DRAFT

Big Stone |1
Generator Interconnection Study

Performed by

Onsn Tan

POWER COMPANY

Delivery Planning Department

For the

MAPP Design Review Subcommittee (DRS)

August 18, 2006






2.1
2.2
2.3
2.4
2.5
2.6

5.1
5.2
5.3
5.4

Table of Contents

TABLE OF CONTENTS ...ttt ittt eeeeestesesseeeensnnnsssseeessennsnnnsseeeeeeeennnns 2
LIST OF APPEND I CES ...ttt et tetesesetsseseseeeseseseeeeeeeseeeeeaeeeieeeeeeeeeseees 5
LIST OF FIGURES ... .ooiiiiiiiiiiii oottt e e eeeeeeeeeeaassssessseennsnnnsssseeeeeensnnnnnseeeeees 9
[ SR O AN = ] I s T T 10
DISCLAIMER ..ottt e e e e et e e e e e e eeseeeeeseseaeaeseseseeerereeeseraeeaees 11
PREFACE . ...t nnnnnnnnnsnnnnns 13
EXECUTIVE SUMMNARY ..ot eeeeaeeeeeeeesssssessseenennnnsssseeeeeeennnnnnssas 15
STEADY STATE ANALYSIS OF 230 KV ALTERNATIVES ...cooiiiie i 15
STEADY STATE ANALYSIS OF 345 KV ALTERNATIVES ...uuuiiieeeeieeeiieeeeeeeeeeeeeesieeaseesesseesnnns 17
TRANSIENT STABILITY ANALY SIS ittt tiitt ettt 18
SHORT CIRCUIT ANALYSIS .oiiiiieeeettt et e e e et ettt eaeseeeeseeeeesaatssseessseessnasssesersesssannasseeeereensnnns 20
LSS AINALY SIS rvtttteeeeueteeseseseeeeesaeseaeasesesasee e s ss s s e e s s s e s e s e e s s e s s s s e s e e e s e e n e e e ne e e nnnennnnnnnnnnnn e 20
GENERAL CONCLUSION ..ttt ieeeteeette s e e eeeaeeeaetaassseessseessssnnssssessssesssnnasseeseesessssnnasseeeereeesnnns 21
INTRODU CT ION . ..ottt e ettt ettt ttssssstsesateseteresereeeteeeeeteeetereeetereteeteereteeeeeeeeereeeees 23
ST UD Y SO OPE. ..ttt i et ettt e e ettt e e e et e ee et et ae e e e eeeeeeeeees s st seeeeeeeeeseannsseeeeesesssannnsseeeereensnnns 23
EXISTING BIG STONE TRANSMISSION FACILITIES ..vvvvieeeeeeeeeeeeeeeeeeeeeeeeeseesesesesesssssessessesenens 23
230 KV INTERCONNECTION ALTERNATIVES..........oooovvieciiiiiieeeeiiieeeeee 25
230 KV INTERCONNECTION ALTERNATIVE L. 25
230 KV INTERCONNECTION ALTERNATIVE 2.... e e eeeeeeeee e e e eeeeeeieeeseeeeaeseessaasseeessseesnnns 27
STEADY STATE MODEL DEVELOPMENT ... 29
MODELING OF PRIOR QUEUED GENERATION ....ccitviiiiiteiiieeiieeesiseesssneesssseesssseessssessnssessnns 29
MODELING OF EXISTING GENERATION ....ettttttettetaesesesessesessssssssssssssssssssssssssssssssssssssssssssssees 29
BIG STONE || DISPATCH ASSUMPTIONS ..vveeieeeeeeeeeeteaaseeeeeseeessennsssesessssesssnassesssssessssnnnaaes 29
STEADY STATE STUDY IMODELS .. .ooiiii ettt 30
STUDY PROCEDWURE ........coooiiiiiiiiiiiiiiieeeie e eeeeeessteeeaeeeeeennnssssseesseesennnsssseeeseeennnns 33

Big Stone Il Generator Interconnection Study Page 2



6.1  STUDY CRITERIA ...ttt ettt ettt stte ettt e sttt e s bb e e s nbe e e s b e e s abe e e sa b e e e ssb e e e nbb e e e nbbeeenbneeanseeeenes 33

7.0 STEADY STATE POWER FLOW ANALYSIS RESULTS FOR 230 KV

A L T E RN A T IV E S L ittt ittt e ettt et e e sttt eeetabseeeesiaseeseetsseeeetansaeeeeabbsesesinssesesssrreeeaas 35
7.1 2007 SUMMER OFF-PEAK CONDITIONS ..tttiiiiieiiiiiiiiiiiisieeessssibbrerssesssssssssbssesssessssssssssssssas 35
7.1.1 LOADING VIOLATIONS ..ot 35
7.1.1.1 230 kV Interconnection AREMNALIVE L........cccccovviiiiiiiiiiiee e 35
7.1.1.2 230 KV Interconnection AREINAtIVE 2..........ocoiiviiiiiiiiiie ettt 36
T.01.2  VOLTAGE VIOLATIONS ....ttttieiiittieeeiiitteeeesittreeesiisseeessasssssssassssesssssssssssassssssssssssssesssssseesns 37
7.1.2.1 230 KV Interconnection ARErNAtIVE L..........ccoiiviiiiiiiiiie ettt 37
7.1.2.2 230 KV Interconnection AREIMALIVE 2........cc.oeiiiiiiiiiiiiiee e 37
7.2 2007 SUMMER PEAK CONDITIONS......cccttttiiiitiieesiitreeeeisisreesssssreeeessssssseessssssesssssssesssssssseeans 38
T7.2.1  LOADING VIOLATIONS ...cciiutteeeiiitteeeeiiitteeesaitsresesiissasessaissessssassssessssssssessassssessssssssssssssssseesns 38
7.2.1.1 230 KV Interconnection ARErNAtIVE L.........cccoiiviiiiiiiiiiie et 38
7.2.1.2 230 KV Interconnection AREINALIVE 2........cc.oeivviiiiiiiiciie e 40
7.2.2  VOLTAGE VIOLATIONS ...oiiittttiiiieeeisiiibtbreesesesssssbbbsseessaessssssbbbbasssaessssssabbbbeesssessssssssbassnssas 41
7.2.2.1 230 kV Interconnection AREMMNALIVE L........cccccoviiiiiiiiiiiee e 41
7.2.2.2 230 KV Interconnection AREINAtIVE 2...........coiiiiiiiiiiiiie ettt 43
7.2.3 STEADY STATE ANALYSIS CONCLUSION OF 230 KV ALTERNATIVES ....ccovveeeiirrieeeiirveneenns 43
8.0 STEADY STATE ANALYSIS RESULTS FOR 345 KV ALTERNATIVE................. 45
S A 1N = {0116 o ol (] O 45
8.2 STUDY CRITERIA ..oiiiiititee e ittt e e ettt e e sttt e e e sttt e e e s sibbaeeesabbeeeesaabaeeeesbbaeeesaabaeeeeaasraeeesssreeeeans 45
8.3  IMIODEL DEVELOPMENT ....ciitttttiiiiee e it siibtbrees s s e s s s ssbbbbeee s s e e s s s ssbbbb b e e e s e essssaabbbbeesesasssssbbbbaeeeeas 46
8.3.1 ADDITION OF SOUTHWEST MINNESOTA = TWIN CITIES EHV FACILITIES .....ccvvveiiivinnn. 46
N N Y/ To ] o) = I ANIS U1 Y, 1= i (0] N O 47
8.5  LINE LOADING RESULTS . tttiiiiiitiiiieiiittte e e ettt e e s sttt e e seaae e e s s sabaeeessbbaeeesanbaeeeessnbaeessssraseeans 50
8.5.1 EXISTING SYSTEM FACILITIES. ....ttiiiiiiitiiieeiiiteeesiitreeeeseirteeeesitbaeeessabaeeessbaseessssrseesssnsraseesns 50
8.5.1.1 System INtact CONGITIONS .........coviiiiiiieiiee e sre e sreas 50
8.5.1.2  ContingenCy CONUITIONS........ceiuiiiiiiiieieieie sttt nns 50
R N[ VYA o N o 1 =TSO 51
8.5.2.1 System INtaCt CONTITIONS ........oiviiiiiiiieiieiee e 51
8.5.2.2  ContingenCy CONUITIONS. ......ccveiieeiiiieie e ese e ste et sre et re e e reesaeeeenreas 52
8.6 STEADY STATE ANALYSIS CONCLUSION FOR 345 KV ALTERNATIVE ..cccivvieeiieeiiiiiiineeenan. 53
9.0 TRANSIENT STABILITY ANALYSIS ..ot 55
Lo I R 1N = 10156 o il [ N O OOR 55
9.2 MODELING ASSUMPTIONS (SUBSTATION ONE-LINES) ....coiiiiiiiieierieniesiesie e, 56
9.3 TRANSIENT STABILITY STUDY CRITERIA ...ooiiii ittt siiittre s sabbrne e e sabbareee s 65
9.4 TRANSIENT STABILITY ANALYSIS RESULTS....coiiictttiiiiie e eerrteee e e e sivtbree e s e e s ssvbaeene s 66
9.5 TRANSIENT STABILITY ANALYSIS CONCLUSION ..utttiiiiieeiiiiiiitiieieee e s ssisiiseenssesssssssssseesens 66

Big Stone Il Generator Interconnection Study Page 3



10.0 SHORT CIRCUIT ANALYSIS ...ttt 69

O R [N = 0] n 10 Lo 1 [ ] N TS 69
10.2 CONTINUOUS CURRENTS. . .cciitttieeeiittteeeeiitteeessitreesssssseeessaissessssassssssssssseseessssssessssssssessanes 69
10.3  FAULT CURRENTS oiiiiiiiiiittititt ettt et e s s e s s s s sbb bbb e e s s e e s e s s s bbb b e e e e s e e s s s saabb bbb e e e e eesssssabbbbbeeeeas 69
10.3.1 230 KV ALTERNATIVES ..uttttiiiiei i it iiiittitiee s e s s s s sssbbasessssssssssisbbbbsesssasssssssbbbbasssssesssssssbassessas 69
10.3.1.1 Three-Phase Fault CUITENTS........ccuviiuie ittt eree e 69
10.3.1.2 Single Line-To-Ground Fault CUIMTENTS.........coiiiiiiie e 70
10.3.2 345 KV ALTERNATIVES ..teiiiiittieeeiitttee e s etteeessitbaeeessibbaeeessabsaeessasbaesessbaeeeesassaeeessanreeeesanses 71
10.3.2.1  Three-Phase Fault CUIMENTS........ccuuiiiiiiiiie ittt ae e 71
10.3.2.2 Single Line to Ground Fault CUMTENTS.........ccceiieieeie e seese e sae e 72
10.4 PROTECTION SCHEMES ...uvviiiiitiieeeiittteeesetteeessittaeeessitbeeesssssesessasbaeeesasseseesasaseessssseeessanses 73
10.5 SHORT CIRCUIT ANALYSIS CONCLUSION.......ccctttttiiiieeieiisiitrriere s e e e s ssisbbrseess e s s s s ssssssssesseas 74
11.0 LOSS ANALYSISOF 230 KV ALTERNATIVES .....oiiiiiiiiiii s 75
111 INTRODUCTION tiiiiitieieteist e ee s e s et s e e s e s e s s e s s s e s s s s s s saasnsassnnnnnnnnnan 75
11.2 SUMMER OFF-PEAK CONDITIONS ... uuutiiiiittiieeiitreeesiitteeeessisreeesasssseessssssesesssssssessssssssessanes 75
11.3  SUMMER PEAK CONDITIONS ....cccitiiittttiiieeeeessiitbbtreessesesssssbbbssesssessssssssbsssssssssssssssssssssssss 75
11.4  LOSS ANALYSIS CONCLUSION. . ..cciiitiieeiiitreteeiitreeessitbeeesssisreeessasbaeesssssaeeeesasssessssssesessannes 76
12.0  CONCLUSION Liittiiiiiittiii ittt s ittt s s sst et sseetterssstettessetasetessesesserasstbbersesabeersasiteresasass 77

Big Stone Il Generator Interconnection Study Page 4



I List of Appendices

Appendix A

Appendix B

Appendix C

Appendix D

Appendix E

Appendix F

PSS/E Machine Characteristics of Proposed Interconnection

2007 Summer Off-peak Contingency Analysis Results
B.1.1 Loading Violations for Interconnection Alternatives 1 and 2
B.1.2 Voltage Violations for Interconnection Alternatives 1 and 2

2007 Summer Peak Contingency Analysis Results
C.1.1 Loading Violations for Interconnection Alternatives 1 and 2
C.1.2 Voltage Violations for Interconnection Alternatives 1 and 2

One-Line Diagrams of 345 kV Alternatives

D.1.1 Summer Peak, System Intact Conditions

D.1.2 Summer Peak, N-1 Contingency Conditions
D.2.1 Summer Off-peak, System Intact Conditions
D.2.2 Summer Off-peak, N-1 Contingency Conditions

Transient Stability Study Report by Siemens PTI

Transient Stability Reports from Stability Package Simulations
F.1.1 Existing System, NDEX at 2080 MW

F.1.1.1 Regional Disturbances

F.1.1.2 Local 3 Phase Faults

F.1.1.3 Local Single Line-To-Ground Faults
F.1.2 230 kV Alternative 1, NDEX at 2080 MW

F.1.2.1 Regional Disturbances

F.1.2.2 Local 3 Phase Faults

F.1.2.3 Local Single Line-To-Ground Faults
F.1.3 230 kV Alternative 2, NDEX at 2080 MW

F.1.3.1 Regional Disturbances

F.1.2.2 Local 3 Phase Faults

F.1.3.3 Local Single Line-To-Ground Faults
F.1.4 230 kV Alternative 1, NDEX at 2450 MW

F.1.4.1 Regional Disturbances

F.1.4.2 Local 3 Phase Faults

F.1.4.3 Local Single Line-To-Ground Faults
F.1.5 230 kV Alternative 2, NDEX at 2450 MW

F.1.5.1 Regional Disturbances

F.1.5.2 Local 3 Phase Faults

F.1.5.3 Local Single Line-To-Ground Faults
F.1.6 345 kV Alternative 1, NDEX at 2080 MW

F.1.6.1 Regional Disturbances

F.1.6.2 Local 3 Phase Faults

F.1.6.3 Local Single Line-To-Ground Faults
F.1.7 345 kV Alternative 2, NDEX at 2080 MW

Big Stone Il Generator Interconnection Study

Page 5



F.1.7.1 Regional Disturbances
F.1.7.2 Local 3 Phase Faults
F.1.7.3 Local Single Line-To-Ground Faults
F.1.8 345 kV Alternative 1, NDEX at 2450 MW
F.1.8.1 Regional Disturbances
F.1.8.2 Local 3 Phase Faults
F.1.8.3 Local Single Line-To-Ground Faults
F.1.9 345 KkV Alternative 2, NDEX at 2450 MW
F.1.9.1 Regional Disturbances
F.1.9.2 Local 3 Phase Faults
F.1.9.3 Local Single Line-To-Ground Faults
F.1.10 Prior Outage Analysis of Existing System, NDEX at 2080 MW
F.1.10.1 Local 3 Phase Faults
F.1.10.2 Local Single Line-To-Ground Faults
F.1.11 Prior Outage Analysis of 230 kV Alternative 1, NDEX at 2450 MW
F.1.11.1 Local 3 Phase Faults
F.1.11.2 Local Single Line-To-Ground Faults
F.1.12 Prior Outage Analysis of 230 kV Alternative 2, NDEX at 2450 MW
F.1.12.1 Local 3 Phase Faults
F.1.12.2 Local Single Line-To-Ground Faults
F.1.13 Prior Outage Analysis of 345 kV Alternative 1, NDEX at 2450 MW
F.1.13.1 Local 3 Phase Faults
F.1.13.2 Local Single Line-To-Ground Faults
F.1.14 Prior Outage Analysis of 345 kV Alternative 2, NDEX at 2450 MW
F.1.14.1 Local 3 Phase Faults
F.1.14.2 Local Single Line-To-Ground Faults

Appendix G Transient Stability Plots from Stability Package Simulations

G.1.1 Existing System, NDEX at 2080 MW

G.1.1.1 Regional Disturbances

G.1.1.2 Local 3 Phase Faults

G.1.1.3 Local Single Line-To-Ground Faults
G.1.2 230 kV Alternative 1, NDEX at 2080 MW

G.1.2.1 Regional Disturbances

G.1.2.2 Local 3 Phase Faults

G.1.2.3 Local Single Line-To-Ground Faults
G.1.3 230 kV Alternative 2, NDEX at 2080 MW

G.1.3.1 Regional Disturbances

G.1.2.2 Local 3 Phase Faults

G.1.3.3 Local Single Line-To-Ground Faults
G.1.4 230 kV Alternative 1, NDEX at 2450 MW

G.1.4.1 Regional Disturbances

G.1.4.2 Local 3 Phase Faults

G.1.4.3 Local Single Line-To-Ground Faults
G.1.5 230 kV Alternative 2, NDEX at 2450 MW

G.1.5.1 Regional Disturbances

Big Stone Il Generator Interconnection Study Page 6



Appendix H

G.1.5.2 Local 3 Phase Faults
G.1.5.3 Local Single Line-To-Ground Faults
G.1.6 345 kV Alternative 1, NDEX at 2080 MW
G.1.6.1 Regional Disturbances
G.1.6.2 Local 3 Phase Faults
G.1.6.3 Local Single Line-To-Ground Faults
G.1.7 345 kV Alternative 2, NDEX at 2080 MW
G.1.7.1 Regional Disturbances
G.1.7.2 Local 3 Phase Faults
G.1.7.3 Local Single Line-To-Ground Faults
G.1.8 345 kV Alternative 1, NDEX at 2450 MW
G.1.8.1 Regional Disturbances
G.1.8.2 Local 3 Phase Faults
G.1.8.3 Local Single Line-To-Ground Faults
G.1.9 345 kV Alternative 2, NDEX at 2450 MW
G.1.9.1 Regional Disturbances
G.1.9.2 Local 3 Phase Faults
G.1.9.3 Local Single Line-To-Ground Faults
G.1.10 Prior Outage Analysis of Existing System, NDEX at 2080 MW
G.1.10.1 Local 3 Phase Faults
G.1.10.2 Local Single Line-To-Ground Faults
G.1.11 Prior Outage Analysis of 230 kV Alternative 1, NDEX at 2450 MW
G.1.11.1 Local 3 Phase Faults
G.1.11.2 Local Single Line-To-Ground Faults
G.1.12 Prior Outage Analysis of 230 kV Alternative 2, NDEX at 2450 MW
G.1.12.1 Local 3 Phase Faults
G.1.12.2 Local Single Line-To-Ground Faults
G.1.13 Prior Outage Analysis of 345 kV Alternative 1, NDEX at 2450 MW
G.1.13.1 Local 3 Phase Faults
G.1.13.2 Local Single Line-To-Ground Faults
G.1.14 Prior Outage Analysis of 345 kV Alternative 2, NDEX at 2450 MW
G.1.14.1 Local 3 Phase Faults
G.1.14.2 Local Single Line-To-Ground Faults

One-Line Diagrams of 230 kV Alternatives from 2007 Summer Off-Peak Case
H.1.1 System Intact
H.1.1.1 Existing System
H.1.1.2 Alternative 1
H.1.1.3 Alternative 2
H.1.2 N-1 Contingencies
H.1.2.1 Existing System
H.1.2.2 Alternative 1
H.1.2.3 Alternative 2
H.1.3 N-2 Contingencies
H.1.3.1 Existing System
H.1.3.2 Alternative 1

Big Stone Il Generator Interconnection Study Page 7



H.1.3.3 Alternative 2

Appendix I  One-Line Diagrams of 230 kV Alternatives from 2007 Summer Peak Case

1.1.1 System Intact
1.1.1.1 Existing System
1.1.1.2 Alternative 1
1.1.1.3 Alternative 2

1.1.2 N-1 Contingencies
1.1.2.1 Existing System
1.1.2.2 Alternative 1
1.1.2.3 Alternative 2

1.1.3 N-2 Contingencies
1.1.3.1 Existing System
1.1.3.2 Alternative 1
1.1.3.3 Alternative 2

Big Stone Il Generator Interconnection Study Page 8



111 List of Figures

Figure 3-1:
Figure 4-1:
Figure 4-2:
Figure 8-1:
Figure 8-2:
Figure 9-1:
Figure 9-2:
Figure 9-3:
Figure 9-4:
Figure 9-5:

Existing Transmission Facilities around Big Stone Plant............ccccoccvvievivecieiienenn, 24
Geographic Map of Interconnection Alternative L .......c..ccccoovveviiiiiciic e 26
Geographic Map of Transmission AIErnative 2..........cccccvveveeieviesn e, 27
New Facilities identified by the "SW MN - Twin Cities EHV" Study .................. 47
One-Line Diagram of Big Stone 345 kV Alternative 1.........ccccccovevevviievveriesnennnn, 49
One-Line Diagram of Existing TransmiSSion SYStEM ........cccccovvvreerenienneerieseennean, 57
Proposed Layout of the Existing Big Stone 230 kV Substation ...............ccccceevenenn. 59
Proposed Layout of Future Big Stone 11 345 KV Substation .............ccccoceeevviiinnne. 60
Proposed Layout of Existing Johnson Jct. Substation ...........ccccccevveveiievecieciennen, 62
Proposed Layout of the Canby 230/115 KV Substation...........ccccccceveviieiieeiiciinenne, 64

Big Stone Il Generator Interconnection Study Page 9



IV List of Tables

Table 1-1: Big Stone Il Interconnection AIErNAtIVES..........cccveveeieiieere e 13
Table 2-1: 230 kV Interconnection Alternatives for Big Stone 1l Study..........ccccovoveviiniienene. 15
Table 2-2: Overloaded Elements for Summer Off-peak Conditions...........cccccvevevivevveieivernene, 16
Table 2-3: Overloaded Elements for Summer Peak Conditions...........ccoccevveienienenncniin e 16
Table 2-4: Voltage Violations for Summer Off-peak Conditions ...........cccccvevveveiieereeiie e 16
Table 2-5: Voltage Violations for Summer Peak Conditions...........ccoovvveiieieniieneeicsie e 17
Table 2-6: Required Upgrades for 230 kV Interconnection Alternative 1 .........ccccccevvvvvvivennenne 17
Table 2-7: Required Upgrades for 230 kV Interconnection Alternative 2 ...........cccccoevvvevivennnen, 17
Table 2-8: Alternatives Included in the Transient Stability Analysis..........cccccevvvieiviieiiiernene 18
Table 4-1: 230 kV Interconnection Alternatives for Big Stone Il Study ..........ccccovveviiinineninne. 25
Table 5-1: Previously Queued Generation Projects Added to Models..........cccoovvivevviicivennenne 29
Table 5-2: 2007 Summer Peak Steady State Analysis Models...........cccooeviiiniininiiie e 30
Table 5-3: 2007 Summer Off-peak Steady State Analysis Models............cccoocvvievieiiccciieiee 31
Table 7-1: Loading Violations for 230 KV Alternative 1 ... 35
Table 7-2: Potential Loading on 230 kV Interconnection FacilitiesS............ccocvevvviveiviiiciveriene 36
Table 7-3: Loading Violations for 230 KV AIternative 2 .........cccocoieiiiiineneneseeceee e 36
Table 7-4: Voltage Violations for 230 KV AIernative 2.........cccoeeviveiveie v 38
Table 7-5: Loading Violations for 230 KV Alternative 1 .........cccocoieiiiiinienene e 39
Table 7-6: Potential Loading on 230 kV Interconnection FacilitiesS............ccocvevviiveiviicivennene 40
Table 7-7: Loading Violations for 230 KV AIternative 2 ... 41
Table 7-8: Voltage Violations for 230 KV Alternative 1.........cccoovviiiiviieiiese e 42
Table 7-9: Voltage Violations for 230 KV AIternative 2.........cccooeieeniiienieiene e 43
Table 7-10: Required Upgrades for 230 kV Interconnection Alternative 1 ...........cccccveevvvenenne. 43
Table 7-11: Required Upgrades for 230 kV Interconnection Alternative 2 ...........ccccceevvevvennnen. 44
Table 8-1: Maximum Loading on Existing Outlet Facilities for “System Intact” Conditions for
Big Stone 11 345 KV AIEINAIVE L.....cc.ooiiiieiieeee e e 50
Table 8-2: Maximum Loadings on Existing Outlet Facilities for “N-1" Conditions .................. 51
Table 8-3: Maximum Loadings on New Outlet Facilities for “System Intact” Conditions for Big
Stone 11 345 KV AREINALIVE L.......ooviiiiieiiiiiiee e b 52
Table 8-4: Maximum Loadings on New Outlet Facilities for “N-1” Conditions...............c.c...... 53
Table 9-1: Transient VVoltage Criteria for Specific Buses (in p.u. voltage) ........ccccccevvevevvernenne. 65
Table 9-2: Relay Margins for U.S. — Canada Tie LINeS ........ccccceiiiiiiiiiieiieneeeesee e 66
Table 9-3: Interconnection Alternatives Included in the Transient Stability Analysis................ 66
Table 10-1: Three-Phase Fault Currents (in Amps) with 230 kV Alternatives 1 and 2 .............. 70
Table 10-2: Single Line-To-Ground Fault Currents (in Amps) With...........ccoovvveviiiviic e, 71
Table 10-3: Three-Phase Fault Currents (in Amps) with 345 kV Alternatives 1 and 2 .............. 72
Table 10-4: Single Line-To-Ground Fault Currents (in Amps) fOor.........cccooevviievievneic e 73
Table 11-1: Loss Analysis Results by Control Area for Summer Off-peak Conditions ............. 75
Table 11-2: Loss Analysis Results by Control Area for Summer Peak Conditions.................... 76
Table 12-1: Required Upgrades for 230 kV Interconnection Alternative 1 .........c.cccccoovvveviennnenn 78
Table 12-2: Required Upgrades for 230 kV Interconnection Alternative 2 ...........cccccvevevvernenne. 78

Big Stone Il Generator Interconnection Study Page 10



V Disclaimer

The information contained in this study report is in draft form and may be subject to revision,
verification, and/or additional evaluation. The person receiving such information from the
Midwest 1SO or Otter Tail Power Company may use this information only with the full
knowledge that this draft information cannot be relied upon as accurate.

Big Stone Il Generator Interconnection Study Page 11



Big Stone Il Generator Interconnection Study Page 12



1.0 Preface

The Big Stone Il interconnection study has been on-going since the beginning of 2004 with
various aspects of the interconnection and system impact studies being performed
simultaneously. In November of 2004, the steady state contingency analysis results from the Big
Stone Il interconnection study were released in a draft report from the Midwest Independent
System Operator (MISO). This draft report included system limitations identified within the area
of interconnection during contingency analysis of a 2007 summer peak and 2007 summer off-
peak case. Within this report, two interconnection alternatives were identified to facilitate the
interconnection of the proposed Big Stone 11 unit. These interconnection alternatives were:

Table 1-1: Big Stone Il Interconnection Alternatives

1. New 230 kV line from Big Stone to Ortonville with an upgrade of the Ortonville to
Johnson Junction to Morris 115 kV line to 230 kV with a new 230 kV line from Big
Stone to Canby and an upgrade of the Canby to Granite Falls 115 kV line to 230 kV.

2. New 230 kV line from Big Stone to Willmar with a new 230 kV line from Big Stone to
Canby with an upgrade of the Canby to Granite Falls 115 kV line to 230 kV.

Since the release of the draft report that documented the steady state contingency analysis
results, alternative 1 has been modified to eliminate the proposed Ortonville 230/115 kV
transformer due to physical substation size limitations and the 1.25-mile corridor that leads to
and from the substation.

As part of the MISO interconnection study, transient stability and short circuit analysis were
completed back in February 2006. This effort back in February included the Post Group 2
stability cases from MISO that included a massive amount of prior queued generation within the
MAPP region without adequate transmission reinforcements to accommodate these prior queued
projects. As a result, the pre-disturbance case was overly stressed with several critical lines and
interfaces loaded well beyond their thermal limits.

After a detailed stability analysis, it was determined that the condition of the pre-disturbance
model was so degraded that it was not suitable for the Big Stone 11 stability analysis. However,
the analysis procedure on this overly stressed case did allow for some insight into what is
considered to be the most critical contingencies in the local vicinity of Big Stone.

During this same timeframe there were several other generation interconnection studies
underway. Most notable was the Excelsior Energy (Mesaba) study for a new unit up in northern
Minnesota. The interconnection study for Mesaba included an effort by Minnesota Power to
develop a new stability model with prior queued generation projects loaded into the case to more
accurately match the capability of the transmission system. Many of the prior queued generation
projects in SW MN were not included in this model since there was not adequate transmission
proposed yet to accommodate the amount of queued generation. As a result of building this new
stability model with more accurately matched generation patterns, the loadings on critical
transmission lines and interfaces were held within their thermal limits.

Big Stone Il Generator Interconnection Study Page 13



After the stability analysis of the 230 kV alternatives on the Post Group 2 model, MISO
determined that this later stability model developed for the Mesaba study was more appropriate
for the Big Stone Il interconnection study. Siemens PTI was hired as a sub-contractor to OTP to
perform the transient stability analysis since they were most familiar with the study models and
stability package used in the Mesaba studies.

The initial stability analysis (completed back in February) included an investigation of the two
230 kV alternatives identified above in Table 1-1. In response to regional study efforts going on
within this region, (i.e. SW MN - TC EHV Study, CapX 2020 Vision Study, MISO Northwest
Exploratory Study), the Big Stone Il participants have submitted a Certificate of Need
Application to the State of Minnesota stating that their preferred transmission alternative
includes constructing the southern portion of their transmission plan (i.e. Big Stone — Granite
Falls) to 345 kV standards, but initially operate the line at 230 kV until a time in which a 345 kV
transmission path can be extended from western Minnesota into the Twin Cities. This external
345 kV transmission project considered to trigger the Big Stone to Granite Falls line to be
upgraded to 345 kV is the SW MN - TC EHV project. This project is currently proceeding
through the permitting phase and is expected to be in-service in the 2011 to 2012 timeframe.
Since the timing of the Big Stone Il transmission plan is so closely aligned with the expected in-
service date of this 345 kV EHV line, studies have been completed for both the 230 kV
alternatives and the 345 kV alternatives.

With the knowledge of this modified transmission plan, the transient stability analysis has been
performed for both the 230 kV transmission alternatives and for these same alternatives with the
southern line at 345 kV to interconnect with the proposed SW MN - TC EHV line at a new
substation called Hazel Run.

This study is intended to serve a dual purpose in that it is intended to meet the study
requirements of both the MAPP DRS and the Midwest ISO (MISO). Due to the differences in
study requirements, the transient stability analysis considered two different export levels across
the North Dakota Export (NDEX) interface. MISO requires the NDEX interface to be
maintained at the current level of 2080 MW while the MAPP DRS requires an increase in the
NDEX interface limit if the Big Stone Il project desires to deliver power across the interface.
Due to the current make-up of the project, approximately 370 MW of the 600 MW project was
assumed to be delivered to those project participants with load outside NDEX. The new NDEX
level with Big Stone 11 deliveries across NDEX was assumed to be 2450 MW based on the
current definition of NDEX. The transient stability analysis has been completed at both the 2080
MW and 2450 MW NDEX levels to meet the requirements of both MAPP and MISO.

To also assess the impact of operating the southern line at 345 kV, additional steady state
analysis has also been completed for the Morris alternative since it is the preferred project by the
Big Stone Il participants.

This report will document the results for the 230 kV and 345 kV variations of the Morris option
and the Willmar option for the steady state, transient stability, and short circuit analyses
completed as part of the Big Stone Il interconnection study.
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2.0 Executive Summary

A Generator Interconnection Evaluation Study (hereas referred to as “Study” or “Big Stone 11
Study”) has been completed for a 600 MW coal-fired base-load generating facility to be located
at the existing Big Stone plant site in Grant County, South Dakota. The proposed in-service date
for this project is early 2011.

This Study has identified possible impacts that this proposed generator may have on the existing
transmission system. The objectives of this Study were to:

e Identify thermal overloads and voltage violations resulting from the interconnection of
Big Stone 11

e |dentify unstable conditions or transient voltage concerns that may result from the
interconnection of Big Stone 11

e |dentify potentially increased fault duties to existing equipment from the interconnection
of Big Stone Il

In order to meet the objectives of this Study, steady state power flow analysis, transient stability
analysis, and short circuit analysis have been completed. While performing these different types
of analyses, two different transmission alternatives were evaluated independently to determine
the impact of the proposed generator interconnection on the existing transmission system. Both
of these alternatives have one common aspect, which is the addition of a new 230 kV line
(capable of operating at 345 kV) from Big Stone to Canby with an upgrade from 115 kV to 230
kV of the existing line from Canby to Granite Falls.

The two 230 kV alternatives studied for this interconnection request are shown below in Table 2-
1.

Table 2-1: 230 kV Interconnection Alternatives for Big Stone 11 Study

1. New 230 kV line from Big Stone to Ortonville with upgrade of Ortonville to Johnson
Junction to Morris 115 kV line to 230 kV with new 230 kV line from Big Stone to Canby
and an upgrade of the Canby to Granite Falls 115 kV line to 230 kV.

2. New 230 kV line from Big Stone to Willmar with new 230 kV line from Big Stone to
Canby with an upgrade of the Canby to Granite Falls 115 kV line to 230 kV.

2.1 Steady State Analysis of 230 kV Alternatives

Steady state analysis for this Study focused on the 2007 timeframe with analysis focusing on
summer peak and summer off-peak conditions. These steady state cases were derived from the
2002 series MAPP models and have been used in several previous studies, including the “Group
1” and “Group 2” MISO/WAPA coordinated interconnection studies for the numerous wind
generation requests in the Buffalo Ridge area. The Group 1 and Group 2 interconnection
requests are ahead of this project in the MISO interconnection queue. These Group studies
analyzed the feasibility of connecting approximately 1750 MW’s of wind generation within the
Buffalo Ridge area of southwest Minnesota, northwestern lowa, and southeastern South Dakota.
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The Group 1 projects totaled approximately 916 MW’s while the Group 2 projects totaled about
825 MW’s.

Loading violations encountered during steady state contingency analysis of the 2007 summer
off-peak case are shown below in Table 2-2. The quantities displayed within Table 2-2 represent
the percent loading on each facility based on its normal continuous rating. The quantities shown
below in yellow represent facility loadings not exceeding emergency ratings while those in red
represent those loadings that did exceed emergency ratings.

Table 2-2: Overloaded Elements for Summer Off-peak Conditions

Summer Off-peak
Overloaded Facility Alt #1 Alt #2
Big Stone 230/115/13.8 kV Transformer 103.5%
Morris 230/115 kV Transformer

Ortonville - Johnson Jct. 115 kV Line

Summer peak contingency analysis results are summarized below in Table 2-3. Once again, the
quantities shown represent the percent loading on each facility based on the facility’s normal
continuous rating. As was shown in Table 2-2, quantities given in yellow represent facility

loadings not exceeding emergency ratings while those in red represent those loadings that did
exceed emergency ratings.

Table 2-3: Overloaded Elements for Summer Peak Conditions

Summer Peak
Overloaded Facility Alt #1 | Alt #2
Big Stone 230/115/13.8 kV Transformer ]119.2%]111.8%
Morris 230/115 kV Transformer

Ortonville - Johnson Jct. 115 kV Line

Big Stone - Browns Valley 230 kV Line

Big Stone - Highway 12 115 kV Line

Highway 12 - Ortonville 115 kV Line 106.9%
Johnson Jct. - Morris 115 kV Line

Voltage violations identified during contingency analysis of the 2007 summer off-peak case
indicated that a decrease in voltage is caused by implementing interconnection alternative 2 with
the proposed interconnection. A summary of the post-contingent voltage levels is given below in
Table 2-4 in per unit voltage. Quantities shown in red indicate those post-contingent voltage
levels that are below post-contingent voltage criteria set by transmission owners in this Region.

Table 2-4: Voltage Violations for Summer Off-peak Conditions

Summer Off-peak

Voltage Violation Alt #1 Alt #2
Willmar 115 kV Bus
Willmar 230 kV Bus
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Contingency analysis of the summer peak case has very similar voltage results as that shown for
summer off-peak conditions. The Willmar bus voltage problems are evident for interconnection
alternative 2 as shown below in Table 2-5. Once again, quantities shown in red indicate those
post-contingent voltage levels that are below post-contingent voltage criteria set by transmission
owners in this Region.

Table 2-5: Voltage Violations for Summer Peak Conditions

Summer Peak

Voltage Violation Alt #1 | Alt #2
Willmar 115 kV Bus
Willmar 230 kV Bus

Based on the overall system performance during steady state conditions, this Study has identified
that the following upgrades will be necessary on the existing system for connecting the proposed
project with interconnection alternative 1. These upgrades are in addition to the new facilities
(described in Table 2-1) that are included as part of interconnection alternative 1.

Table 2-6: Required Upgrades for 230 kV Interconnection Alternative 1

1. Increase capacity of Morris 230/115 kV Transformer
2. Increase capacity of Big Stone to Browns Valley 230 kV Line

Implementing interconnection alternative 2 to connect the proposed project to the system will
require the following upgrades (shown in Table 2-7) to the existing system. These upgrades are
in addition to the new facilities (described in Table 2-1) that are included as part of
interconnection alternative 2.

Table 2-7: Required Upgrades for 230 kV Interconnection Alternative 2

1. Increase capacity of Ortonville to Johnson Jct. 115 kV Line

2. Increase capacity of Johnson Jct. to Morris 115 kV Line

3. Increase capacity of Big Stone to Browns Valley 230 kV Line
4. Install capacitor bank in Willmar area to mitigate low voltages

2.2 Steady State Analysis of 345 kV Alternatives

The Big Stone Il interconnection studies have identified that two new 230 kV lines provide
adequate capability for the interconnection of the Big Stone Il generator given that a few system
upgrades are completed on the existing transmission system.

Regional studies have shown the need for 345 kV lines stretching from the Dakotas to the Twin
Cities. The proposed Big Stone to Granite Falls 345 kV line represents a piece of the overall 345
kV lines from the Dakota’s to the Twin Cities. In order to integrate the Big Stone Il transmission
plan into these regional transmission plans, the Big Stone Il participants have decided to
construct the southern portion of the transmission project from Big Stone to Granite Falls to 345
kV capability with the intent that it will be operated at 345 kV in the future.
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While being constructed for operation at 345 kV, the Big Stone to Granite Falls line would
initially be operated at 230 kV until new 345 kV facilities are constructed in the Granite Falls
area. Additional analysis has been completed with the “southern” line from Big Stone to Granite
Falls operated at 345 kV and connecting into the Hazel substation, which is part of the CapX SW
MN->TC EHV study. The results indicate that operating the Big Stone to Granite Falls line at
345 kV in conjunction with the EHV facilities doesn’t cause any existing Big Stone outlet
facilities to overload beyond their applicable ratings for either system intact and N-1 conditions.

Building the Big Stone Il transmission plan with the Big Stone — Granite Falls line at 345 kV
integrates well into the regional transmission needs identified through the CapX 2020 Vision
Study, the MISO Northwest Exploratory Study, and the SW MN—->TC EHYV study.

2.3 Transient Stability Analysis

Transient stability analysis has been performed for both the 230 kV alternatives and the 345 kV
alternatives at NDEX levels of 2080 MW and 2450 MW. A list of the interconnection
alternatives included in the transient stability analysis in included in Table 2-8.

Table 2-8: Alternatives Included in the Transient Stability Analysis

1. Alternative 1: Big Stone — Morris 230 kV line with Big Stone — Granite Falls 230 kV in-
service.

2. Alternative 2: Big Stone — Willmar 230 kV line Big Stone — Granite Falls 230 kV in-service.

3. Alternative 3: 345 kV upgrade of Big Stone Granite Falls with Big Stone — Morris 230 kV
line with Buffalo Ridge — Metro (SW MN - TC EHV) 345 kV line.

4. Alternative 4: 345 kV upgrade of Big Stone Granite Falls with Big Stone — Willmar 230 kV
line with Buffalo Ridge — Metro (SW MN - TC EHV) 345 kV line.

In order to identify if the Big Stone Il project has an impact on the transient stability
performance of the transmission system, the study was performed for all the transmission
alternatives under consideration with transfers of 2080 MW and at 2450 MW across the North
Dakota Export interface (NDEX). These NDEX levels represent the current definition of NDEX
augmented to include the Canby — Granite Falls 230 kV line for alternatives 1 and 2, the Big
Stone — Willmar 230 kV line for alternatives 2 and 4, and the Canby — Hazel (Run) 345 kV line
for alternatives 3 and 4.

Two benchmark cases were developed representing 2009 summer off-peak conditions without
the Big Stone Il project. The benchmark case for the 345 kV alternatives included approximately
1500 MW of wind generation in southwest MN, while for the 230 kV alternatives this SW MN
wind generation was reduced approximately to 825 MW.

Regional and local disturbances were simulated during the transient stability analysis. The
regional disturbances included in the analysis are the worst known disturbances within the
northern MAPP region. Local three-phase and single line-to-ground faults were performed on
new facilities included as part of the four alternatives.
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Regional disturbances simulated during the transient stability analysis resulted in high transient
voltages for some buses in the Manitoba Hydro transmission system, specifically for faults
MAT, OAS and NBZ. These overvoltages are not due to the interconnection of Big Stone 11
since they also show up for the benchmark cases. These overvoltages are more related to the
HVDC reduction scheme following a trip of the 500 kV line.

For local faults, three phase and single line to ground with delayed clearing were performed
within the Big Stone area for the existing and new interconnection facilities. Initially for all the
cases both units at Big Stone (existing and new) were delivering full output (475 MW net for Big
Stone Unit 1 and 600 MW net for Big Stone I1).

Under this generation condition and for both NDEX transfers (worst condition 2450 MW):
For the 230 kV alternatives:

Alternative 1: all the local faults with the exception of FTS performed poorly
showing low transient voltage violations mainly on 115 kV buses extending from
Big Stone to Appleton to Canby and back around to Marietta.

Alternative 2: of the eight local faults, five showed low transient voltages mainly
at these same 115 kV buses.

Additional stability simulations of alternatives 1 and 2 have determined that
reducing the power output at Big Stone by 150 MW mitigated these voltage
issues.

For the 345 kV alternatives, results for NDEX set at 2450 MW indicated:

Alternative 1: No voltage violations for local three phase local faults, but low
voltage transient violations were present for 10 out of the 15 single line to ground
local faults under evaluation. The performance of the benchmark case only had
two single line to ground faults with voltage violations.

Alternative 2: No voltage violations were evident for local three phase faults, but
low voltage transient violations were present for 9 out of the 15 single line to
ground local faults under evaluation. The performance of the benchmark case
only had two single line to ground faults with voltage violations.

When power output of Big Stone Il was reduced by 150 MW for each alternative,
five of the local single line to ground faults still had low voltage transient
violations.

For prior outage conditions and with generation at Big Stone | reduced to 250 MW (net output as
per existing operating guide) and Big Stone 11 delivering its full capacity, some local faults are
showing low voltage violations for all the alternatives. However, the Big Stone Il
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interconnection does not seem to aggravate the existing transient low voltages violations for the
three phase faults or the single line to ground faults under consideration as compared to those
violations encountered when simulating the same fault on a comparable system intact case. This
is likely due to the modeling of the operating guide for Big Stone I, which reduced the output of
the plant from nearly 475 MW (net) to 250 MW (net).

As noted above, transient stability analysis has identified local low transient voltage violations
when the Big Stone |1 plant is in service with either transmission interconnection alternative for
local faults. Special operation procedures and/or system protection would need to be
implemented after a more detailed and specific study is completed. Furthermore, the stability
analysis has indicated that Big Stone Il does not have an impact on the transient stability
performance of the transmission system at either the 2080 MW NDEX level or the 2450 MW
NDEX level.

2.4 Short Circuit Analysis

Short circuit analysis has identified that the continuous currents through the proposed 230 kV
ring-bus at Big Stone may be higher than the 2000 Amp continuous rating of the existing 230 kV
breakers. Further investigation into the actual bus flows will be necessary during the facilities
study. Short circuit analysis has also determined that fault currents at Big Stone will double with
the addition of the proposed Big Stone Il unit. However, the fault currents are still within the
applicable ratings of existing equipment at Big Stone. A review of the fault currents farther from
Big Stone also indicate that fault currents will be increased to a lesser degree. The fault currents
at more remote locations from Big Stone are expected to be within the interrupting capability of
the existing equipment. Coordination with neighboring transmission owners will be necessary to
determine if the expected fault currents with Big Stone Il in-service will cause concern with the
capability of existing substation equipment.

Since new transmission lines are associated with alternatives 1 and 2 for the Big Stone Il project,
it will be necessary to install new protective relaying at new and existing substations in order to
insure that adequate protection is in place to detect faults on the new transmission lines. Since
the existing 115 kV transmission system will have a different configuration with transmission
alternatives 1 and 2, it will also be necessary to upgrade the existing protection schemes to insure
that the local 115 kV lines are adequately protected.

Short circuit analysis of the 345 kV alternatives indicated that expected fault currents are still
within acceptable fault interrupting capability of the existing circuit breakers on the system.

2.5 Loss Analysis

A brief loss analysis during this Study has indicated that alternative 1 is more effective in
delivering the generation to the existing transmission system during summer off-peak conditions
while alternative 2 is has more loss savings during summer peak conditions. The interconnection
models used for this analysis are highly stressed due to several prior queued generation projects
included in the model without adequate transmission, thus providing an unrealistic view of
losses.
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2.6 General Conclusion

Four transmission alternatives for the Big Stone Il interconnection request have been evaluated
during this interconnection study and the results of this analysis have been summarized above
with more detailed information being contained within the body of the report to follow.

Overall, it appears that in order to reliably connect Big Stone Il to the transmission system:

e Thermal upgrades will be necessary for any Big Stone Il interconnection alternative;

e Additional studies will be necessary to effectively address local stability concerns at Big
Stone;

e Existing 230 kV circuit breakers at Big Stone will need to be verified that the 2000 Amp
continuous rating is not exceeded; and

e System protection schemes will be need to be updated on the transmission system to
adequately protect the new transmission facilities as well as the existing facilities that
will remain in-service with the Big Stone 11 transmission plan.
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3.0 Introduction
3.1 Study Scope

The scope of this Generator Interconnection Evaluation Study (hereas referred to as the “Study”
or the “Big Stone 11 Study”) is to determine the most efficient method of integrating a second
generating plant into the existing system at Big Stone, SD. Through the generation
interconnection process, a potential generation developer, hereas referred to as “the Customer”,
has submitted a request for a new 600 MW generator at the existing site of the Big Stone
generator. The current transmission system is not adequate to support the requested generator.
This report outlines the results of the Study that has been completed to determine the necessary
transmission additions to accommodate this interconnection request.

This Study has evaluated two different transmission alternatives to determine the impact of the
proposed generator on the existing transmission system. These impacts have been identified by
performing steady state power flow analysis, transient stability analysis, and short circuit
analysis.

3.2 Existing Big Stone Transmission Facilities

The site of the generator interconnection request is at the same location as the existing Big Stone
unit in extreme northeastern South Dakota. The existing unit at Big Stone is co-owned by Otter
Tail Power Company, Northwestern Energy, and Montana-Dakota Utilities. The unit was
initially installed during May of 1975. Over the years, generation equipment within the plant has
been upgraded to get its accredited generation level within the MAPP Region to a net output of
475 MW.

The current transmission system supporting this unit is two 230 kV lines and two 115 kV lines.
The 230 kV lines go north and south of the Big Stone site. The north line is from Big Stone to
Browns Valley and ultimately terminates at Hankinson, ND. The south line from Big Stone
terminates at Blair, SD. The 115 kV lines from the plant also go north and south. The north 115
kV line terminates at the Graceville tap (or Johnson Junction) where it intersects the Graceville —
Morris 115 kV line. This line serves loads around Ortonville and Appleton. The south 115 kV
line terminates at Granite Falls. This line serves loads around Canby, Marietta, and Toronto.
Figure 3-1 is shown below and illustrates the outlet lines from Big Stone and Big Stone’s relative
location within the MAPP region.
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Figure 3-1: Existing Transmission Facilities around Big Stone Plant

[ Figure 3-1 removed for public posting]
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4.0 230 kV Interconnection Alternatives

In order to interconnect the proposed generator without detrimental impacts to the existing
transmission system, two separate interconnection alternatives have been analyzed. Both of
these alternatives have one common aspect, which is the addition of a new 230 kV line from Big
Stone to Canby with an upgrade of existing 115 kV line from Canby to Granite Falls.

The two alternatives studied for this interconnection request are shown below in Table 4-1.
Further explanation of these alternatives can be found in subsequent sections of this report.

Table 4-1: 230 kV Interconnection Alternatives for Big Stone 11 Study

1. New 230 kV line from Big Stone to Ortonville with upgrade of Ortonville to Johnson
Junction to Morris 115 kV line to 230 kV with new 230 kV line from Big Stone to Canby
with upgrade of the Canby to Granite Falls 115 kV line to 230 kV.

2. New 230 kV line from Big Stone to Willmar with new 230 kV line from Big Stone to
Canby with upgrade of the Canby to Granite Falls 115 kV line to 230 kV.

4.1 230 kV Interconnection Alternative 1

New 230 kV line from Big Stone — Ortonville and from Big Stone to Canby with a 115 kV to
230 kV upgrade of Ortonville — Johnson Jct. — Morris line and Canby — Granite Falls line

The first interconnection alternative considered for this Study involved utilizing existing 115 kV
line routes from the Big Stone plant.

A new 6.5-mile, 230 kV line was considered from Big Stone to Ortonville. At Ortonville, a new
230/115/13.8 kV transformer was added to tie back into the existing 115 kV system feeding the
radial line out to Appleton as well as looping back into the Highway 12 substation. From
Ortonville, it was assumed that the existing 24.6 mile, 115 kV line was converted to 230 kV into
the existing Johnson Junction substation. At Johnson Junction, another 230/115 kV transformer
was installed to tie into the existing 115 kV line to Graceville (and eventually to Wahpeton).
From Johnson Junction, interconnection alternative 1 included upgrading the existing 15.5-mile,
115 kV line to Morris to 230 kV and connecting into the existing 230 kV bus at Morris.

In addition to the “northern” 230 kV line, interconnection alternative 1 also assumed a new 50.5
mile, 230 kV line from Big Stone to Canby with a new 230/115 kV transformer added at Canby
to connect back to the existing 115 kV system feeding towards Toronto and Marietta. From
Canby, it was assumed that the existing 39.2 mile, 115 kV line to Granite Falls was upgraded to
230 kV and terminated into the existing 230 kV bus at Granite Falls.

After this study was well underway, permitting efforts for the Big Stone 11 project identified
constraints into and out of the Ortonville substation. It was determined that the Ortonville
230/115 kV transformer addition would be eliminated for alternative 1 based on a congested
corridor into the Ortonville substation and physical space limitations within the Ortonville
substation for a new 230/115 kV transformer.
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The following figure illustrates a geographic representation of interconnection alternative 1 that
was considered for this Study. Changes or additions to the existing transmission system are
shown with dotted lines and circled in gray boxes.

Figure 4-1: Geographic Map of Interconnection Alternative 1

[Figure 4-1 removed for public posting]
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4.2 230 kV Interconnection Alternative 2

New 230 kV line from Big Stone to Willmar and from Big Stone to Canby with a 115 kV to 230
kV upgrade of Canby — Granite Falls line

The second interconnection alternative considered for this Study still uses the same “southern”
230 kV line introduced within alternative 1, but includes a new 102 mile, 230 kV line from Big
Stone to Willmar instead of taking advantage of the existing 115 kV route from Big Stone to
Morris. From Willmar, existing 230 kV lines head northeast towards Paynesville, and southwest
towards Granite Falls. This new 230 kV line from Big Stone to Willmar did not require the need
for any additional transformers.

As mentioned previously, besides the new line from Big Stone to Willmar, the same Big Stone to
Granite Falls line, as discussed as part of interconnection alternative 1, was also included as part
of alternative 2.
Figure 4-2 illustrates a geographic representation of interconnection alternative 2 that was
studied for this interconnection request. Changes or additions to the existing transmission
system are shown with dotted lines and circled in gray boxes.

Figure 4-2: Geographic Map of Transmission Alternative 2

[Figure 4-2 removed for public posting]
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5.0 Steady State Model Development
5.1 Modeling of Prior Queued Generation

Steady state analysis for this Study focused on summer peak and summer off-peak conditions for
the 2007 timeframe. The Customer does not project an in-service date until 2011 for this
generator, but the 2007 cases were most readily available for analysis. These steady state cases
were taken from the Group 2 WAPA/MISO coordinated interconnection study. These cases
were initially developed from the 2002 series MAPP models for 2007 and then modified by ABB
to include the Group 1 interconnection projects from the MISO/WAPA interconnection queues.
Upon completion of the Group 1 coordinated study, these models were modified once again to
include all of the Group 2 projects. Through the coordinated study process, transmission owners
in the northern MAPP region have reviewed the models and submitted numerous updates that
ABB has included in the base case models. More documentation about the base case model
development for the coordinated studies can be obtained from MISO.

In addition to these Group 1 and 2 projects included within the models, other previously queued
generation projects were added to the base case models. These included MISO projects G261,
G267, G370, and G380. A description of these projects is listed below in Table 5-1.

Table 5-1: Previously Queued Generation Projects Added to Models

Project| MW Size Location Point of Interconnection |Sink Information
G261 |667.4 MW | Mankato, MN | Wilmarth 345 kV and 115 kV Xcel Energy
G267 1190.5 MW| McLeod, MN McLeod 230 kV Xcel Energy
G370 | 160 MW |[Sioux Falls, SD Anson 115 kV Xcel Energy
G380 | 150 MW Rugby, ND Rugby 115 kV Manitoba Hydro

5.2 Modeling of Existing Generation

In order to further stress the existing transmission system out of Big Stone and identify all of the
potential system constraints during this Study, generation levels at Lake Preston (Toronto), Hoot
Lake (Fergus Falls), and the existing Big Stone unit were modeled at their maximum accredited
capacity. These generators have the potential for sharing some of the same transmission capacity
as the proposed interconnection, therefore having this existing generation on-line further stresses
the local transmission outlet out of Big Stone.

After all the previously mentioned base case model alterations were completed, the proposed
interconnection of the new Big Stone unit with each associated interconnection alternative was
added to the models.

5.3 Big Stone Il Dispatch Assumptions

During the kick-off meeting, the Customer stated that the final size and final allocations for this
particular project were not definite between the potential partners. However, the Customer
brought forward some assumptions in studying this interconnection request of 600 MW. The
Customer preferred the following dispatch for this Study.
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Sink Amount

Otter Tail Power Company (OTP) 100 MW
Missouri River Energy Services (MRES) 100 MW
Great River Energy (GRE) 100 MW
Minnesota Municipal Power Agency (MMPA) 100 MW
Central Minnesota Municipal Power Agency (CMMPA) 76 MW
Heartland Consumers Power District (HCPD) 74 MW
Hutchinson Utilities Commission (HUC) 50 MW

5.4 Steady State Study Models

The final models that were developed for the steady state portion of this Study are listed below in
Tables 5-2 and 5-3 and illustrate the following export levels (in MW’s) over the known
interfaces in the northern MAPP region:

NDEX: North Dakota Export Interface

MHEX: Manitoba Hydro Export Interface (Manitoba to US)
MWSI: Minnesota Wisconsin Stability Interface

MHOH: Manitoba Hydro/Ontario Hydro Interface

OHMP: Ontario Hydro/Minnesota Power Interface

EWTW: Ontario East-West Transfer (East to West)

BD: Boundary Dam/Tioga 230 kV Line

Table 5-2: 2007 Summer Peak Steady State Analysis Models

Case Name Description Big Stone Il | NDEX | MHEX | MWSI OHMH | OHMP | EWTW | BD

bas-sp07aa-g392.sav Base Case Model 0 491.3 | 14949 | 235.2 0.1 0.4 107.7 0.6
All prior queued interconnections

altl-spO7aa-allgr2.sav Big Stone - Morris 230 kV 600 952.8 | 1505.5 | 289.7 0.1 0 107.3 0.2
Big Stone - Granite Falls 230 kV

alt2-sp07aa-allgr2.sav Big Stone - Willmar 230 kV 600 947.2 | 1502.1 | 290.9 0.1 0.2 107.5 0.6
Big Stone - Granite Falls 230 kV

The base case Group 2 summer off-peak models obtained from MISO included maximum
simultaneous export levels over MHEX, NDEX, and MWSI. During development of the
summer off-peak cases for this Study, the appropriate changes were made to include all of the
prior queued generation projects. In the process of making these changes to the base case
models, these maximum simultaneous export levels were altered across these critical interfaces.
Therefore, in order to restore the maximum simultaneous transfer levels, the setexports IPLAN
within the Northern MAPP Operating Review Working Group (NMORWG) stability package
was utilized to restore these interfaces back to their base case levels. Once the interface flows
were close to the base case level, the Big Stone Il interconnection was added to the model. This
interconnection did increase the NDEX quantity since alternative #1 included an upgrade of an
existing 115 kV line to 230 kV (Canby — Granite Falls) and alternative #2 included a new 230
kV line across the existing NDEX interface (Big Stone — Willmar). The Study models derived
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for the summer off-peak analysis are listed below and list the new export levels with Big Stone |1
added to the models.

Table 5-3: 2007 Summer Off-peak Steady State Analysis Models

Case Name Description Big Stone II| NDEX | MHEX| MWSI | OHMH | OHMP | EWTW BD

bas-so07aa.uyv0020.sav Base Case Model 0 1948.9] 2174 |1480.9] 0.4 0 106.1 0.1
All prior queued interconnections

altl-so07aa-allgr2.sav Big Stone - Morris 230 kV 600 2420.412183.211503.8] 0.4 0 106.1 0.1
Big Stone - Granite Falls 230 kV

alt2-so07aa-allgr2.sav Big Stone - Willmar 230 kV 600 2420.112179.9(1508.3] 0.4 0 106.1 0
Big Stone - Granite Falls 230 kV

Machine characteristics for modeling the proposed interconnection for steady state analysis were
obtained from the Customer. These machine characteristics and the assumptions used for
modeling this proposed generator are given in Appendix A in PSS/E format.
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6.0 Study Procedure

All aspects of this Study utilized the Power System Simulator for Engineers (PSS/E) software
program distributed by Power Technologies Incorporated (PTI). PSS/E version 29.4 on the PC
platform has been used during this Study.

Steady state analysis utilized the PSS/E activity ACCC, which simulates branch outages in a
user-defined area while monitoring voltage and loading within another user-defined area. For
this Study, the following areas had all single contingencies on branches of 69 kV and higher
simulated during ACCC analysis:

Area 331 — Alliant West (ALTW)

Area 600 — Xcel Energy (XEL)

Area 608 — Minnesota Power (MP)

Area 613 — Southern Minnesota Municipal Power Agency (SMMPA)
Area 618 — Great River Energy (GRE)

Area 626 — Otter Tail Power Company (OTP)

Area 635 — MidAmerican Energy Company (MEC)

Area 652 — Western Area Power Administration (WAPA)

Area 667 — Manitoba Hydro (MH)

In addition, valid multiple contingencies from the 2003 series MAPP contingency file were
applied during ACCC analysis. The contingency file used for this Study was the same as that
used during the Group 2 MISO/WAPA coordinated study.

In flagging violations during contingency analysis, the following areas were monitored during
ACCC analysis:

Area 331 — Alliant West (ALTW)

Area 600 — Xcel Energy (XEL)

Area 608 — Minnesota Power (MP)

Area 613 — Southern Minnesota Municipal Power Agency (SMMPA)
Area 618 — Great River Energy (GRE)

Area 626 — Otter Tail Power Company (OTP)

Area 635 — MidAmerican Energy Company (MEC)

Area 640 — Nebraska Public Power District (NPPD)

Area 645 — Omaha Public Power District (OPPD)

Area 650 — Lincoln Electric System (LES)

Area 652 — Western Area Power Administration (WAPA)
Area 667 — Manitoba Hydro (MH)

6.1 Study Criteria

During steady state contingency analysis, branch loadings and bus voltages were monitored.
Study criteria for contingency analysis monitored normal branch ratings (Rate A) for system
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intact and contingency conditions. Voltage criteria used during contingency analysis was taken
from the latest version of the MAPP Members Reliability Criteria and Study Procedures Manual.

All impacts created or worsened by the addition of the proposed interconnection were flagged.
Facility impacts within the following bounds were not considered a violation during contingency
analysis:

e Any bus voltage outside specific Transmission Owner criteria that had a change in
voltage of less than 1%

e Anincrease in loading of less than 2% of the proposed interconnection project size
for non-MISO (MAPP member) facilities during “n-1" conditions

e Anincrease in loading of less than 3% of the proposed interconnection project size
for MISO member facilities during “n-1" conditions

e An increase in loading of less than 5% of the proposed interconnection during system
intact conditions

e Branch loadings not exceeding emergency ratings (Rate C) during a contingency
condition that had a re-dispatch scenario evident for mitigation

¢ Branch loadings not exceeding normal ratings (Rate A) during a system intact
condition

Any impacted facilities that were identified during steady state ACCC contingency analysis for
2007 summer peak and 2007 summer off-peak conditions that do not fall within these criteria are
discussed in the following sections. In discussing the ACCC analysis results, the primary focus
was on those facilities immediately surrounding the point of interconnection.
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7.0 Steady State Power Flow Analysis Results for 230 kV Alternatives

7.1 2007 Summer Off-peak Conditions

7.1.1 Loading Violations

7.1.1.1 230 kV Interconnection Alternative 1

During ACCC contingency analysis of the 2007 summer off-peak case, there were two facilities
identified as being overloaded for interconnection alternative 1. These facilities included the
existing Big Stone 230/115/13.8 kV transformer and the Morris 230/115 kV transformer. The
magnitude of the post-contingent loading on these facilities along with the corresponding

contingencies is shown below in Table 7-1.

Table 7-1: Loading Violations for 230 kV Alternative 1
for 2007 Summer Off-peak Conditions

Overloaded Branch

FromBus kv

ToBus

kv

ckt

Normal
Rating

Existing System

Int. Alt. #1

MVA

% Rate A

MVA

% Rate A

Contingency

63195

BIGSTONY| 230

63214 | BIGSTON7

115

233

239.6

102.8

63314 BIGSTON4230.00 63320 ORTNVLE4230.00 C1

63195

BIGSTONY] 230

63314 | BIGSTON4

230

233

241.2

103.5

63314 BIGSTON4230.00 63320 ORTNVLE4230.00 C1

66554

MORRIS 4| 230

66555 | MORRIS 7

115

100

105.2

105.2

BASE CASE

NUMEROUS OTHER CONTINGENCIES

136.8

136.8

63327 HANKSON4230.00 63329 WAHPETN4230.00 C1

The existing Big Stone 230/115/13.8 kV transformer only loads up to 103.5% of the normal
rating for loss of the new Big Stone to Ortonville 230 kV line, which is well below the 125%
emergency rating of the Big Stone transformer. However, the Morris 230/115 kV transformer
overloads for a multitude of system conditions. During summer off-peak, system intact
conditions, the transformer exceeds its normal rating of 100 MVA and is only worsened by
critical contingencies in the area of interconnection. The magnitude of the loading experienced
by the Morris 230/115 kV transformer during summer off-peak conditions will require this
interconnection project to upgrade the existing 230/115 kV transformer at Morris for
interconnection alternative 1.

The Ortonville 230/115 kV transformer addition, which was originally assumed as part of
alternative 1, has now been eliminated based on information gathered from the routing and
permitting efforts underway as part of this project. With the “north” line of alternative 1 now
configured as Big Stone to Johnson Jct. to Morris, the post-contingent flow on the Big Stone
230/115 kV transformer is now less than 102.8% of its normal rating.

As mentioned in section 2.1, interconnection alternative #1 included 230 kV lines from Big
Stone to Morris and from Big Stone to Granite Falls. These 230 kV lines were assumed to be
composed of 954 ACSR conductor with a thermal rating of 390 MVVA. During contingency
analysis of interconnection alternative 1 for 2007 summer off-peak conditions, it appears that the
390 MVA rating of the new 230 kV lines between Big Stone and Morris will not be adequate in
carrying the amount of post-contingent flow possible for loss of adjacent 230 kV outlet lines out
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of the Big Stone plant. Table 7-2 indicates that up to 411 MVA of flow is possible on the Big
Stone to Ortonville 230 kV line for loss of the Big Stone to Blair 230 kV line. Likewise, a 125
MVA, 230/115/13.8 kV transformer was added at Ortonville as part of interconnection
alternative 1 for modeling purposes. It appears that 125 MVA will not be sufficient in handling
the potential for up to 182 MVA during loss of the Big Stone to Ortonville 230 kV line during
summer off-peak conditions. The expected loading on the new interconnection facilities that
exceed their assumed capacity can be found below in Table 7-2.

Table 7-2: Potential Loading on 230 kV Interconnection Facilities
for 2007 Summer Off-peak Conditions

Overloaded Branch Normal | Existing System Int. Alt. #1
FromBus kv ToBus kV | ckt] Rating MVA | % Rate A] MVA | % Rate A JContingency
63314 | BIGSTONA4 | 230] 63320| ORTNVLE4| 230] 1 390.4 411.0 102.2 63314 BIGSTON4230.00 66503 BLAIR 4230.00 C1
63320| ORTNVLE4| 230| 63321 | ORTNVLEY| 230| 1 125 181.4 145.1  |63314 BIGSTON4230.00 63320 ORTNVLE4230.00 C1
63216 ] ORTONVL7] 115] 63321 | ORTNVLEY| 230] 1 125 181.5 145.2 63314 BIGSTON4230.00 63320 ORTNVLE4230.00 C1
63320| ORTNVLE4| 230 63337 | JHNSNJT4 | 230| 1 390.4 408.2 104.5 |63314 BIGSTON4230.00 66503 BLAIR 4230.00 C1

Contingency analysis for interconnection alternative 1 also indicated that there were other, more
remote facilities overloaded. Since these facilities are not in the direct area of interconnection,
they are not required interconnection upgrades. However, upgrades to these facilities may be
required at a later date if some of these same facilities appear in the delivery service study. A
full listing of other facility overloads that appeared at locations more remote from the area of

interconnection are shown in Appendix B.1.1.

One-line diagrams generated within PSS/E for 230 kV alternative 1 during system intact, N-1,
and N-2 contingency conditions for the 2007 summer off-peak case can be found within
Appendix H.

7.1.1.2 230 kV Interconnection Alternative 2

Contingency analysis for interconnection alternative 2 during summer off-peak conditions has
only identified one overloaded facility. This is the Johnson Jct. to Ortonville 115 KV line that
overloads for numerous contingencies. The highest post-contingent flow on the line was for loss
of the Hankinson to Wahpeton 230 kV line. The following table illustrates this overload.

Table 7-3: Loading Violations for 230 kV Alternative 2
for 2007 Summer Off-peak Conditions

Overloaded Branch Normal | Existing System Int. Alt. #2
From Bus kV To Bus kV ] ckt] Rating MVA | % Rate A] MVA | % Rate A JContingency
62003 | JOHNJCT7| 115]63216] ORTONVL7| 115| 1 96.6 112.9 109.1 106.7 110.5 63327 HANKSON4230.00 63329 WAHPETN4230.00 C1

NUMEROUS OTHER CONTINGENCIES

Since the post-contingent flow on this 115 KV line exceeds the emergency limit of 106 MVA,
implementation of this interconnection alternative would trigger the need to upgrade this 115 kV

line to handle this post-contingent flow.
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Contingency analysis for interconnection alternative 2 also identified numerous other lines that
were overloaded further away from the point of interconnection. These facility overloads could
be a result of the assumed delivery of this generation, therefore these facilities are not required to
be upgraded as part of the interconnection process, but may be required during a later stage of
the delivery service study. A full listing of the contingency results for interconnection
alternative 2 is available in Appendix B.1.1 for 2007 summer off-peak conditions.

One-line diagrams generated within PSS/E for 230 kV alternative 2 during system intact, N-1,
and N-2 contingency conditions for the 2007 summer off-peak case can be found within
Appendix H.

7.1.2 Voltage Violations

7.1.2.1 230 kV Interconnection Alternative 1

Contingency analysis of the 2007 summer off-peak case did not identify any voltage violations
within the immediate area of interconnection for alternative 1. However, there were a multitude
of voltage violations that did occur at locations far from the proposed interconnection. A full
listing of these voltage violations can be found within Appendix B.1.2. The voltage violations
within this Appendix are not required to be fixed during this Study, but may be required if later
in the delivery service study these same voltage violations are shown to be further aggravated by
the assumed delivery of the Big Stone 11 generator.

One-line diagrams generated within PSS/E for 230 kV alternative 1 during system intact, N-1,
and N-2 contingency conditions for the 2007 summer off-peak case can be found within
Appendix H.

7.1.2.2 230 kV Interconnection Alternative 2

Interconnection alternative 2 involved 230 kV lines from Big Stone to Willmar and from Big
Stone to Granite Falls. Contingency analysis of the 2007 summer off-peak case has identified
some potential voltage violations at both the Willmar 115 kV and 230 kV buses. Since these
voltage violations are directly at the point of interconnection, mitigation of the voltage violations
at Willmar will be necessary if interconnection alternative 2 goes forward in connecting Big
Stone 11 to the system. Post-contingent voltage levels with the worst-case contingencies are
shown below in Table 7-4.
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Table 7-4: Voltage Violations for 230 kV Alternative 2
for 2007 Summer Off-peak Conditions

Existing Int.
Voltage Violation | System | Alt #2
Bus kV]V-CONT|V-CONT| A V Contingency
62425 | WILLMAR7? | 115 NEW |[NUMEROUS CONTINGENCIES
0.8939 0.8848 -0.0091 |62005 KERKHOT7115.00 62425 WILLMAR7115.00 CC1
63050 | WILLMAR4 | 230 NEW |NUMEROUS CONTINGENCIES
0.9139 NEW  [60108 WILMART3345.00 60331 LKFLDXL3345.00 C1
0.9123 NEW 63050 WILLMAR4230.00 66550 GRANITF4230.00 C1

Since the post-contingent voltage at these two buses dropped below GRE’s criteria of 0.92 p.u.,
mitigation of these voltages must be completed if interconnection alternative 2 is implemented
when connecting the proposed generator to the system.

Interconnection alternative 2 also had numerous other voltage violations identified during
contingency analysis of the 2007 summer off-peak case with all of the Group 2 projects modeled.
A complete listing of these voltage violations can be found in Appendix B.1.2. Since these
voltage violations occur at buses more remote from the point of interconnection, they do not
have to be resolved during this interconnection Study. However, if some of these same voltage
violations would happen to occur during the delivery service study, system upgrades would need
to be added to mitigate the voltage violations that are aggravated by this proposed project.

One-line diagrams generated within PSS/E for 230 kV alternative 2 during system intact, N-1,
and N-2 contingency conditions for the 2007 summer off-peak case can be found within
Appendix H.

7.2 2007 Summer Peak Conditions

7.2.1 Loading Violations

7.2.1.1 230 kV Interconnection Alternative 1

Contingency analysis of the 2007 summer peak case has indicated that there are five potential
overloads for interconnection alternative 1. These overloads appear on the Big Stone
230/115/13.8 kV transformer, the Big Stone to Browns Valley 230 kV line, the Morris 230/115
kV transformer, the Big Stone to Highway 12 115 kV line and the Highway 12 to Ortonville 115
kV line. The post-contingent loadings on these overloaded facilities are shown below in Table 7-
5.
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Table 7-5: Loading Violations for 230 kV Alternative 1
for 2007 Summer Peak Conditions

Overloaded Branch Normal | Existing System Int. Alt. #1
From Bus kv To Bus kV | ckt] Rating | MVA | % Rate A | MVA | % Rate A |[Contingency
63314 | BIGSTON4 | 230 | 63325 | BROWNSV4| 230| 1 291 298 102.4 |60192 BLUE LK3345.00 60108 WILMART3345.00 C1
60261 DEANLAK7115.00 60244 SCOTTCO7115.00 C1
374.6 128.7  |63337 JHNSNJT4230.00 66554 MORRIS 4230.00 C1
66554| MORRIS 4| 230 66555|] MORRIS 7 | 115] 1 100 132.7 132.7 BASE CASE
177 177 63327 HANKSON4230.00 63329 WAHPETN4230.00 C1
NUMEROUS OTHER CONTINGENCIES
63195 | BIGSTONY| 230| 63214 | BIGSTON7 | 115 1 233 277.7 119.2  |63314 BIGSTON4 230.00 63320 ORTNVLE4 230.00 C1
63195| BIGSTONY| 230] 63314 BIGSTON4 | 230] 1 233 277.7 119.2 63314 BIGSTON4 230.00 63320 ORTNVLE4 230.00 C1
63214 | BIGSTON7| 115| 63215| HIwY127 |115| 1 216 243.3 112.6  |63314 BIGSTON4 230.00 63320 ORTNVLE4 230.00 C1
63215| HIWY127 | 115] 63216 ORTONVL7 | 115] 1 216 230.8 106.9 63314 BIGSTON4 230.00 63320 ORTNVLE4 230.00 C1

According to the table above, post-contingent flow on the Big Stone to Browns Valley 230 kV
line exceeds its emergency limit for outage of the Johnson Jct. to Morris 230 kV line. The
Morris 230/115 kV transformer is overloaded for numerous contingencies with the highest
amount of post-contingent loading occurring for outage of the Hankinson to Wahpeton 230 kV
line. The corresponding post-contingent flow on this transformer was 177 MVA, which is well
above the 125 MV A emergency transformer limit. Flows on the Big Stone 230/115/13.8 kV
transformer were over the normal rating of the transformer, but did not exceed the emergency
limit. The highest loading experienced on this transformer was 277.7 MV A when the Big Stone
to Ortonville 230 kV line was out of service. In addition, the Big Stone to Highway 12 115 kV
and the Highway 12 to Ortonville 115 kV line were overloaded for loss of the Big Stone to
Ortonville 230 kV line. Facilities with post-contingent loadings above their respective
emergency limits would need to be upgraded if interconnection alternative 1 is chosen to connect
the proposed generator. These facilities include the Big Stone to Browns Valley 230 kV line, the
Morris 230/115 kV transformer, and the Big Stone to Highway 12 115 kV line.

The Ortonville 230/115 kV transformer addition has now been eliminated from alternative 1
based on information gathered from the routing and permitting efforts underway as part of this
project. With the “north” line of alternative 1 now configured as Big Stone to Johnson Jct. to
Morris, the post-contingent flow on the Big Stone 230/115 kV transformer and the Big Stone —
Highway 12 — Ortonville 115 kV line is now less their respective emergency ratings.

Contingency analysis results from the 2007 summer peak case also indicated that the
assumptions used in adding the interconnection facilities to the model were not adequate in
handling the amount of post-contingent flow possible on these facilities. Table 7-6 is shown
below and illustrates the amount of post-contingent flow possible on the new interconnection
facilities. If interconnection alternative 1 were implemented to connect the generator, the
facilities associated with this interconnection alternative would have to be able to handle the
following amount of post-contingent flow.
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Table 7-6: Potential Loading on 230 kV Interconnection Facilities
for 2007 Summer Peak Conditions

Overloaded Branch Normal | Existing System Int. Alt. #1
From Bus kv To Bus kV ] ckt] Rating MVA | % Rate A | MVA | % Rate A JContingency

63314 | BIGSTON4 | 230 63320 | ORTNVLE4| 230 1 390.4 4122 105.6  |63327 HANKSON4230.00 63329 WAHPETN4230.00 C1
431.2 110.4 63314 BIGSTON4230.00 63325 BROWNSV4230.00 C1
426.5 109.2  |63325 BROWNSV4230.00 63327 HANKSON4230.00 C1

63216 | ORTNVLE4| 115| 63321 | ORTNVLEY| 230| 1 125 202.8 162.3 63314 BIGSTON4230.00 63320 ORTNVLE4 230.00 C1

63320 | ORTNVLE4| 230| 63321 | ORTNVLEY| 230| 1 125 201.8 161.5 63314 BIGSTON4230.00 63320 ORTNVLE4 230.00 C1

63320 | ORTNVLE4| 230 63337 | JHNSNJT4 | 230 1 390.4 418.6 107.2 63327 HANKSON4230.00 63329 WAHPETN4230.00 C1
438.6 112.3  |63314 BIGSTON4230.00 63325 BROWNSV4230.00 C1
433.5 111 63325 BROWNSV4230.00 63327 HANKSON4230.00 C1

63337 | JHNSNJT4 | 230| 66554 | MORRIS 4 | 230 1 390.4 427.2 109.4 |63314 BIGSTON4230.00 63325 BROWNSV4230.00 C1
422.1 108.1 63325 BROWNSV4230.00 63327 HANKSON4230.00 C1
407.3 104.3  |63327 HANKSON4230.00 63329 WAHPETN4230.00 C1

Numerous other overloads were identified for interconnection alternative 1 while performing
contingency analysis on the 2007 summer peak case. A full listing of these overloads can be
found in Appendix C.1.1. Since these overloads are more remote from the point of
interconnection, they are not required fixes during the interconnection phase of this Study.
However, if these facility overloads occur during the delivery service study, they would then be
required upgrades.

One-line diagrams generated within PSS/E for 230 kV alternative 1 during system intact, N-1,
and N-2 contingency conditions for the 2007 summer peak case can be found within Appendix I.

7.2.1.2 230 kV Interconnection Alternative 2

Analysis results from studying interconnection alternative 2 during summer peak conditions has
identified four facilities that are overloaded. These facilities include the Big Stone 230/115/13.8
kV transformer, the Big Stone to Browns Valley 230 kV line, the Ortonville to Johnson Jct. 115
kV line and the Johnson Jct. to Morris 115 kV line. Post-contingent flows on these overloaded
facilities are shown below in Table 7-7.
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Table 7-7: Loading Violations for 230 kV Alternative 2
for 2007 Summer Peak Conditions

Overloaded Branch Normal | Existing System Int. Alt. #2
From Bus kv To Bus kV | ckt] Rating MVA | % Rate A] MVA | % Rate A JContingency
63195 | BIGSTONY| 230| 63214 | BIGSTON7 | 115| 1 233 259.1 111.2  |63325 BROWNSV4230.00 63327 HANKSON4230.00 C1
255.7 109.8 63314 BIGSTON4230.00 63325 BROWNSV4230.00 C1
250.6 107.5 |63327 HANKSON4230.00 63329 WAHPETN4230.00 C1
63195 | BIGSTONY| 230| 63314 | BIGSTON4 | 230| 1 233 260.5 111.8 63325 BROWNSV4230.00 63327 HANKSON4230.00 C1
255.7 109.8  |63314 BIGSTON4230.00 63325 BROWNSV4230.00 C1
250.6 107.5 63327 HANKSON4230.00 63329 WAHPETN4230.00 C1
62003 | JOHNJCT7| 115] 63216 | ORTONVL7 | 115] 1 96.6 126.4 124.3 |BASE CASE
136.8 141.7 63327 HANKSON4230.00 63329 WAHPETN4230.00 C1
NUMEROUS OTHER CONTINGENCIES
63314 | BIGSTON4| 230| 63325| BROWNSV4| 230| 1 291 289.8 100.6 BASE CASE
326.1 112.1  |60192 BLUE LK3345.00 60108 WILMART3345.00 C1
NUMEROUS OTHER CONTINGENCIES
62003*| JOHNJCT7| 115] 66555| MORRIS7 | 115| 1 106 125.3 118.2  |63327 HANKSON4230.00 63329 WAHPETN4230.00 C1

The post-contingent flow on the Big Stone 230/115/13.8 kV transformer never exceeds its
emergency rating. However, the Ortonville to Johnson Jct. 115 KV line, the Johnson Jct. to
Morris 115 kV line and the Big Stone to Browns Valley 230 kV line all exceed their emergency
ratings, therefore an upgrade of these lines would be necessary if interconnection alternative 2 is
implemented to connect this generator to the system.

There were also numerous other overloads that occurred during contingency analysis of
interconnection alternative 2 during summer peak conditions. A full listing of the overloads
encountered during contingency analysis of interconnection alternative 2 for summer peak
conditions can be found in Appendix C.1.1. These overloads were not as close to the point of
interconnection as the overloads shown above in Table 7-7. These overloads are most likely
caused by the assumed delivery of Big Stone 11 and are therefore not required upgrades as part of
this interconnection Study. The overloads shown within Appendix C.1.1 may require system
upgrades if these same facility overloads occur during the delivery service study.

One-line diagrams generated within PSS/E for 230 kV alternative 2 during system intact, N-1,
and N-2 contingency conditions for the 2007 summer peak case can be found within Appendix I.

7.2.2 Voltage Violations

7.2.2.1 230 kV Interconnection Alternative 1

Summer peak conditions seemed to cause more voltage violations than summer off-peak
conditions. These voltage violations were widespread throughout the system. Analyzing the
impacts that interconnection alternative 1 had on the summer peak case has identified that
voltages within the area of immediate interconnection were improved by new 230 kV
terminations at Morris and Granite Falls. Within the immediate area, voltages below 0.92 p.u.
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were improved in all contingencies that were studied. The magnitude of this improvement along
with the troublesome contingencies that caused these voltage violations is shown below in Table
7-8.

Table 7-8: Voltage Violations for 230 kV Alternative 1
for 2007 Summer Peak Conditions

Existing Int.
Voltage Violation System | Alt. #1

Bus kV|V-CONT]V-CONT] A V Contingency

66550 GRANITF4 | 230 0.919 0.9194 0.0004 60192 BLUE LK3345.00 60108 WILMART 3345.00 C1
60215 HYLNDLK7115.00 60261 DEANLAK7115.00 C1
60261 DEANLAK7115.00 60244 SCOTTCO7115.00 C1

0.9108 0.9162 0.0054 60192 BLUE LK3345.00 60108 WILMART 3345.00 C1
60215 HYLNDLK7115.00 60261 DEANLAK7115.00 C1
0.9118 0.9168 0.005 60192 BLUE LK3345.00 60108 WILMART3345.00 C1
60261 DEANLAK7115.00 60244 SCOTTCO7115.00 C1
0.9119 0.9175 0.0056 60108 WILMART3345.00 60192 BLUE LK3345.00 C1
0.8744 0.9156 0.0412 60108 WILMART 3345.00 60331 LKFLDXL3345.00 C1
0.8166 0.896 0.0794 60143 BENTON 7115.00 60146 GRANTCTY7115.00 C1

60143 BENTON 7115.00 60348 BENCTP7 115.00 C1
60348 BENCTP7 115.00 60157 STCLOUD7115.00 C1

665541 MORRIS 4 [230| 0.9057 ELIMINATED|60108 WILMART 3345.00 60331 LKFLDXL3345.00 C1

0.8094 ELIMINATED|60143 BENTON 7115.00 60146 GRANTCTY7115.00 C1
60143 BENTON 7115.00 60348 BENCTP7 115.00 C1
60348 BENCTP7 115.00 60157 STCLOUD7115.00 C1

66555| MORRIS7 |[115] 0.8971 ELIMINATED|60108 WILMART 3345.00 60331 LKFLDXL3345.00 C1

0.7689 0.9023 0.1334 60143 BENTON 7115.00 60146 GRANTCTY7115.00 C1
60143 BENTON 7115.00 60348 BENCTP7 115.00 C1
60348 BENCTP7 115.00 60157 STCLOUD7115.00 C1

Low voltage criteria at these WAPA buses is 0.90 p.u. As can be seen above, interconnection
alternative 1 improves voltages to above 0.90 p.u. in nearly all cases.

Besides these voltage violations within the immediate area of interconnection, there was a
multitude of other bus voltage violations spread throughout the system. A full list of these
voltage violations can be found in Appendix C.1.2. These voltage violations are more remote
from the area of interconnection and will not be required fixes during this interconnection Study.
However, if some of these same voltage violations would happen to occur during the delivery
service study, system upgrades would need to be added to mitigate the voltage violations that are
aggravated by this proposed project.

One-line diagrams generated within PSS/E for 230 kV alternative 1 during system intact, N-1,
and N-2 contingency conditions for the 2007 summer peak case can be found within Appendix I.
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7.2.2.2 230 kV Interconnection Alternative 2

The implementation of interconnection alternative 2 indicated that two voltage violations are
evident within the direct area of this project. These voltage violations are at the Willmar 115 kV
and 230 kV buses. The number of contingencies that caused these voltage violations were
numerous and are not all going to be shown here within the report, but if further information is
desired about the contingencies that caused these voltage violations and the corresponding post-
contingent voltage levels, refer to Appendix C.1.2.

Table 7-9: Voltage Violations for 230 kV Alternative 2
for 2007 Summer Peak Conditions

Existing Int.

Voltage Violation System | Alt. #1
Bus kV [V-CONT| V-CONT | AV Contingency
62425 | WILLMAR7 | 115 NEW  |[NUMEROUS CONTINGENCIES
63050 | WILLMAR4 | 230 NEW  [NUMEROUS CONTINGENCIES

Since the two voltage violations at Willmar are at the point of interconnection for alternative 2,
the mitigation of these voltage violations will be required as part of this interconnection Study if
alternative 2 is implemented to connect Big Stone 11 to the system.

Besides these voltage violations at Willmar, numerous other violations were found throughout
the system for interconnection alternative 2. A complete listing of the violations can be found in
Appendix C.1.2. Since these voltage violations are not directly within the area of
interconnection, they are not required to be fixed during the interconnection Study. However, if
some of these same voltage violations would happen to occur during the delivery service study,
system upgrades would need to be added to mitigate the voltage violations that are aggravated by
this proposed project.

One-line diagrams generated within PSS/E for 230 kV alternative 2 during system intact, N-1,
and N-2 contingency conditions for the 2007 summer peak case can be found within Appendix I.

7.2.3 Steady State Analysis Conclusion of 230 kV Alternatives

Based on the overall system performance during steady state conditions, this Study has identified
that the following upgrades will be necessary on the existing system for connecting the proposed
project with 230 kV interconnection alternative 1. These upgrades are in addition to the new
facilities (described in Table 2-1) that are included as part of interconnection alternative 1.

Table 7-10: Required Upgrades for 230 kV Interconnection Alternative 1
1. Increase capacity of Morris 230/115 kV Transformer

2. Increase capacity of Big Stone to Browns Valley 230 kV Line
3. Increase capacity of Big Stone to Highway 12 115 kV Line
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The Ortonville 230/115 kV transformer addition, which was originally assumed as part of
alternative 1, has now been eliminated based on information gathered from the routing and
permitting efforts underway as part of this project. With the “north” line of alternative 1 now
configured as Big Stone to Johnson Jct. to Morris, the post-contingent flow on the Big Stone to
Highway 12 115 kV line is no longer over the emergency limit of the line and therefore is no
longer a required upgrade for alternative 1.

Implementing interconnection alternative 2 to connect the proposed project to the system will
require the following upgrades (shown in Table 7-11) to the existing system. These upgrades are
in addition to the new facilities (described in Table 2-1) that are included as part of
interconnection alternative 2.

Table 7-11: Required Upgrades for 230 kV Interconnection Alternative 2

1. Increase capacity of Ortonville to Johnson Jct. 115 kV Line

2. Increase capacity of Johnson Jct. to Morris 115 kV Line

3. Increase capacity of Big Stone to Browns Valley 230 kV Line
4. Install capacitor bank in Willmar area to mitigate low voltages
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8.0 Steady State Analysis Results for 345 kV Alternative
8.1 Introduction

There are several regional transmission studies that have been completed that indicate a need for
the addition of extra high voltage (EHV) transmission lines within this region in order to reliably
serve the growing need for electricity. These include the CapX 2020 Vision Study, the
Northwest Exploratory Study, and the Southwest Minnesota - Twin Cities Extra High Voltage
(SW MN->TC EHV) study.

The CapX 2020 Vision Study has identified that multiple high voltage transmission lines will be
required in order to reliably serve the anticipated load throughout the northern Midwest region in
the year 2020. One of the high voltage lines identified within this study extends from
southwestern North Dakota to the Twin Cities metro area.

The Northwest Exploratory Study, which was conducted by MISO as part of MTEP-05,
investigated the required transmission to allow for the interconnection and delivery of new
generation sources located in the Dakotas and southwest Minnesota to the large load center of
the Twin Cities. To accommodate the 2000 MW of generation considered within this study, the
Northwest Exploratory Study identified two new 345 kV lines across the Dakotas and into the
Twin Cities metropolitan area. This study further concluded that new 500 KV lines did not offer
substantial benefits over new 345 kV lines due to limitations of the existing system for
contingencies involving the new lines.

A third study completed by Xcel Energy, called the SW MN->TC EHV study, identified a
transmission plan for accommodating up to 1900 MW of total generation in the Buffalo Ridge
area. The preferred transmission plan included a 345 kV line from southwestern Minnesota to
the Twin Cities.

In light of the information now available from these other regional studies, the Big Stone Il
participants have stated within their MN Certificate of Need Application that they prefer to build
the “southern “ line of their transmission plan (Big Stone to Granite Falls) to 345 kV standards
and initially operate it at 230 kV until other regional 345 kV lines are completed to connect with.

Steady state contingency analysis has been completed for 345 kV alternative 1 (Big Stone —
Morris 230 kV and Big Stone — Hazel Run 345 kV) to examine the maximum loading levels on
existing facilities in order to identify any new constraints not previously identified in the analysis
of the 230 kV alternatives

8.2 Study Criteria

Steady state analysis that was performed as part of this study monitored branch loadings within
the study area. Study criteria for facility loadings were set to align with the publications in the
MAPP Members Reliability Criteria and Study Procedures Manual. General study criteria for
system intact and contingency conditions were the same as what was discussed in section 6.1.
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All impacts created or worsened by the addition of the proposed generation are documented
within the various sections of this report.

8.3 Model Development

This study utilized the 2002 series MAPP models representing a 2007 summer peak scenario and
a 2007 summer off-peak scenario. These models included several updates from regional utilities
and were also used for the 230 kV analyses for Big Stone Il. These models included all
previously queued interconnection projects ahead of Big Stone 11 and were based on the
MISO/WAPA Group 2 coordinated study.

All analysis within this study focused on Transmission Alternative 1 identified through the Big
Stone 11 studies, which includes a new 230 kV line from Big Stone to Morris and from Big Stone
to Granite Falls since this was the preferred transmission alternative indicated by the Big Stone 11
participants within the MN Certificate of Need Application.

8.3.1 Addition of Southwest Minnesota = Twin Cities EHV Facilities

The facilities identified through the SW MN->TC EHYV study have been identified as the
initiating event that would cause the Big Stone to Canby to Granite Falls line to be converted to
345 kV.

The preferred transmission alternative identified by the SW MN->TC EHV study is shown in the
figure below. The preferred alternative includes a new 345 kV line from a new substation, called
the Brookings County substation, which is adjacent to the Western Area Power Administration
White substation east to a new substation along the Prairie Island to Blue Lake 345 kV line
called Hampton Corners. The new west to east 345 kV line is proposing to tap into the existing
substations of Lyon County, Franklin and Lake Marion along the way. In addition, this line is
also proposing to tap into the existing 345 kV line at a new switching station called Helena.

Also identified as part of these facilities is a 345 kV line running north from the Lyon County
Substation to a new substation called Hazel, which is located just south of the Granite Falls and
Minnesota Valley substations. The Hazel substation is intended to be located in close proximity
to the existing Canby to Granite Falls line. In addition, the study also recommended that a
portion of the proposed 345 kV line from Lyon County to Franklin to the Helena Switching
Station be constructed as a double circuit.
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Figure 8-1: New Facilities identified by the **SW MN - Twin Cities EHV"" Study
[Figure 8-1 removed for public posting]
8.4 Model Assumptions

When adding the Big Stone to Granite Falls 345 kV line to the system, the proposed 230 kV line
was replaced with a 345 kV line from Big Stone to Canby and ultimately to Hazel (a new
substation that ties the Big Stone Il outlet facilities to the proposed SW MN->TC EHV
facilities). New 230 kV lines were assumed from Hazel to Granite Falls and from Hazel to
Minnesota Valley as part of the EHV project. At Canby, a new 345/115 kV transformer was
added in order to connect into the existing 115 kV system at Canby.

In order for the Big Stone to Granite Falls line to operate at 345 kV, changes were also assumed
at the Big Stone end. It was assumed that a new 345/230 kV substation would be constructed
approximately 1.25 miles south of the existing Big Stone substation. The existing substation at
Big Stone is currently limited in physical size due to existing infrastructure in place for the
operation of the existing unit. Due to operating the Big Stone to Granite Falls line at 345 kV, the
development of a green field site into a new 345/230 kV substation is needed in order to allow
for enough physical space to accommodate two new 345/230 KV transformers.

The 115 kV system that forms a loop from Big Stone to Canby was left unchanged from the
original interconnection studies with the exception of a new 115 kV line being added from
Toronto to the Brookings County substation, which is a previously identified outlet line from the
Buffalo Ridge (Buffalo Ridge Incremental Generation Outlet Study). The models used in this
analysis also included the proposed 115 kV upgrade of the existing Appleton to Canby 41.6 kV
line.

Since the release of the Big Stone Il interconnection study report that documented the steady
state analysis results, information about the existing Ortonville substation has resulted in a slight
change of transmission alternative 1 from Big Stone to Morris. Due to physical space limitations
within the existing Ortonville substation, the proposed Ortonville 230/115 kV transformer has
been removed from transmission alternative 1. Therefore, this study considered the 230 kV line
from Big Stone to Morris to only have one tap into the existing Johnson Jct. substation, which is
approximately 14 miles west of the Morris substation.

For this study, it was also assumed that all proposed 230 kV lines are composed of 1272 ACSR
conductor and all 345 kV lines are composed of bundled 1272 ACSR.

The new Big Stone 345 kV substation was connected back to the existing Big Stone 230 kV
substation by a single 230 kV line. At the new Big Stone 345 kV substation, two new 345/230
kV transformers were assumed to step the voltage up to 345 kV. Once the voltage was at 345
kV, the line continued to Canby and eventually to Hazel Run where it interconnects with the
EHV project.
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The system configuration with the Big Stone 345 kV line in-service is shown in Figure 8-2.
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Figure 8-2: One-Line Diagram of Big Stone 345 kV Alternative 1
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8.5 Line Loading Results

8.5.1 Existing System Facilities

8.5.1.1 System Intact Conditions

Local contingency analysis identified no transmission line overloads during System Intact (SIT)
conditions for either Summer Peak (SUPK) or Summer Off-Peak (SUOP) conditions. Table 8-1
summarizes maximum loadings of each existing outlet facility for system intact conditions.

One-line diagrams generated within PSS/E for system intact conditions are included in Appendix
D.1.1 for summer peak and Appendix D.2.1 for summer off-peak.

Table 8-1: Maximum Loading on Existing Outlet Facilities for “System Intact” Conditions
for Big Stone 11 345 kV Alternative 1

EXISTING FACILITIES "SYSTEM INTACT" MAXIMUM LOADING SUMMARY
Normal New Big Stone 345 kV Substation - Option 2
Existing Facility Rating Loading, (MVA) Loading, (%) Scenario Outage
Big Stone to Browns Valley 230 kV 390 MVA 241 MVA 61.8% SUPK N/A
Browns Valley to Hankinson 230 kV 390 MVA 223 MVA 57.2% SUPK N/A
Hankinson to Wahpeton 230 kV 320 MVA 266 MVA 83.1% SUPK N/A
Wahpeton to Fergus Falls 230 kV 320 MVA 216 MVA 67.5% SUPK N/A
Big Stone to Blair 230 kV 480 MVA 320 MVA 66.7% SUOP N/A
Big Stone 230/115 kV Transformer 233 MVA 112 MVA 48.1% SUOP N/A
Big Stone to Highway 12 115 kV 216 MVA 70 MVA 32.4% SUPK N/A
Highway 12 to Ortonville 115 kV 216 MVA 62 MVA 28.7% SUOP N/A
Ortonville to Marsh Lake 115 kV 96 MVA 44 MVA 45.8% SUOP N/A
Marsh Lake to Appleton 115 kV 96 MVA 41 MVA 42.7% SUOP N/A
Appleton to Louisburg 115 kV 96 MVA 35 MVA 36.5% SUOP N/A
Louisburg to Dawson Tap 115kV 96 MVA 35 MVA 36.5% SUOP N/A
Dawson Tap to Canby 115 kV 94 MVA 29 MVA 30.9% SUOP N/A
Big Stone to Marietta 115 kV 96 MVA 47 MVA 49.0% SUOP N/A
Marietta to Burr Jct 115 kV 96 MVA 45 MVA 46.9% SUOP N/A
Burr Jct to Canby 115 kV 96 MVA 65 MVA 67.7% SUPK N/A
Toronto to Burr Jct. 115 kV 96 MVA 45 MVA 46.9% SUPK N/A

8.5.1.2 Contingency Conditions

Two existing Big Stone facilities experience loading that exceeds their normal ratings during N-1
contingency conditions. These lines are highlighted in light blue in Table 8-2. The Hankinson to
Wahpeton 230 kV line overloads during summer peak conditions. The other line overload occurs
on the Burr Jct. to Canby 115 kV line, which overloads by the same amount during both summer
peak and off-peak conditions. It should be noted that this loading level is believed to occur as a

result of the new transmission facilities added as part of the EHV study and is more a function of
Buffalo Ridge wind generation than Big Stone Il generation. Loading on the Burr Jct. to Canby
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line drops below its normal rating without the Toronto to Brookings County 115 kV line in-
service.

Table 8-2 summarizes the maximum loadings of each existing Big Stone Il outlet facility for N-1
conditions. As shown within the table below, no existing facilities are loaded above their
respective emergency limits.

One-line diagrams generated within PSS/E for N-1 contingency conditions for Option 2 are
included in Appendix D.1.2 for the summer peak case and Appendix D.2.2 for the summer off-
peak case.

Table 8-2: Maximum Loadings on Existing Outlet Facilities for “N-1" Conditions
for Big Stone 11 345 kV Alternative 1

EXISTING FACILITIES "N-1" MAXIMUM LOADING SUMMARY
Normal New Big Stone 345 kV Substation - Option 2

Existing Facility Rating Loading, (MVA) Loading, (%) Scenario Outage
Big Stone to Browns Valley 230 kV 390 MVA 330 MVA 84.6% SUPK Big Stone - Johnson Jct.
Browns Valley to Hankinson 230 kV 390 MVA 306 MVA 78.5% SUPK Big Stone - Johnson Jct.
Hankinson to Wahpeton 230 kV 320 MVA 339 MVA 105.9% SUPK Big Stone - Johnson Jct.
Wahpeton to Fergus Falls 230 kV 320 MVA 236 MVA 73.8% SUOP Big Stone - Blair 230 kV
Big Stone to Blair 230 kV 480 MVA 420 MVA 87.5% SUOP Big Stone - Johnson Jct. 230 kV
Big Stone 230/115 kV Transformer 233 MVA 179 MVA 76.8% SUOP Big Stone - New Big Stone 230 kV
Big Stone to Highway 12 115 kV 216 MVA 97 MVA 44.9% SUOP Big Stone - New Big Stone 230 kV
Highway 12 to Ortonville 115 kV 216 MVA 92 MVA 42.6% SUOP Big Stone - New Big Stone 230 kV
Ortonville to Marsh Lake 115 kV 96 MVA 75 MVA 78.1% SUOP Big Stone - New Big Stone 230 kV
Marsh Lake to Appleton 115 kV 96 MVA 71 MVA 74.0% SUOP Big Stone - New Big Stone 230 kV
Appleton to Louisburg 115 kV 96 MVA 65 MVA 67.7% SUOP Big Stone - New Big Stone 230 kV
Louisburg to Dawson Tap 115kV 96 MVA 64 MVA 66.7% SUOP Big Stone - New Big Stone 230 kV
Dawson Tap to Canby 115 kV 94 MVA 58 MVA 61.7% SUOP Big Stone - New Big Stone 230 kV
Big Stone to Marietta 115 kV 96 MVA 84 MVA 87.5% SUOP Big Stone - New Big Stone 230 kV
Marietta to Burr Jct 115 kV 96 MVA 81 MVA 84.4% SUOP Big Stone - New Big Stone 230 kV
Burr Jct to Canby 115 kV 96 MVA 103 MVA 107.3% SUPK Big Stone - New Big Stone 230 kV
Toronto to Burr Jct. 115 kV 96 MVA 78 MVA 81.3% SUOP Canby - Hazel 345 kV

8.5.2 New Facilities

In addition to identifying potential issues on the existing transmission system due to the Big
Stone to Granite Falls line operating at 345 kV, the proposed facilities as part of the Big Stone |1
transmission project were monitored in order to determine the capacity necessary to reliably
support the interconnection of the Big Stone Il generator.

8.5.2.1 System Intact Conditions

Table 8-3 illustrates the maximum loading for each proposed facility as part of 345 kV
transmission alternative 1 during system intact conditions.

One-line diagrams generated within PSS/E for system intact conditions for option 2 are included
in Appendix D.1.1 for summer peak and Appendix D.2.1 for summer off-peak scenarios.
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Table 8-3: Maximum Loadings on New Outlet Facilities for “System Intact” Conditions
for Big Stone 11 345 kV Alternative 1

NEW FACILITIES "SYSTEM INTACT" MAXIMUM LOADING SUMMARY

New Big Stone 345 kV Substation - Option 2

New Facility Loading Scenario Outage
Big Stone to Johnson Jct 230 kV 334 MVA SUPK N/A
Johnson Jct to Morris 230 kV 269 MVA SUOP N/A
Morris 230/115 kV Transformer 118 MVA SUPK N/A
Big Stone to New Big Stone 230 kV - Ckt 1 268 MVA SUOP N/A
Big Stone 345/230 kV Transformer #1 134 MVA SUOP N/A
Big Stone 345/230 kV Transformer #2 134 MVA SUOP N/A
New Big Stone to Canby 345 kV 268 MVA SUOP N/A
Canby 345/115 kV Transformer 72 MVA SUOP N/A
Canby to Hazel 345 kV 346 MVA SUOP N/A
Hazel 345/230 kV Transformer #1 64 MVA SUPK N/A
Hazel 345/230 kV Transformer #2 64 MVA SUPK N/A
Hazel to Granite Falls 230 kV 64 MVA SUOP N/A
Hazel to MN Valley 230 kV 90 MVA SUPK N/A
Hazel to Lyon County 345 kV 317 MVA SUOP N/A
Brookings County to Toronto 115 kV 39 MVA SUPK N/A

8.5.2.2 Contingency Conditions

Table 8-4 includes maximum loading for each proposed facility for “N-1" conditions including

the contingency for which the loading occurs.

One-line diagrams generated within PSS/E for N-1 contingency conditions are included in
Appendix D.1.2 for the summer peak case and Appendix D.2.2 for the summer off-peak case.
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Table 8-4: Maximum Loadings on New Outlet Facilities for “N-1" Conditions
for Big Stone 11 345 kV Alternative 1

NEW FACILITIES "N-1" MAXIMUM LOADING SUMMARY

New Big Stone 345 kV Substation - Option 2

New Facility Loading Scenario Outage
Big Stone to Johnson Jct 230 kV 425 MVA SUPK Big Stone - Browns Valley 230 kV
Johnson Jct to Morris 230 kV 325 MVA SUPK Big Stone - Browns Valley 230 kV
Morris 230/115 kV Transformer 135 MVA SUPK Big Stone - Browns Valley 230 kV
Big Stone to New Big Stone 230 kV - Ckt 1 328 MVA SUOP Big Stone - Johnson Jct. 230 kV
Big Stone 345/230 kV Transformer #1 250 MVA SUOP Big Stone 345/230 kV Transformer #2
Big Stone 345/230 kV Transformer #2 250 MVA SUOP Big Stone 345/230 kV Transformer #1
New Big Stone to Canby 345 kV 329 MVA SUOP Big Stone - Johnson Jct. 230 kV
Canby 345/115 kV Transformer 158 MVA SUOP Big Stone - New Big Stone 230 kV
Canby to Hazel 345 kV 416 MVA SUOP Big Stone - Johnson Jct. 230 kV
Hazel 345/230 kV Transformer #1 139 MVA SUOP Hazel - Lyon Cty 345 kV
Hazel 345/230 kV Transformer #2 139 MVA SUOP Hazel - Lyon Cty 345 kV
Hazel to Granite Falls 230 kV 110 MVA SUOP Hazel - Lyon Cty 345 kV
Hazel to MN Valley 230 kV 168 MVA SUOP Hazel - Lyon Cty 345 kV
Hazel to Lyon County 345 kV 353 MVA SUOP Big Stone - Blair 230 kV
Brookings County to Toronto 115 kV 89 MVA SUOP Canby - Hazel 345 kV

8.6 Steady State Analysis Conclusion for 345 kV Alternative

Due to the desire to integrate the Big Stone transmission plan with the regional planning needs,
the project has proposed to construct the Big Stone to Granite Falls line to 345 kV standards, but
operate it at 230 kV until other regional transmission plans are implemented. The operation of
this Big Stone to Granite Falls line at 345 kV has required the need for this investigation, which
included this new line connecting into other regional 345 kV projects; namely the Buffalo Ridge
to Metro 345 kV line identified through the SW MN->TC EHV study.

System intact and first contingency (N-1) conditions were analyzed in order to identify
inadequacies in the existing system once the Big Stone to Granite Falls line is operated at 345
kV.

Based on the loading results discussed in Section 8.5, no existing outlet facilities require
upgrading as the heaviest N-1 loading on any existing facility does not exceed its emergency
rating. Therefore, it is apparent that there are no further interconnection related upgrades
beyond those already identified in the steady state contingency analysis of the 230 kV
alternatives when operating the Big Stone to Granite Falls line at 345 kV with the proposed
Buffalo Ridge to Twin Cities 345 kV line. Building the Big Stone Il transmission plan with the
Big Stone — Granite Falls line at 345 kV integrates well into the regional transmission needs
identified through the CapX 2020 Vision Study, the MISO Northwest Exploratory Study, and the
SW MN->TC EHV study.
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9.0 Transient Stability Analysis
9.1 Introduction

As part of the MISO interconnection study, transient stability and short circuit analysis were
completed back in February 2006. This effort back in February included the Post Group 2
stability cases from MISO that included a massive amount of prior queued generation within the
MAPP region without adequate transmission reinforcements to accommodate these prior queued
projects. As a result, the pre-disturbance case was overly stressed with several critical lines and
interfaces loaded well beyond their thermal limits.

After a detailed stability analysis, it was determined that the condition of the pre-disturbance
model was so degraded that it was not suitable for the Big Stone |1 stability analysis. However,
the analysis procedure on this overly stressed case did allow for some insight into what is
considered to be the most critical contingencies in the local vicinity of Big Stone.

During this same timeframe there were several other generation interconnection studies
underway. Most notable was the Excelsior Energy (Mesaba) study for a new unit up in northern
Minnesota. The interconnection study for Mesaba included an effort by Minnesota Power to
develop a new stability model with prior queued generation projects loaded into the case to more
accurately match the capability of the transmission system. Many of the prior queued generation
projects in SW MN were not included in this model since there was not adequate transmission
proposed yet to accommodate the amount of queued generation. As a result of building this new
stability model with more accurately matched generation patterns, the loadings on critical
transmission lines and interfaces were held within their thermal limits.

After the stability analysis of the 230 kV alternatives on the Post Group 2 model, MISO
determined that this later stability model developed for the Mesaba study was more appropriate
for the Big Stone Il interconnection study. Siemens PTI was hired as a sub-contractor to OTP to
perform the transient stability analysis since they were most familiar with the study models and
stability package used in the Mesaba studies.

The initial stability analysis (completed back in February) included an investigation of the two
230 KV alternatives. In response to regional study efforts going on within this region, (i.e. SW
MN - TC EHV Study, CapX 2020 Vision Study, MISO Northwest Exploratory Study), the Big
Stone 1l participants have submitted a Certificate of Need Application to the State of Minnesota
stating that their preferred transmission alternative includes constructing the southern portion of
their transmission plan (i.e. Big Stone — Granite Falls) to 345 kV standards, but initially operate
the line at 230 kV until a time in which a 345 kV transmission path can be extended from
western Minnesota into the Twin Cities. This external 345 kV transmission project considered to
trigger the Big Stone to Granite Falls line to be upgraded to 345 kV is the SW MN - TC EHV
project. This project is currently proceeding through the permitting phase and is expected to be
in-service in the 2011 to 2012 timeframe. Since the timing of the Big Stone Il transmission plan
is so closely aligned with the expected in-service date of this 345 kV EHV line, studies have
been completed for both the 230 kV alternatives and the 345 kV alternatives.
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With the knowledge of this modified transmission plan, the transient stability analysis has been
performed for both the 230 kV transmission alternatives and for these same alternatives with the
southern line at 345 kV to interconnect with the proposed SW MN - TC EHV line at a new
substation called Hazel Run.

This study is intended to serve a dual purpose in that it is intended to meet the study
requirements of both the MAPP DRS and the Midwest ISO (MISO). Due to the slight
differences in study requirements, the transient stability analysis considered two different export
levels across the North Dakota Export (NDEX) interface. MISO requires the NDEX interface to
be maintained at the current level of 2080 MW while the MAPP DRS requires an increase in the
NDEX interface limit if the Big Stone Il project desires to deliver power across the interface.
Due to the current make-up of the project, approximately 370 MW of the 600 MW project was
assumed to be delivered to those project participants with load outside NDEX. The new NDEX
level with Big Stone 11 deliveries across NDEX was assumed to be 2450 MW based on the
current definition of NDEX. The transient stability analysis has been completed at both the 2080
MW and 2450 MW NDEX levels to meet the requirements of both MAPP and MISO.

9.2 Modeling Assumptions (Substation One-Lines)

The Big Stone Il transmission project includes the addition of new facilities to the existing
transmission system. Existing infrastructure will need to be modified to accommodate the new
facilities proposed with the transmission project. Preliminary engineering and design have been
underway to find the most efficient way of connecting the new transmission facilities into the
existing system. The latest information about substation configurations was taken into
consideration during development of the local faults to simulate around Big Stone and on the
new transmission facilities.

This section of the report will describe in detail the proposed configuration of the substations and
how they will be modified to integrate the Big Stone Il transmission plan into the system.

Transient stability analysis performed within this region considers single line-to-ground faults
with delayed clearing and three-phase faults with normal clearing. The delayed clearing of
single line-to-ground faults is typically performed by means of a stuck breaker simulation.

The configuration and labeling of the circuit breakers on the transmission system are important
to define the different types of single line-to-ground faults that can occur on the system. When
referring to different faults or disturbances within this report, references will be made to certain
circuit breaker numbers.

The following figure illustrates the existing breaker configuration on the outlet facilities at Big
Stone. As shown below, 230 kV ring buses are present at Big Stone, Hankinson, and Blair while
dedicated 115 kV line breakers are present at Big Stone, Ortonville, and Canby.
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Figure 9-1: One-Line Diagram of Existing Transmission System
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To include new line terminations at the existing Big Stone 230 kV substation, it has been
determined that the substation will be modified to a “breaker and half” scheme by the addition of
5 new 230 kV breakers. Since the long-term plan for the southern line is to be operated at 345
kV, the current design of the substation includes provisions for the future 345 kV line. The
current plan will be to modify the Canby 230 kV line to terminate into a new 345 kV substation
approximately 1.25 miles south of the existing substation where 2 new 345/230 kV transformers
will step the voltage up from 230 kV to 345 kV. From this substation, the proposed line will
continue to Canby and ultimately to Hazel Run. The following figures include the proposed
layout of the Big Stone 230 kV substation and the Big Stone 345 kV substation. As mentioned
previously, the breaker numbers referenced within these figures will be used in describing faults
in subsequent sections of this report.
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Proposed Layout of the Existing Big Stone 230 kV Substat

Figure 9-2
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Figure 9-3: Proposed Layout of Future Big Stone 11 345 kV Substation
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Transmission alternative 1 will include a new termination into the Johnson Jct. switch station and
the Morris substation. The Johnson Jct. switching station currently is a tap point connecting the
Graceville 115 kV line into the Ortonville — Morris 115 kV line. It is proposed that the existing
Ortonville — Johnson Jct. — Morris 115 kV line will be converted to 230 kV. This will require a
new 230/115 kV transformer at Johnson Jct. to connect the new 230 kV line back into the 115
kV line that will still continue to Graceville. Since the Johnson Jct. substation is considered a
“project” facility, preliminary design on the substation has been completed. The termination into
the Morris substation (which is the endpoint of the “northern” line of alternative 1) will be
coordinated with Western Area Power Administration in order to connect into the substation
according to their specifications. A conceptual one-line diagram of the new Johnson Jct.
substation is shown below. The future facilities are shown in dashed lines.
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Figure 9-4: Proposed Layout of Existing Johnson Jct. Substation
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The “northern” line of alternative 2 is proposed as a new 230 kV line from Big Stone to Willmar.
The substation modifications necessary on the Big Stone end are proposed to be the same as that
for alternative 1 except that the Johnson Jct. termination into the Big Stone sub will be replaced
by the Willmar termination. The breaker configuration for this line on the Big Stone end can be
found above in Figure 9-2. The Willmar end of this line will terminate into an existing
substation jointly owned by Great River Energy (GRE), Xcel Energy (XEL), and Willmar
Municipal Utilities (WMU). The termination into this substation will follow the guidelines as
dictated by the existing owners. Therefore, no one-line diagram has been created for the
Willmar termination for alternative 2.

Common to both transmission alternatives is the new transmission line from Big Stone to Granite
Falls. There are currently plans to modify the existing Canby substation to accommodate the
new 230 kV line into the substation from Big Stone. The current substation includes a 115/41.6
kV transformer with 115 kV terminations for the line from Big Stone and the line to Granite
Falls. To accommodate the proposed line as part of the Big Stone 11 project, a new 230 kV bay
will need to be created at the Canby substation with a new 230/115 kV transformer. A
conceptual one-line diagram with breaker labels is included below. In anticipation of the
southern line going to 345 kV, there have also been some high level thoughts on how the
substation could look with the 345 kV line in-service. The modifications needed for the 345 kV
line with the 345/115 kV transformer is shown as “future” facilities in dotted lines within Figure
9-5 below.
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Figure 9-5: Proposed Layout of the Canby 230/115 kV Substation
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The last piece of the Big Stone Il transmission plan is a termination into the Granite Falls
substation. Again, this substation is owned by WAPA and the new termination into the
substation will be done in accordance with their standards. Therefore, a one-line diagram has not
been developed for this termination. Likewise, the 345 kV termination into the Hazel Run
substation will also be owned by a third party and is not yet well enough defined to provide a
one-line diagram of this termination.

9.3 Transient Stability Study Criteria

Transient events on the transmission system involve major disturbances such as a sudden loss of
generation, line-switching operations, faults, or sudden load changes. Following a disturbance,
synchronous machine frequencies undergo transient deviations from the synchronous frequency
(60 Hz), and machine power angles change. The objective of a transient stability study is to
determine whether or not the machines will return to synchronous frequency with new steady-
state power angles. During recovery of the transmission system from these disturbances, certain
criteria are applicable to measure the performance of the transmission system. This criterion is
applicable to machine damping angles (to determine if generators remain stable), transient
voltage levels, relay margins on critical transmission lines, as well as other system parameters.

The Mid-Continent Area Power Pool (MAPP) region has specific transient voltage criteria for
high voltage buses following system disturbances. This criterion insures that power system
performance is within NERC guidelines. The default transient voltage criterion within MAPP
requires that voltages do not swing below 0.70 p.u. or above 1.20 p.u. after a disturbance clears
(is extinguished). Specific buses defined in the MAPP Members Reliability Criteria and Study
Procedures Manual have voltage limits outside those defined by the MAPP default criteria and
are identified below in Table 9-1.

Table 9-1: Transient Voltage Criteria for Specific Buses (in p.u. voltage)

Transient Voltage Transient Voltage

Bus Max Min Bus Max Min
Dorsey 230 1.25 0.70 Dickinson 345 1.17 0.70
Forbes 230 1.15 0.82 Coal Creek 230 1.18 0.70
Arrowhead 230 1.15 0.82 Watertown 345 1.18 0.75
Riverton 230 1.15 0.82 Boise 115 1.15 0.82
Drayton 230 1.15 0.80 Ramsey 230 1.65 (5 cyc.) 0.70
Wahpeton 115 1.18 0.80 Hubbard 230 1.20 0.82
Tioga 230 1.15 0.80

Besides the specific transient voltage criteria identified in Table 9-1, there are additional criteria
applied to other buses within the MAPP region. These specific transient voltage criteria are
documented within the MAPP Members Reliability Criteria and Study Procedures Manual.

As well as monitoring transient voltages during stability studies, it is also important to insure that
out-of-step (OOS) relay margins are maintained on transmission lines crossing the U.S. —
Canadian border. These locations include Drayton, Fort Francis, Moranville, Rugby, and Tioga.
MAPP has criteria in place to insure that cascade tripping of these interconnections does not
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occur. Criteria for OOS relay margins on each of the U.S. — Canada tie lines are noted below in
Table 9-2.

Table 9-2: Relay Margins for U.S. — Canada Tie Lines

Steady Dynamic
State South Flow | North Flow

OOS relay at 500 kV Dorsey bus
monitoring the Dorsey-Forbes line 110% 50% 2504
OOS relay at 500 kV Forbes bus
monitoring the Forbes-Dorsey line 110% 50% 25%
OO0S at 230 kV Drayton bus
monitoring the Drayton-Letellier line 110% 2504 2504
OOS relay at 230 kV Prairie bus
monitoring the Prairie-Drayton line 110% 2504 2504
OOS relay #1 at 230 kV Moranville bus
monitoring the Moranville-Richer line 110% 25% 25%
OOS relay at 230 kV Tioga bus
monitoring the Tioga-Boundary Dam line 110% 2504 2504
OOS relay at 115 kV International Falls bus
monitoring the Int. Falls-Fort Francis line 110% 25% 25%

Transient stability analysis for the Big Stone Il interconnection study utilized a Northern MAPP
Operating and Review Working Group (NMORWG) stability package, which has features
enabled to identify any violations of the previously mentioned criteria during transient stability
simulations.

9.4 Transient Stability Analysis Results

Siemens PTI was hired as a sub-contractor to OTP to perform the transient stability analysis of
Big Stone Il. Detailed results in the form of a report can be found in Appendix E. PSS/E output
reports and plots from the NMORWG stability package for each fault simulated can be found
within Appendices F and G, respectively.

9.5 Transient Stability Analysis Conclusion

Transient stability analysis performed for the Big Stone Il interconnection study included the
following interconnection alternatives:

Table 9-3: Interconnection Alternatives Included in the Transient Stability Analysis

1. Alternative 1: Big Stone - Morris 230 kV line with Big Stone-Granite Falls 230 kV in-
service.

2. Alternative 2: Big Stone - Willmar 230 kV line Big Stone-Granite Falls 230 kV in-
service.

3. Alternative 3: 345 kV upgrade of Big Stone Granite Falls with Big Stone — Morris 230
kV line with Buffalo Ridge — Metro (SW MN - TC EHV) 345 kV line.

4. Alternative 4: 345 kV upgrade of Big Stone Granite Falls with Big Stone — Willmar 230
kV line with Buffalo Ridge — Metro (SW MN - TC EHV) 345 kV line.
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In order to identify if the Big Stone Il project has an impact on the transient stability
performance of the transmission system, the study was performed for all the transmission
alternatives under consideration with transfers of 2080 MW and at 2450 MW across the North
Dakota Export interface (NDEX). These NDEX levels represent the current definition of NDEX
augmented to include the Canby — Granite Falls 230 kV line for alternatives 1 and 2, the Big
Stone — Willmar 230 kV line for alternatives 2 and 4, and the Canby — Hazel (Run) 345 kV line
for alternatives 3 and 4.

Two benchmark cases were developed representing 2009 summer off-peak conditions without
the Big Stone Il project. The benchmark case for the 345 kV alternatives included approximately
1500 MW of wind generation in southwest MN, while for the 230 kV alternatives this SW MN
wind generation was reduced to approximately 825 MW.

Regional and local disturbances were simulated during the transient stability analysis. The
regional disturbances included in the analysis are the worst known disturbances within the
northern MAPP region. Local three-phase and single line-to-ground faults were performed on
new facilities included as part of the four alternatives.

Regional disturbances simulated during the transient stability analysis resulted in high transient
voltages for some buses in the Manitoba Hydro transmission system, specifically for faults
MAT, OAS and NBZ. These overvoltages are not due to the interconnection of Big Stone 11
since they also appeared for the benchmark cases. These overvoltages are more related to the
HVDC reduction scheme following a trip of the 500 kV line.

For local faults three phase and single line to ground with delay clearing were performed within
the Big Stone area for the existing and new interconnection facilities. Initially for all the cases
both units at Big Stone (existing and new) were delivering full output (Big Stone Unit 1 at 475
MW net and Big Stone 11 at 600 MW net).

Under this generation condition and for both NDEX transfers (worst condition 2450 MW):
For the 230 kV alternatives:
Alternative 1: all the local faults with the exception of FTS performed poorly
showing low transient voltage violations mainly on 115 kV buses extending from

Big Stone to Appleton to Canby and back around to Marietta.

Alternative 2: of the eight local faults, five showed low transient voltages mainly
at these same 115 kV buses.

Additional simulations have identified that reducing the power output at Big
Stone by 150 MW mitigated these transient voltage issues.

For the 345 KV alternatives, results for NDEX set at 2450 MW have shown:
Alternative 1: No voltage violations were apparent for local three phase faults, but

low voltage transient violations were evident for 10 out of the 15 local single line
to ground faults under evaluation. Transient stability performance of the
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benchmark case indicated that only two local single line to ground faults had
transient voltage violations.

Alternative 2: No voltage violations were evident for local three phase faults, but
low voltage transient violations were present for 9 out of the 15 local single line
to ground local faults under evaluation. Performance of the benchmark case only
had two local single line to ground faults with transient voltage violations.

When power output of Big Stone Il was reduced by 150 MW, the following faults
still had low voltage transient violations:

fes/ges: SLGBF at Big Stone on Blair 230 kV Line with Big Stone breaker
2645 stuck

fgs/ggs: SLGBF at Big Stone on Hankinson 230 kV Line with Big Stone
breaker 2455 stuck

fis/gis: SLGBF fault at Big Stone on Canby 230 kV Line with Big Stone
breaker 2465 stuck

fks/gks: SLGBF at Big Stone on Willmar 230 kV Line with Big Stone
breaker 2635 stuck (on Johnson Jct. 230 kV line for fks)

fms/gms: SLGBF at Big Stone South 230 kV side on 345/230 kV
Transformer #1 with Big Stone breaker 2715 stuck

Prior outage conditions of local Big Stone outlet lines was also included as part of the transient
stability analysis. This analysis had generation at Big Stone | reduced to 250 MW (net output
per existing operating guide) and Big Stone 11 delivering its full capacity. During this analysis, it
was apparent that some local faults are showing low voltage violations for all the alternatives
while only some of them are due to the new plant. Further reduction in generation was not tested
during prior outage conditions.

As noted above, transient stability analysis has identified low transient voltage violations when
the Big Stone Il plant is in service with either transmission interconnection alternative. Special
operation procedures and/or system protection would need to be implemented after a more
detailed and specific study is completed.
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10.0 Short Circuit Analysis
10.1 Introduction

Short circuit analysis has been completed by system protection engineers at Otter Tail Power
Company in order to determine the impacts that the proposed Big Stone Il interconnection will
have on fault currents on the transmission system within the Big Stone area. Unlike the steady
state power flow models, the short circuit analysis uses different transmission models to find
fault currents on the transmission system. In order to determine the impact of the Big Stone 11
interconnection to the fault currents on the transmission system, faults were simulated on the
existing system and compared with the same faults after the Big Stone Il interconnection was
added with either transmission alternative at 230 kV and 345 kV. Comparing the fault currents
with and without the Big Stone Il interconnection will identify the increase in fault currents
caused by the Big Stone Il interconnection along with each of the 230 kV and 345 kV
transmission alternatives.

10.2 Continuous Currents

The existing Big Stone 230 kV bus is a 4-breaker ring bus. In order to accommodate the
additional transmission and generator, the ring bus is planning to be expanded to include five
more breakers to create a breaker and a half scheme. With this configuration and the injection of
generation from unit 1 and the new unit, there is approximately 1100 MW of power being
injected into the 230 kV bus work at Big Stone. The existing 230 kV breakers at the Big Stone
substation have a continuous current capacity of 2000 Amps, which is approximately 800 MW.
Depending on the power flows through the 230 kV bus work, there may be the need to upgrade
the existing 230 KV breakers to a higher rating. A detailed analysis will be necessary during the
facilities study to review the power flows around the proposed 230 kV bus in order to insure that
the 2000 Amp continuous rating is not being exceeded.

10.3 Fault Currents

The fault currents obtained during the short circuit analysis considered two types of faults. One
type was a three-phase fault, which is an event that results in a direct connection across all three
phases of a transmission circuit. The other type of fault was a single line-to-ground fault, which
is an event that results in one phase of a three-phase transmission circuit being faulted
(connected) directly to ground.

10.3.1 230 kV Alternatives

10.3.1.1 Three-Phase Fault Currents

The results of simulating three-phase faults with and without the Big Stone Il interconnection
have indicated that the largest increase in fault current will be directly within the Big Stone
substation. The resultant increase in fault currents where alternative 1 is proposed to terminate
into the existing transmission system are approximately 2500 Amps at the Morris 230 kV bus,
1700 Amps at the Granite Falls 230 kV bus and 700 Amps at the Granite Falls 115 kV bus.
Likewise, the increases in fault currents where alternative 2 is proposed to terminate into the
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existing transmission system are approximately 1800 Amps at the Granite Falls 230 kV bus,
1450 Amps at the Willmar 230 kV bus, and 800 Amps at the Granite Falls 115 kV bus. Table
10-1 illustrates the three-phase fault currents on the existing system and compares them at
various locations on the system to three-phase fault currents with Big Stone Il in-service for each
230 kV transmission alternative.

Table 10-1: Three-Phase Fault Currents (in Amps) with 230 kV Alternatives 1 and 2

Existing] Interconnection | Increasein | Interconnection | Increasein

Location of 3 Phase Fault | System | Alternative #1 | Fault Current | Alternative #2 | Fault Current
Big Stone 230 kV Bus 7400 14400 7000 14000 6600
Big Stone 115 kV Bus 4420 12000 7580 11000 6580
Ortonville 230 kV Bus 10440 ---
Ortonville 115 kV Bus 5900 9400 3500 6900 1000
Johnson Jct. 230 kV Bus 6630
Johnson Jct. 115 kV Bus 4200 5461 1261 4400 200
Morris 230 kV Bus 3830 6340 2510 4050 220
Morris 115 kV Bus 6200 6330 130 6470 270
Canby 230 kV Bus 5500 5500
Canby 115 kV Bus 2800 5380 2580 5370 2570
Granite Falls 230 kV Bus 6962 8650 1688 8780 1818
Granite Falls 115 kV Bus 8990 9700 710 9800 810
Willmar 230 kV Bus 4000 4380 380 5450 1450
Willmar 115 kV Bus 3270 3370 100 3420 150
Willmar 69 kV Bus 6300 6550 250 6810 510
Marietta 115 kV Bus 3230 4090 860 4030 800
Toronto 115 kV Bus 1600 2180 580 2200 600

10.3.1.2 Single Line-To-Ground Fault Currents

Investigation into the single line-to-ground faults has revealed that fault currents are much higher
at the various locations in the Big Stone area than was apparent for the three-phase faults.

Again, the highest single line-to-ground fault currents are apparent right at the Big Stone
substation. The increase in fault currents at the substations that will connect alternative 1 to the
existing transmission system are approximately 2140 Amps at the Morris 230 kV bus, 1400
Amps at the Granite Falls 230 kV bus, and 800 Amps at the Granite Falls 115 kV bus. The
increase in fault currents at the substations that will connect alternative 2 to the existing
transmission system are approximately 1600 Amps at the Granite Falls 230 kV bus, 900 Amps at
the Granite Falls 115 kV bus, and 1000 Amps at the Willmar 230 kV bus. The following table
illustrates the single line-to-ground fault currents for the existing system as well as with the
proposed Big Stone 1l interconnection for each transmission alternative.
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Table 10-2: Single Line-To-Ground Fault Currents (in Amps) with

230 kV Alternatives 1 and 2

Location of Single Line |Existing]Interconnection] Increasein |lInterconnection] Increasein
To Ground Fault System | Alternative #1 | Fault Current| Alternative #2 | Fault Current
Big Stone 230 kV Bus 9150 18400 9250 18000 8850
Big Stone 115 kV Bus 4970 13006 8036 12440 7470
Ortonville 230 kV Bus 10380
Ortonville 115 kV Bus 5820 10900 5080 6500 680
Johnson Jct. 230 kV Bus 5990
Johnson Jct. 115 kV Bus 3200 6368 3168 3200 0
Morris 230 kV Bus 3130 5270 2140 3250 120
Morris 115 kV Bus 5750 6130 380 5930 180
Canby 230 kV Bus 4920 4900
Canby 115 kV Bus 2730 6430 3700 6410 3680
Granite Falls 230 kV Bus 5950 7350 1400 7550 1600
Granite Falls 115 kV Bus 9900 10670 770 10800 900
Willmar 230 kV Bus 2400 2570 170 3400 1000
Willmar 115 kV Bus 1500 1520 20 1530 30
Willmar 69 kV Bus 2100 2130 30 2150 50
Marietta 115 kV Bus 3460 4180 720 4130 670
Toronto 115 kV Bus 1140 1440 300 1440 300

10.3.2 345 kV Alternatives

10.3.2.1 Three-Phase Fault Currents

A similar short circuit analysis has been completed for the 345 kV alternatives associated with
Big Stone I1. Three-phase fault currents appear to be increased near the Big Stone plant and at
the termination points of each of the alternatives as compared to the 230 kV alternatives. The

three-phase fault currents for both 345 kV alternatives are shown below in Table 10-3.
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Table 10-3: Three-Phase Fault Currents (in Amps) with 345 kV Alternatives 1 and 2

Existing | Interconnection| Increasein [ Interconnection| Increasein

Location of 3 Phase Fault System Alternative #1 | Fault Current] Alternative #2 | Fault Current
Big Stone 345 kV Bus 6808 6762
Big Stone 230 kV Bus 7420 15878 8458 15644 8224
Big Stone 115 kV Bus 8545 11324 2779 12232 3687
Ortonville 230 kV Bus 11015
Ortonville 115 kV Bus 6093 6813 720 8149 2056
Johnson Jct. 230 kV Bus 6978
Johnson Jct. 115 kV Bus 5136 5561 425 5536 400
Morris 230 kV Bus 3906 6747 2841 4365 459
Morris 115 kV Bus 6577 6515 -62 7063 486
Canby 345 kV Bus 5282 5292
Canby 115 kV Bus 2809 9777 6968 9828 7019
Granite Falls 230 kV Bus 7009 12323 5314 12500 5491
Granite Falls 115 kV Bus 9036 12542 3506 12639 3603
Hazel Run 230 kV Bus 12366 12523
Hazel Run 345 kV Bus 9068 9115
Willmar 230 kV Bus 4032 4920 888 6102 2070
Willmar 115 kV Bus 3286 3536 250 3582 296
Willmar 69 kV Bus 6334 6901 567 7150 816
Marietta 115 kV Bus 3249 4596 1347 4648 1399
Toronto 115 kV Bus 1612 8178 6566 8183 6571

10.3.2.2 Single Line to Ground Fault Currents

Single line to ground fault currents were also calculated at key locations on the transmission
system near Big Stone for the 345 kV alternatives. The results from this analysis indicate that
the single line-to-ground fault currents are higher than the three-phase fault currents for the 345
kV alternatives. The single line-to-ground fault currents for the 345 kV alternatives are included

below in Table 10-4.
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Table 10-4: Single Line-To-Ground Fault Currents (in Amps) for
345 kV Alternatives 1 and 2

Location of Single Line to | Existing] Interconnection Increase in | Interconnection | Increasein
Ground System Alternative #1 Fault Current] Alternative #2 | Fault Current
Big Stone 345 kV Bus 7416 7372
Big Stone 230 kV Bus 9170 20454 11284 20149 10979
Big Stone 115 kV Bus 10008 12721 2713 13449 3441
Ortonville 230 kV Bus 10075
Ortonville 115 kV Bus 5956 6341 385 7358 1402
Johnson Jct. 230 kV Bus 6036
Johnson Jct. 115 kV Bus 3755 6448 2693 3913 158
Morris 230 kV Bus 3174 5476 261 3435 261
Morris 115 kV Bus 6026 6255 229 6351 325
Canby 345 kV Bus 4929 4939
Canby 115 kV Bus 2742 11343 8601 11390 8648
Granite Falls 230 kV Bus 5976 10502 4526 10718 4742
Granite Falls 115 kV Bus 9925 13626 3701 13745 3820
Hazel Run 230 kV Bus 10498 10681
Hazel Run 345 kV Bus 7396 7464
Willmar 230 kV Bus 2401 2812 411 3684 1283
Willmar 115 kV Bus 1498 1556 58 1560 62
Willmar 69 kV Bus 2100 2172 72 2186 86
Marietta 115 kV Bus 3472 4523 1051 4559 1087
Toronto 115 kV Bus 1140 7098 5958 7100 5960

System protection engineers have determined that the existing equipment on the transmission
system is capable of between 30,000 to 40,000 Amps at the Big Stone substation and other
substations on the OTP system. The fault currents indicated above in Tables 10-1 through 10-4
do not exceed 30,000 Amps therefore not requiring any equipment upgrades due to the increase
in the fault currents caused by the addition of the proposed Big Stone Il interconnection.
However, coordination with neighboring transmission owners will be necessary to determine if
the expected fault currents with Big Stone Il in-service will cause concern with the capability of
existing substation equipment.

10.4 Protection Schemes

In addition to investigating the impacts that the proposed project will have on the fault currents
within the transmission system, short circuit analysis also included an assessment of the existing
protection schemes on the transmission system to determine if any changes would be necessary
as a result of the proposed Big Stone Il interconnection. Since new transmission lines are
associated with the transmission alternatives, it will be necessary to install new protective
relaying at new and existing substations in order to insure that adequate protection is in place to
detect faults on the new transmission lines. Since the existing 115 kV transmission system will
have a different configuration with the transmission alternatives, it will also be necessary to
upgrade the existing protection schemes on the 115 kV system. Alternative 1 will require
updating the protective relay schemes on the Big Stone to Ortonville 115 kV line as well as the
Big Stone to Canby 115 kV line since they will be modified from the existing transmission
system with alternative 1. Alternative 2 will require protective relaying schemes to be updated
along the Big Stone to Canby 115 kV line since it will no longer extend to Granite Falls, as it
does today.

Big Stone Il Generator Interconnection Study Report Page 73



10.5 Short Circuit Analysis Conclusion

Continuous current through the proposed 8-breaker 230 kV bus at the Big Stone 230 kV
substation may over duty the 2000 Amp capability of the existing circuit breakers. Additional
investigation during the facilities study will be necessary to determine the breaker flows through
additional simulations.

Short circuit analysis has identified that fault currents at Big Stone will approximately double
with the addition of the proposed Big Stone 11 unit. The fault currents are still below 21,000
Amps, which is within the applicable ratings of existing equipment on the OTP system.
Coordination will be necessary with WAPA and GRE to insure that existing equipment at their
respective substations will be able to withstand the increased fault currents due to the Big Stone
Il interconnection.

The protection schemes currently in place on the transmission system near Big Stone will have to
be updated to accommodate the new configuration of the system once Big Stone |1 is in-service.
In addition to upgrading existing protection schemes, it will be necessary to install new
protection on the new transmission circuits. Each of the alternatives involve different
transmission lines, which will define the ultimate line sections that must be protected once Big
Stone 1l is in-service.
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11.0 Loss Analysis of 230 kV Alternatives

11.1 Introduction

A brief loss analysis was conducted for this interconnection Study using the steady state power
flow models developed for contingency analysis. Areas monitored for the loss analysis focused
on those control areas within the immediate Study area and those just adjacent of it.

11.2 Summer Off-peak Conditions

Table 11-1 is shown below and illustrates the loss characteristics of each interconnection
alternative for the summer off-peak case studied for this proposed interconnection.

Table 11-1: Loss Analysis Results by Control Area for Summer Off-peak Conditions

Summer Off-peak Conditions

Control All Group 2
Area Base | Alt#l |[AmMw | Alt# |A MW
ALTW 181.0 186.6 5.6 186.4 5.4
XEL 592.3 634.9 42.6 637.0 44.7
MP 91.5 99.7 8.2 96.9 5.4
SMMPA 2.8 3.0 0.2 3.0 0.2
GRE 48.7 56.3 7.6 70.3 21.6
OTP 93.8 112.7 18.9 107.6 13.8
MPW 1.6 1.6 0.0 1.6 0.0
MEC 328.6 333.6 5.0 333.5 4.9
NPPD 88.4 86.1 -2.3 85.9 -2.5
OPPD 48.7 51.0 2.3 51.1 2.4
LES 4.6 4.6 0.0 4.6 0.0
WAPA | 298.0 318.4 20.4 306.7 8.7
MH 241.4 240.9 -0.5 241.1 -0.3
DPC 79.2 78.9 -0.3 79.1 -0.1

Total = 2100.6 2208.3 107.7 2204.8 104.2

As can be seen from the previous table, interconnection alternative 2 was most effective in
reducing system losses when the proposed generator was added to the summer off-peak models.

11.3 Summer Peak Conditions

This same type of analysis was performed for summer peak conditions. The following figure
illustrates the loss characteristics of each interconnection alternative for the summer peak case.
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Table 11-2: Loss Analysis Results by Control Area for Summer Peak Conditions

Summer Peak Conditions

Control All Group 2
Area | Base | Alt#1 |AMw | Alt#2 |A Mw
ALTW | 1206 | 127.6 7.0 127.4 6.8
XEL | 489.9 | 504.9 | 150 | 506.1 | 16.2
MP 69.7 | 73.1 3.4 71.6 1.9
SMMPA] 1.3 1.3 0.0 1.3 0.0
GRE | 118.7 | 1248 6.1 137.7 | 19.0
OTP | 1048 1303 | 255 | 1289 | 24.1
MPW 1.3 1.4 0.1 1.4 0.1
MEC | 198.8 | 202.5 3.7 202.2 3.4
NPPD | 958 | 91.2 -4.6 91.1 4.7
opPpPD | 365 | 376 1.1 37.6 1.1
LES 9.5 9.5 0.0 9.5 0.0
WAPA | 233.2 | 2355 2.3 228.1 5.1
MH 2586 | 257.8 | -0.8 | 258.1 -0.5
DPC 659 | 64.3 -1.6 64.4 -15
Total = 1804.6 1861.8 57.2 18654  60.8

As can be seen from the previous table, interconnection alternative 1 was most effective in
reducing system losses when the proposed generator was added to the summer peak models.

11.4 Loss Analysis Conclusion

Loss performance is very similar between the two interconnection alternatives, however

interconnection alternative 1 reduces losses more during summer peak conditions when power
pool prices are typically higher than those in the off-peak times. However, it is important to note
that the interconnection models used for this analysis are highly stressed since there are several
prior queued generation projects included in the model without adequate transmission thus
driving losses higher than expected.
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12.0 Conclusion

This report has documented the steady state contingency analysis, transient stability analysis, and
the short circuit analysis results of the proposed 230 kV and 345 kV interconnection alternatives

being considered with the interconnection of a new 600 MW coal-fired generator in northeastern

South Dakota at the existing Big Stone site in Grant County.

These two 230 kV transmission alternatives included:

Alternative #1: New 230 kV from
a. Big Stone to Ortonville
b. Big Stone to Canby
With an upgrade of existing 115 kV lines to 230 kV along the following routes:
a. Ortonville to Johnson Jct.
b. Johnson Jct. to Morris
c. Canby to Granite Falls

Alternative #2: New 230 kV line from
a. Big Stone to Willmar
b. Big Stone to Canby
With an upgrade of existing 115 kV lines to 230 kV along the following routes:
a. Canby to Granite Falls

The two 345 kV transmission alternatives included:

Alternative #1: New 230 kV from
a. Big Stone to Ortonville
b. Big Stone to Big Stone 345 KV substation
c. Hazel Run to Granite Falls
New 345 kV from
a. Big Stone to Canby
With an upgrade of existing 115 kV lines to 230 kV along the following routes:
a. Ortonville to Johnson Jct.
b. Johnson Jct. to Morris
With an upgrade of existing 115 kV lines to 345 kV along the following routes:
a. Canby to Hazel Run to connect with Buffalo Ridge — Metro (SW MN - TC
EHV) 345 kV line.

Alternative #2: New 230 kV from
a. Big Stone to Willmar
b. Big Stone to Big Stone 345 KV substation
c. Hazel Run to Granite Falls
New 345 kV from
a. Big Stone to Canby
With an upgrade of existing 115 kV lines to 345 kV along the following routes:
a. Canby to Hazel Run to connect with Buffalo Ridge — Metro (SW MN - TC
EHV) 345 kV line.
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Based on the overall system performance during steady state conditions, this Study has identified
that the following upgrades will be necessary for connecting Big Stone 1l with 230 kV
alternative 1.

Table 12-1: Required Upgrades for 230 kV Interconnection Alternative 1

1. Increase capacity of Morris 230/115 kV Transformer
2. Increase capacity of Big Stone to Browns Valley 230 kV Line

Implementing 230 kV interconnection alternative 2 to connect Big Stone Il to the existing system
will require the following upgrades:

Table 12-2: Required Upgrades for 230 kV Interconnection Alternative 2

Increase capacity of Ortonville to Johnson Jct. 115 kV Line
Increase capacity of Johnson Jct. to Morris 115 kV Line
Increase capacity of Big Stone to Browns Valley 230 kV Line
Install capacitor bank in Willmar area to mitigate low voltages

HPwnh e

The Big Stone Il participants have decided to construct the southern portion of the transmission
project from Big Stone to Granite Falls to 345 kV capability with the intent that it will be
operated at 345 kV in the future.

While being constructed for operation at 345 kV, the Big Stone to Granite Falls line would
initially be operated at 230 kV until new 345 kV facilities are constructed in the Granite Falls
area. Additional analysis has been completed with the “southern” line from Big Stone to Granite
Falls operated at 345 kV and connecting into the Hazel substation, which is part of the CapX SW
MN->TC EHV study. The results indicate that operating the Big Stone to Granite Falls line at
345 kV in conjunction with the EHV facilities doesn’t cause any existing Big Stone outlet
facilities to overload beyond their applicable ratings for either system intact and N-1 conditions.

Building the Big Stone 11 transmission plan with the Big Stone — Granite Falls line at 345 kV
integrates well into the regional transmission needs identified through the CapX 2020 Vision
Study, the MISO Northwest Exploratory Study, and the SW MN—->TC EHYV study.

The Big Stone 11 600 MW coal fired project has been evaluated to assess stability impacts on the
MAPP/MISO transmission system.

In order to identify if the Big Stone Il project has an impact on the transient stability
performance of the transmission system, the study was performed for all the transmission
alternatives under consideration with transfers of 2080 MW and at 2450 MW across the North
Dakota Export interface (NDEX).

Transient stability analysis has identified that for all the alternatives and under the different
NDEX transfer scenarios, there are several local disturbances that result in transient low voltage
violations around the Big Stone area that are due in most of the cases to the addition of Big Stone
I1. With respect to the regional disturbances, there are three faults that produce high voltage
violations in the Base Case and the different Big Stone Il alternative cases on several buses in the
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Manitoba Hydro system, these regional faults have in common the opening of the 500 kV line
between Dorsey and Forbes.

For local faults, three phase and single line to ground with delayed clearing were performed
within the Big Stone area for the existing and new interconnection facilities. Initially for all the
cases both units at Big Stone (existing and new) were delivering full output (Big Stone Unit 1 at
475 MW net and Big Stone 11 at 600 MW net).

Under this generation condition and for both NDEX transfers (worst condition 2450 MW):
For the 230 kV alternatives:

Alternative 1: all the local faults with the exception of FTS performed poorly
showing low transient voltage violations mainly on 115 kV buses extending from
Big Stone to Appleton to Canby and back around to Marietta.

Alternative 2: of the eight local faults, five showed low transient voltages mainly
at these same 115 kV buses.

Additional simulations have identified that reducing the power output at Big
Stone by 150 MW mitigated these transient voltage issues.

For the 345 kV alternatives, results for NDEX set at 2450 MW have shown:

Alternative 1: No voltage violations were apparent for local three phase faults, but
low voltage transient violations were evident for 10 out of the 15 local single line
to ground faults under evaluation. Transient stability performance of the
benchmark case indicated that only two local single line to ground faults had
transient voltage violations.

Alternative 2: No voltage violations were evident for local three phase faults, but
low voltage transient violations were present for 9 out of the 15 local single line
to ground local faults under evaluation. Performance of the benchmark case only
had two local single line to ground faults with transient voltage violations.

When power output of Big Stone Il was reduced by 150 MW, there were still five
local single line-to-ground faults that had low voltage transient violations.

For prior outage conditions and with generation at Big Stone | reduced to 250 MW (net output as
per existing operating guide) and Big Stone Il delivering its full capacity, some local faults are
showing low voltage violations for all the alternatives. However, the Big Stone 11
interconnection does not seem to aggravate the existing transient low voltages violations for the
three phase faults or the single line to ground faults under consideration as compared to those
violations encountered when simulating the same fault on a comparable system intact case. This
is likely due to the modeling of the operating guide for Big Stone I, which reduced the output of
the plant from nearly 475 MW (net) to 250 MW (net).

As noted above, transient stability analysis has identified local low transient voltage violations
when the Big Stone Il plant is in service with either transmission interconnection alternative for
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local faults. Special operation procedures and/or system protection would need to be
implemented after a more detailed and specific study is completed. Furthermore, the stability
analysis has indicated that Big Stone Il does not have an impact on the transient stability
performance of the transmission system at either the 2080 MW NDEX level or the 2450 MW
NDEX level.

Short circuit analysis identified some concerns with the existing 230 kV circuit breakers at Big
Stone. With the addition of the proposed Big Stone 11 generator to the existing 230 kV bus work
and breakers at Big Stone, the output from both units may over duty the continuous 2000 Amp
rating of the existing circuit breakers within the substation. Further investigation into this matter
will be necessary during the facilities study.

Big Stone I1’s impact to the fault currents on the transmission system were also included as part
of the short circuit analysis. The highest increase in fault current was noted directly at the Big
Stone 230 kV bus. The fault currents are nearly double of what is present on today’s system.
Since these fault currents are still below the interrupting capability of the existing equipment at
Big Stone, there is no need for upgrades at the plant beyond the new facilities associated with
each of the transmission alternatives. Fault currents further from the Big Stone plant are not
increased as much as they were locally with the addition of Big Stone Il and are not expected to
be of concern. However, coordination with neighboring transmission owners will be necessary
to determine if existing substation equipment at Morris, Granite Falls, and Willmar will be
capable of the increased fault currents with Big Stone Il in-service.

Existing protection schemes on the transmission system will also need to be updated for the new
configuration of the transmission system with Big Stone Il in-service.

A brief loss analysis of the 230 kV alternatives during this Study has indicated that alternative 1
is more effective in delivering the generation to the existing transmission system during summer
off-peak conditions while alternative 2 is has more loss savings during summer peak conditions
with the proposed interconnection added to the models. The interconnection models used for
this analysis are highly stressed due to several prior queued generation projects included in the
model without adequate transmission, thus providing an unrealistic view of losses.

Based on the results of this interconnection Study, it appears that either alternative used to
connect this generator to the system will work from a steady state contingency analysis
standpoint given that the proper system enhancements are made within the direct area of
interconnection. In addition, more detailed studies are needed to mitigate the low transient
voltage concerns identified during the stability analysis for the local single line-to-ground and
three-phase faults at Big Stone. Furthermore, relaying schemes will need to be implemented
with the Big Stone 11 project to ensure that adequate system protection is in place with the new
transmission lines being constructed as part of the project.
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