
Appendix C 	NDEX Wind Injection 



Case File - 

Sub File -

Mon File-

Con File -

Ent File - 

CAMP-M11-EHVV.Worki6is0n-Thon1.0ison-Zion-PF 1i. Mil  EURK WLissfiD.sax 

C: MP-M11-5HV1Work‘Bison-rxon 'k /HUEY-Input MP_MII_EFIV.sob 

C:IMP-M11-5HViWork‘Bison-Lon MUSTinpuT4MP-MIH.mon 

C1.MP-M11-t2111Work‘65on-Thon .1. MUST-Input .k MP_MFLEFIV-WIAeon 

Transfer From: 513E1-1.401 

Transfer To: EPS,'" 1.11S0 

Transfer Level: 2000 MW 

Transfer Goal: 200011111 

System Intact DF 3% 

CAntin0enev EF 5.% 

T., 29 Jan 2013135234 

1411013F as %of tine Rating Cutoff: 9993% 

Transfer 11W Limiting Facility Dotage 06% Remedy SM 	 I 

-3360 
 

Rase.: 8-055e0u 5 series Caps 500 kV 

at 11056 of 1732 MVO p000 amps/ 

Ournerci): %EEL 

Zero Miles 

Open 601E61 0130011 PN 	500 657500111311551 2 	500 1 L0.7 DC Runback 0 

.0 

0 

0 

0 

-3490 

Roseau N-Roseau 5 Series Caps 500 Co 

a1110% of 1732 MVA p000 amps). 

Owner1s):%CEI 

Zero Miles 

Open 6010613131305 	500501062 0130311P5 	500 1 10.7 DC Runback 

-3490 

Roseau H-Roseau 5 Series Caps 500 Co 

at 110% of 1732 MVA pace amps} 

Ownerrs): %EEL 

Zero Miles 

Open 531E51 0130311PN 	500 501062 DBCOMPE 	500 1 103 DE Runback 

-235 

Roseau H-Roseau 5 series Caps 500 kV 

at 110% of 1732 MVA 12003 amps). 

Owner1s): %Eft 

Zero Miles 

Open 601045N  Fk511 	345 601967 BISON 3 	3451 

Open 601046N  Fk551 	345 601062 BISON 3 	345 2 
2115 DE Runback 

185 

Roseau N-Roseau 5 Series Caps 500 Co 

at 110% of 1732 MVA 120113 amps). 

Onner/s): %EEL 

Zero Miles 

Open 601045N  Fk511 	345 601047 QUAFLRY3 	345 1 

Open 601046 in Fkk51 	345 501047 QUARRY3 	345 2 
231 DC Runback 

355 

Quarry-51_E1o. 11.5 kV 

at HO% of 2/9 MVA 11200 amps/ 

Owner15): %EEL 

Open 501010 M1ITCEL03 	345 601047 QUARR1.3 	345 1 

Open 601010 MUTCEL03 	345 601047 QUARR`a 	345 2 
6.1 DC Runback 0 

-9 541. 

430 

Rase. N-Rosea, 5 series Caps SOO IN 

at 100% of 1732 MVA pow amps/ 

Ownerrs):XIIEL 

Zero Miles 

System leant 15.i 
Co.tnrctlInon-Brookings 345 kV fine 1 to get 

545.1 1 11 transfer )$270M 
$270.0004 

495 

Broadland 345/230 kV tx 

at 120% of 400 MVA 

OwnerIi): 659 

Open 632506 FTFHOMP3 	345 659105 LELANDO3 	345 1 73 Upgrade To 672 MVA $3...00M 

510 

Honarearoadland 230 kV 

at 120% of 400 MVA 11004 amps) 

Owner4): WARR 

-3 Mil. 

Open 652506 FTIVIOMP3 	345 659105 LELANDO3 	345 1 73 upgrade to 1479 [Snips 1795 Pea3li 34130M 

590 

Rase.: IS-Roseau 5 series Caps 500 Co 

at 11036 of 1732 MVA 120113 1mp0/ 

Ournerci):%Cfl 

Zero Miles 

Open 601046 41.6,633 	345 501047 QUARRY3 	3451 

Open 601.045M  Fk511 	345 601047 QUARRY3 	345 2 
18.2 

790 

Quarry-53E1pol] 11.5 kV 

at 100% of 239 MVA 11200 amps/ 

Onner1s): %EEL 

-9 Miles 

Open 601.01.0 MHTEEL03 	345 601047 0UARRY3 	345 1 

Open 6010113 MNTEEL03 	345 5011347 0U ARRY3 	3452 
5.2 DC Runback 0 

705 

Roseau N-Roseau 5 series Caps  500 Co 

a1100% of 1732 MVA 12000 amps/ 

Ourner1s): WEL 

Zero  Miles 

System Want 117 Roseau Series Cap 2900 A Limit 

710 

Broad land 345/230 kV 1k 

at 120% of 400 MVA 

Owner[[/: 659 

Open 659105 LELANDO3 	345699160 GROTON 3 	345 1 6.7 

655 

Arpin 345/138W Tx 

at 11.3% of 336 MVA 

Owner[[): 691 

Open Arpin-Roelof run 345 kV 60 Upgrade To 550 MVA $7.50M 

670 

Broadland 345/230 kV 1k 

at 10036 of 44:0 MVA 

0..10:659 

System Intact 53 

MO 

Broadland 345/230 kV 1k 

at 10056 of 44:0 MVA 

Owner[[): 659 

System Intact 53 

665 

Hunarearoadland 230 kV 

at 100% of 400 MVA 11004 amps/ 

Owner[[): WAR% 

-3 Maw 

System intact 

930 

Horon-Broadland 230 kV 

at 120% of 400 MVA 11004 amps). 

Owners/. WARR 

-3 Miles 

Open 659105 LELANEM32 	345 659160 GROTON 3 	343 L 

960 

Coon 5 reek-Kohlrnm Lake 345 Co 

at 100% of 717 MVA 11200 amps) 

Owner 	OCR 1s):  

-is Mil. 

Open Coon Creek-Terrnim1345 kV 59 Upgrade [Terminal Equipment) 5.61 

1095 

Sigel-Arpin 138 k11 

at 100% of 287 MVA 11201 amps/ 

Owner(s): 691 

5.23 Miles 

Open Arpin-Rocky run 345 kV 51 upgrade to 1394 Amps 1795 SUS) $7.135M 

1120 

Bismarck-Glenham 231] kV 

at 110% of 241] MVA 1502 amps). 

Owner 	WAPA Ii):  

-97 Miles 

Open 653506 FTIVIOMP3 	345 659105 LELANDO3 	345 1  5.0 Upgrade Lo 774 Anna 1336 SUS/ 3151 EL:. 

1165 

Quarry-530o. 115 kV 

at 10036 of 239 MVA 11200 amps) 

Ourner(F): %EEL 

-9 Miles 

Open 601010 MIITCEL03 	345 5011347 06 ARRY3 	345 1 

Open 501010 M1ITCEL03 	345 501047 QUARRY3 	345 2 

[flange 	bus 667033 00R5E/34 	230 	load by 	/SE 5 IVY. 

dispatch 

5.2 Upgrade to 1704 Amps 1954 ACM) $9.139M 

1165 

Roseau H-Roseau S series Caps 500 kV 

a1110% of 1732 MVA pow amps) 

Owner(s): OCR 

Zero Miles 

Open Ridgeurarliiither 230 kV 

1195 

Roseau 12-110seau 3 Series Caps 500 Co 

at 110% of 1732 MVA poao amps) 

Owner1s): %EEL 

Zero Miles 

Open Shannon-Running 230 kV 

1235 

Roseau 11-Ros04u 5 series Caps 500 kV 

at 110% of 1732 MVA p000 amps) 

Onner(s):%Cfl 

Zero Miles 

Open 501046 41.65633 	345 501047 QUARRY3 	345 1 

Open 601046 Al F5551 	345 601057 MON 3 	345 1 

Open Alexandria 345/115 kV Tx 

S.2 Roseau Series Cap MOO A Limit 



1305 

Antelope Valler6madl604 345 kV 

at 11696 of 478 NAVA WO amps) 

Owner 	659 (s):  

-aga pm. 

Open 652506 FEIHOMP3 	345 659105 1E1,561303 	345 1 ED upgrade to 1200 Amp 1Terrninal Equipment) Sizom 

1435 

6524701315013 4 	236 661047 BETING114 	230 1 

at 10056 of 216.1 MOO (542 amps) 

Owner(s):WAPA 

-37 Mil% 

Open 652506 F1THOMP3 	345 659105 LELAN1303 	3A5 1 5.6 upgrade to 622 Amps 1266 ACM) $5735161 

1560 

quarry 3451115 kV Ta 

at 11556 of 448 MVO 

Owner(s): %EEL 

Open 601010 MNTCELO3 	345 601047 00 2.6111(3 	345 1 

Open 601010 MNTCELO3 	345 601047 00000.'43 	345 2 
73 DE Runback 0 

1595 

Broardand 345/230 kV 1A 

at 120% of 400 MVO 

Owner(s): 659 

Open 652529 WATERTN3 	345 659160 GROTON 3 	345 1 DS 

1605 

Huron-Broadland 230 kV 

at 12056 of 400 MVO 11004 amps) 

Owner(s):WAPA 

-3 Miles 

Open 652529WATE9TN3 	345 6592.66 GROTON 3 	345 1 55 

1635 

65247061304 4 	236 662047 NIET1NGR4 	230 1 

at IOC% of 216.1 NAVA (542 amps) 

Owner(s): WAPA. 

37 Miles 

Open Antelope Valleiyamailland 345 kV 54 

1635 

65247011504 4 	230 661047 BETINGR4 	230 1 

at 10056 of 216.1 NAVA (542 amps) 

Owner(s): WAPA 

-37 Miles 

Open Broadiadd 345/230 kV t: 5.4 

1635 

6524706150H 4 	230 661047 BET1MGR4 	230 1 

at 100% of 216.1 MVO (542 amps) 

Oviner(s): WAPA 

-37 Miles 

Open Broadland 345/239 kV ti 5.4 

1635 

65247011509 4 	230 661047 E1ET1N5R4 	230 1 

at IOC% of 2161 MVO (542 amps) 

Owner(s):WAPA 

37 Miles 

Open lierod-Broadland 239 kV 5.4 

1635 

Broadlimil 345/230 kV ts 

at 120% of 400 NAVA 

01..14: 659 

Open Buffalo-Jamestown 345 kV 5.7 

1E35 

Coon Creek-Irolllman Lake 345 kV 

m 1130-36 of 717 NAVA 11200 000s) 

Owner(s):ACE1 

-15 1.6106 

Open Coon Creek-Terminal 345 kV 

Open 60119247E8611613 	345 60551957E861E1Y 	110 10 

Open 6031113 TERM 1617 	115 605585 TERM1131Y 	110 10 

Open 6E5516 7E811E19 	34.5 613555STERM1131Y 	11E110 

1650 

Electric Jot-Nelson 345 kV 

at IOC% of 1234 MVO 12055 amps} 

01..0 	N/A (4 :  

-56 Mil. 

Open AS Icing-Eau Claire 345 kV 

Open Eau Claire-Arpin 345 kV 

Open 7-corners-Wien 115 kV 

Open Council CreekrNmberwolf 66. kV 

Open masi.ston-Hilltop 69 kV 

129 upgrade to (2-795191MS) 5159.114/41 

1650 

Huron-Broadland 230 kV 

at 12056 of 4a] NAVA 4004 amps) 

Owner(s): WAWA 

-3 Miles 

Open Buffalo Jamestown 345 kV 5.7 

1655 

Antelope Valler-Broadland 345 60 

at 11696 of 478 NAVA WO amps) 

Owner(s): 659 

-1986E1. 

Open 6591051E1220613 	345 659160 GROTON 3 	345 1 

1660 

Electric Jct-Nelsen 345 kV 

at 100% of 1234 MVO 12065 amps) 

Owner(s): N/A 

-56 Miles 

Open E. (aide-Arpin 345 kV 

Open T-comers-Vrien 115 kV 

Open Council Creek-ronberwolf 69 kV 

Open Mauston-Hilltop E9 kV 

1575 

Electric Jat-Neason 345 kV 

at 100% of 1234 MVO 12055 amps} 

Owner(s): N/A 

-56 Miles 

Open AS /904-Eau Claire 345 kV 

Open Eau Claire-Arpin 345 kv 

Open 699706 WIEN 	115 699710 STRATFR13 	115 1 

Open Coundl CreekrNmberwolf 69 kV 

Open IA enann-Hilltep 69 kV 

Open 5.115242 WfSLJN 	69.0680565 LAKEHEAD 	69-0: 

1675 

Electric Jat-Neason 345 kV 

at 100% of 1214 MVA12065 amps) 

Owner(s): N/A 

-56 MN% 

Open AS 1904-Eau Cake 345 kV 

Open Eau Claire-Arpin 345 kv 

Open 699706 WIEN( 	195 699710 STRaTFRD 	115: 

Open Coundl Creek-Thaberwolf 69 kV 

Open Mauston-Hilltop 69 kV 

Open 5.115242 WfSLJN 	69.0680505 LAKEHEAD 	6901 

1700 

Electric Ja-Neason 345 kV 

at 10056 of 1214 MVO 12055 amps} 

Owner(s): Nfill 

-56 Miles
Open 

Open Eau Claire-Arpin 345 kV 

Open 699705 WIEN 	135699710 5TRATER13 	115 1 

Open Council CreekrNiaberwolf 69 kV 

Mauston-1158pp 69 kV 

Open 59a0 .2 WBUN 	69.05605E5 LAKEHEAD 	6901 

1780 

Broadlaud 3450'230 kV ti 

at 120% of 400 MVO 

Owner(s): 659 

Open Jamestown-Center 345 kV 

1795 

Huron-Broadland 230 kV 

at 12056 of 400 MVO (1004 amps) 

Owner(s): WAWA 

-3 Miles 

Open Jamestown-Center 345 kV -77 

11365 

W11311.k-Glenhain 230161  

at 11696 of 240 NAVA 0502 amps) 

Owper(s):WAPA 

-39 Pad. 

Open Esasas F-71106183 	345 6591051E0.61303 	345 1 5.6 Upgrade to 690 rumps 1336 AUS) 660.214M 

113.75 

Sully Buttim-WINtlock 230 kV 

at 11056 of 240 NAVA 6502 amps} 

Owner(s):WAPA 

-22 Mil. 

Open 652505 81-11106123 	345 659105 1E1461303 	345 1 53 upgrade to 681 Amps 1336 ACM) 5343220 

1955 

Oahe-50N Buttes 230 kV 

at 11056 of 240 MVO 6502 amps) 

Owner(s): WWI% 

-206E1. 

Open 652506 65511061193 	345 6591051E1461303 	345 1 6.2 upgrade to 670 Amps 1336 Aa.5) $31.204.1 

1995 

Chisago Count, 500/345/345 Mils 010 

at 115% of 1203 MVO 

Oviner(sINACE1 

Open Chaago Count, 500/345/345 kV Ts 09 14.1 Upgrade To Beyond Single Ts $25.001.1 

1995 

Ch6ago Count, 500/345/345 kV TA 019 

at 115% of 1203 MVO 

Owner(s):ACE1 

Open Chasigo [punt, 500/345/345 kV Ts 010 14.1 upgrade To Beyond Single Ts $25.001.1 



Case File - 

Sub File-

Men File-

Con Fie - 

E. File - 

MP-M11-EHVV.Work185on-rsonlAison-2ion-PrOALI E11P10 	1/113ss1/960. 

C:IMP-M11-13-1V4Wor0fI5on-Don1AUET-Input HIP_MH_EFIV3ub 

C: MP-M11-EHV‘Work‘Bison-LoMMUST-lnpuTIMP-180.mon 

C: M P-M11-EFEV`, Work \ Bison-rfun1MU -Inpufk.g1P_M FLEW-a'18:son 

CAMP-MH-E110,Work Bison-22oMMU ST-Input MP-M0-Exclude.esc 

Transfer From: 9000-Load 

Transfer To: EAST_10 ISO  

Transfer Level: WOO 1.11N 

Transfer Goal: MOO M 

System Intact OF 5.% 

Centineenev OF 5.% 

Tue, 29 Jan 2013 155609 

MVODF as %of Line Rating Cutoff: 9999% 

Transfer MW Limiting Ft.ilik, °Maga DF% Remedy SM 

665 

Chisago Count, 500/345/34.5 CV Ts 319 

at 115% of 1203 MVA 

OWnerc*OCE1 

Open 010340 Count, 500/345/343 kV 70 V3 02.0 Upgrade To Beyond Single TN $25.0010 

665 

faisago Count, 5001345/345 LV Ts 09 

at 115% of 1203 MVA 

Owner(0: %EEL 

Open OtKago Count, 500/345/345 kV 70 N19 120 Upgrade To Beyond Single TN $25.004.1 

665 

Broadlamd 345/230 WU 

at 120% of 401] MVA 

Owner(s): 659 

Open 652506 FTTHOMP3 	345 659105 4E146903 	345 1 7.6 upgrade To 572 MVA $8.6010 

695 

Huror,13roadland 230 kV 

at 120% of 401] MVA (1004 ampsli 

Owner([): WAPA 

-3 Miles 

Open 652506 F1THOMP3 	345 659106 LELANDO3 	345 1 7.6 Upgrade to 2453 Amps 495 ALUM 14130M 

890 

Broadland 345/230 WU 

at 120% of 400 MVA 

Owner(s): 659 

Open 659195 LELAND:13 	345 659160 GROTON 3 	345 1 700 

905 

Haron-Broadland 230 kV 

at 120% of 400 MVA (1004 amps) 

Owner(s):W0.PA 

-3 Miles 

Open 5591051E146003 	345659160981310N 3 	345 1 73] 

915 

Brocillend 345/230 WU 

at 1906 of 4610 MY% 

01.01(4: 659 

System Lane 58 

931] 

Huron-13roadland 230 kV 

at 290% of 400 MVA 4004 amps} 

Owner(4:W4PA 

-3 Miles 

System  In1aM. 58 

1060 

13060,erry-Bmwe0 231] 2 

at 110% of 399 MVA 4002 amps) 

01..14: MP 

-10 Mile. 

Open Blackberry-&00sell 230 1 5.8 Upgrade to 1235 Amps (636 ACSS} $28.621.1 

1105 

IlismangsGlenhant 230 kV 

at 110% of 249 MVA 1502 amps) 

Oemer(s):WAPA 

-97 Miles 

Open 55.506 FTIVOMP3 	345 659106 4E146903 	345 1 5.6 upgrade to 777 Amps 1336 4C555 51513214 

1230 

Afpin 345/13880TO 

at 213% of 336 MVO 

Owner(s): 691 

Open Arpin-Rocky .11 34500 5.6 Upgrade To 448 MBA $61MM 

1295 

Antelope Valley-13mailland 345 kV 

at 110% of 476 MVO (6130 amps) 

openet4 659 

-198 Milm 

Open 652506 F1THOMP3 	345 659106 4E146903 	345 1 7.6 Upgrade to 1200 Amp {Terming Equipment) 51.Eote 

1455 

65247011511N 4 	239 661047 11E11N084 	230 1 

at 10016 of 21E1 MVO. 1542 amps] 

Owner(s): WAPA 

-37 Miles 

Open 652506 F1THOMP3 	345 659105 4E146903 	345 1 59 upgrade to 622 00190 266 SoMS) 35731" 

1495 

Broadland 345/239 kV to 

at 129% of MO MVA 

01..14: 659 

Open 652529 WATERTN3 	305 659150 GROTON 3 	345 1 

1505 

Huron-Broadland 239 kV 

at 129% of 409 MVO 11004 ampsli 

01..14: WARP 

-3 Miles 

Open 657670 WATERTN3 	345 659160 GROTON 3 	345 1 

1555 

Antelope Valley-Broadland 345 kV 

at 11056 of 478 MVA (8430ampsli 

Owner(s): 659 

-198 Mil. 

Open 559105 LELANDO3 	345 659169 GROTON 3 	345 1 

1630 

Bismarck-Glentfint 231] kV 

at 110% of 240 MVO (602 amps) 

Owner(s):WAPA 

-97 Mil. 

Open AntMope Valles-6:6001and 345 kV 

1630 

Bismarca-Glenharn 231] kV 

at S20% of 241] MVA 0502 amps} 

Owner411:WAPA 

-97 Milm 

Open Broadlamd 345/230 kV is 

1630 

136marck-Glenham 231] kV 

at 110% of 249 MVA 1502 amps} 

01..14: W.14PA 

-97 Miles 

Open Broadland 345/230 WU 

1635 

IlismangsGlenhant 231] LW 

at 110% of 249 MVA 1502 amps) 

Oemer(s):WAPA 

-97 Miles 

Open HuromMiroadland 231] kV 

1650 

65247081500 4 	230 661047 KET1N684 	230 1 

at 100% of 216.1 MVA (542 amps) 

-37 Mill. 

Open Antelope Valles-Broadland 345 kV 57 

1650 

652410615101 4 	23066104] HE11N684 	230 1 

at 190]6 of 21E1 MVO. (542.mi:0 

Owner(s): 'NAPA 

-37 Miles 

Open Broadland 345/230 WU 57 

1650 

6524708150H 4 	23066304] HETING84 	230 1 

at 106;6 of 216.1 MVA (542 arnsf0 

Owner(s): WAPA 

-37 Miles 

Open Broadlamd 345/230 kV ts 57 

1650 

652470 BISON 4 	231] 661047 liETiNG84 	2304 

at IOC% of 216.1 MVA (542 amps) 

0..6.0: WAPA 

-.37 Mil. 

Open 1-lar00-136Padand 23I] 01 57 

1580 

11r04111400 345/230 tV134 

at 120% of 400 MVO 

Owner(s): 659 

Open Buffalo-Jamestown 345 kV 5.1:1 

1690 

1-11.5A-131,681:11and 239 kV 

at 120% of 400 MVO 11004 amps) 

Owner(0:WAPA 

-3 Miles 

Open Buffalo-Jamestown 345 kV 5.0 



1770 

Electric let-Nelson 345 kV 

al NM% of 1234 NIVA 0065 amps}  

Owner 	N/A :  

-56 Mil. 

Open ASK-mg-Eau Claire 345 kV 

Open Eau Claire- spin 345 kV 

Open 7-cornett-Wien 195 kV 

Open Council Creek-rimberorod 61 kV 

Open Marston-Hilltop 69 kV 

$1$159-04M
0l 

12.7 upgrade to C2-795.50.51 

1775 

Electric /Et-Nelson 345 kV 

11100% of 1214 NIVA 0065 amps]. 

01..14: N/A 

-56 Miles 

Open Eat Claire-Arpin 345 kV 

Open 7-corners-Wien 195 kV 

Open Council CmekrOmbereoll 69 kV 

Open Matisten-Hilltop 69 kV 

12.7 

1780 

Broadlaml 345/230 Mt .!. 

at 120% of 400 MVO 

Oener0): 659 

Open BisrnantlEGletharo 230 kV GA 

1790 

Electric Jct-Nelsen 345 kV 

at 100% of 1234 MVO 0065 amps} 

Oener10: N/A 

-56 Miles 

Open AS King-Eau Cede 345 kV 

Open Eat Caine-Arpin 345 kV 

Open 159970669EN 	115 699710 STRATERD 	115 1 

Open Council Creek-ttiroberwoll 69 kV 

Open matisten-ililltop Ell 1011 

Open 680242 W8UN 	600680596 LAKEHEAD 690 1 

12.5 

1790 

1itiron-6roellm0 239 kV 

of 129% of 401 MVO 11064 amps} 

OenerW:WAPA 

-3 Miles 

Open Barttarek-Glenharn 239 kV 64 

1790 

Whitlock-Glenhain 2300V 

at 11056 of 240 MVO 002 amps]. 

Owner 	WAPA 10:  

-39 Mil. 

Open 652506 FTIVIONIP3 	345 659106 LELAN1103 	345 1 5.2 upgrade to 695 Amos 036/NMI. 560..ELN•  

1810 

ettoo  Electric Jct-N 	345 kV 

of 100% of 1234 NIVA 0065 amps} 

OenerN: N/A 

-56 Miles
Open 

Open Eat (Lave-Arpin 345 kV 

Open 6997E6 WIEN 	115 699710 STRAITRIl 	115 1 

Open Council CreekrOmbereoll 69 kV 

matisten-Hilltop 69 kV 

Open 680242 W8UN 	69.0686505 LAICENEAD 	690 1 

1350 

Sully B.Litt.-Wedlock 236 RV 

at 11056 of 240 MVO 002 amps} 

OwnerM: W AP A 

-22 Mil. 

Open 652566 F17110NIP3 	345 659106 LELAN1103 	345 1 15 upgrade to 667 Ain. OM Ma50 SE 	.1 L .. ' 

1855 

Electric Jct-Nettoo 345 kV 

al 100% of 1234 NIVA 0065 amps} 

Oener01: NIA 

-56 Miles 

Open Amoirtiead-Stone Lake 345 kV 

1925 

Garreon-larrimttern 230 NV 

at 110% of 3116 MVA 098 amps]. 

Oener01:WAPA 

-138 Miles 

Open 652441 GARRISN4 	236 659284 HILICEN 4 	230_ 

Open Garrison-Leland Olds 230 1.11 
5.1 Upgrade [0 888 AM. 1477 AM} SL71 E 	r. 

1925 

Gale-Sully Buttes 230 kV 

at 219% of 240 MVO 002 amps]. 

Oenerls): WAPA 

-20 Milm 

Open 652506 F17110NIP3 	345 659106 LELAN1103 	305 1 66 upgrade to 676 Amos OM Aa51. SE L.1.: 



Appendix D 	Costs 

The costs used in this study are based on engineering judgment. Costs used in various studies were 

updated based on feedback of actual construction costs from various sources. The costs used are in 

2012 dollars. 

The cost used for line rebuilds and reconductor is shown below. 

kV $Minnile 

0 0.2 

41.6 0.4 

69 0.75 

115 0.75 

138 0.8 

161 1 

230 1.3 

345 2.8 

500 4 

765 5 

The cost used for transformer replacement is shown below. 

MVA $M 

0 1.2 

70 1.4 

112 1.6 

187 2 

224 4 

336 6 

448 7.5 

550 8 

672 9 

800 20 

1203 25 

9999 30 

The build out cost for the Fargo and Iron Range Options are shown below: 







Appendix E 	Iron Range Option With Fargo Tap Sensitivity 

E.1 Summary 

The scenario of a tap on the Winnipeg-Iron Range line going to Fargo was added to the eastern 

configuration and studied. 

E.1.1 Fargo Injection 

The most limiting first contingency incremental transfer for the Fargo wind injection is shown in Table 

E.1-1. 

Table E.1-1 Worst Case Limiters Fargo Wind Injection 

Option MW Limiting Facility Outage Case 

West -240 Bison-Maple River 230 kV line Bison-Maple River 345 kV line \NISI 

East 670 Bison-Maple River 230 kV line 

Bison-Maple River 345 kV line 

Maple River 345/230 kV tx 2 

Maple River 345/230 kV tx 1 

Y181 

East with Fargo Tap -340 Stone Lake 345/161 kV Tx Stone Lake-Gardner Park 345 kV line T1B1 

Eastern 500 kV Line with Fargo Tap 

The Eastern 500 kV with Fargo Tap provides a path that balances the 500 kV lines from Manitoba better 

than without the Fargo Tap. The tap line provides a path parallel to the CapX Fargo-Twin Cities to get 

wind injection out of the Red River Valley. Higher levels of wind injection can be reached before 

additional transmission lines are required. Being the power has a more direct connection to the 

Arrowhead area, the Roseau capacitors and Stone Lake transformers need upgrading, which is not 

required without the Fargo Tap line. 

E.1.2 Fargo/Brookings County Injection 

The most limiting first contingency incremental transfer for the Fargo/Brookings wind injection is shown 

in Table E.1-2. 

Table E.1-2 Worst Case Limiters Fargo/Brookings Wind Injection 

Option MW Limiting Facility Outage Case 

West -530 Bison-Maple River 230 kV fine Bison-Maple River 345 kV line W162 

East 1130 Split Rock-White 345 kV line Brookings Co-Lyon Co 345 kV line Y1B2 

East with Fargo Tap 1125 Split Rock-White 345 kV line Brookings Co-Lyon Co 345 kV line T1B2 

Eastern 500 kV Line with Fargo Tap 



The Eastern Line with Fargo Tap provides for more wind injection with less transmission improvements 

then the western line but slightly less than the eastern line without the tap. The benefit of the eastern 

line with the Fargo tap is it ties the Red River Valley into the eastern side of Minnesota for wind injection 

while providing Manitoba power to the Red River Valley when needed. 

E.2 Study Options 

For the purpose of this study, there were three main transmission options: the west (Bison) or east 

(Blackberry) 500 kV lines coming out of Dorsey and the east (Blackberry) 500 kV line with a 345 kV line 

from Fargo tapping the Dorsey to Blackberry 500 kV line. The cases studied are listed in Table E.2-1 

Study Options. With the wind injection at the Bison 345 kV bus or at the Bison and Brooking County 345 

kV buses. 



Table E.2-1 Study Options 

Fargo Option Iron Range Option Iron Range with Fargo Tap Option 

W1A Y1A T1A 

Dorsey-Bison 500 kV line 50% series compensated 

Bison 500/345 kv Tx #1 & #2 

Bison-Alexandria-Quarry-Monticello 345 kV line #2 

Dorsey-Blackberry 500 kV line 50% series compensated 

Blackberry 500/345 kV Tx #1 & #2 

Blackberry-Arrowhead 345 kv lines #1 & #2 

Blackberry 345/230 kV TX 

Bison-Alexandria-Quarry-Monticello 345 kV line #2 

Dorsey-Blackberry 500 kV line 50% series compensated 

Blackberry 500/345 kV Tx #1 & #2 

Blackberry-Arrowhead 345 kv lines #1 & #2 

Blackberry 345/230 kV TX 

BEson-Alexandria-Quarry-Monticello 345 kV line #2 

T Tap-Bison 345 kv lines #1 & #2 

1-  Tap 345/230 kV TX 

WIAP YlAP 

W1 with phase shirt transformer SPSTy on Glenboro-Harvey 230 

kV line at Glenboro 

Y1 with phase shirt transformer SP5Tf on Glenboro-Harvey 230 

kV line at Glenboro 

Dorsey-Bison 500 kV line 50% series compensated 

Bison 500/345 kv Tx #1 & #2 

Bison-Alexandria-Quarry-Monticello 345 kV line #2 

Dorsey-Blackberry 500 kV line 50% series compensated 

Blackberry 500/345 kV Tx #1 & #2 

Blackberry-Arrowhead 345 he lines #1 & #2 

Blackberry 345/230 kV TX 

Bison-Alexandria-Quarry-Monticello 345 kV line #2 

WIB YIB TIB 

W1 without Bison-Alexandria-Quarry-Monticello 345 kv Imp Y1 without Bison-Alexandria-Quarry-Monticello 345 kV line #2 

Y1 without Bison-Alexandria-Quarry-Monticello 345 kV line #2 + 

T Tap 

Dorsey-Bison 500 kV line 50% series compensated 

Bison 500/345 kv Tx #1 & #2 

Dorsey-Blackberry 500 kV line 50% series compensated 

Blackberry 500/345 kV Tx #1 & #2 

Blackberry-Arrowhead 345 kv lines #1 & #2 

Blackberry 345/230 kV TX 

Dorsey-Blackberry 500 kV line 50% series compensated 

Blackberry 500/345 kV Tx #1 & #2 

Blackberry-Arrowhead 345 kv fines #1 & #2 

Blackberry 345/230 kV TX 

T Tap-Bison 345 kv lines #1 & #2 

T Tap 345/230 kV TX 

WIC YIC 

W1 with MVP not already In case added Y1 with MVP not already in case added 

Dorsey-Bison 500 kV line 50% series compensated Dorsey-Blackberry 500 kV line 50% series compensated 



Bison 500/345 kv Tx #1 & #2 

Bison-Alexandria-Quarry-Monticello 345 kV line #2 

Blackberry 500/345 kV Tx #1 & #2 

Blackberry-Arrowhead 345 kv lines #1 & #2 

Blackberry 345/230 kV TX 

Bison-Alexandria-Quarry-Monticello 345 kV line #2 

W2A Y2A 

Dorsey-Bison 500 kV line 50% series compensated 

Bison 500/345 kv Tx #1 

Bison-Brookings County 500 kV line 50% series compensated 

Brooking County 500/345 kV Tx #1 & #2 

Dorsey-Blackberry 500 kV line 50% series compensated 

Blackberry 500/345 kV Tx #1 & #2 

Blackberry-Arrowhead 345 kv lines #1 & #2 

Blackberry 345/230 kV TX 

Bison-Brookings County 500 kV line 50% series compensated 

Brooking County 500/345 kV Tx #1 & #2 

W2B Y28 T2B 

Dorsey-Bison 500 kV line 50% series compensated 

Bison 500/345 kv Tx #1 

Bison-Brookings County345 kV line 

Dorsey-Blackberry 500 kV line 50% series compensated 

Blackberry 500/345 kV Tx #1 & #2 

Blackberry-Arrowhead 345 kv lines al & #2 

Blackberry 345/230 kV TX 

Bison-Brookings County 345 kV line 

Dorsey-Blackberry 500 kV line 50% series compensated 

Blackberry 500/345 kV Tx #1 & #2 

Blackberry-Arrowhead 345 kv lines #1 & #2 

Blackberry 345/230 kV TX 

Bison-Brookings County 345 kV line 

T Tap-Bison 345 kv lines #1 & #2 

T Tap 345/230 kV TX 

W6A Y6A 

Dorsey-Bison 500 kV line 50% series compensated 

Bison 500/345 kv Tx #1 

Bison-Brookings County 500 kV line 50% series compensated 

Brooking County 500/345 kV Tx #1 & #2 

Brooking County-Split Rock 500 kV line 

Split Rock 500/345 kV TX #1 & #2 

Bison-Alexandria-Quarry-Monticello 345 kV line #2 

Hazel Creek-Panther-McLeod-Blue Lake 345 kV line #1 & #2 

Dorsey-Blackberry 500 kV line 50% series compensated 

Blackberry 500/345 kV Tx #1 & #2 

Blackberry-Arrowhead 345 kv lines #1 & #2 

Blackberry 345/230 kV TX 

Bison-Brookings County 500 kV line 50% series compensated 

Brooking County 500/345 kV Tx #1 & #2 

Brooking County-Split Rock 500 kV line 

Split Rock 500/345 kV TX #1 & #2 

Bison-Alexandria-Quarry-Monticello 345 kV line #2 

Hazel Creek-Panther-McLeod-Blue Lake 345 kV line #1 & #2 



Corridor Txs 

Brookings County-Lyon County 345 kV line #2 

Helena-Lake Marion-Hampton Corner 345 kV line #2 

Corridor Txs 

Brookings County-Lyon County 345 kV line #2 

Helena-Lake Marion-Hampton Corner 345 kV line #2 

W6B Y6B 

Dorsey-Bison 500 kV line 50% series compensated 

Bison 500/345 kv Tx #1 

Bison-Alexandria-Quarry-Monticello 345 kV line #2 

Hazel Creek-Panther-McLeod-Blue Lake 345 kV line #1 & 

Corridor Txs 

Brookings County-Lyon County 345 kV line #2 

Helena-Lake Marion-Hampton Corner 345 kV line #2 

#2 

Dorsey-Blackberry 500 kV line 50% series compensated 

Blackberry 500/345 kV Tx #1 & #2 

Blackberry-Arrowhead 345 kv lines #1 & #2 

Blackberry 345/230 kV TX 

Bison-Alexandria-Quarry-Monticello 345 kV line #2 

Hazel Creek-Panther-McLeod-Blue Lake 345 kV line #1 8i #2 

Corridor Txs 

Brookings County-Lyon County 345 kV line #2 

Helena-Lake Marion-Hampton Corner 345 kV line #2 

Maps showing the options studied are included in FigureE.2-2 and Figure E.2-3. 
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Figure E.2-3 T2B Map 
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E.3 Results 
All comparisons were done using incremental costs. When a phase shifter was added to the Harvey-

Glenboro 230 kV line, it made minimal differences in the overall results. The phase shifter was too far 

west of the injected areas to have a major effect on the study area. 

E3.1 Fargo Wind Injection Results 

Eastern Option with Fargo Tap Fargo Wind Injection 

The eastern option with the Fargo tap scenarios all have a 500 kV line from Dorsey to the Blackberry 

with 50% series compensation with the line tapped (T-Tap) south of the series compensation, a double 

circuit 345 kV line from T-Tap to Bison, a double circuit 345 kV line from the Blackberry to Arrowhead, 

two 500/345 kV transformers at Blackberry, one 345/230 kV transformer at Blackberry, and one 

500/345 kV transformers at T-Tap. Only three scenarios were evaluated for this option, T1A, T1B, and 

T2B. With these scenarios, the Manitoba power and the wind injection are entering the 345 kV system 

at totally different points but are tied together. Most of the same upgrades due to Ca pX line outage are 

still required but at higher wind injection. Some occur after the 2000 MW cutoff. The Roseau capacitors 

overload for two of the three scenarios and the Stone Lake 345/161 kV transformer overloads for all of 

the three scenarios. The best performing scenario was the T1A which can go to the 2000 MW transfer 

level without the Roseau series capacitors system intact overloads. The Roseau series capacitors system 

intact overloads occur at higher transfer levels than the Fargo option. 

The Bison-Maple River 345 kV, Bison-Maple River 230 kV, Maple River-Sheyenne 230 kV, Fargo-

Moorhead 230 kV, Maple River-Frontier 230 kV, and Sheyenne-Audubon 230 kV lines and the Maple 

River 345/230 kV transformers overload for the loss of Bison-Alexandria 345 kV line are over 1000 MW 

wind injections when there is not an additional outlet for the wind injection out of the Fargo area. 

These lines still overload for some other scenarios but at higher wind injection levels. When the loss is 

the Alexandria-Quarry 345 kV, line the 115 kV system in the Alexandria area in addition to the Fargo 

area 230 kV system overloads. For T1A scenario, it occurs before the Fargo area overloads, -150. For a 

loss of the Quarry-Monticello 345 kV line, the 115 kV system in the St. Cloud area, Alexandria, and Fargo 

230 and 115 kV system overloads. The overload output for all scenarios ran is in Appendix E. 

The scenario with the lowest incremental cost is T2B but it only allows a transfer of 1820 MW. The 

second lowest incremental cost is T1A which is the Fargo Tap option and it is able to transfer 2000 MW. 

A chart showing the incremental cost is in Figure E3.1-1 . The scenario with the highest incremental cost 

is T1B. 



Figure E3.1-1 Incremental Transfer Cost Eastern with Fargo Tap Option Fargo Wind Injection 
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Comparison of Options Fargo Wind Injection 

The least incremental cost scenario is Y2A, eastern option with 500 kV line Bison-Brookings County. The 

500 kV line only goes from Bison to Brookings County with transformers required at both ends. It 

provides to two independent outlets from Fargo for the wind injection. The east option with only 345 

kV line instead is ranked fourth. The eastern option with the tap overloads the east transmission more. 

The second least cost incremental is Y2B which includes Stone Lake and Chisago Country #1 and #2 

transformers upgrades. T2B is not the least cost option, but it provides for three independent outlets 

for wind injection from Bison and provides for a tie to North Dakota for the Manitoba generation, but it 

only has a 1820 MW transfer capability. A table showing the incremental cost is in Table E3.1-1. 

The most costly incremental is Y1A, there are no additional independent outlets for the wind injections 

and upgrades to the 115 and 230 kV system are extensive. The Fargo options are not capable of getting 

the 2000 MW transfer. The chart comparing the wind injection options is shown in Figure E3.1-2. In 

order to compare easier the following charts have the data separated into individual options with both 

the Fargo wind injection and the Fargo/Brookings wind injection Figure E.3.1-3 to Figure E3.1-5 . 

The eastern option has the first limiters occurring at higher wind injection than the other two options. 

For the eastern option with the Fargo Tap Stone Lake 345/161 kV transformer is a negative number for 

the Fargo wind injection. For the western option the first limiter is the Roseau capacitor banks. See 

Table E3.1-6 for the complete list of first limiters. 

The eastern options have fewer system intact overloads than the western options. Also they occur at 

higher wind injection levels. The eastern options with the Fargo tap have even few system intact 

overloads than without the tap. A table showing the system intact overloads is in Table E3.1-7. 



Table E3.1-1 Cost Comparison Fargo Wind Injection 

FARGO 

500 MW 

IRON 

RANGE 

500 MW 

IRON 

RANGE 

w/T Tap 

500 MW 

FARGO 

1000 

MW 

IRON 

RANGE 

1000 

MW 

IRON 

RANGE 

w/T Tap 

1000 

MW 

FARGO 

1500 

MW 

IRON 

RANGE 

1500 

MW 

IRON 

RANGE 

w/T Tap 

1500 

MW 

FARGO 

2000 

MW 

IRON 

RANGE 

2000 

MW  

IRON 

RANGE 

w/T Tap 

2000 

MW 

1A Base 

Bison-Quarry #2 

(273 

@ 	490 

MW) 

0 8 NA 425 8 NA 176 103 N/A 604 363 

1A 60% 

60% Series Camp new 500 kV 
294 N/A N/A 

(294 

0 	670 

MW) 

NA Ni.^, NA NA N/A N/A N/A N/A 

1AP 

Add Glemboro Phase Shifter 
284 0 N/A 

(284 

0 	680 48 

MW)  

N/A NA ii N/A N/A 604 N/A 

1B 

Remove Bison-Quarry #2 

(285 

@ 	50 

MW) 

0 8 N/A 43 72 NA i 	I 384 N/A 558 

(565 

0 1820 

MW) 

16 00°A, 

60% Series Comp new 500 kV 
N/A 0 N/A N/A 91 N/A NA 360 N/A N/A 614 N/A 

1C 

Add AV MVP 
294 0 N/A 

(294 

@ 	630 

MW) 

41 N/A N/A 169 N/A N/A 251 N/A 

2A 

Add Bison-Brookings 500 kV with 

SC 

(0 

@ 375 

MW) 

0 N/A N/A 0 N/A N/A N/A  9 N/A N/A 193 

2B 

Add Bison-Brookings 345 kV 

(0 

0 OMW) 
0 8 N/A 14 60 N/A 50 86 N/A 280 

(255 

0 1820 

MW) 

GA 

Add Corridor Project 

Add Bison-Split Rock 500 kV with 

SC 

0 0 N/A 8 0 N/A 

05 

@ 

MW)

1355 

 6 N/A N/A 190 N/A 

613 

Add Corridor Project 
287 0 N/A 

(287 

0 	580 

MW) 

36 N/A N/A 180 N/A N/A 615 N/A 
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Figure E3.1-2 Incremental Transfer Cost Fargo Wind Injection 
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Figure E3.1-3 1A Base (Bison-Quarry 345 kV #2) 
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Figure E3.1-5 2B Add Bison-Brookings 345 kV 
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Table E3.1-6 First Limiters For All Options 

Fargo Option Iron Range Option Iron Range with Fargo Tap Option 

Trans 

fer 
MW Limiting Facility OF% Outage 

Trans 

fer 
MW 

Limiting 

Facility DF% Outage 

Trans 

fer 
MW Limiting Facility I2F% Outage 

W1A Fargo- Base- Bison-Quarry 345 kV#2 Y1 A Iron Range- Base - Bison-Quarry 345 kV #2 T1A Iron Range with Fargo Tap- Base- Bison-Quarry 345 kV #2 

W1A1 Fargo Wind Injection YlAl Fargo Wind Injection T1A1 Fargo Wind Injection 

190 

Bison-Maple River 

230 kV 

at 100% of 520 MVA 

(1305 amps) 

Owner(s): MPC 

10.37 Miles 

23 0 750 
Open Bison-Maple River 345 

kV 

Sheyenne-

Maple River 

230 

at 110% of 459 

MVA (1152 

amps) 

Owner(s): XCEL 

-7 Mlles 

38.5 

Open 601046 ALE53 

345 601067 11150N 3 

345 1 

Open 601046 ALFXSS3 

345 601067 BISON 3 

345 2 

205 

602017 ST LAKE5 	161 

699450 ST LAKE 	345 1 

at 125% of 336 MVA 

Owner(s): N/A 

Open Stone Lake-

Gardner Park 345 kV 

W1A2 Fargo/Brookings Wind njection YIA2 Fargo/Brookings Wind Injection T1A2 Fargo/Brookings Wind Injection 

-255 

Roseau N-Roseau 5 

Series Caps 500 kV 

at 110% of 1732 

(VIVA (2000 amps) 

Owner(s): XCEL 

Zero Miles 

19.0 

Open 601046 ALEXS53 

345 60106713150N 3 	345 

1 

Open 601046 ALEY5S3 

345 601067 BISON 3 	345 

2 

1175 

Split Rock-

White 345 kV 

line 1 

at 100% of 717 

MVA (1200 

amps) 

Owner(s): XCEL 

-60 Miles 

28.6 

Open 601031 

EIRKNGC03 	345 

601048 LYON CO 3 

345 1 

1145 

ClWri4f(5): 691 
 

Arpin 345/138 kV Tx 

at 113% of 336 MVA 5.6 
Open A rpin-Rocky 

run 345 kV 

win6 

0 

Fargo - Base - Bison-Quarry 345 k V #2, use GO% ser les 

compensation on new 500 kV line 

W1A1 

60 Fargo Wind injection 

105 

Bison-Maple River 

230 kV 

at 100% of 520 MVA 

(1305 amps) 

Owner(s): MAC 

10.37 Miles 

223 
Open Bison-Maple River 345 

kV 

'NIA?. 

6(1 Fargo/Brookings Wind injection 

DID NOT RUN 

WIA 

P Fargo - Add Glen boro Phase Shifter YlAP Iron Range- Add Glenboro Pha se Shifter 11AP Iron Range with Fargo Tap- Add G le nbo ro Phase Shiftei.  

W1A 

P1 

280 

Fargo Wind injection 

Bison-Maple River 

230 kV 

at 100% of 520 MVA 

(1305 amps) 

Owner(s): MPC 

10.37 Miles 

23.0 

Open Bison-Maple River 345 

kV 

Open Maple River 345/230 

In/ tx 2 

Open Maple River 345/230 

kV tx I 

YIAP 

1 

745 

Sheyenne-

Maple River 

230 

at 110% of 459 

MVA (1152 

amps) 

Owner(s): XCEL 

-7 Miles 

38.5 

Fargo Wind injection 1 

Open 601046 ALEMs 3 

345 6010670150N 3 

345 1 

Open 601046 ALEX.S53 

345 601067 BISON 3 

345 2 

1- 1 AP 

Fargo Wind Injection 

DID NOT RUN 



Fargo Option Iron Range Option Iron Range with Fa rgo Tap Option 

Trans 

fer 

MW Limiting Facility Of% Outage 

Trans 

fel. 

MW 

Limiting 

Facility OF% Outage 

Trans 

fer 

MW Limiting Facility Of% Outage 

W1A 

P2 Fargo/Brookings Wind ejection 

YlAP 

2 Fargo/Brookings Wind Injection 

TlAP 

2 Fargo/Brookings W ind injection 

635 

Bison-M a ple River 

2.30 kV 

at 100% of 520 MVA 

(1305 amps) 

Owner(s): MPC 

10.37 Miles 

10.2 

Open Bison-Maple River 345 

kV 

Open Maple River 345/230 

kV tx 2 

Open Maple River 345/230 

kV tx 1 

1160 

Split Rack-

White 345 kV 

line 1 

at 100% of 717 

MVA (1200 

amps) 

Owner(s): XCEL 

-60 Miles 

28.6 

Open 601031 

BRKNGC03 	345 

601048 LYON CO 3 

345 1 

DID NOT RUN 

Wle Fargo - Remove Bison-Qua rry 345 kV 82 YIB Iron Range- Remove Bison-Quarry 345 kV 112 T1I1 Iron Range with Fargo tap - Remove els° n-Qua rry 345 kV tl2 

WI8 I Fargo Wind injection Y181 Fargo Wind Injection T181 Fargo Wind injection 

-240 

Olson-Maple River 

230 kV 

at 100% of 520 MVA 

(1305 amps) 

Owners: MPC 

10.37 Miles 

27.6 
Open Bison-Maple River 345 

kV 
670 

Olson-Maple 

River 230 kV 

at 100% of 520 

MVA (1305 

amps ) 

Owner(s): MPC 

10,37 Mlles 

42.6 

Open Olson-Maple 

River 345 kV 

Open Maple River 

345/230 kV tx 2 

Open Maple River 

345/230 kV tx 1 

- ?. 40 

602017 ST LAKES 	161 

599450 ST LANE 	345 1 

at 125% of 336 MVA 

Owner(s): N/A 

I 
Open Stone Lake-

Gardner Park 345 kV 

W1e2 Fargo/Brookings Wind Injection Y1B2 Fa rgo/Brookings Wind Injection 1162 Fargo/Brookings Wind Injection 

-530 

Bison-Maple River 

230 kV 

at 100% of 520 MVA 

(1305 amps) 

Owner(sl: MPC 

10.37 Miles 

12.6 
Open Bison-Maple River 345 

kV 
1130 

Split Rock-

White 345 kV 

line 1 

at 100% of 717 

MVA (1200 

amps) 

Owner(s): XCEL 

-60 Miles 

29.1 
Open Brookings Co - 

Lyon Co 345 kV 
1125 

Split Rock-White 345 kV line 

1 

at 100% of 717 MVA (1200 

amps) 

Owner(s): XCEL 

-4 Miles 

Open Brookings Co - 

Lyon Co 345 kV 

Y186 

0 

Iron Range - Re move Bison Qua rry 345 icV 82, use 

60% series compensation on new 500 kV line 

Y1.81 

60 Fargo Wind Injection 

670 

Olson-Maple 

River 230 kV 

at 100% of 520 

!VIVA (1305 

amps) 

Owner(s): MPC 

10.37 Miles 

42.6 
Open Olson-Maple 

River 345 kV 

Y162 
60 Fargo/Brookings Wind Injection 



Fargo Option Iron Range Option Iron Range with Fargo Tap Option 

Trans 

fer 

Trans 

fer Limiting 

Trans 

for 

MW Limiting Facility OF% Outage MW Facility BF% Outage MW Limiting Facility OF% Outage 

DID NOT RUN 

WIC Fargo-Add Au MVP YIC Bon Range - Add AN MVP T1C Iron Range with Fargo Tap - Add All MVP 

W1C1 Fargo Wind injection Y1C1 Fargo Wind injection T1C1 Fargo Wind Injection 

Sheyenne- 

Bison-Maple River Maple River Open 601046 ALEX553 

230 kV 230 345 601067 BISON 3 

at 100% of 520 MVA Open Bison-Maple River 34-5 at 110% of 459 345 1 
125 

(1305 amps) 

Owner(s): MPC 

23.5 
kV 

775 
MVA (1152 

amps) 

38.0 
Open 601046 ALEXSS3 

345 601067 BISON 3 

10.37 Mlles Owner(s): 5CEL 345 2 

-7 !sillies DID NOT RUN 

W1C2 Fargo/Brookings Wind injection Y11:2 Fargo/Brookings Wind Injection T1C2 Fargo/Brookings Wind Injection 

DID NOT RUN DID NOT RUN DID NOT RUN 

Iron Range with Fargo Tap - Add Bison-Brookings 500 kV with 

W2A Fargo-Add Bison-Brookings 500 kV with SC Y2A iron Range- Add Bison-Brookings 500 kV with SC T2A Sc 

W2A1 Fargo Wind Injection Y2A1 Fargo Wind Injection T2AI Fargo Wind Injection 

Roseau N-Roseau S 

Series Caps 500 kV 

at 100% of 1732 

Arpin 345/138 
 

kV 134 
Open Arpin-Rocky rum 

375 
MVA (2000 amps) 

16.6 System Intact 1225 at 113% of 336 5.7 
345 kV 

Owner(s): x.ca. 
(VIVA 

Zero Miles 
Owner(s): 691 

DID NOT RUN 

W2A2 Fargo/Brookings Wind injection Y2A2 Fargo/8 rooicings Wind Injection T2A2 Fargo/Brookings Wind Injection 

Split Rock- 

Roseau N-Roseau S 

Series Caps 500 kV 

White 345 kV 

line 1 Open 601031 

at 100% of 1732 at 100% of 717 BRKNGC03 	345 
465 

MVA (2000 amps) 

Owner(s: 5CEL 

13.4 System Intact 1190 
VIVA (1200 

amps) 

31.3 
601048 LYON CO3 

345 1 

Zero Miles Owheris): XCEL 

-60 Mlles DID NOT RUN 

W2B Fargo -Add Bison-Brookings 345 kV Y2B Iron Rang. - Add Bison-Brookings 345 kV T2B Iron Range with Fargo Tap - Add B iso n-B co ki ngs 345 kV 

W2B I Fargo Wind Injection Y28/ Fargo Wind injection T281 Fargo Wind injection 

Bison-Maple 
Roseau N-Roseau S 

Open Bison 500/345 kV Tx River 230 kV 
Open Bison-Maple 

Series Caps 500 kV 

at 110% of 1732 
#1 at 100% of 520 

River 345 kV 

Open Maple River 

602017 ST LA8E5 	161 

699450 ST LAKE 	345 1 Open Stone Lake- 
-1145 

NIVA (2000 amps) 
6.7 Change 	bus 667033 955 !VIVA (1305 31.2 

345/230 kV tx 2 
-315 

at 125% of 336 MVA 
i 

Gardner Park 345 kV 

Owner(s): xial. 
DORSEYS4 	230 	load by amps) 

Open Maple River Owner(s): N/A 

Zero Miles 
454.5 MW dispatch Owner(s): MPC 

10.37 Miles 
345/230 kV tx 1 

W282 Fargo/Brookings Wind Injection 5202 Fargo/Brookings Wind injection T2B2 Fargo/Brookings Wind Injection 



Fargo Option Iron Range Option Iron Range with Fargo Tap Option 

Trans 

far 

Trans 

far Limiting 

Trans 

far 

MW Limiting Facility DF% aismm MW Facility Of% Outage MW Limiting Facility DF% Outage 
Spilt Roc k- 

Roseau N-Roseau S 

Series Caps 500 kV 

White 345 kV 

line 1 Open 601031 

Split Rock-White 345 kV line 

1 

- 30 
at 100% of 1732 

MVA (2000 amps) 

Owner(s): YCEL 

142 System Intact 1165 
at 100% of 717 

NIVA (1200 

amps) 

30.3 
ORKNGE03 	345 

601048 LYON CO 3 

345 1 

1150 
at 100% of 717 MVA (1200 

amps) 

Owner(s): XCEL 

Open Elf 00kings Co - 

Lyon Co 345 kV 

Zero Miles Owner(s):XCEL -4 Miles 

-60 Miles 

Iron Range - Add Cor rfdor Project and Bison-Split Iron Range with Fargo Tap - Add Co r r f do Project and Bison- 

Wan Fargo -Add Corridor Project and B son-Spilt Rack 500 kV with SC Y6A Rock 500 kV with SC TBA Split Rock 500 kV with SC 

W6A1 Fargo Wind injection Y6A1 Fargo Wind injection T6A1 Fargo Wind Injection 

Arpin 345/138 kV Tx 
open Arpin-Rocky run 345 

Arpin 345/138 

kV Tx 
Open Arpin-Rocky run 

760 at 113% of 336 MVA 6.0 
kV 

1115 at 113% of 336 5.7 
345 kV 

Owneris): 691 MVA 

Owner(s): 691 DID NOT RUN 

W6A2 Fargo/Brookings Wind Injection YGA2 Fa riga/Brookings Wind injection 16A2 Fargo/Brookings Wind Injection 

DID NOT RUN MO NOT RUN DID NOT RUN 

Wail Fargo- Add Corridor Project Y68 Iron Range- Add Corridor Project T6B Iran Range with Fargo Tap 	Arid Corridor Project 

W6B1 Fargo Wind Injection Y681 Fargo Wind Injection T631 Fargo Wind Injection 

Sheyenne- 

Bison-Maple River Maple River Open 601046 ALEX553 

230 kV 230 345 601067 BISON 3 

at 100% of 520 MVA Open Bison-Maple River 345 at 110% of 459 345 1 
165 

(2305 amps) 
Owner(s): MPC 

232 
kV 

745 
MVA (1152 

amps) 

. 38 5 
Open 601046 ALEXS5?. 

345 601067 BISON 3 

10.37 Miles Owner(s): SCEL 345 2 

-7 Miles DID NOT RUN 

W662 Fargo/Brookings Wind Injection Y6B2 Fa rgo/Brookings Wind Injection 116 62 Fargo/Brookings Wind Injection 

DID NOT RUN DID NOT RUN DID NOT RUN 



Table E3.1-7 System Intact Overloads for Ali Options 

Fargo 
Option 

Iron Range 
Option 

T Tap 
Option 

Transfer 
MW Limiting Facility 

OF 
% Transfer MW Limiting Facility 

OF 
% 

Transfer 
MW Limiting Facility 

1)1 
% 

W1A 
Fargo - Base - Bison-Quarry 
345 kV #2 

V1A 
Iron Range - Base - Bison- 
Quarry 345 kV #2 

T1A 
Iron Range with Fargo Tap - Base - 
Bison-Quarry 345 kV #2 

W1A1 Fargo Wind injection V1M Fargo Windlnjection T1A1 Fargo Wind Injection 

300 

Roseau N-Roseau S Series Caps 
500 kV 
at 100% of 1732 MVA (2000 
amps] 
0 wnerfs]: XCEL 
Zero Miles 

21.8 1785 
0 wnerfs): OTP 

 

Maple River 345/230 kV tx 1 
at 100% of 336 MVA 15.7 

NONE 

.],iii 

Roseau N-Roseau S Series Caps 
500 kV 
at 100% of 1732 MVA (2000 
amps] 
0 wnerfs]: XCEL 
after Bison-Brookings 345 kV 
added 

18.8 1785 
Maple River 345/230 kV tx 2 
at 100% of 336 MVA 
0 wnerf s): OTP 

15.7 

1495 
Maple River 345/230 kV tx 1 
at 100% of 336 MVA 
Owner(s)- OTP 

9.2 1870 

Sheyenne-Maple River 230 
at 100% of 459 MVA (1152 
amps) 
Owner(s): XCEL 
—7 Miles 

21.6 

] 	5]:]] 
Maple River 345/230 kV tx 2 
at 100% of 336 MVA 
0 wnerfs): OTP 

9.2 1940 

Bison-Maple River 345 kV 
at 100% of 720 MVA (1205 
amps) 
0 wnerf s): MPC 
—10 Miles 

31.4 

] 	i 	1 

Sheyenne-Maple River 230 
at 100% of 459 MVA (1152 
amps] 
0 wnerfs]: XCEL 
—7 Miles 

12.9 

1755 

Bison-Maple River 345 kV 
at 100% of 720 MVA (1205 
amps] 
Owner(s): MPC 
—3 Miles 

18.4 

W1A2 
Fargo/Brookings Wind 
Injection Y1A2 

Fargo/Brookings Wind 
Injection T1A2 Fargo/Brookings Wind Injection 



Fargo 
Option 

Iron Range 
Option 

T Tap 
Option 

Transfer 
MW Limiting Facility 

OF 
% Transfer MW Limiting Facility 

LW 
% 

Transfer 
MW Limiting Facility 

OF 
% 

510 

Roseau N-Roseau S Series Caps 
500 kV 
at 100% of 1732 MVA (2000 
amps) 
0 wnerfs): XCEL 
Zero Miles 

12.8 

NONE NONE 

7.11 

Roseau N-Roseau S Series Caps 
500 kV 
at 100% of 1732 MVA (2000 
amps) 
Owner(s): XCEL 
after Bison-Brookings 345 kV 
added 

12.4 

1'170 

Split Rock-White 345 kV line 1 
at 100% of 717 MVA (1200 
amps] 
Owner(s): XCEL 
—4 Miles 

229 

W1A160 
60% Series Comp New 500 kV 
Line 

W1A160 Fargo Wind Injection 
Roseau N-Roseau S Series Caps 
500 kV 
at 100% of 1732 MVA {2000 
amps) 
0 wnerfs): XCEL 
Zero Miles 

228 
 

DID NOT RUN DID NOT RUN 

r,711 

Roseau N-Roseau S Series Caps 
500 kV 
at 100% of 1732 MVA (2000 
amps) 
Owner(s): XCEL 
after Bison-Brookings 345 kV 
added 

19.7 

1425 
Maple River 345/230 kV tx 1 
at 100% of 336 MVA 
Owner(s): OTP 

9.0 

1430 
Maple River 345/230 kV tx 2 
at 100% of 336 MVA 
Owner(s): 0 TP 

9.0 



Fargo 
Option 

Iron Range 
Option 

T Tap 
Option 

Transfer 
MW Limiting Facility 

DF 
% Transfer MW Limiting Facility 

LW 
% 

Transfer 
MW Limiting Facility 

OF 
% 

1645 

Sheyenne-Maple River 230 
at 100% of 459 MVA (1152 
amps] 
Owner(s]: XCEL 
—7 Miles 

12.6 

1695 

Bison-Maple River 345 kV 
at 100% of 720 MVA (1205 
amps) 
Owner(s]: MPC 
—3 Miles 

18.0 

W1A260 
Fargo/Brookings Wind 
Injection 

DID NOT RUN 

W1AP Fargo - Add Glenboro Phase 
Shifter 

Y1AP 
Iron Range - Add Glenhoro 
Phase Shifter 

T1AP Iron Range with Fargo Tap - Add 
Glenboro Phase Shifter 

W1AP1 Fargo Windlniection Y1AP1 Fargo Wind Injection T1AP1 Fargo Wind Injection 

4i)t) 

Roseau N-Roseau S Series Caps 
SOO kV 
at 100% of 1732 MVA (2000 
amps) 
0 wnerfs): XCEL 
Zero Miles 

21.8 1790 
0 wner(s): OTP 

 

Maple River 345/230 kV tx 1 
at 100% of 336 MVA 15.7 

DID NOT RIJN 

+,H1) 

Roseau N-Roseau S Series Caps 
500 kV 
at 100% of 1732 MVA (2000 
amps) 
Owner(s]: XCEL 
after Bison-Brookings 345 kV 
added 

18.8 1790 
Maple River 345/230 kV tx 2 
at 100% of 336 MVA 
Owner(s): OTP 

15.7 

1600 
Maple River 345/230 kV tx 1 
at 100% of 336 MVA 
Owner(s]: OTP 

9.2 1890 

Sheyenne-Maple River 230 
at 100% of 459 MVA (1152 
amps) 
Owner(s): XCEL 
—7 Miles 

21.5 

1600 
Maple River 345/230 kV tx 2 
at 100% of 336 MVA 
Owner(s): OTP 

9.2 1945 

Bison-Maple River 345 kV 
at 100% of 720 MVA (1205 
amps] 
Owner(s): M PC 
—10 Miles 

31.4 



Fargo 
Option 

Iron Range 
Option 

T Tap 
Option 

Transfer 
MW Limiting Facility 

OF 
% Transfer MW Limiting Facility 

LW 
% 

Transfer 
MW Limiting Facility 

OF 
% 

1830 

Sheyenne-Maple River 230 
at 100% of 459 MVA (1152 
amps] 
owner(s): XCEL 
—7 Miles 

12.9 

1860 

Bison-Maple River 345 kV 
at 100% of 720 MVA (1205 
amps] 
Owner(s): M PC 
—3 Miles 

18.4 

W1AP2 
Fargo/Brookings Wind 
Injection Y1AP2 

Fargoil3rookinp Wind 
Injection TIAPZ Fargo/Brookings Wind Injection 

Roseau N-Roseau 5 Series Caps 
500 kV 
at 100% of 1732 MVA (2000 
amps) 
0 wnerfs): XCEL 
Zero Miles 

12.8 

NOVI. DID NOT RUN 

10'Ati 

Roseau N-Roseau S Series Caps 
500 kV 
at 100% of 1732 MVA (2000 
amps) 
0 wnerfs): XCEL 
after Bison-Brookings 345 kV 
added 

12.4 

1980 

Split Rock-White 345 kV line 1 
at 100% of 717 MVA (1200 
amps] 
Owner(s): XCEL 
—4 Miles 

22.9 

W1B 
Fargo - Remove Bison-Quarry 
345 kV #2 

Y1B 
Iron Range - Remove Bison- 
Quarry 345 kV #2 

T1B Iron Range with Fargo Tap - Remove 
Bison-Quarry 345 kV #2 

W1B1 Fargo Wind Injection V1B1 Fargo Wind Injection T1B1 Fargo Wind Injection 

- I v-, 26.2 

Roseau N-Roseau S Series Caps 
500 kV 
at 100% of 1732 MVA (2000 
amps) 
Owner(s]: XCEL 
Zero Miles 

1265 
Maple River 345/230 kV tx 1 
at 100% of 336 MVA 
°wile*); OTP 

19.6 1470 

Roseau N-Roseau S Series Caps 500 kV 
at 100% of 1732 MVA (2000 amps) 
Owner(s): XCEL 
Zero Miles 

12.9 

50 

Roseau N-Roseau S Series Caps 
500 kV 
at 100% of 1732 MVA (2000 
amps) 

22.0 1265 
Maple River 345/230 kV tx 2 
at 100% of 336 MVA 
Owner(s): OTP 

19.6 1475 
Maple River 345/230 kV tx 1 
at 100% of 336 MVA 
Owner(s): OTP 

12.9 



Fargo 
Option 

Iron Range 
Option 

T Tap 
Option 

Transfer 
MW  Limiting Facility 

OF 
% Transfer MW Limiting Facility 

LW 
% 

Transfer 
MW Limiting Facility 

OF 

% 
Owner(s): XCEL 
after Bison-Brookings 345 kV 
added 

930 
Maple River 345/230 kV tx 1 
at 100% of 336 MVA 
Ownerfs): OTP 

10,6 1340 

Sheyenne-Maple River 230 
at 100% of 459 MVA (1152 
amps) 
Owner(s): XCEL 
—7 Miles 

26.8 1480 
Maple River 345/230 kV tx 2 
at 100% of 336 MVA 
0 wnerfs): DTP 

1 

930 
Maple River 345/230 kV tx 2 
at 100% of 336 MVA 
0 wnerfs): OTP 

10.6 1385 

Bison-Maple River 345 kV 
at 100% of 720 MVA (1205 
amps) 
Owner(s]: MPC 
—10 Miles  

39.1 1580 

Sheyenne-Maple River 230 
 

at 100% of 459 MVA (1152 amps) 
 

0 wner(s): XCEL 
—7 Miles 

18.1 

1130 

Sheyenne-Maple River 230 
at 100% of 459 MVA (1152 
amps) 
Owner(s]: XCEL 
—7 Miles 

14.9 1740 

Frontier-Maple River 230 kV 
at 100% of 265 MVA (665 amps] 
0 wner(s): MPC 
—11 Miles 

13.0 1665 

Bison-Maple River 345 kV 
at 100% of 720 MVA (1205 amps) 
0 wner[s]: MPC 
—3 Miles 

25 8 

1155 

Bison-Maple River 345 kV 
at 100% of 720 MVA (1205 
amps) 
Owner(s]: MPC 
—3 Miles 

21.3 1745 

Wahpeton-Frontier 230 kV 
at 100% of 265 MVA (665 amps] 
Owner(s): M PC 
—44 Miles 

13.0 

1785 

Frontier-Maple River 230 kV 
at 100% of 265 MVA (665 amps) 
Owner(s): MPC 
—11 Miles 

7.6 

1810 

Wahpeton-Frontier 230 kV 
at 100% of 265 MVA (665 amps) 
Owner(s): MPC 
—44 Miles 

7.6 

W1B2 
Fargo/Brookings Wind 
Injection Y1B2 

Fargo/Brookings Wind 
Injection T1B2 Fargo/Brookings Wind Injection 

-2 .;', 

Roseau N-Roseau S Series Caps 
500 kV 
at 100% of 1732 MVA (2000 
amps) 
0 wnerfs): XCEL 
Zero Miles 

152 



Fargo 
Option 

Iron Range 
Option 

T Tap 
Option 

Transfer 
MW Limiting Facility 

OF 
% Transfer MW Limiting Facility 

LW 
% 

Transfer 
MW Limiting Facility 

OF 
% 

Roseau N-Roseau 5 Series Caps 
500 kV 
at 100% of 1732 MVA (2000 
amps) 
Owner(s): XCEL 
after Bison-Brookings 345 kV 
added 

144 

NO NE NONE 

1755 
Maple River 345/230 kV tx 1 
at 100% of 336 MVA 
Owner(s): OTP 

5.6 

1755 
Maple River 345/230 kV tx 2 
at 100% of 336 MVA 
Owner(s): OTP 

5.6 

1855 

Split Rock-White 345 kV line 1 
at 100% of 717 MVA (1200 
amps) 
Owner(s): XCEL 
—4 Miles 

23.4 

Y1B60 
60% Series Comp New SOU kV 
Line 

Y113160 Fargo Wind injection 

1265 
Maple River 345/230 kV tx 1 
at 100% of 336 MVA 
Owner(s): OTP 

19.6 

1265 
Maple River 345/230 kV tx 2 
at 100% of 336 MVA 
Owner(s): OTP 

19.6 

1340 

Sheyenne-Maple River 230 
at 100% of 459 M VA (1152 
amps) 
Owner(s): XCEL 
—7 Miles 

26.8 

1385 

Bison-Maple River 345 kV 
at 100% of 720 MVA (1205 
amps) 
Owner(s): M PC 
—3 Miles 

39.1 

1750 

Frontier-Maple River 230 kV 
at 100% of 265 MVA (665 amps) 
Owner(s): MPC 
—11 Miles 

13.0 



Fargo 
Option 

Iron Range 
Option 

T Tap 
Option 

Transfer 
MW Limiting Facility 

DF 
% Transfer MW Limiting Facility 

LW 
% 

Transfer 
MW Limiting Facility 

OF 
% 

1750 

Walyeton-Frontier 230 kV 
at 100% of 265 MVA (665 amps] 
Owner(s): MPC 
—44 Miles 

13.0 

Y1B260 
Fargo/Brookings Wind 
Injection 

DID NOT RUN 

WIC Fargo-Add All MVP Y1C Iron Range - Add All MVP 
Iron Range with Fargo Tap - Add All 
MVP 

WI C I Fargo Wind Injection Y1C1 Fargo Wind Injection T1C1 Fargo Wind Injection 

Roseau N-Roseau S Series Caps 
500 kV 
at 100% of 1732 MVA (2000 
amps] 
Owner(s): XCEL 
Zero Miles 

21.3 1735 
0 wner(s): 0 TP 

 

Maple River 345/230 kV tx 1 
at 100% of 336 MVA 15.9 

DID NOT RUN 

f,..51) 

Roseau N-Roseau S Series Caps 
500 kV 
at 100% 011732 MVA (2000 
amps] 
Owner(s]: XCEL 
after Bison-Brookings 345 kV 
added 

18.4 1735 
Maple River 345/230 kV tx 2 
at 100% of 336 MVA 
Owner(s]: OTP 

15.9 

1390 
Maple River 345/230 kV tx 1 
at 100% of 336 MVA 
Owner(s): 0 TP 

9.4 1870 

Sheyenne-Maple River 230 
at 100% of 459 MVA (1152 
amps) 
Owner(s): XCEL 
—7 Miles 

21.5 

1390 
Maple River 345/230 kV tx 2 
at 100% of 336 MVA 
Owner(s]: OTP 

9.4 1885 

Bison-Maple River 345 kV 
at 100% of 720 MVA (1205 
amps] 
Owner(s): MPC 
—10 Miles 

31.8 

1645 

Bison-Maple River 345 kV 
at 100% of 720 MVA (1205 
amps] 
Owner(s]: MPC 
—3 Miles 

18.8 

1650 

Sheyenne-Maple River 230 
at 100% of 459 MVA (1152 
amps] 
Owner(s]: XCEL 

13.0 



Fargo 
Option 

Iron Range 
Option 

T Tap 
Option 

Transfer 
MW Limiting Facility 

DF 
% Transfer MW Limiting Facility 

LW 
% 

Transfer 
MW Limiting Facility 

OF 
% 

—7 Miles 

W1C2 
Fargo/Brookings Wind 
Injection Y1C2 

Fargo/Brookings Wind 
Injection T1C2 Fargo/Brookings Wind Injection 

DID NOT RUN DID NOT RUN DID NOT RUN 

W2A 
Fargo - Add Bison-Brookings 
500 kV with SC 

Y2A 
Iron Range - Add Bison- 
Brookings 500 kV with SC 

T2A 
Iron Range with Fargo Tap - Add 
Bison-Brookings SOO kV with SC 

W2A1 Fargo Wind Injection Y2A1 Fargo Wind Injection T2A1 Fargo Wind Injection 

375 

Roseau N-Roseau S Series Caps 
500 kV 
at 100% of 1732 MVA (2000 
as) mp 
Owner(s): XCEL 
Zero Miles 

16.6 NONE 

DID NOT RUN 

1605 
Maple River 345/230 kV tx 1 
at 100% of 336 MVA 
Owner(s): OTP 

8.6 

1605 
Maple River 345/230 kV tx 2 
at 100% of 336 MVA 
Owner(s): OTP 

E 6 

1860 

Sheyenne-Maple River 230 
at 100% of 459 M VA (1152 
amps) 
Owner(s): XCEL 
—7 Miles 

11.9 

1885 

Bison-Maple River 345 kV 
at 100% of 720 MVA (1205 
amps) 
Owner(s): MPC 
—10 Miles 

17.1 

1945 

Split Rock-White 345 kV line 1 
at 100% of 717 MVA (1200 
amps) 
Owner(s): XCEL 
—4 Miles 

19.2 

W2A2 
Fargo/Brookings Wind 
Injection Y2A2 

Fargo/Brookings Wind 
Injection T2A2 Fargo/Brookings Wind Injection 



Fargo 
Option 

Iron Range 
Option 

T Tap 
Option 

Transfer 
MW Limiting Facility 

OF 
% Transfer MW Limiting Facility 

LW 
% 

Transfer 
MW Limiting Facility 

OF 
% 

465 

Roseau N-Roseau S Series Caps 
500 kV 
at 100% of 1732 MVA {2000 
amps) 
0 wner{s): XCEL 
Zero Miles 

13.4 1990 
at 100% of 717 MVA {1200 

 

wner(s): XCEL 
 

Split Rock-White 345 kV line 1 

amps) 
O 
—4 Miles 

25.6 

DID NOT RUN 

1550 

Split Rock-White 345 kV line 1 
at 100% of 717 MVA {1200 
amps] 
Ownerfs]: XCEL 
—4 Miles 

24.0 

W2B 
Fargo - Add Bison-Brookings 
345 kV 

Y2B 
Iron Range - Add Bison- 
Brookings 345 kV 

T20 
Iron Range with Fargo Tap - Add 
Bison-Brookings 345 kV 

W2B1 Fargo Wind Injection Y2B1 Fargo Wind injection T2B1 Fargo Wind Injection 

'1) 

Roseau N-Roseau S Series Caps 
500 kV 
at 100% of 1732 MVA {2000 
amps] 
Owner(s): XCEL 
Zero Miles 

21.6 11,7,  
Maple River 345/230 kV tx 1 
at 100% of 336 MVA 
0 wner(s): OTP 

I 	) 1820 

Roseau N-Roseau S Series Caps 500 kV 
at 100% of 1732 MVA {2000 amps] 
0 wner{s]: XCEL 
Zero Miles 

10.8 

965 
Maple River 345/230 kV tx 1 
at 100% of 336 MVA 
Owner{s): OTP 

10.8 1i):0 
Maple River 345/230 kV tx 2 
at 100% of 336 MVA 
0 wner{s): OTP 

14.9 1945 
Maple River 345/230 kV tx 1 
at 100% of 336 MVA 
Owner{s): OTP 

1 

965 
Maple River 345/230 kV tx 2 
at 100% of 336 MVA 
0 wner(s): DTP 

10.8 17135 

Sheyenne-Maple River 230 
at 100% of 459 MVA {1152 
amps] 
Owner{s): XCEL 
—7 Miles 

20.4 1945 
Maple River 345/230 kV tx 2 
at 100% of 336 MVA 
0 wnerfs): OTP 

In 

1160 

Sheyenne-Maple River 230 
at 100% of 459 MVA (1152 
amps] 
Owner(s): XCEL 
—7 Miles 

15.0 1840 

Bison-Maple River 345 kV 
at 100% of 720 MVA {1205 
amps] 
Owner(s): MPC 
—10 Miles 

29.8 

1185 

Bison-Maple River 345 kV 
at 100% of 720 MVA {1245 
amps] 
0 wner{s]: MPC 
—10 Miles 

21.5 

1800 

Frontier-Maple River 230 kV 
at 100% of 265 MVA {665 amps] 
0 wner(s): M PC 
—11 Miles 

7.6 



Fargo 
Option 

Iron Range 
Option 

T Tap 
Option 

Transfer 
MW Limiting Facility 

DF 
% Transfer MW Limiting Facility 

LW 
% 

Transfer 
MW Limiting Facility 

OF 
11/,, 

1825 

Wall peton-Frontier 230 kV 
at 100% of 265 MVA (665 amps) 
owner(s): MPC 
—44 Miles 

7.6 

W2 B2 
Fargo/Brookings Wind 
Injection Y2B2 

Fargo/Brookings Wind 
Injection T2B2 Fargo/Brookings Wind Injection 

m 

Roseau N-Roseau S Series Caps 
500 kV 
at 100% of 1732 MVA (2000 
amps) 
0 wnerts): XCEL 
Zero Miles 

142 

NONE NONE 

1815 
Maple River 345/230 kV tx 1 
at 100% of 336 MVA 
Ownerfs): OTP 

5.7 

1820 
Maple River 345/230 kV tx 2 
at 100% of 336 MVA 
Owner(s): OTP 

5.7 

1870 

Split Rock-White 345 kV line 1 
at 100% of 717 MVA (1200 
amps) 
0 wnerfs) XCEL 
—1 Miles 

23.4 

W6A 
Fargo - Add Corridor Project 
and Bison-Split Rock 500 kV 
with SC 

Y6A 
Iron Range - Add Corridor 
Project and Bison-Split Rock 
500 kV with SC 

T6A 
Iron Range with Fargo Tap - Add 
Corridor Project and Bison-Split 
Rock 500 kV with SC 

W6A1 Fargo Wind Injection Y6A 1 Fargo Wind Injection THAI Fargo Wind Injection 
Roseau N-Roseau S Series Caps 
500 kV 
at 100% of 1732 MVA (2000 
amps) 
0 wnerts]: XCEL 
Zero Miles NONE DID NOT RUN 

W6A2 
Fargo/Brooki lig% Wind 
Injection Y6A2 

Fargo/Brookings Wind 
Injection T6A2 Fargo/Brookings Wind Injection 

DID NOT RUN DID NOT RUN DID NOT RUN 

W60 Fargo - Add Corridor Project Y613 
Iron Range - Add Corridor 
Project 

T6B 
Iron Range with Fargo Tap - Add 
Corridor Project 

W6131 Fargo Wind Injection V6.111 Fargo Wind Injection T6131 Fargo Wind Injection 



Fargo 
Option 

Iron Range 
Option 

T Tap 
Option 

Transfer 
MW Limiting Facility 

DF 
% Transfer MW Limiting Facility 

LW 
% 

Transfer 
MW Limiting Facility 

OF 
% 

315 

Roseau N-Roseau S Series Caps 
500 kV 
at 100% of 1732 MVA f2000 
amps) 
0 wner(s): XCEL 
Zero Miles 

21.4 1750 
Owner(s): OTP 

 

Maple River 345/230 kV tx 1 
at 100% of 336 MVA 15.7 

DID NOT RUN 

Yill 

Roseau N-Roseau S Series Caps 
500 kV 
at 100% of 1732 MVA (2000 
amps) 
Owner(s): XCEL 
after Bison-Brookings 345 kV 
added 

18.2 1750 
Maple River 345/230 kV tx 2 
at 100% of 336 MVA 
Owner(s): OTP 

15.7 

1'‘5 
Maple River 345/230 kV tx 1 
at 100% of 336 MVA 
Owner(s): OTP 

9.3 1825 

Sheyenne-Maple River 230 
at 100% of 459 MVA (1152 
amps) 
Owner(s): XCEL 
—7 Miles 

21.6 

1525 
Maple River 345/230 kV tx 2 
at 100% of 336 MVA 
0 wner(s): 0 TP 

9.3 1900 

Bison-Maple River 345 kV 
at 100% of 720 MVA (1205 
amps) 
Owner(s): MPC 
—10 Miles 

31.4 

1705 

Sheyenne-Maple River 230 
at 100% of 459 MVA (1152 
amps) 
Owner(s): XCEL 
—7 Miles 

13,1 

1780 

Bison-Maple River 345 kV 
at 100% of 720 MVA (1205 
amps) 
0 wnerfs): MPC 
—3 Miles 

18.6 

W68Z 
Fargo/Brookings Wind 
Injection Y61:12 

Fargo/Brookings Wind 
Injection T6I32 Fargo/Brookings Wind Injection 

DID NOT RUN DIP NOT RUN DID NOT RUN 



E3.2 Fargo and Brookings Wind Injection Results 

The Fargo/Brookings wind injection did not have as many cases that were ran as for the Fargo only wind 

injection. The wind injection is split 50/50 between Fargo and Brookings Co sites. The same amount of 

maximum power of 2000MW was used. 

Eastern Option with Fargo Tap Fargo/Brookings Wind Injection 

The eastern Fargo tap scenarios all have a 500 kV line from Dorsey to the Blackberry with 50% series 

compensation with the line tapped (T-Tap) south of the series compensation, a double circuit 345 kV 

line from T-Tap to Bison, a double circuit 345 kV line from the Blackberry to Arrowhead, two 500/345 kV 

transformers at Blackberry, one 345/230 kV transformer at Blackberry, and one 500/345 kV 

transformers at T-Tap. Only three scenarios were run for this option: T1A, T1B, and T2B. With these 

scenarios the Manitoba power and the Fargo wind injection are entering the 345 kV system at totally 

different points but are tied together. Being one half the wind injection is at Brookings Co, only the 

Bison-Maple River 230 kV line upgrade due to CapX line outages still required. The Chisago 500/345 kV 

transformer #1 and #2 upgrades are required for loss of the other transformer except for TIA which has 

the double circuit CapX Fargo-Twin Cities. The Roseau capacitors or the Stone Lake 345/151 kV 

transformer do not overload with only half the wind being injected at Fargo. The best performing 

scenario was the T1A; it provides for an independent outlet from Bison but does not tie the Bison and 

Brookings Co. wind injection areas together directly. 

The scenario with the lowest incremental cost is T1A (Fargo Tap option with CapX Fargo-Twin Cites 345 

kV double circuit line). The other two scenarios are the same cost. A chart showing the incremental 

cost is in Figure E3.2-1 . The scenario with the highest incremental cost is T1A. 



Figure E3.2-1 Incremental Transfer Cost Eastern with Fargo Tap Option Fargo/Brookings Wind Injection 

Incremental Transfer Cost 

600 

	 T1A2 - IRON RANGE WITH FARGO TAP BASE - BISON-QUARRY 345 KV #2 - FARGO/BROOKINGS INJECTION 

— • • T182 - IRON RANGE WITH FARGO TAP REMOVE BISON-QUARRY 345 KV #2 - FARGO/BROOKINGS 

INJECTION 
500 T282 - IRON RANGE WITH FARGO TAP ADD BISON-BROOKINGS 345 KV - FARGO/BROOKINGS INJECTION 

400 

! 
300 

0 
u 

..- 

200 

100 

. 	• 
I 	 1 	 1 	 1 

0 	 200 	400 	 600 	 800 	1000 	1200 	1400 	1600 	1800 	2000 

Transfer MW 



Comparison of Options Fargo/Brookings Wind Injection 

The least incremental cost scenario is Y2A, eastern option with 500 kV line Bison-Brookings County. The 

500 kV line only goes from Bison to Brookings County with transformers required at both ends. It 

provides to two independent outlets from Fargo for the wind injection. The eastern option with a 345 

kV line is a very close second. The eastern option with the tap T1A ties the Manitoba power and both 

wind injection sites together, overloading the Split Rock-White 345 kV line requiring an upgrade. T1A 

also includes Stone Lake and Chisago Country #1 and #2 transformers upgrades. A chart showing the 

incremental cost is in Figure E3.2-3 . A table with the incremental costs is shown in Table E3.2-2 . 

The most costly incremental is W1A, there are no additional independent outlets for the wind injections 

and upgrades to the 230 kV system in the Red River Valley. 

The eastern option has the first limiters occurring at higher wind injection than the other two options. 

For the eastern option with and without the tap the Split Rock-White 345 kV line is usually the first 

limiter. For the western option the Roseau capacitor bank is the first limiter. See Table E3.1-6 for the 

complete list of first limiters. 

The eastern option only had one system intact overload, Y2A, Split Rock-White 345 kV line at 1990 MW. 

The eastern option with the Fargo tap had none. The western option had the Roseau capacitor bank 

and Split Rock-White 345 kV line for some of the scenarios. A table showing the system intact overloads 
is in TableE3.1-7 



Table E3.2-2 Cost Comparison Fargo/Brookings Wind Injection 

FARGO 

SOO.MW 

IRON 

RANGE 

500 MW 

IRON 

RANGE w/ 

T Tap 

500 MW 

FARGO 

1000 IV1W 

IRON 

RANGE 

1000 MW 

IRON 

RANGE w/ 

T Tap 

1000 MW 

FARGO 

1500 MW 

IRON 

RANGE 

1500 MW 

IRON 

RANGE 

%fie/ T Tap 

1500 

MW 

FARGO 

2000 

MW 

IRON 

RANGE 

2000 

MW 

IRON 

RANGE 

w/ T -rap 

2000 

MW 

lA :Base (273 
3 0 0 0 0 N/A 12 17 N/A 196 176 

Bison-Quarry 42 @ 740 MW) 

1AP (297 
0 0 N/A 292 0 N/A 26 N/A N/A 209 N/A 

Add Gienhoro Phase Shifter 0 1030 MVO 

10 (284 
0 0 N/A 0 0 N/A 25 67 N/A 217 229 

Remove Bison-Quarry 12 @ 75 MW) 

2A (0 

Add Bison-Brookings 500 kV 0 N/A N/A 0 N/A N/A 12 N/A N/A 171 N/A 

with SC 
@ 465 MOO 

2B (0 
0 0 N/A 0 0 N/A 12 17 N/A 174 229 

Add Bison-Brookings 345 kV @ 0 MW) 



Figure E3.2-3 Incremental Transfer Cost Fargo/Brookings Wind Injection 

Incremental Transfer Cost 

700 
	W1A2 - FARGO BASE - BISON-QUARRY 345 KV #2 - FARGO/BROOKINGS INJECTION 

	Y1A2 - IRON RANGE BASE - BISON-QUARRY 345 KV #2 - FARGO/BROOKINGS INJECTION 

	T1A2 - IRON RANGE WITH FARGO TAP BASE - BISON-QUARRY 345 KV #2 - FARGO/BROOKINGS INJECTION 
600 — 

— • •  W1B2 - FARGO REMOVE BISON-QUARRY 345 KV #2 - FARGO/BROOKINGS INJECTION 

— • •  Y1B2 - IRON RANGE REMOVE BISON-QUARRY 345 KV #2 - FARGO/BROOKINGS INJECTION 

• • T1B2 - IRON RANGE WITH FARGO TAP REMOVE BISON-QUARRY 345 KV #2 - FARGO/BROOKINGS INJECTION 500 — 

— • —W2A2 - FARGO ADD BISON-BROOKINGS 500 KV WITH SC - FARGO/BROOKINGS INJECTION 

— • —Y2A2 - IRON RANGE ADD BISON-BROOKINGS 500 KV WITH SC - FARGO/BROOKINGS INJECTION 

400 	-- 

a 
W2B 2 - FARGO ADD BISON-BROOKINGS 345 KV - FARGO/BROOKINGS INJECTION 

Y2B2 - IRON RANGE ADD BISON-BROOKINGS 345 KV - FARGO/BROOKINGS INJECTION 

uIS T2B2 - IRON RANGE WITH FARGO TAP ADD BISON-BROOKINGS 345 KV - FARGO/BROOKINGS INJECTION 

300 • • 
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200 
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o 	 200 	 400 	 600 	 800 	 1000 	1200 	1400 	1600 	1800 	2000 

# 	Limit Due to Roseau Series Cap Loading 	 Transfer MW 

• First occurrence of Roseau series Cap limit, possible mitigation add Bison-Brookings 345 kV Line 


