3
CDR GW F - CLIFTH K 4966 $8.7 5913 519.0
15ELRM 5 - 01MITCHL 1427 $6. T 920 $7.3
CAYUGA(LORET.B) - PONTI. B 53 $5.3 23 $2.3
GILBERT - G GARDMNR 16 $3.8 0 0.0
025AMMIS - 01WYLIE 153 $2.4 56 50.2
JURI BUZ - DAUP TR2 87 $2.1 136 $3.0
EDDINGTP - EDDINGTE 46 1.9 0 0.0
SOLPT 44 - RIWV2339 126 1.9 50 541
01CABOT - 01CABOT 11 $1.7 0 0.0
SLIMNE: R - 1T7WOLFLK 399 1.5 453 $2.0
HOMER CY - HOMER CT 511 1.4 T35 $1.9
NMRGDOWVER - KEMNT 160 1.4 107 $1.2
KEYSTOMNE - COMNMEM-GH 135 F1.3 o] E0.0
GRACETOMN - RAPHAEL 15 $1.2 0 0.0
02SEMNECA - 01KREMNMDL 173 0.8 0 0.0
Western Interface =] $0.7 1611 5921
01MAHMSL - 05TIDD 357 $0.7 23 501
01MITCHL - 15ELRM 5 32 0.0 384 $1.4
01WYLIE - 01WYLIE 1 0.0 274 3.7
01AMITCHL - 01UMNIOMJ o] 0.0 114 $2.3
CHERR: B - CHERR:2M 0 0.0 87 545
IHALIFAX - 3MT LREL o] 0.0 162 517.9
ATHEMLA - BERGEM o] 0.0 1584 530.9
$3.012.9 $1.894 6

Indicates congestion reduced by at least $5 million in simulation made with 2014 topology PJ M©2010




B

RTEP Upgrades responsible for Congestion Reduction

2010 and 2013 Simulations

Constraints with at least $5 million Congestion Reduction and RTEP Upgrade(s) responsible for reduction

Constraint RTEP Upgrade most responsible for Reduction
(1BLACKO - 01BEDNGT TrAIL (6/2011)

50045005 Interface TrAlL (6/2011)

01DOUBS - 01DOUBS Replace Doubs #2, #3, and #4 Transformers (6/2011)
SLEXNGTN - 8D00MS TrAlL (6/2011)

O1PRNTY - BMT STM TrAIL (6/2011)

05CLOVRD - BLEXNGTN TrAIL (6/2011)

aMT STM - 01DOUBS TrAIL (6/2011)

02SAMMIS - 01WYLIE Reconductor Sammis - Wylie Ridge 345 KV circuit (11/2010)
(1BEDNGT - QIHARMNY TrAlL (6/2011)

ATHENIA - SADDLBRK

Athenia - Bergen - new 230 kV Parallel Circuit (6/2010)

MAREN:RT - P VAL; R

EDDYSTN3 - ISLANDRG

Eddystone - Island Rd line terminal equipment (6/2011)

BAYONDUM - PVSC

Build a new 138 kV circuit from Bayonne to Marion substation (6/2013)

BRANCHBG - READ-GTN

Reconductor Readington- Branchburg 230kV circuit (6/2011)

BBREMO - BPOWHATN

TAIL (6/2011)

FAIRLWNI - SADDLEK

Athenia - Bergen - new 230 kV parallel Circuit (6/2010)

BRADFRD2 - PLANBRK1

Reconductor Bradford - Planebrook 230 kV circuit (6/2013)

PJ M©2010




Market Simulation Results
2013, 2016, and 2019 Load and Generation Scenarios

2013 Study Year 2016 Study Year 2019 Study Year
2014 System Topology (without PATH. 2014 System Topology (without 2014 System Topology (without
MAFPF, Susquehanna-Roseland, = hb = land-Hud 5 hb = land-Hud
Branchburg-Roseland-Hudson) ranchburg-Roselan udson) ranchburg-Roselan udson)
Frequency Market Congestion Frequency Market Congestion Freguency Market Congestion
Constraint (Hours) [(Smillions) (Hours) (Emillions) (Hours) (Fmillions)
AP - South Interface 5888 $909.3 4327 $803.6 4300 58017
Eastern Interface 1988 5236.6 858 520.6 115 553
05CLOVWRD - SBLEXMNGTM 1902 51028 135 4.9 395 5220
Western Interface 1611 3921 0 $0.0 0 $0.0
ALTOOMA - BEAR RCK 2699 $86.8 1807 574.4 2415 $138.6
Central Interface 1316 571.0 1216 5435 1895 595.0
BLEXMNGTHN - 8DOOMS 317 $68.4 T 50.5 29 8.7
MAREM:RT - P WAL: R 656 3492 2567 52432 4083 $1.031.7
CDR GW F - CLIFTM K 6913 5490 5816 $161.9 5943 $530.0
50045005 Interface o7 3457 955 575.9 1171 5154.3
BCLOWER - BCLOWVER 1210 5342 241 5103 621 526.2
ATHEMLA - BERGEM 1884 $30.9 1561 $97.7 1658 547.8
T157_TAP - 01DOUBS 88 5211 0 $0.0 0 50.0
FHALIFAX - 3MT LREL 162 $17.9 234 557.9 408 $596.0
E FRA: B - CRETE:BP 1226 5162 121 1.1 445 514.9
BRAMCHBG - READ-GTN 37 $10.9 0 $0.0 0 50.0
15ELRM 5 - D1MITCHL 920 $7.3 761 7.6 175 $2.3
WATER:3B - W DEK:3T 40 57.2 129 516.9 208 533.0
01BLACKO - 01BEDMNGT 52 56.3 26 $4.9 17 1.5
CHERR: B - CHERR.:2M 87 4.5 172 312.8 261 $553.1
SOLPT 44 - RIV2339 60 541 111 $6.9 205 $9.0
01WYLIE - 01WYLIE 274 53.7 T $0.0 0 $0.0
JUMI BUZ - DAURP TR2 136 53.0 0 $0.0 95 $51.4
BRADFRDZ - PLAMBRKA 14 523 26 $6.8 29 $510.9
LORET:B - PONTI: B 23 523 12 50.7 59 512.2
01MITCHL - 01UNICMN 114 523 246 3.6 211 $55.3
SLIMNE: R - 1T7WOLFLK 453 2.0 45 50.1 a0 50.5
HOMER CY - HOMER CT 735 $1.9 114 $0.1 129 50.3
01MITCHL - 15ELRM & 384 51.4 437 2.2 18 50.1
NERGDOWVER - KEMNT 107 51.2 24 50.1 38 50.1
GRACETON - BAGLEY13 13 50.4 9 50.5 35 1.2
PRIMNTZ - RIDLEY 4 50.2 14 1.1 50 522.4
SANDY34AT - HRDGE16G 2 50.0 22 50.5 54 517.0
LINWOOD - CHICHSTZ2 0 50.0 230 515.6 219 $515.1
TODD - VIEMM_69 0 50.0 68 8.5 112 515.8
RL_138M - HARES CR 0 50.0 24 52.7 51 56.8
01DOUBS - 01DOUBS 0 50.0 B $0.0 22 56.5
SLOUDOUN - 6LOUDCOUN 0 50.0 0 $0.0 5 511.6
GPL WVIEWW - 6PL WIEWW Q 50.0 0 50.0 46 $523.0
BHNO AMNMNA - BMORRSWL 0 50.0 0 $0.0 124 $538.5
$1.894 6 51,6886 52,7804

Indicates congestion costs of at least $20 million in study year 2013, 2016, or 2019. PJ M©2010




B

Constraints showing Significant Congestion Levels in
2013, 2016, or 2019

Constraints with at least $20 million of Simulated Future Congestion

Constraint

Observations

AP - South Interface

PATH (6/2015) reduces but does not eliminate congestion

Eastern Interface

Susquehanna-Roseland 500 KV significantly reduces congestion (6/2015)

05CLOVRD - BLEXNGTN

PATH (6/2015) reduces but does not eliminate congestion

Western Interface

PATH (6/2015) eliminates congestion

ALTOOMA - BEAR RCK

Conemaugh-Seward 230 KV line and Conemaugh 500 kV TX will significantly reduce congestion

Central Interface

MAPP (6/2015) reduces but does not eliminate congestion

SLEXNGTN - BDOOMS

PATH (6/2015) significantly reduces but does not eliminate congestion

MAREN;RT - P VAL R

Significant Level of congestion in future years directly linked to scaling of Wind resources to meet Reserve Requirement. Will monitor in future Market Efficiency Analysis.
Identified as violation in Ten Year Stage 1A ARR analysis.

CDR GV F-CLIFTNK

Congestion higher without Branchburg-Roseland-Hudson upgrade. Altematives being considered.

50045005 Interface

Reactive issue studied as part of reliability planning.

6CLOVER - BCLOVER

Mew Clover 2nd 500/230 KV transformer (6/2015) not madeled and should reduce this congestion.

ATHENIA - BERGEN

Congestion higher without Branchburg-Roseland-Hudson upgrade. Altematives being considered.

T157 TAP-01DOUBS

PATH (6/2014) eliminates congestion.

JHALIFAX - 3MT LREL

Mew Claver 2nd 500/230 kV transformer (6/2015) not modeled and should reduce this congestion.

WATER;3B - W DEK;3T

Significant Level of congestion in future years directly linked to scaling of Wind resources to meet Reserve Requirement. Will monitor in future Market Efficiency Analysis.

CHERR; B - CHERR:ZM

Significant Level of congestion in future years directly linked to scaling of Wind resources to meet Reserve Requirement. Will monitor in future Market Efficiency Analysis.

dNO ANNA - BMORRSVL

Higher Level of congestion in future years. Will monitor in future Market Efficiency Analysis

PRINTZ - RIDLEY

Higher Level of congestion in future years linked to scaling of resources to meet Reserve Requirement. Will monitor in future Market Efficiency Analysis

8PLVIEW - 6PLVIEW

Mew Brambleton 500/230 kV transformer (6/2014) not modeled and should reduce this congestion.

PJ M©2010




- Y Stage 1A 10-Year ARR analysis

 Section 7.5 (b) of Schedule 1 of OA indicates:

— On an annual basis PJM shall conduct a simultaneous feasibility
analysis test for stage 1A ARRs which shall access the simultaneous
feasibility for each year remaining in terms of the rights. This test shall
be based on the ARRSs required to meet zonal base load requirements.
PJM shall apply a zonal load growth rate for the 10 year term of stage
1A ARRs.

« The 10-year analysis on 2010/11 Stage 1A ARRSs resulted in

iInfeasibility on the following facilities. Upgrades will be

evaluated for inclusion into the PIJM RTEP.

— 155 Nelson 345 KV 15502 Line (Nelson to Electric Junction 345 KV line)
— 12204 138 KV 12204 2 Line (Marengo to Pleasant Valley 138 KV line)
— 151 Wood 138 KV 12205 2 (Woodstock to Marengo 138 KV line)

9 PJ M©2010



i~ Y Next Steps

e 2024 high level Simulation

* |dentify any potential acceleration candidates from list on
slide 6

« Consider upgrades to relieve congestion-causing
constraints from list on slide 8

e Conduct Benefit/Cost analysis of any acceleration
candidates or any economic upgrades

PJ M©2010




- % Next Steps (cont)

 Review Costs and Benefits for 2009 approved Market
Efficiency project (Conemaugh-Seward 230 KV and
Conemaugh 500/230 kV transformer)

e Conduct Benefit/Cost Analysis for requested projects.

— LaSalle Transmission Project submitted by Central Transmission,
LCC for new single or double 345 kV line from Pontiac Midpoint to
Reynolds to Dumont (V4-026).

— Duqguesne Light proposal for additional 345/138 kV autotransformer at
Crescent (S0168)

« Evaluate appropriate projects as part of Interregional studies.

PJ M©2010




