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Objectives

• Identify cost effective transmission solutions to maintain 

reliability for the 2030 ERCOT System under:

– N-1 Contingency

– G-1 Contingency 

– Extreme Weather / Demand  (2030 +5%)

• Establish a workable case to identify economic transmission 

solutions 

• Evaluation conducted using steady-state AC powerflow

analysis on a peak load case
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Reliability Screen – Resource Additions

• Generic resources were added to serve increased load.

• Not related to the separate Generation Expansion scenarios 

used in the Economic Analysis portion.

• Analysis methodology decouples results from specific selected 

resource locations:

– Generators sited distant from area of study.

– Different dispatches tested.

– G-1 analysis performed, and in some cases groups of generator 

outages.

• These considerations put focus of analysis on the import / 

transfer / load serving capability of the transmission system, 

rather than on deliverability of specific resources.
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Reliability Analysis

Steps in Reliability Analysis

1. 2030 Load:  Base case and contingency analysis.

2. 2030 + 5% Load:  Load increased by 5% in the area of study.  

Base case and contingency analysis.

3. Generator contingency analysis.

4. Reactive needs analysis.

5. Combinatory generator outages.

Voltage (pu) Branch Loading

N-0 0.97 100% of Rate A

N-1 0.93 urban; 0.9 rural 100% of Rate B

Voltage and Loading Criteria
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2030 Loads

LTS

2016:  3,112  MW 

2030:  3,777  MW

2016:  2,294  MW 

2030:  2,637  MW

2016:  2,052  MW 

2030:  2,461  MW

2016:  29,257 MW

2030:  35,137 MW

2016:  12,783  MW 

2030:  16,524  MW

Non-coincident peak load
2016: 76,551MW 

2030: 93,304 MW
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2016:  21,106  MW 

2030:  24,466  MW

2016:  5,947  MW 

2030:  7,409  MW
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Process
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2020 and 2030 AC Cases

• Voltage issues and thermal limitations are corrected where 

necessary

– Reactive support is applied at the most extreme busses in an 

iterative approach to correct voltage to .98 PU (N-0)

– Address thermal overloads, as well as voltage collapse for (N-1) 

• Current status:  Cases are stable, documentation of the 

reliability assessment is underway

– Includes N-1, G-1 stress testing of the steady-state model

– NERC C & D criteria will be tested with proposed solutions

LTS
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Large Load Centers Currently in Study

• DFW Metro Area 

• Houston Metro Area

• Lower Rio Grande Valley

LTS
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Dallas Fort Worth Metro Area

• Voltage deficiencies are significant and not correctable from 

incremental reactive resources (~7,500MVar of switched shunt 

compensation required for N-0). 

• Limited 345kV/138kV transformer capacity yields significant 

overloads for the N-0 state

• Loading in the DFW Area represents almost 1/3 of the entire 

ERCOT load as modeled, and exceeds the current capability of 

the local 345kV infrastructure

LTS
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Low Voltages and Transformer Overloads
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Station Name V(pu)

Anna 0.957

Renner 0.958

Collin 0.959

Royse 0.962

Allen 0.963

Tyler Grande 0.9633

Farmersville 0.967

Elkton 0.9678

Plano Tennyson 0.9682

345/138 Auto N-0 % OL

Eagle Mountain 141

Carrolton 123

Collin 119

Renner 111

Liggett 109

Roanoke 109

Plano Tennyson 108

Anna 107
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N-0 Solution Sets

• Heavy system loading and limited transformer capacity called 

for addition 345kV injection points

• Physical space limitations made new 345kV substations more 

practical than 2nd or 3rd transformers at existing 345kV 

substations in the Dallas / Fort Worth Metro Area

• The enhanced 345kV system, introducing a new 345kV “ring”, 

required less reactive support to maintain voltages within 

acceptable ranges
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New 345kV Lines
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2344

2345

2348

3084

3468
3532

3533

3534

3535

3536

3537

3538

2347

37700

3267

2722

3140

3142

3182

3185

3239

3207

3235

3236

3240

495

498

502

520

526

527

530

531

533

588

595

596

600

608

909

910

914

915

1552

1553

1579

1583

1588

1598

1956

2094

315

373

455

470
471

473

37180

37190
37200

37220

37240

37250

37280

1813

1821

1805

1824

1826

1827

1828

1830

2463

2729

2730

6846

3187

3188

3189

3190

3191

3192

6920

6922

222

1952

1958

1968

2416

2492

210

214

215

218

220

223

224

225

432

938

939

940

945

946

947

2322

2351

537

545

548

573

2157

2160

2161

2204
2205

3043

3044

1812

384

387

6909

6853

2708

399

2241

3167

6919

1685

37290

1970

913

1876

2527

6877

2075

901

WATMLL_1T5

LKHB_1T8

1921
1916

WILLOWCK_5
1421

BLANTON_P_8
3521

BLANTON
237

COMCHEPK_1G
1898

COMCHEPK_2G
1899

WLFHOLW_3G
1879

DECRDOVA_1G
1889

CROSTIMBRS
661

TNBIOENRGY1
37011

BRIDGE_P_8
992

BRYN_AV_T9
2159

CHAMBVLE_P8
2544

CHAMB RC
6875

COLLINSS1_5
2372

COLLIN_1G

LEWISVLSW5

646

DECRDOVA_2G DECRDOVA_3G

DECRDOVA_4G DECRDOVA_5G

STEAM1

ENNSTRAC_1G

ENNSTRAC_2G

ROYSE_S5
2478

FPLEFRB1_5
12410

FPLEFRB2_5
12420

FPLEFR2A_G FPLEFR2B_G FPLEFR2C_G FPLEFR2S_G

FPLEFR1A_G FPLEFR1B_G

FPLEFR1C_G

FPLEFR1S_G

HANDLEY_3G
HANDLEY_5G

HANDLEY_4G

LAVNPMP2_8

MDLTHELP_1G MDLTHELP_2G

MDLTHELP_5G MDLTHELP_6G

MDLTHELP_3G MDLTHELP_4G

NAVO
662

NWTER RC
6897

OLINGER_G1

OLINGER_G2

OLINGER_G3 OLINGER_G4

PL_JUPTR1_8

RCKWL_E1_8
2710

PARKR RC

ROCKYCRK_8
1881

ROCKYCRK_5
1880

ROYSE1_8
2473

ROYSE3_5
2483

SARDIS8
203

SARDIS9
202

SHRYAUTO2_5

1934

JNSNCNTY802
JNSNCNTY802

VENUS
441

WCPWRCO_5
1434

VALLYBRNCH
428

ENLOE_T9
1806

GP_WEST1_8
2265

AUSRNCH2_8
2377

AUSRNCH1_8
2378

MCKNYWHT_8

SARGT1_5

EXPMTR_8
3173

EXPLORRC
6815

6857
COMMW RC

6873
MLSSA RC

6887
CARTR RC

6896

OAKGV RC

1766

2997
WATMLL_2T5

2315
WAX_PMP2_8

WCPWRCO_1G

WCPWRCO_2G

WCPWRCO_3G

CHATF_P_8
3453

3454

3124

FLWRMNDS1_8
2031

TNLONE_OAK0

37360

BLDSW RC
6886

QUINLNDRC
6884

WIELNDRC
6882

TALTYRC
6902

COMBNRC
6904

BURROW_T9
1829

COLLIN1_8
2364

CELINA RC
6943

CHATFIELD

CHCLRKRD2_8
3056

CHILTPL3_8
3057

CHILTPL4_8
3058

COLLIN2_8
2365

ROLATER2_8

2368 2369

COMM_T8

1817

CRNDL RC
6845

MARSHLL_P8
2732

CUMBY RC
6861

ENNS_SE_8
2326

FORNEY_W_P8
2712

FORNYWRC
6865

KIMBALROAD
657

MCKNY_TI_T8

MCKNYWHT_T8

PERCHHILL
590

PL_COIT2_8

2946

ROANOKE3T5

ROANOKE1T5

ROANOKE1_5 ROANOKE2T5

ROANOKE1_8

ROANOKE2_8

ROANOKE2T_8

670
KRUM

1568
ALLISON_T

578
ALLISON

1986

KRUM_T8

2366
WILSNCRK_P8

2017
COPELL_S_8

WEBB3_5

1904

ABBYBEND

CELINASE1_8

CHCLRKRD_T8

DESSW1_5

LITTLEHOSS

GRESHAM_8

HUDSONOAKS

HERITAGE

JESSICA

LIGGETT_1T5
LIGGETT_2T5

LIGGETT_3T5
1926

1927 1928

LILLIAN9

MCCREE_5

MELSSA_P8

ANNAGCEC_T8

PEDANRD_P8

PEDENROAD

PNTHRCREEK

PRUITT_8

STOCKTNBND

TYLERSWE_8

W_PL_TI1_T8
W_PL_TI2_T8

W_PL_TI1_8
W_PL_TI2_8

WISECNTY

WITTRD1_8

WTHFRDLK

3105
3196

649

2370

ROCKHILL1_8
2349

  67 MW  67 MW

  78 MW
  21 Mvar

 107 MW
  39 Mvar

 146 MW
  58 Mvar

  73 MW
  16 Mvar

BUROWRC

LAMPOSTSW

GEN_DYN2_9
12094

WHTSTLMNT_9
2089

WOLFCTY_P8
1810

973

BD_WDSN1_8
12051

BD_WDSN2_T8
2052

BD_WDSN2_8
12052

BETHEL
204

2389

SPNCRINT69

POLES31569
902

POLE_SP169
903

POLESPL269
904

SPNCRGEN69
920

ELIZCRK1_8
1866

1852

1850

1851
1849

1845
1847

1848

GDELMGRV1_8
2705

6851

2697

2692

2695

2687
2679

2671

2677

6879
2678

2357

2356

2624

2623

25142513

2511
2512

25102509

2521

918

917

2561

2560

2553
2532

6870

2530

2547

6874

2520

2340

PRIMROSE_8
3184

SHELBY1
960

SHELBSTR
976

SHELBY2
961

SHELBY3
963

TYLERSW_9
3234

WILDCAT
433

522

509

2371

ROCKHILL
675

2531

DESPKV2_8
12425

MESQTE1T_8

2767

981

N_DENT_T1
959

DN_STEAM_T1
956

W_DENT_T1
984

ANNA_RC
6819

ASHGRVE_8
12313

385

ELMGROVE
855

GV_360_1_8
12021

EVRMAN_W5
1882

TAWK RC
6918

TRWDRLHL1_8
2216

DELEK1_8
3209

EGLMTLAK_P8

12065

DN_STSTR
1001

N_DENSTR
1009

W_DENSTR
1011W_DENSTR

1012

W_DENT_T2

  0.0 Mvar

   3 Mvar

GV_360_2_8
12022

SUNYPTRC
6869

LNOK_RC
6871

KIOWARC
6823

OLINGER_9
816

WOOD

DELTA

HUNT

RAINS

VAN ZANDT

KAUFMAN

HOPKINS

HENDERSON
ELLISJOHNSON

SOMERVELL

HOOD

COLLINS

ROCKWALLDALLAS

TARRANT

PARKER

WISE

DENTON

2025

2564
2565

2352

2359

2355

1453
1454

1455

570

971

12413
12414

12411 12412

12421 12422 12423 12424

2023

2019

1858

568

475

356

350

366
367

3221

232

2525

2350

25496878 845844

843

842

6944

3067

3055

2431

404

1943 1944

1937 1938

1941 1942

1908

1909

12322

12323

420

BENNETT_8
1582

BRITNRD1_5

11901

CORINTHS1_8
1983

CRGRNCH1_8
2534

CRAIGRANCH
625

CRGRNCH2_8
2556

CUSTER1_P8
2566

CUSTER2_P8
2567

CUSTER2
653

DOM INO
395

ELNA
598

EULTRIN2_8
2244

PL_COM M 2_8
2570

RDWELLS138
930

RDWELLS69
932

ROM JUARZ_P8
2688

ROM ANJUAREZ
629

ABLSPRG_P8

ABLSPRG_T8

ABLSPRRC

12470

12469

6831

ATHENSTE_8
3246

BONBRAE69
905

CHAPHIL_P_8
3465

CHAPELHILL
140

EAGLEM NT2_5
11865

EAGLEM NT2_T8
11864

EAGLEM NT1_T8
11859

EAGLEM NT2_8
11860

EVRM NTIE3_5

11885

FTWORTH138
919

HENDRCH_5
1443

W_KRUM_5

1730

LONGBRANCH
280

M CKNY_S1_8

M CKNY_S2_8
2557

2554

RNRTPL_2T8
12356

RNRTPL_1SC8

   0 M W
   0 M var

12357

RNRTPL_3T8
12358

RNRTPL_2SC8

   0 M W
   0 M var

12359

SNYVLE1_8
2764

TOPEKA1_5
12398

TYLERLOP_8
3220

WLDCATTAP
388

DCVE_RC_POI
3163

PRKM XCRK1_8

PRKRS RC

2477

6863

STCYRDRC
6936

WINDM L_P8

WINDM LRC

12712

6847

AVONDALE
602

   0 M W
   0 M var

DICEYT8

LGNVISTA2_8

LGNVISTA1_8

LAGUNAT8

1609

1606

529

BALSORA
594

CORINTHS_SW1
665

CORINTHS_SW2
667

LAVONSW_8
2475

SPRNGCRK2_P8

SPRNGCRK1_P8

SPRGCRK

2668

628

2664

CHILSW_1T8
16421

LIVEOAK
499

M ELSSA_8
2704

M USTANG
654

PONDER
669

PRSTM DWS1_8
10010

SCATTER_8
1818

SQUAW_P8

TNGLNROSHL1

1457

37705

CRLTFRK2_8

CRLTHEB2_8

12519

12384

CRLTHEBN_8
2384

DFW_HWY26_8
12011

HEBRON2_P8

COLONY2_8

BRIDGES2_P8 HACKBRY2_P8

ROM JURZ2_P8

12376

12516

12517
12682

12688

HICKS_SW1_5

2081

INWDRD1_8
2598

LAWRENCE_8
2714

LOOKOUT
828

PAULINE_8
3179

PROSPER_P8

PROSPER

12350

643

ALM A
639

DFWROYAL_8
12020

EAGM NTRD1_8
1864

EAGM NTRD2_8
1865

HACKBRRY_P8

HACKBERRY
641

2682

LUCAS1_8
2778

CROSSROADS
623

DFWM USTG1_8
12023

DFWM USTG2_8
12024

ELIZCRK2_8
1867

JOSEY_P8
JOSEY

JOSEY2_P8

676

2379

2375

WHITESTW1_9
1953

NEVADA_8
12707

528

ZIONHILL
516

ROSHILRC
6801

SPENCER_G4
923

SPENCER_G5
924

 64%

A

Am ps

HANDLEY345

SAGINAW345 EULESS345

CRLT

PL_WEST345

ALLEN345

COL_CRLT_345

COL_CRLT_138

FROM TO LENGTH

PARKER_5 HANDLEY345 30

HICKS_SW1_5 SAGINAW345 20

SAGINAW345 HANDLEY345 15

HANDLEY345 EULESS345 20

HACKBRY1_5 EULESS345 10

ANNASW_5 ALLEN345 10

ALLEN345 PL_WEST345 10

COLLINSS1_5 CRLT 20

PL_WEST345 CRLT 7

FARMVLSW_5 ALLEN345 20

ALLEN345 COL_CRLT_345 20

LEWISVLSW5 COL_CRLT_345 20

May 3rd,2011



Other Changes to Base Case [N-0]

• Switched Shunts added for solving base case low voltage issues –

• Line Changes to alleviate branch overloading -

Bus MVar Addition

ROYSE SWITCH 345 800

TYLER GRANDE 345 400

EAGLE MOUNTAIN 138 600

FROM TO LENGTH Action

COLLINSS1_5 ANNASW_5 13.2 Re-conductor

COLLINSS1_5 ANNASW_5 13.2 Added 2nd ckt.

May 3rd,2011



Conclusion for Dallas Fort Worth region

• Significant local system needs identified in 2030 timeframe: 

– Import paths are insufficient to accommodate load growth.

– Large reactive deficiencies.

• These are complex problems that will require continued ERCOT 

/ TSP analysis.

• Studied solutions:

– 202 miles of new 345 kV, some extending into areas of high 

urban density.

– Significant amounts of reactive support (switched shunts, SVCs); 

complete reactive solution may also require new import paths 

and/or rebuilding 138 kV  345 kV.

– New 345 / 138 kV connection points.

May 3rd,2011



Houston Area

• As modeled, 2030 Houston area load represents almost 25% of 

the entire ERCOT load.

• With considerable urban generation resources (Wharton, 

Parish, and several self-serve units), Houston is less reliant on 

imported power than Dallas and thus has far fewer import 

paths.

• Assuming all future load growth is met with resources outside 

Houston, the existing import paths are insufficient.

• More import paths would likely be needed (in addition to the 

planned Fayette – Zenith line).

• Analysis was conducted using two different dispatches:  Heavy 

North Imports (HNI) and Heavy South/West Imports (HSWI).

LTS

15
May 3rd,2011



May 3rd,2011

N-1 Overloads – Heavy north imports

Heavy North Imports

From case [A6].

L_SALEM_5_1Y

TOMBAL__345B

KUYDAL745005

KING____345A

CEDARP__345A

GRNBYU__345A

N_BELT__345A

P_H_R___345E

T_H_W___345B

OBRIEN__345A

ADICKS__345A

W_A_P___345A

WHITOK__345I

BELAIR__345A
JENETA__345B

L_FPPYD25_1Y

L_FAYETT5_1Y

L_WINCHE8_1Y

L_WEIMAR8_1Y

L_GLIDDE8_1Y

L_FRELSB8_1Y

L_FARIPU8_1Y

L_FAYETT8_1Y

L_ROTOTA8_1Y

L_SALEM_8_1Y

L_ROUNTO8_1Y

L_GUYBUR8_1Y

L_BRENHA8_1Y

L_MILLCR8_1Y

L_WALLER8_1Y

L_GAYHIL8_1Y

L_BELLSO8_1Y

L_PRAIVI8_1Y

L_NEWBRE8_1Y

PETERS__138B

L_WILLSP8_1Y

FLEWLN__138A

SEALY___8020

WALLIS__138A

E_BERN__138B

ORCHRD__138B

CFTBEND_8000

FTBEND__138D

L_FASHPU8_1Y

OBRIEN__138A

BRAZOS__8015

KATY_09_8000

MASON___138A

FRANZ09_138A

FREMAN__138A

HOCKLY__138D

WALLER__138B

FRANZ66_8015

KATY_66_138A

READNG__138B

CRABB___138A

W_A_P___138A

THOMSN808000

ARCOLA808030

KARSTN__138A

ARCOLA828025THOMSN828015

AVAUTO__8005

N_BELT__138A

T_H_W___138E

P_H_R___138C

CEDARP__138C

KENNY14_8010

MORGPT__138A

MT_BEL__138A

PSARCO__138A

P_H_R___138A

BAYOU___138A

CAPTOL__138A

TNBP______1

TNALVIN___1

WARVUE__138A

BARHIL__138A

BRINE___138A

CITIES__138X

ENPROD__8000

HACHER__138X

BTNENY__138A

CHEV____138X

EAGLE___138A

DS_BAT__138A

TRINTY__138A

L_SEAWAY8_1Y

L_MACEDO8_1Y

L_GLIDDE9_1Y

L_BELLSO9_1Y

FLEWLN__69A

FTBEND__69A

L_BELLNO8_1Y

L_PISEK_8_1Y

L_WELCOM8_1Y

L_SHERID9_1Y

L_ROCKIS9_1Y

L_THORSW9_1Y

L_THOTA19_1Y

L_THOTA29_1Y

L_BERNAR9_1Y

L_QUANSW9_1Y

L_QUANEX9_1Y

L_SUNNYS9_1Y

L_PRAIVI9_1Y

PRARPMP2

RVRSPMP2

PARKER 2

GAR PMP2
GARWD R2

PIONEERS2A

IDEAL C2

L.STAR 2

LAKSIDE2

ROSNBG__69A

MT_BEL__69A

KARSTN__69E

ALVIN___69C

HASTNG__9005

BG_CRK__69X

BRISCO__9010

COLLIN__69X

JULIFF__69X

MANVEL__69B

RICHMN__69X

CFLEWLN_8040

CHAMBR__345A

DEPWTR__345A

SHELDN__345C

7058

7055

7057

7254

7258

7263

7280

7286

7297

7289

7299

7564

7292

7572

7565

7570
7574

7272

7270

7668

7271

46220

7273

44640

7282

7670

7671

7257

7269

7287

7296

7577

7639

7640

7644

7646

7650

7654

7660

7662

7664

7666

8523

8527

8529

8531
8533

8535

8537

8541

8543

46500

45971

40900

40700

46100

45972

42000

45500

44500

45600 46600

47000
47300

44230

44740

44540

44300

44280

44510

44100

44421

44450

44261

45770

45880

46560

44262

44422

44570

44170

44010

44721

44031

4403244722

42130

46110

45515

42015

40015

40870

41111

42010

42160

42230

38570

39010

39030

41700

40150

40220

40340

40510

40770

40160

40300

40480

41610

44290

44610

41112

44400

42080

42820

44070

44110

44160

44380

44440

44580

40450

41430

KUYDAL755010

44190

CENTER__345A
40240

SMTHRS__345A

44650

L_FPPYD11_2Y

CBY_GN1_1

48581

CBY_GN2_2

TNCGNR____1
38715

EP_1_2

L_FPPYD21_3Y

7291

L_HIGH368_1Y

KENNY03_138X
40871

  13.0 MW
   5.0 Mvar

OASIS___345A

CVC_GSTR

FOSTER__9005

44250

   4 MW
   1 Mvar

 440 MW
  57 Mvar

 733 MW
 136 Mvar

TNALVINTIE1
39015

CEDARP__138B
40010

48582

40000

40255

CHOCKLY_138F
45885

 332 MW
  45 Mvar

 208 MW
  29 Mvar

  92 MW
  10 Mvar

 28.1 Mvar
 14.4 Mvar

CHAMBERS

HARDIN

LIBERTY

MONTGOMERY

HARRIS

FORT BEND

WALLER

WASHINGTON

AUSTIN

COLORADO

40500

44240

44231

7012

7011

44000

43035

48651

BENDER_86
40155

CEDARP_U4
40001

CBY_GT4_1
48583

CBY_GT4_2
48584

CBY_ST4_1
48585

MEADOW__345A

43030

AVAUTO__69C
42140

BETKA___138A
45675

DEPWTRG2
40455

RTHWOD__345A

46290

RTHWOD__138A
46295

WARVUE_GT148940

AVAUTSTR
42131

FLEWLSTR

FLEWLN_A1TER
49013

44232

FTBENSTR
44281

FTBEND_A1TER
49014

KARSTSTR

KARSTN_A1TER

44391

49022

L_ALTAIR9_1Y
78106

L_STAFHI9_1Y
78520

L_COLUM B9_1Y
78111

L_GLIDDE9_2Y
78107

L_GLIDDE8_2Y
78109

L_BBGRAV9_1Y

L_GARWTA9_1Y

L_IDCETA9_1Y

78530

78924

78532

L_EAGLLA9_1Y
78105

L_PARKTA9_1Y
78528

L_PRPUTA9_1Y
78524

L_RIPUTA9_1Y

L_GALOTA9_1Y
78539

78526

L_M ATTHE9_1Y
78542

L_PIONTA9_1Y
78534

M EADOW__138A
43031

M EADOW_A1TER
49046

M T_BESTR
41113 M T_BEL_A1TER

49023

N_BELSTR
46101

N_BELT_A3TER

49075

N_BELSTR
46102

N_BELT_A1TER
49050

N_BELSTR
46103

N_BELT_A2TER
49070

ZENITH__345A

44900

L_LAPUTA9_1Y
78375

AVAUTO_A1TER
49086

CEDARP_A3TER
49008

M EADOSTR
43032

43031

TNUTM B_____1
38930

CANAL

156%
CTG

116%
CTG

154%
CTG

139%
CTG

115%
CTG

115%
CTG

105%
CTG

182%
CTG

182%
CTG

134%
CTG

118%
CTG

116%
C TG

Singleton – Zenith 53 mi

Singleton – Kuykendahl 47 mi

Zenith – THW 15 mi

Zenith – Obrien 17 mi

THW – Addicks 11 mi

WAP – Bellaire 25 mi



N-1 Overloads

Heavy Southwest Imports

From case [A4].

L_SALEM_5_1Y

TOMBAL__345B

KUYDAL745005

KING____345A

CEDARP__345A

GRNBYU__345A

N_BELT__345A

P_H_R___345E

T_H_W___345B

OBRIEN__345A

ADICKS__345A

W_A_P___345A

WHITOK__345I

BELAIR__345A
JENETA__345B

L_SALEM_8_1Y

L_GUYBUR8_1Y

L_BRENHA8_1Y

L_WALLER8_1Y

L_BELLSO8_1Y

L_PRAIVI8_1Y

L_NEWBRE8_1Y

PETERS__138B

FLEWLN__138A

SEALY___8020
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44600

44410

44510

44100

44421
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40300
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42670

43355
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43202

44290
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41112
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42080

42340

42820

43000

44070
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44160
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44440

44580

42862
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40240

SMTHRS__345A

44650

CBY_GN1_1
48581

CBY_GN2_2
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38715

EP_1_2
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KENNY03_138X
40871
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40155
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M EADOW__345A
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RTHWOD__138A
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43405
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49013

44232

FTBENSTR
44281

FTBEND_A1TER
49014

KARSTSTR

KARSTN_A1TER

44391

49022

L_ALTAIR9_1Y
78106

L_STAFHI9_1Y
78520

L_COLUM B9_1Y
78111

L_BBGRAV9_1Y

L_GARWTA9_1Y
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78532

L_EAGLLA9_1Y
78105
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49046

M T_BESTR
41113 M T_BEL_A1TER

49023

N_BELSTR
46101

N_BELT_A3TER
49075

N_BELSTR
46102

N_BELT_A1TER
49050

N_BELSTR
46103

N_BELT_A2TER
49070

ZENITH__345A

44900

L_LAPUTA9_1Y
78375

AVAUTO_A1TER
49086

CEDARP_A3TER
49008

78538

M EADOSTR
43032

43031

TNUTM B_____1
38930

CANAL

106%
CTG

129%
CTG

107%
CTG

128%
CTG

118%
CTG

104%
CTG

Zenith – THW 15 mi

THW – Addicks 11 mi

WAP – Bellaire 25 mi

SoTex – WAP 68 mi



May 3rd,2011

High Imports  Excessive Reactive Losses

From case  2030_5% [A4 and A6].

N-1 Reactive Losses shown for both High North 

Imports (HNI) and High Southwestern Imports (HSWI)

L_SALEM_5_1Y

TOMBAL__345B

KUYDAL745005

KING____345A

CEDARP__345A

N_BELT__345A

P_H_R___345E

T_H_W___345B

OBRIEN__345A

ADICKS__345A

W_A_P___345A

WHITOK__345I

L_FPPYD25_1Y

L_FAYETT5_1Y

CHAMBR__345A

SHELDN__345C

7058

7055

7057

46500

45971

40900
46100

45972

42000

44500

45600 46600 41430

KUYDAL755010

CENTER__345A
40240

SMTHRS__345A

44650

OASIS___345A

40000

40255

CHAMBERS

JEFFERSON

ORANGE

HARDIN

LIBERTY

MONTGOMERY

HARRIS

GALVESTON

BRAZORIA

FORT BEND

WHARTON

WALLER

WASHINGTON

FAYETTE

AUSTIN

COLORADO

44000

43035

M EADOW__345A
43030

RTHWOD__345A
46290

ZENITH__345A

44900

Under HNI,

3500 MVAr

Under HSWI,

1600 MVAr

Under HSWI,

690MVAr

• Huge reactive 

losses on several 

import paths.

• Shunt capacitance 

alone is not a 

practical solution.

• Upgrading 

conductors 

provides little 

support.

• One solution:  New 

import paths.



May 3rd,2011

New Import Paths

Some Options:

• Lufkin – Canal
(>100 mi)

• Salem – North 

Tie (>60 mi)

• Others?

GIBN_CREK_5

SANDOW__5

L_AUSTRO5_1Y

L_GARFIE5_1Y

LYTTON34

L_MARION5_1Y

L_SALEM_5_1Y

L_FPPYD15_1Y

HOLMAN

HILLCTY_5

SKYLINE_5

SPRUCE

L_ZORN__5_2Y

TOMBAL__345B

KUYDAL745005

KING____345A

CEDARP__345A

N_BELT__345A

P_H_R___345E
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OBRIEN__345A
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L_HAYSEN5_1Y
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5211

5371

9073

5400

7044

9074

7040

3429

7048
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7045
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7057

46500

45971

4090046100

45972

42000

40600

44500

45600
46600

41430
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7049
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44650

7047
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ELMCREEK
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40000

40255

CHAMBERS
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HARRIS
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WHARTON

GRIMES
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TYLER
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TRAVIS
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WASHINGTON
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MADISON

BRAZOS

FAYETTE
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CALDWELL
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BEXAR

KENDALL

COMAL

9041

44000

43035

7043

7050

L_ZORN__5_1Y

M EADOW__345A

SNGLTN_345

44645

HUTTOSS__5

RTHWOD__345A
46290

3696

ZENITH__345A
44900

L_GILLCR5_1Y

DUNLAP5

Canal



New Import Path:  Lufkin – Canal

From case [A6 c3].

Under HNI, Lufkin – Canal is effective, reducing contingency overload 

and reactive losses on Singleton – Zenith.

Under HSWI, Lufkin - Canal is ineffective and carries almost no power.

High North Imports

TOMBAL__345B

KUYDAL745005

KING____345A

GRNBYU__345A

N_BELT__345A

T_H_W___345B

ADICKS__345A WHITOK__345I

BELAIR__345A
JENETA__345B

L_WALLER8_1Y

L_PRAIVI8_1Y

PETERS__138B

SEALY___8020
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FRANZ09_138A

FREMAN__138A
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WALLER__138B

TOMBAL668070
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FRANZ66_8015

KATY_66_138A
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TOMBAL818045

CTOMBAL_8110

LOUETA668000

PINHUR__138A

WESFLD__138B
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KLUGE___138B
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WILLOW__8010
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T_H_W___138A

BAMMEL__138A

JESTER678030

GEARS67_8025

HIDDEN678005

N_BELT__138A

T_H_W95_8265

GEARS95_8030

T_H_W___138E

HIDDEN958015

T_H_W81_8090

TRSWIG__138A

INTER___138B

INTEQ___138X

DRILCO__8005

HUMBLE__138F

KINGWD__138A

PARKWY948000

CLODIN__138B

BARKER78138A

BELAIR__8085

GRNBYU__138A

GRNBYU__138F

ADICKS__138B

WHITOK__138A

WHITOK__138E

BELAIR__138E

JENETA__138A

ALIEF___138A

HAYES09_138A

HAYES___138B

BRITMR__138A
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48821

48651

49817

BENDER_86

40155

BETKA___138A

45675

RTHWOD__345A

46290

RTHWOD__138A
46295

WARVUE_GT1

  13 M W
   9 M var

48940

ADICKSTR
45601

ADICKS_A2TER
49083

ADICKSTR
45602

ADICKS_A1TER

49061

BELAISTR

CHAM BSTR
40257

CHAM BSTR
40256

BTNENY_A1TER
49080

BTNENY_A2TER

49081

CROSBSTR
40393

CROSBY_A1TER
49010

GRNBYU_A1TER
49018

GRNBYU_A2TER
49019

40718

GRNBYU_A5TER

JENETSTR
47301

JENETA_A3TER
49082

JENETSTR
47302

JENETA_A1TER
49024

M T_BESTR
41113 M T_BEL_A1TER

49023

N_BELSTR
46101

N_BELT_A3TER

49075

N_BELSTR

46102

N_BELT_A1TER

49050

N_BELSTR
46103

N_BELT_A2TER

49070

RTHWOSTR

RTHWOD_A1TER
49059

46291

T_H_WSTR

T_H_W__A1TER

45501

49039
T_H_WSTR

T_H_W__A3TER

49071

45502

TOM BASTR

TOM BAL_A1TER

46501

49076

TOM BASTR

TOM BAL_A2TER
49067

46502

WHITOSTR

WHITOK_A3TER

WHITOSTR

WHITOK_A2TER

49043

46601

46617

49042

WHITOSTR

WHITOK_A1TER

46602

49041

ZENITH__345A

44900

48697

  46 M W
   5 M var

48698

GBY_821075

  54 M W
   5 M var

48699

48695

  53 M W
   5 M var

48696

THW_3STR
48884

THW_32

THW_3STR
48891

THW_34

48894

48888

48895

THW_54

   0 M var

48889

THW_56

48890

48896

48613
48614

CROSBY_SHUNT

ZENITH__138A

ZENITSTR

44910

44901

ZENITH_A1TER
49085

   0 M W
   0 M var

 29%
B

Am ps

 29%
B

Am ps

   0 M W

 475 M var

   0 M W

 475 M var

   0 M W

 830 M var

CANAL

 20%
B

Am ps

 22%
B

Am ps

 41%
B

Amps

 84%
B

Amps

 55%
B

Am ps

 40%
B

Amps

 78%
B

Amps

 70%
B

Amps

 95%
B

Amps

 83%
B

Amps

 75%
B

Amps

 86%
B

Amps

 45%
B

Amps

 45%
B

Amps

140%
B

A mps

140%
B

A mps New line

Contingency
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Salem – North Belt:  2030+5% Heavy North Imports

From case [A6e5].

High North Imports

L_SALEM_5_1Y

L_FPPYD15_1Y

HOLMAN

TOMBAL__345B

KUYDAL745005

KING____345A

CEDARP__345A

GRNBYU__345A

N_BELT__345A

T_H_W___345B

OBRIEN__345A

ADICKS__345A WHITOK__345I

BELAIR__345A
JENETA__345B

L_FPPYD25_1Y

L_FAYETT5_1Y

L_ENGLE_8_1Y

L_SCHULE8_1Y

L_WINCHE8_1Y

L_RIVERS8_1Y

L_WEIMAR8_1Y

L_LAGRAN8_1Y

L_GLIDDE8_1Y

L_FAYEPL8_1Y

L_FRELSB8_1Y

L_FARIPU8_1Y

L_FAYETT8_1Y

L_GIDDIN8_1Y

L_WARDA_8_1Y

L_ROTOTA8_1Y

L_DEANVI8_1Y

L_SALEM_8_1Y

L_ROUNTO8_1Y

L_LYONS_8_1Y

L_GUYBUR8_1Y

L_BRENHA8_1Y

L_MILLCR8_1Y

L_BRENNO8_1Y

L_CHAPHI8_1Y

L_WALLER8_1Y

L_SANDHI8_1Y

L_GAYHIL8_1Y

L_BELLSO8_1Y

L_PRAIVI8_1Y

L_NEWBRE8_1Y

PETERS__138B

L_WILLSP8_1Y

FLEWLN__138A

SEALY___8020

WALLIS__138A

L_FASHPU8_1Y

OBRIEN__138A

KATY_09_8000

MASON___138A

FRANZ09_138A

FREMAN__138A

HOCKLY__138D

WALLER__138B

FRANZ66_8015

KATY_66_138A

N_BELT__138A

T_H_W___138E

CEDARP__138C

KENNY14_8010

MORGPT__138A

MT_BEL__138A

PSARCO__138A

WARVUE__138A

BARHIL__138A

BRINE___138A

CITIES__138X

ENPROD__8000

HACHER__138X

BTNENY__138A

CHEV____138X

EAGLE___138A

DS_BAT__138A

TRINTY__138A

L_SEAWAY8_1Y

L_MACEDO8_1Y

L_GLIDDE9_1Y

L_BELLSO9_1Y

FLEWLN__69A

L_BELLNO8_1Y

L_PISEK_8_1Y

L_WELCOM8_1Y

L_BERNAR9_1Y

L_QUANSW9_1Y

L_QUANEX9_1Y

L_SUNNYS9_1Y

L_PRAIVI9_1Y

PRARPMP2

PARKER 2

MT_BEL__69A

CFLEWLN_8040

CHAMBR__345A

DEPWTR__345A

CAPEMUT1

SHELDN__345C

9073

7056

7058

7055

7057

7252

7306

7275

7254

7276

7258

7278

7263

7280

7286

7302

7312

7297

7567

7289

7299

7573

7564

7292

7572

7565

7294

7570
7574

7272

7270

7668

7271

46220

7273

44640

7282

7670

7671

7257

7269

7287

7296

7577

7654

7660

7662

7664

7666

8523

8529

46500

45971

40900

40700

46100

45972

45500

44500

45600
46600

47000
47300

44230

44740

44510

44421

44450

44261

45770

45880

46560

44262

44422

46110

45515

40015

40870

41100

41111

41700

40150

40220

40340

40510

40770

40160

40300

40480

41610

41112

40450

41430

KUYDAL755010

CENTER__345A
40240

L_FPPYD11_1Y
L_FPPYD11_2Y

CBY_GN1_1

48581

CBY_GN2_2

EP_1_2

L_FPPYD21_3Y

7291
L_HIGH368_1Y

KENNY03_138X

40871

  13.0 MW
   5.0 Mvar

CVC_GSTR

BRYN_GRNPRAI

CSSC

CSGP

BRYN_MILLICN

32004

 601 MW
 229 Mvar

 601 MW
 231 Mvar

   4 MW
   1 Mvar

 440 MW
 109 Mvar

 733 MW
 134 Mvar

 737 MW
 127 Mvar

CEDARP__138B
40010

48582

40000

40255

CHOCKLY_138F

45885

 332 MW
  45 Mvar

 208 MW
  29 Mvar

  92 MW
  10 Mvar

 27.8 Mvar

 14.2 Mvar

LIBERTY

MONTGOMERY

HARRIS

GRIMES

WALLER

BURLESON

WASHINGTON

FAYETTE

AUSTIN

COLORADO

32003

32878

32889

40500

44240

44231

48816

7012

7010 7011

48651

BENDER_86
40155

CEDARP_U4
40001

CBY_GT4_1
48583

CBY_GT4_2
48584

CBY_ST4_1
48585

 178. 1 M W

L_PINECR8_1Y
7307L_WPPGS12_1Y

7303

L_WPPGS34_1Y
7305

BETKA___138A
45675

DEPWTRG2
40455

L_WIPOPA8_1Y
7309

RTHWOD__345A

46290

RTHWOD__138A
46295

WARVUE_GT148940

CHAM BSTR

FLEWLSTR

FLEWLN_A1TER
49013

44232

L_COLUM B9_1Y
78111

L_GLIDDE9_2Y
78107

L_GLIDDE8_2Y
78109

L_PARKTA9_1Y

L_PRPUTA9_1Y
78524

M T_BESTR
41113 M T_BEL_A1TER

49023

N_BELSTR
46101

N_BELT_A3TER
49075

N_BELSTR
46102

N_BELT_A1TER

49050

N_BELSTR
46103

N_BELT_A2TER
49070

49067

ZENITH__345A

44900

CEDARP_A3TER
49008

L_WIPOPA8_2Y
7304

BRYN_WLBRN

BRYN_KOPPE

BRYN_WLBRN69
32898

32895

32860

   0 M W
   0 M var

   0 M W

 545 M var

   0 M W

 545 M var

   0 M W
 726 M var

CANAL

 17%
B

Am ps

B

Am ps

B

Am ps

B

Am ps

SING_BELT

SEAWAY5

 71%
B

Amps

 53%

B

Am ps

 53%

B

Am ps

 78%
B

Amps

 49%

B

Am ps

 52%

B

Am ps

 67%
B

Amps

 61%
B

Am ps

 84%
B

Amps

 74%
B

Amps

 46%
B

Am ps

 46%
B

Am ps  82%
B

Amps
 61%

B

Amps

109%
B

Am ps

109%
B

Amps

109%
B

Amps

139%
B

Amps

139%
B

Amps

N-1 Flow and 

reactive losses 

greatly reduced.

Reduces the impact of 

Singleton contingencies 

on Houston.

 This solution is effective for either dispatch:  It greatly alleviates flow and 

losses on Fayette – Zenith as well as Singleton – Zenith.
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Houston Findings

Lufkin – Canal 

• Helpful under high imports from North but not from S/W

• Reduces N-1 reactive losses on Singleton – Zenith from 3,500 

MVAr to 2,000 MVAr. (N-0 decreases 1060  700 MVAr.)

• However, N-1 reactive losses on Lufkin – Canal:  1,130 MVAr.

Salem – North Tie

• Helpful under both high imports from N and from S/W.

• Reduces N-1 reactive losses on Singleton – Zenith 3500  1320 

MVAr. (N-0 decreases 1060  450 MVAr.)

• Reduces N-1 reactive losses on Fayette – Zenith 1600  1040 

MVAr.

22
LTSMay 3rd,2011



Houston Area 2030 Study Summary

• Large amounts of shunt reactive compensation, some of it 
dynamic, appears necessary.

• Many existing 345 kV lines require upgrading before 2030 
(about 240 miles).  Most of these are still needed even if new 
import paths are added.

• From reliability analysis, at least one new import path needed 
by 2030.

• In progress / to do:

– Other import paths?

– Economic evaluation of new import paths by scenario.

May 3rd,2011



Rio Grande Valley Study

• Recent events highlight the need for significant reinforcements.

• Long Term Planning is working with Near Term Planning and 

TOs in ERCOT to find a solution that meets near term needs 

and is expandable for long term needs.

2020 2030 2030+5%

South WZ 6339 7325 7691

Starr, 

Hildago, 

Cameron 

counties 3348 3870 4063

Load Assumptions (MW)
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Import Limitations

LNHILL 6

RIOHND 6

EDNBRG 6

LAPALM 6

WHITEPT 6

LHEDM

LHEDL

LHRHM

LHRHL

8455

8383

8318

8317

8901

8905

8903

8902

RIOHNSTR

8956

CID-230
86105

ARANSAS
SAN PATRICIO

NUECES

DUVALWEBB JIM WELLS

ZAPATA

JIM HOGG
BROOKS

KLEBERG

KENEDY

STARR

HIDALGO

WILLACY

CAMERON

ADC-230
86103

RIOBRAV

112%

A

Am ps

112%

A

Am ps

113%

A

Am psSuggested 

recently in RPG

Loss of this line 

exceeds import 

stability limit under 

2020 and 2030 load 

levels.

Loss of this line 

exceeds stability limit 

under 2030 load 

levels.
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Possible Solution for 2020

LNHILL 6

RIOHND 6

EDNBRG 6

LAPALM 6

WHITEPT 6

LHEDM

LHEDL

LHRHM

LHRHL

8455

8383

8318

8317

8901

8905

8903

8902

RIOHNSTR

8956

CID-230
86105

ARANSAS
SAN PATRICIO

NUECES

DUVALWEBB JIM WELLS

ZAPATA

JIM HOGG
BROOKS

KLEBERG

KENEDY

STARR

HIDALGO

WILLACY

CAMERON

ADC-230
86103

RIOBRAV

112%

A

Am ps

112%

A

Am ps

113%

A

Am ps

Double circuit 

increases stability limit 

and thermal rating.

Double circuit 

increases stability limit 

and thermal rating.

Tie reduces 

contingency impact.

Series Compensation 

adjusted back to 50% 

after adding second 

circuit.

Make existing 345kV lines double circuit



DeWITT

KARNES

GOLIAD

VICTORIA

CALHOUN

MATAGORDA

JACKSON

ARANSAS

REFUGIO

BEE

SAN PATRICIO

NUECES

LIVE OAKMcMULLENLA SALLE

DUVALWEBB JIM WELLS

ATASCOSAFRIO

ZAPATA

JIM HOGG
BROOKS

KLEBERG

KENEDY

STARR

HIDALGO

WILLACY

CAMERON

DIMMIT

MAVERICK

ZAVALA

Possible Solution for 2030+5%

Add new series-

compensated dbl ckt

345kV connecting Miguel 

– Caballo – Del Sol.
• New import path 

significantly 
increases stability 
transfer limit.

• Common tie at 
Caballo reduces 
effect of any 
contingency.

• In steady-state, 
solution appears 
valid for loss of the 
two biggest units 
in the valley.

Caballo

Del Sol
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Other Solutions Being Evaluated

• Other transmission configurations, such as:

– Laredo – Caballo or Laredo – Corpus Christi.

– Miguel – Caballo – Del Sol.

• Technologies that reduce stability limit issues (e.g. 765 kV or 

HVDC).

• Local resources that would also reduce need for additional 

transmission

May 3rd,2011



Future Economic Studies

• Map the simplified transmission model to Promod

• Remove and replace any generation added for stability with 

generation fuel / location derived from Promod results.

• Perform a Promod run, identifying LMP values at each bus

• Evaluate cost-effectiveness of transmission options

LTS
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Questions?

LTS
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