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Diagram 14 - Slow Growth Load Level
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5 3 2 Line Flows on Interface and Tie Lines. .
LINE kV Base 4S00MW Description

Voltage 4S00MW UPGRADE
Level FLOW scenario

Forbes - Chisago SOOkV 1540.3 1398.6 Northern Minnesota 10 Twin Cities
lOOD

Riel - Roseau 500kV 1842.1 1782.9 Manitoba Hydro to Northern
Minnesota

Richer - Roseau 230kV 228.5 223.5 Manitoba Hydro 10 Northern
Minnesota

Letellier - Drayton 230kV 392.3 405.6 Manitoba Hydro 10 MN-ND
border

Glenbora - Rugby 230kV 34.1 81.1 Manitoba Hydra - North Dakota
(This and the three lines ahove are
all that ties Manitoba and U.S. as
DIanne<! through 2009.)
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Arrowhead - Stone 345 kV 298.3 310.9 Duluth area to northwestern
Lake Wisconsin (then to Weston)
Eau Claire - Arpm 345 kV 72.3 578 West to central Wisconsin
Prairie Island - Byron 345kV 165.4 185.3 South of Twin Cities metro to west

of Rochester
Adams - Hazelton 345kV 17H 92.9 Southeastern Minnesota - eastern

Iowa
Lakefield Jet - 345kV 746.1 602.3 Southwestern Minnesota to
Wilmarth Mankato area
Split Rock - Nobles 345 kV 163.9 184.4 North ofSioux Falls, SD, to
County northwest of Worth'",llon, MN
Nobles County - 345 kV 336.4 252,5 Northwest of Worthington to
Lakefield Jet Lakefield Jet sub. (Minnesota I
Watertown - Granite 230kV 248.5 232.0 Eastern South Dakota to western
Falls Minnesota
Blair - Granite Falls 230kV 279.8 270.1 Runs parallel WIth Watertown-

Granite Falls
GranIte Falls - 230kV 3754 288.3 Western Minnesota
MIOneso!a Vallev tal>
Fargo - Moorhead 230kV 54.5 554 Fargo, North Dakota, to

Moorhead. Mlnnc"lota
Far20 - Shevenne 230kV 271 2007 North Dakota, Minnesota border
Maple RLver- WIOger 230kV 75 I 829 Fargo area to northwestern

Minnesota
Prairie - Winl!er 230kV 168.3 139.6 Grand Forks area to WID"er
Wahpeton - Fergus 230kV 241.8 1643 ND-MN border east to Fergus
Falls Falls
Bear Creek - Rock 230kV %.1 955 South of Duluth toward the Twm
Creek Cities loop
Blackberry - RLverton 230kV 2328 2165 Northern Minnesota towards south
Mud Lake - Benton 230kV 63.6 23.9 Conung from the north into
County St.Cloud area
Shevenne - Audubon 230kV 233.9 197.2 Farl!o area west into Minnesota
Genoa - Coulee 161 kV 249.8 189.1 Western Wisconsin
Boswell - Blackberry 230kV 293.9 287.2 Northern Minnesota
Ckt I
Boswell - Blackberry 130kV 286.9 280.4 Northern Minnesota
Ckt2

Table 15 - Slow Growth NorthfWest Bias Tie LinelInterface Flows

In the eastern bias scenario, the CapX 2020 technical team added part of the additional
generation to the east ofMinnesota (part on the border ofnortheastern Iowa and
southwestern Wisconsin, part central Wisconsin), in addition to having generation
throughout Minnesota, northern Iowa, North Dakota, and South Dakota as in the other
two scenarios.

5.4 East Scenario Slow Growth Results
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Table 15- Eastern BIaS Prelimmary Recommended Facilities

5 4 1 Recommended Facilities. .
Facility Name

Data Volt Cost
Ref. # Source From To tkVl Miles ($M)

F-56 SMNI Prairie Island Rochester 345 58 43.7
F-64 CAPX Eau Claire King 345 8~ 63.1
F-65 CAPX N. LaCrosse Eau Claire 345 73 55.1
F-66 CAPX Genoa N LaCrosse 345 42 31.7
F-67 CAPX Genoa Columbia 345 113 84.8
F-IlS CAPX Genoa Nelson Dewey 345 70 52.4

~elson

F-69 SMNI Dewey Salem 345 34 25.6
F-70 CAPX Genoa Lansing 345 21 15.8
F-71 CAPX Lansing Rochester 345 89 66.8
F-72 CAPX Ellendale Big Stone 345 194 145.8
F-73 CAPX Big Stone Blue Lake 345 71 53.4
F-02 TIPS Maple River Benton Co 345 206 154.5
F-03 NW Antelope Va. Maple River 345 292 218.8
F-07 CapX Arrowhead Chisago 345 120 90
F-08 CapX Arrowhead Forbes 345 60 45
F-09 CapX Benton Co Chisago 345 59 44.2
F-IO CapX Benton Co Granite Falls 345 110 82.5
F-12 CaoX Benton Co St Boni 345 62 46.5
F-26 CaoX Chisago Co Praine Island 345 82 61.5
F-30 INW El1endale Hettinger 345 231 218.8

Total 2071 l.600...

\
I

]

1

Key for Table 15:
CAPX - CapX Technical Team
NW - MISO Northwest Exploratory Study
SMNI- MISO Southern Minnesota/Northem Iowa Exploratory Study
TIPS - Transmission Improvement Plans Study
MH - Manitoba Hydro Studies

],
:oJ

1
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Diagram 15 - Eastern Bias Preliminary Recommended Facilities

6 Common Facilities

The CapX 2020 technical team's primary goal for this initial vision study was to identify a
long-range transmission plan that would benefit Minnesota's electric reliability as load
continues to grow over the next 15 years and beyond.

6.1 Common transmission alternatives between the Biases

The team found that the biases had 1620 miles of345 kV transmission lines in
common, for a total of $1.215 billion.s For comparison, that is a little more than 80
percent of the cost of each scenario individually. The common facilities are shown in
Table 18.

'When reviewing the results of this study, note that only the cost of transmission line per mile is
represented. None of the associated substation, generation interconnection facilities, or
underlying lower-voltage (below 161 kV) transmission system infrastructure costs are
determined or included in this vision study.
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Facility Name

From To Volt (kV) Miles
Cost
($Ml

Alexandria Benton County 345 80 60

Alexandria Maple River 345 126 94.5

Antelope Valley Jamestown 345 185 138.75

Arrowhead Chisago 345 120 90
Arrowhead Forbes 345 60 45

Benton County Chisago County 345 59 44.25

Benton County Granite Falls 345 110 82.5

Benton County St. Boni 345 62 46.5

Blue Lake Ellendale 345 200 150

ChIsago County Prairie Island 345 82 61.5

Columbia North LaCrosse 345 80 60

Ellendale Hettinger 345 231 173.25

Rochester North LaCrosse 345 60 45

Jamestown Maple River 345 107 80.25

Prairie Island Rochester 345 58 43.5
Total
miles Total cost
1620 $1,215 ($M.

Table 16 - Common Recommended Facilities

6.2 Additional transmission facilities for each scenario

In addition to the common facilities in the above table. the Minnesota bias had three
additional unique facilities for a total of 256 miles and $192 million. These facilities are
a result of the high concentration of generation in the St Paul/Minneapolis metro area.

The north/west bias also had three umque facilities for a total of 387 miles and $290
million. These facilities are a direct result of the 1000-MW import from Manitoba
Hydro, which is included in the north/west gcnemtion bias.

The East Bias has unique facilities due to the difficulties sending power from the East
to West across minimal river crossings.
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7 Conclusion and Next Steps

The CapX 2020 technical team believes these results to be the cornerstone offuture studies
to better identify the transmission needs of the study region. These results need to be
integrated into the MISO Transmission Expansion Plan and ongoing utility load-serving
studies.

The team envisions future study efforts to incorporate the results of adjoining regional study
efforts, investigate how the bulk transmission solutions can support the load-serving
transmission, and investigate how the impacts of new load forecasts and generation
interconncctions impact the transmission vision. Additional studies to consider include:

• Scaling the 2009 model's load to a point where transmission violations begin to occur
and determining which transmission alternative best solves the problem. The study
should continue this effort to determine sequence andlor combinations of transmission
additions.

• Analyzing the lower voltage system (below 161 kV) for voltage violations and thennal
overloads during n-I contingency analysis.

• Conducting detail studies (including stability analysis) to support a certificate of need for
facilities identified as being critical to meet the needs of the transmission customer.

• Identifying bulk substation locations that address overloads on the load-serving
transmigsion system and preparing least-cost planning alternatives that meet the
anticipated load growth in the area. Studies would involve detailed load scaling efforts to
better model local load growth. The team would review short-term alternatives to
address immediate concerns such as switched capacitors, reconductoring, and voltage
upgrades on existing corridors.

• Investigating impacts of alternative transmission technology (DC, FACTS, phase shifting
transfonners, etc.)

• Reeonsldenng alternative generation locations in each of the biases to determine the
sensitiVIty of generation location on the transmission vision.

• Updating study results based on new generation interconncct/delivery study results.

• Integrating rcsults of adjommg regional and MISO study efforts to detennine impacts on
transmission vision.

CapX 2020 Technical Team members:

Jared Alholinna
Tami Anderson
Richard Dahl
Rick Hettwer
Amanda King
Mike Klopp
Gordon Pietsch
Tim Rogelstad

Great River Energy Company
Great River Energy Company
Missouri River Energy Services
Southern Minnesota Municipal Power Agency
Xcel Energy
Minnesota Power Company
Great Rivcr Energy Company
Otter Tail Power Company
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Appendices

A. Composite List ofTransmission Data

B. Tabulated Contingency Results, Load Flow Data and Automaps
B-1. MN Bias

• N- I Output 6300 MW
• Automaps for 6300 MW Case
• N-IOutput4500MW
• Automaps for 4500 MW case

B-2. NWBias
• N-IOutput6300MW
• Automaps for 6300 MW Case
• N- I Output 4500 MW
• Automaps for 4500 MW case

B-3. Eastern Bias
• N-I Output 6300 MW
• Automaps for 6300 MW Case
• N-I Output 4500 MW
• Automaps for 4500 MW case

C. Transmission Characteristics and Cost Estimate Data
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AppelldixA
Composite List of Transmission Data - Recommended Facilities Include Facility Characteristics

Facllitv Name Facilitv Characteristics
Ref. Data Volt Cost From To Ratln" :MVA)

# Source From Name To Name (kV) Miles (SMj Bus# Bus# R X Bcb Summer
F-OI SMNI Adams Havward 345 34 15.3
F-02 TIPS Ale:rcandna Benton County 345 80 59.9 67010 60142 .00299 .03276 .559 lL65
F-03 TIPS AleKandna Maple River 345 126 94.2 67010 66792 .00506 .05544 .946 ll65
F-04 CAPX Alma Rock-Elm 345 60 45
F-05 CAPX Alma Tremval 345 40 30
F-06 NW Antelope Vallev Maple Rivet 345 292 219 67101 66792 .01058 11592 1978 1165
F-07 CAPX Arrowhead ChIsago 345 120 90 61608 60199 .00438 04718 .80974 1303
F-08 CAPX Arrowhead Forbes 345 60 45 61608 61622 .00191 .02060 .35357 1303
F-09 CAPX Benton County Chisago County 345 59 43.9 60142 60199 .00269 .02890 .49602 1303
F·1O CAPX Benton County Granite Falls 345 110 82.7 60142 66797 .00506 .05449 .93523 1303
F-11 MH Benton Countv Riverton 500 78 585 61620 60142 .00361 .000494 .665 1303
F-12 CAPX Benton County St BOllI 345 62 46.. 6 60142 62655 .00285 .03068 .52655 1303
F·13 CAPX Blue Lake Ellendale 345 200 150 60192 99990 .Ol4398 .157752 26918 1166
F-14 NW Blue Lake Franklin 345 87 65.0
F-15 NW Blue Lake Granite Falls 345 127 95.4
F-16 CAPX Blue Lake West Fanbault 345 50 37.5
F-17 CAPX Boswell Forbes 345 64 47.7 61628 61622 .00292 .03142 .53926 1303
F-18 TIPS Boswell Wl1ton County 230 72 54.3
F-19 SMNI Burt Webster 345 50 37.3
F-20 SMNI Burt Winnebago 345 56 4l.9
F-21 SMNI Byron Rochester 345 31 216
F-22 SMNI Byron Wilmarth 345 72 54.2
F-23 SMNI White Frankhn 345 76 57.2
F-24 SMNI Chanarambie White 345 53 398
F·25 CAPX Chisago County King 345 52 39
F-26 CAPX ChISago County Prairie Is land 345 82 6L2 60199 60105 00375 0403l 69189 1303
F-27 CAPX ColumbIa Genoa 345 110 83
F-28 CAPX Columbia North LaCrosse 345 80 60 39157 92605 .00316 04954 5371 Il28
F-29 MH Dorsey Karlstad 345 134 100.5 67625 66750 00383 .05688 .89380 1295
F-30 NW Ellendale Hettinger 345 231 173.3 99990 67175 0092 ,1008 1.72 1165
F-31 NW Ellendale Watertown 345 131 98.2
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F·32 CAPX Forbes Riverton 345 114 854 61622 61620 00522 05622 .96491 1303
F-33 CAPX Franklm Granite Falls 345 48 36
F-34 CAPX Franklm Lyon County 345 70 525
F-35 CAPX Franklin Wllinarth 345 60 45
P-36 SMNI Rochester North LaCrosse 345 60 449 69999 92603 .00253 .02717 46635 2110
F-37 SMNI Freemont Rochester 345 0 0
F-38 NW Granite Falls Watertown 345 93 69.9
F-39 CAPX Genoa Lansing 345 0 0
F-40 MH Winger Benton Co 345 162 121 5 66760 60142 .00735 .10920 1.7157 1295

F-42 SMNI Havward Wmnebago 345 56 419
F-43 SMNI Hazelton Salem 345 78 581
F-44 NW Jamestown Maple Riyer 345 107 804
F-45 MH Karlstad Winger 345 91 114 66750 66803 .00311 .04623 72631 1295
F-46 CAPX KmR Rock Elm 345 50 375
F-47 SMNI Lakefield Junction Winnebago 345 64 47.9
F-48 CAPX Lansing Rochester 345 100 75
F-49 CAPX Lyon County White 345 50 37.5
F-50 SMNI Nelson Dewey Salem 345 35 259
F-51 SMNI Nelson Dewey Sonng Green 345 67 50.2
F-52 SMNI Nobles Wilmarth 345 120 89.7

F-54 SMNI North LaCrosse Sonng Green 345 105 788
F-55 CAPX North Lacrosse Tremval 345 55 41.3
F-56 SMNI Prairie Island Rochester 345 58 43.7 60105 6999 .0046 .0494 8479 2110
F-57 MH RIverton Wilton County 500 96 72
F-58 SMNI Rockdale West Middleton 345 36 26.7
F-59 SMNI Spring Green West Middleton 345 31 23.2
F-60 CAPX West Faribault Wilinarth 345 45 3375
F-6l MH Wilton County Winger 345 66 49.5
F-62 CAPX Wilmarth Rochester 345 75 5625
F-63 CAPX Lakefield Jet. Adams 345 92 69 60331 60102 .00644 06916 1 187 1303
F-64 CAPX EauClalre Kmg 345 84 63 1
F-65 CAPX North LaCrosse Eau Claire 345 73 55 1
F-66 CAPX Genoa North LaCrosse 345 42 J1 7
F-67 CAPX Genoa Columbia 345 113 84.8
P-68 CAPX Genoa Nelson Dewey 345 70 524
P-69 SMNI Nelson Dewey Salem 345 34 25 ..6
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F-70 I CAPX I Genoa \ lansing I 345 I 21 I 158
F-71 I CAPX I Lansin2 I Rochester I 345 I 89 I 668
F-n I CAPX I Ellendale I B,g Stone I 345 I . 194 I 145.8
F-73 Blue Lake

CAPX - CapX Technical Team
NW - MISO Northwest Exploratory Study
TIPS - Transmission Improvement Plans Study

MH - Manitoba Hydro Studies
SMNI - MISO Southern MiIlllesotaINorthern Iowa Exploratory Study
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For the rest of the Appendices please refer to www.capx2020.com for the electronic version of the Technical Update report.
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