2146252

PSC REF#

Public Service Commission of Wisconsin
RECEIVED: 03/24/11, 4:41:14 PM






CapX2020
Hampton — Rochester — La Crosse 345 kV Project

Technical Studies Summary Report

Xcel Enetgy / Dairyland Power Cooperative / Rochester Public Utilities

March 2011



THIS PAGE INTENTIONALLY LEFT BLANK.



b=

Table of Contents

INEEOAUCHON L.t 1

Area StUAY HISTOIY ..oviiiiiiiiiiiiir e 1

Proposed 345 kV Project DesCrPtON .....ccouviieiiiviiiciciiiiiciere s 2
Minnesota Public Utilities Commission and Wisconsin Public Service Corporation

APProvals REQUITEd ......c.ceuiiiiiiiiiiiiiiiii e 3

Criteria, Methodology and ASSUMPLIONS .......ccccuiuiuiuiiiiiiiiiiniiiiinneeee s 4

a. CIIEEIIA vttt 4

b. Methodology and ASSUMPLONS.......cccceiiiieiiiiiiiiiiiceeces e 4

C. ANALYSIS ettt 8

1. Powerflow Methodology...........cciiiiiniiiiiiicccccnne 8

1. Steady State Modeling ASSUMPONS .....vveveiiieemeiiiieeiiiieeice s 8

1ii. Steady State Contingencies Modeled..........coovviiiiiiniiiininiiiniicriceinen, 9

1v. Distribution Factor Cutoff ..........ccovvviviviviiniiiiiiiccccccce 9

V. Reactive Power Requirements--Light-load Charging Mitigation ............cc....... 9

Vi. Power Flow Output and Results .......cccccevviieiiiiiniiiiiiiciniiccnccecnens 10

ProJect NEE ...oviiiiiiiic s 13

a. Community Reliability Needs .......cccoviiiiiiiiiiiiicccccnes 13

i 1.2 C1oSS€ / WINONA ATCA..eivieiieeieieeeeeeeeee ettt ettt ettt sae e e 13

1. EXISting SYStemM....cuciuiiiiiiiiiiiiiciininii s 13

2. Reliability ISSUES...c.cueuevevevireriiriririririrs et 15

3. Timing of the Need.......ccooviiiiiiiiiiccs 18

1. ROCRESTEr AT€Q .ueviiiiiiiiiiic s 20

1. EXISting SYStemM....cucuiuiiiiiiiiiiciciiii s 20

2. Reliability ISSUES...c.cueueviveieieiiiiiriririrrr e 21

b. Regional REHability ... 23

c. Generator Outlet / Renewable Energy SUPPOLt.....cccviuicicinciniinicicicincicicccne 23

d. Project In-Service Date RisK......ccociiiiiviiiiiiniiiiiiiciiiicccceenne 24

MISO Evaluation 0f NEEd.......ccceuiiiiiiiiiiiiiiiiiicce s 24

Alternatives EVAUAtion ......c.coviiiiiiiiiicccs et 25

a. Alternatives Evaluation for Rochester area ..o, 25

b. Alternatives Evaluation for 1.a Crosse/WINONA «.e.ee.eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeseseseenens 25

1. ReCONAUCTOL. ..o s 25

1. La Crosse Area Lower Voltage Alternatives........cooevviccreiniccneiniicneinicenens 26

1. 2006 161 kV La Crosse AIterNative .......cccceeveerccceeeeneeeieieieieneeenes 26

2. 2010 161 kV La Crosse AIterNative .......ccvuveuveriiereerinieneisiniceniieens 27

1ii. Single 161 kV Line Between North Rochester and La Crosse........cccceueucees 28

1v. Double Circuit 161 kV Line North Rochester--La Crosse........cccccccueuvueunenene. 28

V. Single Circuit 230 kV Line North Rochester --La Crosse ........ccccovvieuivricnes 29

Vi. Comparison of Lower Voltage AIternatives .........ococcevvinicreirinicnniinieeniinians 29

1. Regional Reliability........cccooiiiiiniiiiiiniiiiiniicciccreeccceaas 29

2. Generation OUIEt ... 30

3. COSt COMPALISON...iuieiuiuiiiiiiiiiieicieieieeieeretetetee e 30

(a) 2006 161 kV La Crosse AlterNative .......cccoeeeerererererereneunenenns 30

(b) 2010 161 kV La Crosse AlterNative .......cccceeeererererererenennunenns 31



(©) Single 161 kV Line Between North Rochester and La

CLOSSE ottt 31
(d) Double 161 kV Line Between North Rochester and

La CroSSe..ummiiiiiiiiiciciriccic s 31

(e) Single 230 kV Line Between North Rochester and La
CLOSSE ottt 32
C. Higher Voltage AItErNatiVe .......cccceueueiiiiiiiiiiininiiiiccccee e 32
d. No Action or Generation as an AItErNAtiVE .......ccouveueiriieriiiinieinnieesceesseceenens 33
L. Demand Side Management Programs .........cccccevieivniicnninicinnieeniinienens 33
1. Existing Generation as an Alternative to Transmission Area.........cccevueenene. 33
1. No Action Alternative Conclusion........covvvvininiiiiicicceeeeeeeeeeeeees 34
9. L0888 EVAlUAtION......cviiiiiiiiiciii e 34
10. CONCIUSION. ...ttt 36

Appendices

Appendix 1:  La Crosse Area Summer Peak Load Information (2002-2020)

Appendix 2:  Rochester Area Summer Peak LLoad Information (2002-2020)

Appendix 3:  Contingencies Studied

Appendix 4:  Powerflow Data for Alternatives

Appendix 5:  Direct Testimony of Jeffrey R. Webb dated May 23, 2008 filed on behalf of the
Midwest Independent Transmission System Operator Inc. in the Minnesota
Certificate of Need Proceeding

Appendix 6:  Cost Data

Table of Figures

Figure 3-1 Project OVEIVIEW ..c.cuiuiiiieiiieiiiiiciciciciscsscse ittt asaeaes
Figure 5-1 Load serving capability with capacitor bank additions..........ccceveiieiviniiiiiniiiiccnes
Figure 6-1 Affected La Crosse/Winona Area and Flows on High Voltage Transmission

LINES SEIVING ATCA...iiuiiiiiiiiiiiiiiiiicieiri e
Figure 6-2 La Crosse/Winona Area Genoa — Coulee 161 kV Contingency........eceeeeeeureureereececuncunenn.
Figure 6-3 La Crosse/Winona Area Genoa Off-line, Alma — Marshland 161 kV Outage

CONNGEINCY ..ottt
Figure 6-4 La Crosse/Winona Area, John P. Madgett Off-line, Genoa — Coulee 161 kV Line

CONUNGEINCY ..ttt bbbttt
Figure 6-5 Actual and projected Future Substation Loads for the La Crosse/Winona Area

(SUMMETL PAK) ...ttt
Figure 6-6 Affected Rochester Area and Flows on High Voltage Transmission Lines Serving

AALCQ ittt
Figure 6-7 Affected Rochester Area Under CONtINGENCY.....cciuiuimiieiiiiiiiiiiiiiiiiiniiiiiiceccieeeneeenenes
Figure 8-1 La Crosse Area Reconductor OPHion .......ccccuiiiiieiiiiiiciiiiieiiiie i sessissesessssans
Figure 8-2 161 kV Alternative FACIItES ......cccevriiiiieiiiiiiciiiiiiceiriietricie s sesesasaes
Figure 9-1 Computation of Equivalent Capitalized Value for LOSSES ......ccovuvrivirivinininiiiiicccciccnnes
Figure 9-2 Losses Performance COMPAISON.......cuciiiiiiiiiiiieiiiiiiieieieieieieieietesese s sssssssssesesesenenes
Figure 10-1 Project Option SUMMATY.......ccoviviiiiiiiiiiiic e

i



1. Introduction

The electric load in the Rochester, Minnesota and La Crosse, Wisconsin areas have grown over the
past decade to the point of approaching the maximum capacity of the existing transmission systems.
These systems are comprised of sub-230 kV voltage classes not generally used for bulk delivery of
the amount of power now needed to serve the current load levels. The 161 kV lines and 69 kV lines
serving those areas are reaching the end of their ability to function as those areas’ backbone.
Planning engineers evaluated the need for system upgrades and determined that a higher voltage
option was needed to reliably serve these areas for many years into the future.

This report summarizes and describes the engineering analyses undertaken to assess electrical system
needs in the La Crosse/Winona and Rochester, Minnesota areas and to analyze options to address
the identified needs. Various options were considered: (1) alternative lower voltage and higher
voltage transmission lines; (2) a “do-nothing’ alternative; (3) generation alternatives; and (4) the
proposed 345 kV Project. Per the recommendations of the ad hoc study group, this analysis was
undertaken without making any assumptions as to the specific route the facility would follow,
including whether a route might afford opportunities to co-locate the new transmission lines with
existing facilities. Further analysis relating to the impact of routing options on system performance
will be examined in the Wisconsin Certificate of Public Convenience and Necessity (CPCN) and
Minnesota Route Permit processes.

The recommended alternative is a 345 kilovolt (kV) line project between Hampton, Minnesota
(southeast of the Twin Cities) and La Crosse, Wisconsin. The proposed CapX2020 Hampton —
Rochester — La Crosse 345 kV line and two associated Rochester area 161 kV lines will hereafter be
referred to as the Project or the 345 kV Project.

The Project is the preferred alternative because it best addresses three needs: First, the Project will
be a critical component, along with the other CapX 2020 projects, necessary to strengthen the
transmission network to meet several thousand megawatts (MW) of additional demand for electrical
power anticipated in Minnesota, Wisconsin and parts of surrounding states by 2020. Second, the
Project will address the need for additional transmission facilities to provide reliable service to the
growing communities in the Rochester and Winona/La Crosse areas. Third, the line will support
generation development by providing foundation bulk transmission facilities across the
Minnesota/Wisconsin border to enable future power transfers between Minnesota and Wisconsin.

2. Area Study History

In the early to mid-2000s both RPU and DPC were identifying emerging load serving needs in their
respective service tetritoties, generally the Rochester and La Crosse/Winona areas. Each utility
identified 161 kV alternatives that would address these needs for a period of time. Subsequently,
RPU and DPC led a study team which also included planning engineers from Xcel Energy, SMMPA,
American Transmission Company (ATC), Alliant Energy and Great River Energy to investigate
whether a more regional solution would be appropriate. This study effort resulted in a
recommendation for 345 kV and 161 kV facilities.

Around the same time as the regional study effort, the CapX2020 initiate began to develop a long-
term transmission plan to ensure that load in Minnesota and portions of surrounding states region
could be served reliably through the year 2020. The 345 kV project described in this report was



identified by the CapX2020 utilities as one of the recommended 345 kV lines to serve future growth.
The CapX2020 group of 11 utilities undertook a high level vision study and identified a need for
significant 345 kV additions to the regional transmission system to meet growing customer
demands, including 345 kV connections between Minnesota and Wisconsin. '

The analyses described in this report began in 2009 and include evaluations of actual substation load
data through 2009 and forecast data through 2020. This data is included in Appendices 1 and 2.
The study was led by Xcel Energy, with participation by Rochester Public Utilities and Dairyland
Power Company.

3. Proposed 345 kV Project Description

The recommend plan includes the following facilities:

o A 954 bundled ACSS 345 kV transmission line (rated at 1792 MVA) from a new
Hampton Substation near Hampton, Minnesota (southeast of the Twin Cities), to a
new North Rochester Substation near Rochester, Minnesota, and then east to a
substation in the area of La Crosse, Wisconsin. The substation diagram for the new
substation proposed in Wisconsin, Briggs Road, with all equipment and ratings is
included in the CPCN Docket No. 5-CE-136 of January 2011 — Appendix K, Figure
1.

° Two 795 ACSS 161 kV transmission lines, one between the new North Rochester
Substation and the Northern Hills Substation and one between the new North
Rochester Substation and the Chester Substation.

Figure 3-1 shows an overview of the Project.

'CapX2020 utilities are: Xcel Energy, Otter Tail Power Company, Great River Energy, Minnesota
Power, Missouri River Energy Services, Minnkota Power Cooperative, WPPI Energy, Dairyland
Power Cooperative, Central Minnesota Municipal Power Agency, Otter Tail Power Company,
Rochester Pubic Ultilities and Southern Minnesota Municipal Power Agency.



Figure 3-1
Project Overview

4. Minnesota Public Utilities Commission and Wisconsin Public Service
Corporation Approvals Required

In Minnesota, the Project requires a Certificate of Need and Route Permit from the Minnesota
Public Utilities Commission. Minn. Stat. § 216B.243, subd. 2; Minn. Stat. § 216E.03, subd. 2. The
Minnesota Public Utilities Commission granted Certificates of Need for these facilities in May 2009.
Xcel Energy filed a route permit application for the Minnesota portion of the 345 kV line and the
North Rochester Substation to Northern Hills Substation 161 k V line with the MN PUC in January
2010. A route permit application for the Northern Hills — Chester 161 kV line will be filed
separately.

In Wisconsin, a Certificate of Public Convenience and Necessity (CPCN) must be obtained before
the Project can be constructed. Wis. Stat. § 196.49, subd. 3. A CPCN application was filed on
January 3, 2011; a completeness determination is pending.



5. Criteria, Methodology and Assumptions
a. Criteria

Planning engineers are required to meet the needs of the stakeholders in the electric transmission
system while adhering to all reliability criteria established and enforced by the North American
Electric Reliability Corporation (NERC). The criteria are designed to ensure that the transmission
system will remain stable, all voltages and thermal loadings of the transmission facilities will be
within established limits, there will be no cascading outages, and only planned / controlled loss of
demand or transfers will occur. These criteria have been developed over decades and are constantly
being monitored and changed as deemed necessary to avoid large outages and blackouts. Most
often, the criteria are made more rigorous as engineers learn better ways to maintain reliability of the
transmission system. The full detail on all NERC Ciriteria is available at the following link:

http:/ /www.nerc.com/page.phprcid=2%7C20
b.  Methodology and Assumptions.

Steady State Models

The base models used for the steady-state (powerflow) analysis were 2014 summer peak load
condition models from the 2008 series of models created by Midwest Reliability Organization
(MRO). Those models were modified to include the load levels and transmission topology expected
in the year 2012. This involved both adjusting the loads in the local study areas from 2014 to 2012
and making the following significant changes to the model:

o The Monroe County capacitor installation was changed to be 2x30 megavolt ampere
reactive (MVAR) to accurately represent the installed facility.

o Generator 3 at Nelson Dewey was deleted from the case because the generator has
not been granted approval to be built.

o Generation on the Spencer 69 kV bus was removed because it is not expected to be
put in service.

J Three 161 kV transmission lines recommended in the 2008 Regional Incremental
Generation Outlet (RIGO) Study were excluded. This study was designed to
determine the most effective locations for transmission in Southeastern Minnesota to
facilitate wind generation interconnection. The RIGO facilities were removed
because no approvals from the Minnesota Public Utilities Commission had been
received at the time of the analysis. In February and March 2011, Xcel Energy
received a Certificate of Need and a Route Permit from the Minnesota Public
Utilities Commission for one of the RIGO facilities: the Byron — Pleasant Valley 161
kV line. This line does not tie a new source into the Rochester 161 kV system and
therefore does not provide any additional load serving capacity to the Rochester area.

o The French Island two 70 MW generators were turned off because they are peaking
generation units — not currently must-run units — and are operated only when
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necessary for system support. In addition, transmission is more reliable than
generation. One purpose of this Project is to address transmission issues with
transmission facilities and reduce the reliance on expensive peaking generation units
being run out of merit order for transmission system support. At the time the study
model was developed it was not public knowledge that Unit 3 had been mothballed.
However, since the study was conducted with the two peaking units off this will not
affect study results.

o The Wisconsin hydroelectric generators were set to be generating at 50% of their
maximum capabilities due to the fact that many of those hydroelectric plants are run-
of-river in nature, so a drought could easily decrease their output to 50% of their
maximum. The 50% modeling assumption is designed to recognize this fluctuation
in hydroelectric generator availability and to ensure that the system can
accommodate a 50% level at all times.

o The Lansing — Genoa 161 kV line was set to have both normal and emergency
ratings of 223 MVA. (The Lansing — Genoa 161 kV line is presently limited to 223
MVA by substation equipment.)

Model adjustments were also made for the CapX2020 “Group 17 facilities for the 2012 peak case:
Fargo — Monticello 345 kV line, Brookings — Hampton 345 kV line, Bemidji — Grand Rapids 230 kV
line and this 345 kV project. The Fargo — Monticello 345 kV line was included in the base model
because it is remote enough from the study area to not affect the study results. The remaining
Group 1 facilities were not included in the base models because the Brookings — Hampton 345 kV
line is tied directly to the study area at Hampton. However, for the cases where the Hampton —
Rochester — La Crosse 345 kV line was assumed in service, all CapX2020 Group 1 facilities were
included.

The primary methodology employed was to use the base load levels in the models and grow those
loads to higher levels to determine the load level where facilities would experience overloads or low
voltages. To do this, the load at each substation is grown in proportion to its initial load. For
instance, if the La Crosse area load were to be grown from its estimated 2012 starting point of 491
MW to a 982 MW level (doubled), a substation with 4 MW of initial load would only increase 4 MW
while a 40 MW substation would increase 40 MW. With this study methodology, the values of the
loads at each substation are less important than the initial relative distributions of loads. The
Rochester area loads included loads served by Dairyland, RPU and SMMPA. The La Crosse area
loads included loads served by Dairyland and Xcel Energy. Appendices 1 and 2 of this report show
the load forecasts and they are discussed in detail in Section 5 of this report as part of the Project
need discussion.

The following list of steps will walk through the creation of the study models from the MRO base
case model as described above. All files referred to below (cases, idev files etc.) were included on a
CD previously provided to the PSCW staff (Summer 2009):

1. The source model used for this study was a MRO 2008 series 2014 summer peak base
model.
2. Major corrections/changes made to the model IDEVs run on the model):
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Turn off French Island large generation.idv

. This turns off the two large generators at French Island. The 140 MW
removed from French Island is picked up by Sherco and Prairie Island
generation in this IDEV.

. Solve the case.

WI Hydro set to 50%.idv

. This changes the dispatch level of NSP Wisconsin hydro to 50% of their max
output. This was a study assumption agreed to by Xcel, DPC, and RPU.

. Solve the case.
Remove fake generation at Nelson Dewey G3.idv

. Nelson Dewey Generator (NED G3) with a total of 263MW was removed
from the case. The Wisconsin PSC denied this generator and MISO
recommended the generator be removed. Note: It does not matter what
generation is used to pick up loss of NED G3; difference between having
Nobles County and TVA Browns Ferry is a total of 3MW of flow on the
lines north out of Genoa. TVA Browns Ferry was used in the model.

. Solve the case.

Adams-Hazelton 0 impedance 345kV line.idv

. Removes a zero impedance 345kV line between Adams and Hazelton
substations.
. Solve the case.

Remove RIGO facilities.idv

. For this study, all RIGO facilities are assumed to not be in service.
. Solve the case.

RPU 2014SUPK generation and loads fixed.idv

. This was a model error in the base MRO model; some of the load and
generation values were wrong. This IDEV corrects this change.

. Solve the case.
Delete Monroe County-Council Creek.idv

. This removes the Monroe County to Council Creek 161 kV line.
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. Solve the case.
MOC cap bank change to 2-30MVAR.idv

. This changes the cap bank at Monroe County substation from one 60 MVAR
cap bank to two 30 MVAR cap bank steps.

Nobles 400MW generation.idv

. This adds a possible future generator at Nobles substation, generation
modeled on the 115 kV bus. This location was chosen because of the
distance from the generation to the load centers. By having the generation
located far away from the load centers, we were trying to mitigate any errors
due to generation assumptions. The generation is turned on-line, but not
dispatched.

Remove fake generation at Spencer.idv

. This was a model error and not dispatched. The generation was removed to
mitigate any confusion.

Remove Load at Westside.idv

. This removes the load at Westside substation. This load will not exist in
2012.

La Crosse area buses and loads re-zoned to 609.1dv

. This moves the buses and loads identified in Attachment A-1 into a specific
unused zone.

Rochester area buses and loads re-zoned to 608.idv

. This moves the buses and loads identified in Attachment A-2 into a specific
unused zone.

. Solve the case.

LAX 2012 Loads.idv

. This changes the loads in the defined La Crosse zone of 609 to 2012 levels,
as listed in Attachment A-1.

RST 2012 Loads.idv

. This changes the loads in the defined Rochester zone of 608 to 2012 levels,

as listed in Attachment A-2.

. Solve the case.



NOTE: After running the IDVs listed above on the MRO 2008 Series 2014 SUPK base case model,
a 2012 SUPK case has been created.

Analvtical Software T'ools

The CapX2020 team planning engineers use industry standard software tools for all study work and
analyses. The program used for this powerflow and loss analysis was Power System Simulator for
Engineering (PSS/E) Version 30.1 by Siemens PTI.

c. Analysis

i. Powerflow Methodology

One of the primary analyses done as part of this study is the amount of load able to be served under
first-contingency conditions. This analysis was done separately, while on the same powerflow case,
for Rochester and La Crosse, as those two load centers operate in a very electrically separate
manner.

One of the methods used for determining the load level which could be served in the Rochester and
La Crosse areas was first-contingent incremental transfer capability (FCITC) analysis into each area.
Employing this analysis, the amount of power able to be transferred into an area under contingency
before a transmission line or transformer overloads is established. This method can also be used to
determine the level of load able to be served before any bus has a voltage violation. For each of the
lower voltage alternatives the powerflow output showing these load levels with violations are
included in Appendix 4 of this report.

ii. Steady State Modeling Assumptions

The initial load level studied for the La Crosse area was 491 MW with 103 MV Ar for a power factor
of 97.9%.

As load levels in the La Crosse and Rochester areas were increased, Sherco generation, located
northwest of the Twin Cities area, was increased to serve the additional load. For simulation of the
loss of Genoa generation or John P. Madgett generation, generation at Nobles County was increased
to offset the generation loss. The loads increased to simulate load growth are shown in Appendices
1and 2.

All of this work was done with a peak-load case; the transfers in the base case were not changed for
the study work. The Midwest Reliability Organization-supplied case already had firm transfers
consistent with data submitted for on-peak modeling.

In addition, planning engineers have determined that there are multiple locations for the endpoint
for the line. Because substation locations in the L.a Crosse area perform similarly and provide
comparable load serving capability, it is anticipated that the final terminus will be decided based on
routing considerations. Potential routes with identified substation locations will be submitted in the
Wisconsin CPCN process. Consequently, this study does not assess any one specific endpoint.



iii.  Steady State Contingencies Modeled

The contingency list contains the relevant complex NERC Category B and Category C contingencies
commonly used for bulk transmission studies in the Rochester and La Crosse areas. A list of those
complex contingencies is in the Appendix 3 showing Complex Contingencies. The following table
shows the control areas in which contingencies were taken; all branches (transformers and
transmission lines) were taken as contingencies one at a time. Also, all the generators in those areas
were taken off line one at a time, and all the transmission ties from those areas wete taken as
contingencies one at a time.

Contingency Areas.

Model Area number Area name

600 Northern States Power

613 Southern Minnesota Municipal Power Agency
615 Great River Energy

627 Alliant Energy West

680 Dairyland Power Cooperative

694 Alliant Energy East

iv. Distribution Factor Cutoff

For purposes of screening the overloaded branch results, no branch was included as needing remedy
if the portion of the new study load flowing on that branch was less than 3% of the increased load
being served for both system-intact and outage conditions. In other words, the power transfer
distribution factor (PTDF) cutoff was 3%. As an example, for the case with 300 MW of increased
load in the La Crosse area, a branch was only considered affected if that branch loaded at least 9
MW more (3% of 300 MW) due to the load growth.

V. Reactive Power Requirements--Light-load Charging
Mitigation

During periods of light loading on any high-voltage transmission line, the charging current tends to
increase the voltage of the line. This effect can lead to voltages outside of criteria if no mitigating
facilities are installed. It is customary, therefore, to add reactors to the tertiary buses of the
transformers involved in an upgrade of a line to a higher voltage. The connection of reactors to the
transformer tertiary point tends to be the most inexpensive method of keeping the voltage within
criteria during light-load conditions.

The charging from a 345 kV circuit is generally .86 MVAr per mile. The design for the Project
includes installing enough shunt reactance to absorb all the 345 kV lines’ charging during light-load
periods. Each reactor would be automatically switched based on the voltage on the primary or
secondary of the transformer connected to the reactor. This way the reactors will only be energized
at times they are needed. Therefore, extra capacitors would not have to be installed to compensate
for the reactors which were always energized.



Given a maximum distance of 150 miles for the 345 kV segments proposed, the charging current
required to be absorbed at light load is 129 MV Ar. This charging current could be absorbed with
installation of a 65 MV Ar reactor on the tertiaries of the 345/161 transformers at North Rochester
and North La Crosse.

vi.  Power Flow Output and Results

The following is a description of the models used, and steps necessary to replicate the results of the
analysis. The models described in this report were previously provided to PSCW Staff on CD in
August 2009.

Models Used in Study

Source Model: 2014SUPK_Base.sav

. This case is a base model out of the MRO 2008 series. This case will be modified
with the provided IDVs to create a 2012 summer peak model.

Base CPCN Model: 2012SUPK_CPCN.sav

. This case is the base model used in the CPCN re-study. This model has been
modified with the provided IDVs to create a 2012 summer peak model.

CPCN Model with CAPX2020: 2012SUPK_CPCN_CAPX2020.sav

. This case is the CPCN base model with the CAPX2020 lines added.

Study Results

Procedure for solving case under contingency:

Solve initial case

Run contingency

Compensate for loss of generation with Nobles Wind, if necessary.
Change area interchange and swing bus, if necessary.

Solve case.

Scale load to appropriate level.

I

Base CPCN Model: Solving with area interchange, ties and loads. Use Nobles Wind (Bus
603194) as sources for additional generation and modify area interchange.

1. Contingency: JPM offline and loss of Genoa-Coulee 161kV. Drop half of load at JPM
generator bus because generation is off-line.
. Overloads: Genoa-La Crosse Tap 161 kV Line
. Critical Load = 320 MW

2. Contingency: JPM offline and loss of Genoa-Coulee 161kV, running French Island #4.
. Note: This is the current situation, as French Island unit #3 is mothballed.
. Overloads: Genoa-La Crosse Tap 161 kV Line
. Critical Load = 390 MW
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3. Contingency: JPM offline and loss of Genoa-Coulee 161kV, running French Island #3 &

#4.
. Overloads: Genoa-La Crosse Tap 161 kV Line
. Critical Load = 460 MW
4. Contingency: Loss of Genoa-Coulee 161 kV.
. Overloads: Genoa-La Crosse Tap 161 kV Line
. Critical Load = 446 MW
5. Contingency: Genoa offline and loss of Alma-Marshland 161 kV.
. Voltage at French Island near 0.95 p.u.
. Critical Load = 430 MW, assuming Genoa-Lansing terminal equipment upgraded.

CPCN Model with CAPX2020 345 kV Project: Solving with area interchange, ties and loads.
Use Nobles Wind (Bus 603194) as sources for additional generation and modify area
interchange.

1. Contingency: JPM offline and loss of Genoa-Coulee 161kV.
. Overloads: Genoa-La Crosse Tap 161 kV Line
. Critical Load = greater than 790 MW
2. Contingency: Loss of Genoa-Coulee 161 kV.
. Overloads: Genoa-La Crosse Tap 161 kV Line
. Critical Load = greater than 790 MW
3. Contingency: Genoa offline and loss of Alma-Marshland 161 kV.
. Overloads: Genoa-Lansing 161 kV Line and voltage at French Island below 0.95 p.u.
. Critical Load = 750 MW

The following Figure 5-1 summarizes the load-serving capability of the L.a Crosse area, without
additions, with the Project and with the Project and capacitor additions options. All options were
analyzed assuming the Monroe County-Council Creek 161 kV line out of service. The key column in
that figure is the column labeled “Most limiting load-serving increment/ MW?”. That column shows
the increment (or decrement, if negative) of load-serving capability over the La Crosse load level
forecast for year 2012 (491 MW). All load-serving increments shown are real (MW) increments only;
the reactive (MVAr) load was not increased. Note also that for the purpose of this transmission
planning study, the evaluation was done assuming that the new transmission line would not be co-
located (or double circuited) with existing transmission facilities.
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Figure 5-1
Load serving capability with capacitor bank additions

Most Most
Base limiting | limiting Thermal
case load- load- Voltage Voltage |incremental Thermal
area serving serving |incremental load load load
served/ served/ Thermal served/

level/ |load served/| Voltage

Limiter | Contingency | MW MW Limiter [ Contingency MW

increment
ade assumed MW / MW MW

MW

Year | Option
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The figure shows that without any transmission improvements in the La Crosse area, service to
customers must be interrupted to avoid overload of the Genoa-La Crosse Tap 161 kV line any time
the area load is above 269 MW. The actual area peak load in 2006 was 459 MW. If the 345 kV
Project were built, the La Crosse area load-serving capability increases to 616 MW. If, in addition to
the 345 kV line, capacitors are added at North La Crosse, the load-serving capability increases to 791
MW — 300 MW above the projected 2012 level.

6. Project Need
a. Community Reliability Needs
i. La Crosse / Winona Area
1. Existing System
The La Crosse/Winona atea, which has its highest electricity demand during the summer, is facing
reliability issues as a result of population growth and the resulting increase in demand for electricity.
The area includes the cities of La Crosse, Onalaska and Holmen, Wisconsin and extends east to
include Sparta, Wisconsin; the area extends northeast to include Arcadia, Wisconsin; the area
extends northwest to include the area of Winona/Goodview, Minnesota; and the area extends
southwest to include La Crescent, Houston and Caledonia, Minnesota.
Xcel Energy and Dairyland member distribution cooperatives — Vernon Electric Cooperative, Tri-

County Electric Cooperative, Oakdale Electric Cooperative and Riverland Energy Cooperative —
serve the La Crosse/Winona area. Power to the area is provided by four 161 kV transmission lines:’

o Alma — Marshland—ILa Crosse 161 kV (Dairyland)
o Alma —Tremval-La Crosse 161 kV (Dairyland and Xcel Energy)
o Genoa — Coulee 161 kV (Dairyland)

o Genoa — La Crosse 161 kV (Dairyland)

The affected area and a graphical depiction of the general power flows on these high voltage
transmission lines in the La Crosse/Winona area are shown in Figure 6-1 below.

*The La Crosse-Monroe County 161 kV line does not provide a meaningful source to the greater La
Crosse area. It is not a meaningful source because it is the strongest source for Sparta and Tomah
given the relatively weak transmission source from the east.
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Figure 6-1
Affected La Crosse/Winona Area and Flows on High Voltage Transmission Lines Serving
Area

The transmission system’s ability to reliably serve the area depends on the status of major power
plants in the area. The plants and the summer ratings of the units located at each site are listed
below:

Alma Generation Site, located about 40 miles northwest of La Crosse:

John P. Madgett generator (coal, 395.2 MW (net) (2008 Uniform Rating of Generating
Equipment ("URGE") test) Alma units 1-5 (coal, 208.2 MW (net) (2008 URGE test)

Genoa, located about 20 miles south of L.a Crosse:
Genoa Unit 3 (coal, 377.1 MW (net) (2008 URGE test)

French Island, located within the city of La Crosse:
French Island Units 1 and 2 (refuse burning baseload units 13 MW each, nameplate, 26 MW
total, which only run on weekdays when trash pickup service occurs); French Island Units 3
and 4 (fuel oil, 70 MW each, nameplate, 140 MW total)
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Note: French Isiand Unit 3 is mothballed indefinitely, with no plans to be put back into service. "Therefore,
all further discussions of French Island in this report would refer only to operational Units 1, 2 and 4; 70
MW from Unit 4 is all that is available for system support.

The transmission system’s ability to reliably serve the area depends on the status of major power
plants in the area. If plants at Genoa and Alma are in operation and a transmission source fails, 470
MW of power demand can be met. Transmission support to the area can drop to as low as 330 MW
if Alma and/or Genoa generation are not operating. Local generation at French Island in La Crosse
totaling 70 MW must be run any time demand exceeds these critical load levels. Peak demand
reached 447 MW in 2006. These critical system conditions are discussed in detail in the next section
of this report entitled “Reliability Issues”. New high voltage transmission in this area will provide
transmission support that will alleviate these contingencies.

2. Reliability Issues

To assess the capabilities and limitations of the electrical system serving La Crosse, planning
engineers reviewed historical load data and forecasted future load.

Planning engineers found that without further improvements, the existing transmission system
would not be able to reliably serve customers under contingency conditions at the 494 MW level.

(On August 12, 2010, actual flows on the transmission lines reached an all-time coincident peak load
of 450.2 MW.)

The critical contingency was the loss of the Genoa — La Crosse — Marshland 161 kV transmission
line that resulted in overloading the Genoa — Coulee 161 kV transmission line. The scenatio
analyzed assumed Alma and Genoa generation were in operation and the French Island peaking
units were not operating. The French Island units were off line because operating peak generation
units as must-run is not reliable or cost effective as an alternative to transmission. (Modeling the
units as on in the base case gives them “must-run” status, as serving the load, and then relies on
those units generating at the levels assumed in the analyses.)

In the event of the loss of the Genoa — Coulee 161 kV transmission line, the La Crosse area system
can reliably serve only 460 MW when generators at Alma and Genoa are running. Two 60 MVAR
capacitor blocks were added to the La Crosse area 161 kV system, and the resulting system capability
was increased 10 MW to 470 MW. Figure 6-2 illustrates this contingency scenatio.
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Figure 6-2
La Crosse/Winona Area Genoa — Coulee 161 kV Contingency

The transmission system can be further supported by operating the one operational 70 MW peaking
unit at French Island. If this generator was run as system support, the capacity of the system in the
event of a Genoa — Coulee 161 kV transmission line outage would increase to approximately 540
MW. While local generation operated in advance of the next line or power plant outage may
support additional demand, running generation for system support to prepare for the next line or
power plant to go out of service is not a desirable long-term solution because it is less reliable than
transmission. In addition, the energy generated from the older facilities is normally more expensive
than power purchased from MISO competitive markets. Finally, the number of hours that French
Island units can run may be restricted by environmental permitting limitations.

The electrical system’s capacity to meet power demands is more limited when generation at Alma or
Genoa is off-line. If the Genoa generator is off-line and the Alma — Marshland 161 kV transmission
line is disconnected, the La Crosse area experiences low voltage conditions at approximately 430
MW of load. Figure 6-3 shows the system under this contingency scenario.
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Figure 6-3
La Crosse/Winona Area Genoa Off-line, Alma — Marshland
161 kV Outage Contingency

Under this contingency, once load reaches 430 MW, the Genoa — Lansing 161 kV transmission line
overloads. This level has already been exceeded. As mentioned previously, on July 17, 20006, actual
flows on the transmission lines reached peak load of 447 MW. In addition, flows on the lines
reached an all-time coincident peak load of 450.2 MW on August 12, 2010, with substation loads at
the substation in the study area reaching 473 MW. If the 70 MW of French Island peaking
generation is available and can be used for system support, the maximum capacity of the system
reaches 510 MW.

The system capacity is similarly limited if the John P. Madgett generator is off-line, French Island
peaking generation is off-line, and the Genoa — Coulee 161 kV transmission line is lost. In this
scenario, the Genoa — La Crosse 161 kV transmission line overloads and the electrical system can
reliably serve only 310 MW. Figure 6-4 illustrates this contingency scenario.
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Figure 6-4
La Crosse/Winona Area, John P. Madgett Off-line, Genoa — Coulee
161 kV Line Contingency

As in the other two scenarios, French Island generation can supplement the load-serving capability
of the system by 70 MW, up to a total of 380 MW.

3. Timing of the Need

To better understand the timing of the La Crosse/Winona area need, planning engineers developed
a peak load forecast for substations operating in the affected La Crosse/Winona areas. Planning
engineers gathered eight years of historical data and estimates of projected peak load growth. For
the forecast, Xcel Energy and Dairyland provided the actual loads from 2002 to 2010 at each of the
substations and then projected loads at each of the substations. This timing analysis was completed
using the most current load forecast information available in 2010.

For substations served by Dairyland distribution cooperatives, the forecast was estimated by first

calculating an average load for years 2004 to 2009 for each substation. To create a forecast to the
year 2020, planning engineers then applied a growth rate based on the historical peak growth rates of
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the distribution cooperatives: Vernon Electric Cooperative at 3.4 percent, Oakdale Electric
Cooperative at 2.8 percent, Tri-County Electric Cooperative’s growth rate at 1.8 percent and
Riverland Energy Cooperative at 1.7 percent.

The 20102020 forecast for the Xcel Energy substations was based on an analysis of historical loads
and anticipated growth rates. Xcel Energy used the peak demand for 2006 and grew that load by 1.2
percent through the year 2020.’

Figure 6-5 shows the actual non-coincident annual peak demand for power at each substation in
2002, 20006, 2008 and 2010 and provides a forecast of annual peak demand at each greater La Crosse
area substation for 2015 and 2020.

Figure 6-5
Actual and projected Future Substation Loads for the La Crosse/Winona Area (Summer
Peak)
GRS Actual Projected
LOAD

SERVING Load Load Load Load Load Load

SUBSTATIONS MV MV MV MV MV MV

2002 2006 2008 2010 2015 2020
Bangor 4.08 4.17 3.46 3.3 4.43 4.66
Brice 5.12 6.93 6.36 35 3.81 4.15
Caledonia City 3.42 3.9 351 3.65 4.06 4.44
Cedar Creek 3.54 5.17 493 5 494 5.38
Centerville 2.79 3.34 4.2 3.05 3.76 4.09
Coon Valley 429 5.22 3.96 3.99 5.58 5.86
Coulee 53.5 60.3 52.91 61.44 67.4 71.03
East Winona 8.92 9.47 11.09 7 12.74 14.07
French Island 19.5 29.04 24.06 38.73 37.34 39.35
Galesville 6.91 6.89 55 5.79 7.36 7.73
Goodview 31.78 35.33 33.61 31.67 36.14 38.27
Grand Dad Bluff 1.67 1.91 1.63 1.68 1.85 2.01
Greenfield 2.85 3.43 3.06 2.93 3.39 3.69
Holland - - - 474 5.16 5.61
Holmen 14.97 13.16 14.91 18.36 15.99 16.8
Houston 361 3.78 3.38 375 3.88 4.25
Krause 412 4.48 454 5.02 4.67 5.08
La Crosse 58.43 50.33 46.98 47.63 54.34 57.11
Mayfair 439 46.58 45.39 56.45 51.26 54.44
Mound Prairie 2.18 2.02 2.39 2.24 2.49 2.72
Mount La Crosse 1.64 2 2.09 2.15 2.12 2.31

* Actual loads for 2010 were obtained after the analyses were completed. The actual loads rather
than forecast loads for 2010 are presented in this figure.
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GRS Actual Projected
LOAD
SERVING Load Load Load Load Load Load
SUBSTATIONS MWV MW MWV MWV MW MW
2002 2006 2008 2010 2015 2020
New Amsterdam 3.88 4.66 4.46 3.47 3.78 411
Onalaska 11.73 12.93 10.48 13.77 14.54 15.67
Pine Creek 2.03 2.36 1.84 1.93 22 241
Rockland 418 4.14 31 3.66 4.15 437
Sand Lake Coulee 2.99 2.84 2.59 3.01 2.97 3.24
Sparta 29.65 32.47 31.74 30.9 35.84 38.61
Sparta (Dairyland) 1.15 1.36 1.16 1.14 1.42 1.63
Swift Creek 17.1 24.8 21.83 23.75 29.65 31.17
Trempealeau 4.43 3.94 3.68 2.68 4.2 441
West Salem 23.3 24.52 23.97 22.8 27.63 29.41
Wild Turkey 117 12 1.35 2.69 1.44 157
Winona 46.3 51.91 51.19 51.17 55.23 58.77
Total Load MW: 425.12 464.59 435.34 473.04 514.98 547.57
Critical Load Level =470 MW
(Transmission Only with Genoa-Coulee 161 kV Outage)
MW at risk | | 3.04 45,01 71.57
Critical Load Level =450 MW
(With JPM outage and Genoa-Coulee 161 kV outage)
MW at risk | | | | 23.04 | 64.98 | 97.57

Actual loads shows that the La Crosse/Winona area began exceeding the ability of the transmission
system alone to provide power in 2010 in the event of critical transmission line failure. In 2015,
demand will exceed the system’s capability by 45 MW (470 MW of capacity versus 515 MW of
demand). This means that in 2015, approximately 45 MW of load would be at risk of service
interruption.

Appendix 1 following this report shows how much load is affected by year for the critical loads
described above for the L.a Crosse/Winona area.

ii. Rochester Area
1. Existing System
RPU is the municipal electric utility serving the city of Rochester. Dairyland and its member,
Peoples Cooperative Services, serve rural customers around the city. This area sees its greatest use
of electricity during the summer months. The Rochester area is served by three 161 kV transmission

lines: the Byron — Maple Leaf 161 kV transmission line from the west that connects the city to the
Prairie Island — Byron 345 kV transmission line, a transmission line from the Alma Substation that
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enters northeast Rochester and a transmission line entering south Rochester from the Adams
Substation.

The transmission system delivers power to several substations in and around Rochester. The area is
also supported by 181 MW of generation located within the city of Rochester: four gas/coal units at
Silver Lake totaling 102 MW, two hydro units on the Zumbro River totaling 2.4 MW, and two
natural gas/oil units at Cascade Creek totaling 77 MW.

Figure 6-6 shows the affected area and a graphical depiction of the general power flows on these
high voltage transmission lines in the Rochester area.

Figure 6-6
Affected Rochester Area and Flows on High Voltage Transmission Lines Serving Area

2. Reliability Issues

In the Rochester area, electric reliability issues have arisen that are related to population growth and
associated increase in electric power demands. The population of the Rochester Metropolitan
Statistical Area has grown by 34 percent from 98,400 residents in 1985, to 131,400 residents in 2003.
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During that same period, peak electric power requirements for RPU increased by 88 percent, from
139 MW to 262 MW, and the peak electric power requirements for Peoples Cooperative Services
increased 63 percent, from 22.4 MW to 36.7 MW. When the demand for electrical power exceeds
181 MW in the Rochester area, the failure of a single transmission line could cause service
interruptions. The actual load at the substations in the Rochester area reached 330 MW in 2006.

If the transmission line from Byron, Minnesota to a substation on the east side of Rochester called
Maple Leaf (Byron — Maple Leaf) is out of service, the remaining transmission system can only
reliably deliver 181 MW of power to area substations. Figure 6-7 shows the system with the outage
of the Byron — Maple Leaf transmission line and the resulting 181 MW critical load level.

Figure 6-7
Affected Rochester Area Under Contingency

Under this critical contingency, there are only two 161 kV ties remaining to serve customers of RPU
and Peoples Cooperative Services. The two remaining Dairyland 161 kV lines provide the 181 MW
import capability. Due to this limitation, RPU must run local generation when RPU’s demand

exceeds 145 MW to ensure reliable service to customers should the Byron — Maple Leaf 161 kV line
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lose service. In 2005, the demand for power on the RPU system exceeded 145 MW for about 5,400
hours.

The system peak occurred in 2006 and reached 330 MW, and on August 12, 2010 the system
reached 314 MW. With all local generation operating, the system can support up to 362 MW of
demand in the Rochester area should a transmission line be out of service. While local generation
operated in advance of the next line or power plant outage may support additional demand, running
generation for system support to prepare for the next line or power plant to go out of service is not
a desirable long-term solution because it is less reliable than transmission. In addition, the energy
generated from the older facilities is normally more expensive than power purchased from MISO
competitive markets. To address these needs, additional power sources into the Rochester area are
needed.

Appendix 2 following this report shows how much load is forecast to be at risk annually in the
Rochester area.

b. Regional Reliability

The 345 kV line from the Twin Cities to Rochester and on to La Crosse will serve as an important
first step in a greater regional transmission system build-out. Additional bulk facilities are needed to
serve thousands of megawatts of demand anticipated in the region. The Project will not only add
345 kV facilities, the Project will help alleviate a major interface constraint between Minnesota and
Wisconsin which will enable transfers between the two states to meet power requirements.

c. Generator Outlet / Renewable Energy Support

The 345 kV Project is also designed to provide generation support. In Wisconsin, the transmission
grid in the western portion of the state, along with interface loading levels across the Minnesota —
Wisconsin border, limit the ability to interconnect new generation in Minnesota as well as generation
from points further west. Planning engineers have identified the lack of a 345 kV facilities between
Minnesota, La Crosse and points east as the impediment to further transfers. While preliminary
stability analysis shows that the 345 kV Project will not impact on the Minnesota Wisconsin Export
(MWEX) interface, it will provide the foundation for future power transfers into Wisconsin. ATC
has announced its intentions to construct a 345 kV transmission line from ILa Crosse to the Madison
area (“Badger—Coulee Project”) which will help address this deficit. The Project meets
independent needs and will also enhance the system benefits provided by the Badger—Coulee
Project.

In addition, the Regional Generation Outlet Study (RGOS), completed in 2010, was a study led by
Midwest Independent Transmission System Operator, Inc. (MISO) to determine a recommended set
of high voltage transmission lines necessary to deliver high levels of renewable generation to load
pockets both within and outside of the MISO footprint. Analyses aimed at identifying high voltage
(e.g. 765 kV) overlay transmission system for delivering large amounts of generation from points
east uniformly call for enhancement of the 345 kV system serving the region. Indeed, the SMART
and Green Power Express plans identify the Hampton - Rochester — L.a Crosse 345 kV
Transmission Project as an important underlying facility. The interregional Joint Coordinated
System Plan (“JCSP”), released in 2009, also included the Hampton - Rochester — La Crosse 345 kV
Transmission Project as an underlying facility. Similarly, in the Regional Generation Outlet Study

23



(“RGOS”) due out this year, the (“MISO”) is evaluating six scenarios to deliver high levels of
renewable generation to load pockets within and outside the MISO footprint. All six scenarios
include the Hampton - Rochester — La Crosse 345 kV Transmission Project.

d. Project In-Service Date Risk

Forecast information based on the most recent substation load data (and included in Section 5-3 of
this report) shows that the La Crosse/Winona area will begin exceeding the ability of the
transmission system alone to provide power in the event of critical transmission line failure
beginning in approximately 2012. In 2015, demand will exceed the system’s capability by 45 MW
(470 MW of capacity versus 515 MW of demand). This means that by 2015, approximately 45 MW
of load would be at risk of service interruption during contingency conditions.

Similarly for the Rochester area, the historical data and forecast demonstrate that demand in the
Rochester area currently exceeds the level at which the electrical system can reliably serve customers
during peak demand operating conditions. As a result, system operators must cut service to
customers in the event of a critical outage to maintain the stability of the electrical system during
peak times. The risk of service interruptions currently exists in the event of a Byron — Maple Leaf
161 kV transmission line outage unless all internal generation is running. As the system is currently
configured, that risk is expected to be reached, even if all internal generation is running, as early as
2014.

7. MISO Evaluation of Need

In preparation for the Minnesota Certificate of Need proceedings, MISO did an independent review
of the need and filed testimony from MISO’s Director of Expansion Planning, Jeffrey Webb
summarizing MISO’s analysis. A copy of Mr. Webb’s Direct Testimony is attached as Appendix 5.
MISO did not complete a published transmission study for the Project, but did evaluate several
power flow models of the MISO system to study the reliability of the transmission system. Models
were prepared for summer and winter peak periods for the planning years 2011 and 2016.

MISO determined that without additional transmission improvements in the Rochester area, even
with all available generation running, numerous line overload conditions would be caused by forced
outages. The Adams — Rochester 161 kV line, for example, would overload under six combinations
of line and/or generator forced outages resulting in loading as high as 118 petcent of rating for loss
of the Byron — Maple Leaf and Alma — Wabaco 161 kV lines.

MISO used a third study model, the MISO Transmission Expansion Planning (MTEP) 2006 series
with the most current load forecasts available at that time. Mr. Webb testified that the 161 kV
alternative for the La Crosse/Winona area did not perform as long as the 345 kV alternative and
when the 161 kV alternative reached the end of its life, in the 2025-2030 timeframe, the now
proposed 345 kV line would be the next project, therefore rendering the 161 kV improvements
redundant at that point in time. In addition, the 161 kV alternative for La Crosse does not improve
reliability for the Rochester area or increase the greater region’s reliability as well as the 345 kV
Project does. The 161 kV options have the likely effect of causing the need for more rights of way
than would be needed for the 345 kV option. In addition, Mr. Webb noted that the 345 kV Project
meets Rochester’s load serving needs as described, and that the proposal is made up of the correct
facilities to serve the larger regional needs.
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MISO’s analysis confirmed that the transmission system in Winona/La Crosse area has significant
reliability issues. For 2011, the worst contingency scenario is the loss of the Genoa — Coulee 161 kV
line and John P. Madgett which creates loading on the Genoa — La Crosse 161 kV line of 124
percent. MISO also determined that the loss of the Genoa — North La Crosse 161 kV line and the
John P. Madgett generating unit creates loading on the Coulee — La Crosse 161 kV line of 113
percent and loading on the Genoa —Coulee 161 kV line of 103 percent.

8. Alternatives Evaluation

a. Alternatives Evaluation for Rochester area

The best performing alternative for the Rochester area included two new 161 kV transmission lines,
expansion of three existing substations and a new 161 kV Quarry Hill Substation as well as a
345/161 kV transformer addition at the Byron Substation. This alternative is estimated to provide
sufficient load serving capacity through mid-century based on the load projections in Appendix 2. It
is important to note that when assessing lower voltage alternatives for the Project, lower voltage
options for both the Rochester and Winona / La Crosse areas must be considered because the 345
kV Project provides load serving capacity to both areas.

b. Alternatives Evaluation for La Crosse/Winona

For the Winona/ILa Crosse area, planning engineers evaluated higher and lower voltage alternatives,
generation as an alternative and the no action alternative. Applicants concluded that while the lower
voltage alternatives might meet the short-term community reliability need, none of the alternatives
would meet the three needs identified: community service reliability, generation outlet and regional
reliability. This analysis is provided below. In addition, Powerflow output for the reconductor
option and each lower voltage alternative are included in Appendix 4 of this report. This
Powerflow output shows the system overloads for each alternative, illustrating the load serving
capability of each option.

i. Reconductor

The reconductor alternative would require multiple transmission line upgrades, new transformers
and substation expansions. This alternative, as detailed in Figure 8-1, would serve the load in the La
Crosse area to the approximately 600 MW load level, or approximately 2028 using the load forecasts
included in Appendix 1. However, there is less improvement to regional reliability and reduced load
serving capability with this alternative than with the proposed 345 kV line project.

To improve the load serving capability of the La Crosse/ Winona area without a new transmission
source, a number of existing 161 kV lines in the area would need to be rebuilt to help the existing
system handle the load growth. Figure 8-1 below shows the facilities that would need to be
upgraded. Upgrading these facilities would allow the transmission system to reliably serve load until
600 MW or approximately 2028. To improve the load serving capability past the 600 MW load level,
the La Crosse/Winona system needs a new transmission source. At this point a 345 kV line or a
161 kV line could be added as a source.
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Figure 8-1
La Crosse Area Reconductor Option*

161 kV Line Rebuilds Miles New 161/69 kV Transformers Size
Genoa - La Crosse Tap 21 Tremval Upgrade existing 112 MVA
Coulee - La Crosse 8.5 Coulee #3 112 MVA
Genoa - Coulee 19 Marshland #3 112 MVA
Genoa - Lansing 20 La Crosse #1 112 MVA
Alma - Marshland 27 La Crosse #2 112 MVA
La Crosse - Mayfair 4 Coulee #1 112 MVA
Marshland - La Crosse Tap 24 Monroe County #2 70 MVA
Total Miles of Rebuilt 161
kV 123.5

Substations (New and
Expansions)

69 kV Line Rebuilds Miles Coulee Expansion
Coulee - Swift Creek 2 Marshland Expansion
Coulee - Mt. La Crosse 5
Total Miles of Rebuilt 69
kV 7

ii. La Crosse Area Lower Voltage Alternatives

All powerflow cases for alternatives described below were provided to the PSCW on CD in
February 2011 CD.

1. 2006 161 kV La Crosse Alternative

The first system alternative (“2006 161 kV Alternative”) for the La Crosse area was initially studied
in the local area study in 2006. The 2006 161 kV Alternative is a new 161 kV line from Genoa to a
new 161 kV switching station called North La Crosse. The North La Crosse switching station
would be created to include five 161 kV line terminations by bringing both the Tremval — Mayfair
161 kV line and the Marshland — LLa Crosse Tap 161 kV line into that new substation. (The fifth
termination is for the 161 kV alternative line. Another termination may be required for a 161/69
transformer.)

The 2006 161 kV Alternative would provide an additional 6 MW of load serving capability assuming
a required voltage at French Island generation bus of 0.95 pu. Based on the loading forecasts for the
La Crosse/Winona area, this additional capacity would reliably serve the La Crosse/Winona area
until approximately 2013. The next major transmission fix for the area would then be a new 345 kV
source — similar to the 345 kV Project.

“In addition to the upgrades listed on Figures 8.1 and 8.2, there are 14 existing 161 kV and 69 kV
lines which need clearance and terminal limits addressed.
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2. 2010 161 kV La Crosse Alternative

A second 161 kV La Crosse Alternative, “2010 161 kV La Crosse Alternative”, was also evaluated.
This alternative includes a new approximately 100-mile 161 kV line from Red Wing, Minnesota to
La Crosse, Wisconsin with ties in at the following substations: Spring Creek, Lake City, Alma,
Marshland, Onalaska and La Crosse.

The case used in the 2010 La Crosse 161 kV Alternative was created using the topology of a 2012
summer peak case and included a baseline load level of 491 MW in the La Crosse area.

In each of the identified contingencies, multiple existing lines needed to be rebuilt to solve the short-
term needs and for the long-term needs an additional source needed to be added to the area. The
identified new 161 kV source came from the Prairie Island generating plant and tied in to the
existing sources in the area in an effort to decrease the impact of future outages while increasing
system stability at the same time.

This 161 kV source, in addition to the list of system upgrades in the reconductor option, Figure 8-2,

could serve load growth in the L.a Crosse / Winona area to the 750 MW load level, or approximately
2045. This is the same load level that the Project could serve. . This complete alternative is shown in
Figure 8-2 below.

Figure 8-2
161 kV Alternative Facilities

161 kV Line Rebuilds Miles New 161/69 kV Transformers Size
Genoa - La Crosse Tap 21 Tremval Upgrade existing 112 MVA
Coulee - La Crosse 8.5 Coulee #3 112 MVA
Genoa - Coulee 19 Marshland #3 112 MVA
Genoa - Lansing 20 La Crosse #1 112 MVA
Alma - Marshland 27 La Crosse #2 112 MVA
La Crosse - Mayfair 4 Coulee #1 112 MVA
Marshland - La Crosse Tap 24 Monroe County #2 70 MVA
Total Miles of Rebuilt 161 kV 125.5 Jackson Co Upgrade Existing 112 MVA

Lake City #2 70 MVA
69 kV Line Rebuilds Miles Onalaska #1 and #2 112 MVA
Coulee - Swift Creek 2
Substations (New and

Coulee - Mt. La Crosse 5 Expansions)

Total Miles of Rebuilt 69 kV 7 Coulee Expansion
Marshland Expansion

New 161 kV Lines Miles Alma New
Alma - Marshland #2 28 Spring Creek Expansion

Marshland - Onalaska 26 Onalaska New
Onalaska - La Crosse 5 Lake City Expansion
Spring Creek - Lake City 20
Lake City - Alma 22
Total Miles of New 161 kV 101
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iii. Single 161 kV Line Between North Rochester and La Crosse

Adding a single 161 kV line between North Rochester and Briggs Road 161 kV buses in the
powerflow model instead of the proposed 345 kV line was capable of reliably serving load until the
550 MW load level. Using the most recent load forecast, this corresponds to approximately the year
2021.

At that point multiple bulk system transformers and 161 kV transmission lines in the immediate La
Crosse area will overload requiring significant system improvements. The first facilities to overload
at the 550 MW level are:

° Coulee 161/69 TR #1

° Coulee 161/69 TR #2

. Marshland 161/69 TR #1

° Marshland 161/69 TR #2

° Coulee - Swift Creek 69 kV line

o Caledonia SS — Brownsville Tap 69 kV line
o Genoa — Brownsville Tap 69 kV line
o Genoa — La Crosse Tap 161 kV line (361 MVA minimum required)

iv. Double Circuit 161 kV Line North Rochester--La Crosse

Similar to the 161 kV Rochester to La Crosse option, adding a double circuit 161 kV line between
North Rochester and Briggs Road 161 kV buses in the powerflow model instead of the proposed
345 kV line was capable of reliably serving load until the 600 MW load level. Using the most recent
load forecast, this corresponds to approximately the year 2028. Due to the double circuit line being
treated as a single transmission element contingency, this provided no more benefit than the single
161 kV alternative in question 5 above.

At the 600 MW level, the following list of facilities will overload under contingency:

J Coulee 161/69 TR #1

° Coulee 161/69 TR #2

. Marshland 161/69 TR #1

J Marshland 161/69 TR #2

o Coulee - Swift Creek 69 kV line

o Caledonia SS — Brownsville Tap 69 kV line

o Genoa — Brownsville Tap 69 kV line

o Genoa — La Crosse Tap 161 kV line (361 MVA minimum required)

As is the case with a single circuit 161 kV alternative, regional reliability and regional transfer
capability is not increased with a single circuit 161 kV alternative.

In addition, the proposed 345 kV project assumes co-location with existing 161 kV and 69 kV
transmission lines for a majority of the route. If the line were to be built as double circuit 161 kV, a
new route would need to be identified. In particular, a new location for the crossing of the
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Mississippi River would likely be required. The proposed Alma crossing utilizes an existing crossing
and requires the addition of only one new circuit at this time. If two circuits had to be added,
additional right-of-way would be required at the river crossing area, presenting significant United
States Fish and Wildlife Service permitting issues.

V. Single Circuit 230 kV Line North Rochester --La Crosse

Planning engineers determined that although a 230 kV alternative is feasible, past planning efforts
for other areas indicated it would provide system benefits comparable to the 161 kV alternatives for
each community (approximately 550 MW or 2021), but at a higher cost due to the need for major
installations to accommodate the new voltage. There are also other reasons that the study team does
not endorse a 230 kV alternative.

The primary reason is that a 230 kV alternative would introduce a new voltage in each of the three
areas where the Project connects: SE Twin Cities (Prairie Island/Hampton area), Rochester, and La
Crosse. In these areas 345 kV, 161 kV and 69 kV voltages are the primary transmission voltages.
When a new voltage is introduced there are significant cost implications to incorporate the non-
standard transformers and substation equipment necessary to transform from 345 kV to 230 kV,
and then to the local area lower voltages of 161 kV and 69 kV. Since there were no existing 230 kV
lines in the area and no plans in the future, 230 kV was not included.

230/161 kV transformers are not industry standard, and are extremely rare. 25 out of 18,174
transformers, or approximately 0.14%, of the total transformers in the MRO models are 230/161
kV units.

vi.  Comparison of Lower Voltage Alternatives

As described above, the alternatives studied provide varying levels of local load serving capability.
In addition, the alternatives vary significantly generation transfer capability and regional system
benefits and cost. These benefits are summarized in an option summary figure in Section 9 of this
report. Significantly, none of the lower voltage options provides regional reliability or generation
outlet support.

1. Regional Reliability

To improve regional reliability, additional 345 kV facilities are needed between Minnesota and
Wisconsin. Accordingly, none of lower voltage options would provide regional reliability benefits.

This analysis to study 161 kV and 230 kV alternatives to the 345 kV project has helped support the
345 kV project as the best alternative both for the load serving areas of Rochester and La Crosse /
Winona, and the greater region.

The 2006 and 2010 161 kV Alternatives would provide increased load serving capacity to the
Winona/Ia Crosse areas, but would not further enhance the reliability of the regional bulk
transmission grid or contribute to future transfer capability between Wisconsin and Minnesota.

The 2010 161 kV Alternative would not address the need for additional 345 kV facilities between
Wisconsin and Minnesota. This 161 kV alternative would require building a 100 mile 161 kV line
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across the Mississippi River, but would have none of the regional benefits realized by the 345 kV
project:

The 345 kV line from Hampton to Rochester and on to La Crosse serves as an important first step
in a greater regional transmission system buildout. The Hampton-Rochester-La Crosse 345 kV
Project will provide foundational facilities for the necessary 345 kV connection between Wisconsin
and Minnesota to provide transfer capability. Additional 345 kV facilities from La Crosse to the
Madison area have been proposed by ATC (“Badger—Coulee Project”).

2. Generation Outlet

In Wisconsin, the transmission grid in the western portion of the state, along with interface loading
levels across the Minnesota — Wisconsin border, limit the ability to interconnect new generation in
Minnesota as well as generation from points further west. Additional 345 kV facilities are needed to
address this deficit. The 345 kV Project is also designed to provide generation support, including
support for renewable generation, in southeast Minnesota. These benefits will not be realized with a
161 kV line.

3. Cost Comparison

For the cost analysis, an “apples to apples” comparison of alternatives needed to address project-
wide needs was undertaken. A chart showing a cost and performance comparison of the alternatives
considered is shown in Figure 9.2 in Section 9 of this report.

It is important to note that all alternative cost estimates are planning level estimates. They DO NOT include
escalation, AFUDC, overheads and costs for potential siting and right of way issues. These siting issues are noted
when applicable in the cost and performance comparison in Figure 9.2. When the 345 1 Project cost is included, it
zs the fully estimated cost including all items discussed above.

(a) 2006 161 kV La Crosse Alternative

To identify the comparable overall project cost for an alternative comparable to the Project with
respect to load serving, planning engineers assessed the required facilities to provide similar local
load serving capability.

First, the costs of the two local 161 kV alternatives, the 2010 La Crosse Alternative and the 161 kV
Rochester Alternative were added for a total of $151 million. As discussed earlier in this report, the
161 kV Alternative will meet the load serving needs of the Rochester area until approximately mid-
century. However, it can only meet the load growth in the Winona/La Crosse area until 2013 due to
voltage issues at the French Island generating peaking unit which make it unable to run for necessary
system support.” At that point in time, 2 new source will required for the area. MISO concluded in
its study work for the Minnesota Certificate of Need process that the 345 kV Project (the 345 kV
line from the Twin Cities) is a viable option following the 161 kV Alternative. Therefore, to serve

°At the 2013 load level, one of the large French Island units is required to run. Study analysis has
shown that under the critical contingency, the voltage at the generating units is below minimum
required to operate. Therefore, as discussed, the 2006 161kV Alternative can only serve La Crosse
load until the year 2013.
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the Rochester and La Crosse / Winona areas until a comparable timeframe as the 345 kV Project
(approximately 2050) the costs would be as follows:

Rochester 161 kV Alternative Cost $47 million

2006 La Crosse 161 kV Alternative Cost: $104 million
Future 345 kV Project $487 million
Total 2006 161 kV Alternative Cost: $638 million

(b) 2010 161 kV La Crosse Alternative

Cost analysis for the 2010 161 kV alternative was completed in 2010 dollars to be comparable with
the 345 kV Project costs. To ensure comparability between the 345 kV Project which addresses
load setving deficits in the Rochester and La Crosse/Winona areas, and alternatives, the costs of the
Rochester 161 kV alternative and the La Crosse/Winona 161 kV alternative were included. The
2010 161kV La Crosse Alternative includes a new 161 kV river crossing which would have
significant right of way and regulatory costs. These potential costs are not reflected in these planning
level estimates. The costs are provided below:

Rochester 161 kV Alternative Cost: $47 million
2010 La Crosse 161 kV Alternative Cost: $330 million
Total 2010 161 kV Alternative Cost: $377 million

Detailed cost analysis for each segment of the 161 kV Alternative is included in Appendix 6.

(c) Single 161 kV Line Between North Rochester
and La Crosse

Cost analysis for a single 161 kV line between the North Rochester Substation and the La Crosse
endpoint substation, Briggs Road, was completed in 2010 dollars. This estimate, as well as the two
below in sub-sections (d) and (e), include a $77.7 million dollar planning level estimate for Hampton
Substation and a 345 kV line from Hampton to the North Rochester Substation.

Similar to above, to address load serving deficits in both the Rochester and La Crosse/Winona
areas, the costs for Rochester 161 kV alternative were included. The alternative costs are provided
below:

Rochester 161 kV Alternative Cost: $47 million
Single 161 kV Alternative Cost: $201.7 million
Total Single 161 kV Alternative Cost $248.7 million

(d) Double 161 kV Line Between North Rochester
and La Crosse

Cost analysis for a double circuit 161 kV line between North Rochester substation and the La

Crosse endpoint substation, Briggs Road, was completed in 2010 dollars. Similar to above, to
address load serving deficits in both the Rochester and La Crosse/Winona areas, the costs for the
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Rochester 161 kV Alternative were included. For this option, there would be a significant cost
adder to the cost below due to complete new right of way needed for the new double circuit line as
no co-locating could be done with existing 161 kV lines. These potential costs are not included in
these planning level estimates. The alternative costs are provided below:

Rochester 161 kV Alternative Cost: $47 million
Double Circuit 161 kV Alternative Cost: $255.7 million
Total Single 161 kV Alternative Cost $302.7 million

(e) Single 230 kV Line Between North Rochester
and La Crosse

Cost analysis for a single 230 kV line between North Rochester Substation and the Ia Crosse
endpoint substation, Briges Road, was completed in 2010 dollars. Similar to above, to address load
serving deficits in both the Rochester and La Crosse/Winona areas, the costs for Rochester 161 kV
alternative were included. The costs are provided below:

Rochester 161kV Alternative Cost: $47 million
Single 230 kV Alternative Cost: $246.7 million
Total Single 161kV Alternative Cost $293.7 million

c. Higher Voltage Alternative

When studying the proposed facilities, planning engineers considered the availability of different line
voltages and alternative types of conductors. For the 345 kV project proposed, higher voltages lines
were considered. In conducting this analysis an important factor was the make up of the existing
high voltage transmission system in the Twin Cities, the State’s largest load center, and the region.
The current high voltage transmission system around the Twin Cities consists of a ring of double
circuit 345 kV lines with 345 kV line connections to other parts of the State and surrounding states.
The neighboring states, which are electrically interconnected to Minnesota and transfer large
amounts of power back and forth, also maintain 345 kV systems. This recommended project is
designed to expand and strengthen the existing 345 kV system.

Higher voltage lines, such as 500 kV or 765 kV transmission lines, could be used to provide high
capacity transmission of power, but would have several limitations with respect to the needs in this
analysis. Higher voltage lines would allow for higher flows of electricity over those lines. The
higher flows, however, would be limited by the amount of flow that can be handled by the lower
voltage system. The existing transmission system, in conjunction with the higher voltage additions,
would not be able to withstand the outage of a 500/765 kV line because the redistributed flows
would create overload conditions. As a result, additional 345 kV lines would have to be built to
provide underlying supportt to the 500 or 765 kV transmission lines.

The existing system in and around SW Wisconsin and SE Minnesota includes 161 kV and 345 kV
facilities. Expanding that existing system takes advantage of the existing facilities, avoids the need to
implement additional infrastructure and provides a logical method for expanding customer needs in
these areas.
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Second, a 500 kV or 765 kV transmission line would cost considerably more to install than the
proposed 345 kV facility. Overall, it is estimated to cost close to 50% more to install 500 kV than
345 kV.

Third, 500 kV and above lines are not well-suited for community service reliability purposes. The
existing system is comprised of 345 kV lines with 161 and 69 kV lines for support and local area
reliability.

d. No Action or Generation as an Alternative

The initial consideration in addressing the reliability of a transmission system strained by increasing
load growth is whether both load growth and existing electrical system facilities can be managed to
avoid altogether building additional facilities to handle the projected growth. The following
discussion of the “no-action” alternative focuses on whether the use of load-management measures
and conservation measures to limit energy load growth can successfully address the demand needs.
This section also discusses whether existing generation can address these needs.

i. Demand Side Management Programs

Demand Side Management (DSM) programs are directed at minimizing the peak load at any given
moment by reducing or eliminating load of certain customers at certain times. For example, some
residential customers have agreed to have their air conditioners turned off on hot summer
afternoons for short periods of time. Similarly, certain industrial customers have agreed to curtail
their demand for energy during peak periods of energy usage by shifting their work production to
other time periods when electric system demand is not so high.

Utilities’ consideration of load management is reflected in their forecasts of future load growth in
the Winona/ La Crosse areas. It is not realistic to expect that DSM savings significantly greater than
what has been already forecasted will be achievable and thus eliminate or substantially reduce the
projected load growth for these areas.

ii. Existing Generation as an Alternative to Transmission Area

The Winona/La Crosse atea similatly would continue to face reliability issues if no action were
taken. Under summer peak loading conditions, if the Genoa — Coulee 161 kV line goes down, the
area can serve only 470 MW of load. If this contingency occurs and the John P. Madgett generator
is off-line, only 310 MW of power demand can be met.

One of the French Island peaking units owned by Xcel Energy can be brought on-line to provide
additional generation support, but this unit is very expensive to run for transmission system support,
and its operation may be limited by environmental permits. Relying on local generation will result in
continually increased exposure to periods where loads are high enough to cause interrupted service
to customers in the Winona/Ia Crosse area.

In Rochester, anytime the demand for power exceeds 181 MW, the failure of a single transmission
line could cause service interruptions. RPU’s ability to import power is restricted by the “Rochester
Area Import Prior Outage Standing Operating Guide” of MISO, which requires RPU to use local
generation when RPU’s demand exceeds 145 MW to prepare for the next contingency. Since 2005,
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that amount is exceeded more than 4000 hours annually. Even if all of Rochester’s available 181
MW of local generation was operated for system protection, the electrical system could only reliably
serve 362 MW of load. According to the most recent load forecasts, this amount is expected to be
exceeded by the year 2015.

iii. No Action Alternative Conclusion

The utilities have and continue to execute load management and conservation improvement
programs to manage load growth in the Winona/La Crosse and Rochester areas. However, the no-
action alternative cannot meet community reliability needs. In both areas, demand for power has
already exceeded the capacity of the transmission system alone under contingency conditions. It is
not reasonable to assume that load management and conservation efforts can create a decline in the
actual peak demand, and the forecasts demonstrate that even with these load management measures,
demand will continue to outstrip the capability of the electrical system. The no-action alternative is
also not a feasible alternative to meet the need for additional transmission facilities for regional
reliability and to support generation outlet capability in southeastern Minnesota. To meet these
needs, transmission facilities must be constructed.

9. Losses Evaluation

New transmission lines added to the electric system affect the resistive losses of the system. In turn,
the costs for capacity and energy for the system are affected. If adding a new transmission line
reduces losses, capacity and energy costs are reduced.

Loss effects have been analyzed for the 345 kV Project and 161 kV alternatives. Based on the
spreadsheet in Figure 9-1 below, $4,225,454 is the present value of cost of capacity and energy for a
1 MW loss reduction.
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Figure 9-1

Computation of Equivalent Capitalized Value for Losses

Input Assumptions
lerm of loss reduction
Assumed life, xmsn
Discount rate
Energy value
Loss Factor
Transmission FCR

Calculation

Capacity value:

Energy Value:

Xcel Energy Senices

Computation of Equivalent Capitalized Value for Losses using 2010 $
(based on 1.00 MW loss on -peak)
(pool reserve requirement of x% specified below)

40 yrs Present Value of Annuity factor 11.54 < Losses
35 yrs Present Value of Annuity factor 11.30 < Transmission
8.31 %lyr
$29.09 MWh
0.30
0.1403
Levelized Cum PW
Generation Annual of
FCR Revenue Rgmt Rev Req
50 % peaking @ $615 /kW 0.1275 $39,218
50 % baseload @ $3,370 /kW 0.1275 $214,833
$ 254,051 $
15% reserve requirement: 292,158 3,372,815
1.00 8760 hrlyr 0.30 $29 /MWh 76,456 $ 882,639
Total annual cost, capacity & energy: $ 368,614 4,255,454
Present Value Annuity factor Losses 11.54
Cum PV Losses $ 4,255,454
Equivalent Transmission investment $ 2,683,995

is Cum PV Losses / FCR trans / PVA trans

Figure 9-2 below shows the losses performance comparison of the 345 kV Project and lower voltage
alternatives for serving La Crosse area load growth. The loss improvements shown are relative to the
base model used for the analysis of the 345 kV Project and lower voltage alternatives.
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Figure 9-2
Losses Performance Comparison

Present Value of
System Capacity | Annual Energy Capacity and
Total model Loss Savings from| Loss Savings/ Energy Cost
losses/ MW Year Case Base Case/ MW GWh ** Savings/ M$
18702.45 2012 Base Model -10 -25 -41
18692.79 2012 Proposed 345 kV Project Added 0 0 0
18698.73 2012 2006 161 kV La Crosse Area Alternative -6 -16 -25
18691.64 2012 2010 161 kVLa Crosse Area Alternative 1 3 5
230 kV North Rochester - Briggs Road
18694.24 2012 Alternative -1 -4 -6
161 kV North Rochester - Briggs Road
18695.65 2012 Alternative -3 -8 -12
Double circuit 161 kV North Rochester -
18694.06 2012 Briggs Road Alternative -1 -3 -5

** all values using 2010 $

10. Conclusion

It has been nearly three decades since the electrical network serving Minnesota and the surrounding
area, including western Wisconsin, has been expanded to any significant degree. At the same time,
the demand for power has continued to grow. .

Forecasting data demonstrates that demand in the Rochester area currently exceeds the level at
which the electrical system can reliably serve customers. As growth continues, this deficit will
increase.

Forecast information shows that the La Crosse/Winona area began exceeding the ability of the
transmission system alone to provide power in the event of critical transmission line failure
beginning load levels in 2010. The local system also relies heavily on Genoa and/or Alma
generation to maintain the reliability of service to the area. If a transmission line should fail, the
outage of either of those plants severely restricts the amount of power that can be delivered, even
with French Island peaking generator on.

. Planning engineers adequately studied alternatives including different voltages, generation and a
no-action alternative and concluded that these alternatives cannot meet the identified needs.

As detailed in Figure 10-1 below, the 345 kV line from Hampton to Rochester to L.a Crosse and
associated 161 kV facilities in the Rochester area is the best alternative to address the identified
regional, local and generation needs. This Project will provide community support for the Rochester
and Winona / La Crosse areas until mid century. The 345 kV line will also help strengthen the 345
kV backbone regional transmission system and will support generation outlet and improved transfer
capability in the southeastern Minnesota/southwestern Wisconsin area.
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Figure 10-1

Project Option Summary

Option

La Crosse Area
Load Serving
Capability (in MW)

Total Project Cost

Regional System Reliability Issues for
Alternatives

Siting and Land Acquisition Issues
for Alternatives

345 kV Proposed project

750 MW

$487 million

2006 161 kV La Crosse Area Alternative

750 MW

$638 million

2010 161kV La Crosse Area Alternative

750 MW

$377 million

No further enhancement to the reliability of
the regional bulk transmission grid. No
contribution to future transfer capability

between Wisconsin and Minnesota

Many miles of new 161 kV ROW
necessary for this alternative, including
potential for a new river crossing.
Major routing hurdles and resulting cost

additions expected.

161 kV line from North Rochester - Briggs
Road alternative

550 MW

$249 million

Regional reliability and regional transfer
capability not increased

None

Double circuit 161 kV line from North
Rochester - Briggs Road alternative

600 MW

$303 million + significant cost
addition for new right of way

Comparable performance to 161 kV options
with higher cost
Regional reliability and regional transfer
capability not increased

Double circuit 161 kV requires new
ROW and route. Alternative route from
existing DPC 161 kV Q1 line would be
desired. Likely to require different river

crossing. Major routing hurdles
expected if not using existing ROW.

230 kV line from North Rochester - Briggs
Road alternative

550 MW

$294 million

Comparable performance to single 161 kV
options with higher cost

New voltage introduced into both Rochester
and La Crosse area.

Non-standard 230/161kV transformers

None

(0.14% of tx's on MRO model)

NOTE:
- Estimates are in 2010 dollars

- All alternatives are planning level estimates only. These estimates do not include AFUDC, overheads or escalation. The estimate for the Proposed Project is a full detailed estimate

including all of these additions.

- 345 kV, 230 kV and 161 kV alternatives all assume the same routes and configurations as proposed in Wisconsin CPCN and Minnesota route permit application, which includes plans to double
- 161 kV/161 kV scenario assumes building adjacent to the existing underlying transmission facilities. It is important to note that feasability of this adjacent configuration has not been investigated. In

some places, such as portions of the Q1 route, there is no room for building adjacent to the existing 161 kV line.
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Appendix 1: La Crosse Area Summer Peak Load Information (2002-2020)
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Appendix 2: Rochester Area Summer Peak Load Information (2002-2020)
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Appendix 3: Contingencies Studied
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SI NGLE BRANCH | N SYSTEM LAX_AREA
SI NGLE TI E FROM SYSTEM LAX_AREA
SINGLE UNI T OQUTAGE | N SYSTEM LAX_AREA

COM START 69&345 DOUBLE Cl RCUI TS

CONTI NGENCY ' NX31 NDNCKGNO

TRIP LI NE FROM BUS 680166 TO BUS 680499 CKT 1
TRI P LI NE FROM BUS 601044 TO BUS 601039 CKT 1
SET BUS 603194 GENERATION TO 370 MWV

DI SCONNECT BUS 681522

END

CONTI NGENCY ' NX3NCKARCGNO

TRI P LI NE FROM BUS 680499 TO BUS 680430 CKT 1
TRIP LI NE FROM BUS 601044 TO BUS 601039 CKT 1
SET BUS 603194 GENERATION TO 370 MW

DI SCONNECT BUS 681522

END

CONTI NGENCY ' NX3ARCTFRGNO

TRI P LI NE FROM BUS 680430 TO BUS 680428 CKT 1
TRI P LI NE FROM BUS 601044 TO BUS 601039 CKT 1
SET BUS 603194 GENERATION TO 370 MW

DI SCONNECT BUS 681522

END

CONTI NGENCY ' NX3TFRCNVGNO

TRIP LI NE FROM BUS 680428 TO BUS 680160 CKT 1
TRIP LI NE FROM BUS 601044 TO BUS 601039 CKT 1
SET BUS 603194 GENERATION TO 370 MW

DI SCONNECT BUS 681522

END

CONTI NGENCY ' NX3CNVMRSGNO

TRI P LI NE FROM BUS 605320 TO BUS 680160 CKT 1
TRI P LI NE FROM BUS 601044 TO BUS 601039 CKT 1
SET BUS 603194 CGENERATION TO 370 MW

DI SCONNECT BUS 681522

END

COM END 69&345 DOUBLE CI RCUI TS

COM LA CROSSE AREA 161&345 OQUTAGES W THOUT GNO LGSS

COM ALMA- TREMWAL W TH 345

CONTI NGENCY ' NX3+ALM TRM

TRI P LI NE FROM BUS 681543 TO BUS 602029 CKT 1
TRIP LI NE FROM BUS 601039 TO BUS 601044 CKT 1
END

COM TREMVAL- NLC+345

CONTI NGENCY ' NX3+TRM NLC

TRIP LI NE FROM BUS 602029 TO BUS 601043 CKT 1
TRI P LI NE FROM BUS 601039 TO BUS 601044 CKT 1
END

COM ALMA- MARSHLAND W TH 345

CONTI NGENCY ' NX3ALMVRS'

TRIP LI NE FROM BUS 681543 TO BUS 602024 CKT 1
TRIP LI NE FROM BUS 601039 TO BUS 601044 CKT 1
END

COM NLC- MARSHLAND W TH 345

CONTI NGENCY ' NX3NLCWVRS'
TRIP LI NE FROM BUS 601043 TO BUS 602024 CKT 1
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TRIP LINE FROM BUS 601039 TO BUS 601044 CKT 1
END

COM LA CROSSE AREA 161&345 OUTAGES W TH GNO LGOSS

COM ALMA- TREMWWAL W TH 345 & GNO

CONTI NGENCY ' NX3ALMIRMGNO

TRIP LI NE FROM BUS 681543 TO BUS 602029 CKT 1
TRIP LI NE FROM BUS 601039 TO BUS 601044 CKT 1
SET BUS 603194 GENERATION TO 370 MW

DI SCONNECT BUS 681522

END

COM TREMVAL- NLC+345 & GNO

CONTI NGENCY ' NX3TRWNLCGNO

TRIP LI NE FROM BUS 602029 TO BUS 601043 CKT 1
TRIP LI NE FROM BUS 601039 TO BUS 601044 CKT 1
SET BUS 603194 GENERATION TO 370 MW

DI SCONNECT BUS 681522

END

COM ALMA- MARSHLAND W TH 345 & GNO

CONTI NGENCY ' NX3ALMVRSGNO

TRI P LI NE FROM BUS 681543 TO BUS 602024 CKT 1
TRIP LI NE FROM BUS 601039 TO BUS 601044 CKT 1
SET BUS 603194 GENERATION TO 370 MW

DI SCONNECT BUS 681522

END

COM NLC- MARSHLAND W TH 345 & GNO

CONTI NGENCY ' NX3NLCVRSGNO

TRIP LI NE FROM BUS 601043 TO BUS 602024 CKT 1
TRI P LI NE FROM BUS 601039 TO BUS 601044 CKT 1
SET BUS 603194 CGENERATION TO 370 MW

DI SCONNECT BUS 681522

END

COM START OTHER NLC 345 CONTI NGENCI ES

CONTI NGENCY ' NLC- NRO+GNO

TRI P LI NE FROM BUS 601039 TO BUS 601044 CKT 1
SET BUS 603194 CGENERATION TO 370 MW

DI SCONNECT BUS 681522

END

COM 'NSP Defined as nulti-circuit’

CONTI NGENCY ' NRONLCALMMAB'

TRI P LI NE FROM BUS 681543 TO BUS 681532 CKT 1
TRI P LI NE FROM BUS 601044 TO BUS 601039 CKT 1
END

COM 'NSP Defined as nulti-circuit'

CONTI NGENCY ' NRONLCWABROC

TRI P LI NE FROM BUS 681532 TO BUS 681537 CKT 1
TRI P LI NE FROM BUS 601044 TO BUS 601039 CKT 1
END

COM ' NSP Defined as multi-circuit’

CONTI NGENCY ' NRONLCROCCHS'

TRI P LI NE FROM BUS 681537 TO BUS 625445 CKT 15
TRI P LI NE FROM BUS 601044 TO BUS 601039 CKT 1
END

COM 'NSP Defined as nulti-circuit'

CONTI NGENCY ' NRONLCNROCHS'

TRI P LI NE FROM BUS 601039 TO BUS 601044 CKT 1
TRI P LI NE FROM BUS 601040 TO BUS 625445 CKT 1
END

COM 'NSP Defined as multi-circuit’
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CONTI NGENCY ' NRONLCNRONHI
TRIP LI NE FROM BUS 601039
TRI P LI NE FROM BUS 601040
END

CONTI NGENCY ' NROC- NLAX3'
TRI P LI NE FROM BUS 601039
END

TO BUS
TO BUS

TO BUS

601044
625415

601044

COM END OTHER NLC 345 CONTI NGENCI ES

COM begin QL double circui

CONTI NGENCY ' QL+ALM RVR- 1'
TRI P LI NE FROM BUS 680173
TRIP LI NE FROM BUS 681543
SET BUS 603194 GENERATI ON
DI SCONNECT BUS 681522

END

CONTI NGENCY ' QL+RVR- BUF- 2'
TRI P LI NE FROM BUS 680480
TRI P LI NE FROM BUS 681543
SET BUS 603194 GENERATI ON
DI SCONNECT BUS 681522

END

CONTI NGENCY ' QL+BUF- CCH- 3’
TRIP LI NE FROM BUS 680174
TRIP LI NE FROM BUS 681543
SET BUS 603194 GENERATI ON
DI SCONNECT BUS 681522

END

CONTI NGENCY ' QL+CCH MERT4'
TRI P LI NE FROM BUS 605323
TRI P LI NE FROM BUS 681543
SET BUS 603194 GENERATI ON
DI SCONNECT BUS 681522

END

CONTI NGENCY ' QL+MERT- MER5'
TRI P LI NE FROM BUS 680478
TRIP LI NE FROM BUS 681543
SET BUS 603194 GENERATI ON
DI SCONNECT BUS 681522

END

CONTI NGENCY ' QL+MER- GYWI'6'
TRI P LI NE FROM BUS 605324
TRI P LI NE FROM BUS 681543
SET BUS 603194 GENERATI ON
DI SCONNECT BUS 681522

END

CONTI NGENCY ' QL+GVWI'W NT7'
TRI P LI NE FROM BUS 605404
TRI P LI NE FROM BUS 681543
SET BUS 603194 GENERATI ON
DI SCONNECT BUS 681522

END

CONTI NGENCY ' QL+W NT- MRS8'
TRIP LI NE FROM BUS 605285
TRIP LI NE FROM BUS 681543
SET BUS 603194 GENERATI ON
DI SCONNECT BUS 681522

END

CONTI NGENCY ' QL+EW - MRS- 9'

ts

TO BUS
TO BUS
TO 370

TO BUS
TO BUS
TO 370

TO BUS
TO BUS
TO 370

TO BUS
TO BUS
TO 370

TO BUS
TO BUS
TO 370

TO BUS
TO BUS
TO 370

TO BUS
TO BUS
TO 370

TO BUS
TO BUS
TO 370

680480
602024
MV

680174
602024
MV

605323
602024
MV

680478
602024
MN

605324
602024
MV

605404
602024
MV

605285
602024
MV

605320
602024
MV

CKT 1
CKT 1

CKT 1

CKT 1
CKT 1

CKT 1

CKT 1

CKT 1

CKT 1
CKT 1

CKT 1
CKT 1

CKT 1
CKT 1

CKT 1
CKT 1
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TRI P LI NE FROM BUS 605134 TO BUS 605320 CKT 1
TRIP LI NE FROM BUS 681543 TO BUS 602024 CKT 1
SET BUS 603194 GENERATION TO 370 MWV

DI SCONNECT BUS 681522

END

CONTI NGENCY ' QL+MRS- C\V10'

TRI P LI NE FROM BUS 605320 TO BUS 680160 CKT 1
TRIP LI NE FROM BUS 601043 TO BUS 602024 CKT 1
SET BUS 603194 GENERATION TO 370 MW

DI SCONNECT BUS 681522

END

CONTI NGENCY ' QL+MRS- TRE11'

TRI P LI NE FROM BUS 605320 TO BUS 605319 CKT 1
TRI P LI NE FROM BUS 601043 TO BUS 602024 CKT 1
SET BUS 603194 GENERATION TO 370 MW

DI SCONNECT BUS 681522

END

CONTI NGENCY ' QL+TRE- GAL12'

TRIP LI NE FROM BUS 605319 TO BUS 605318 CKT 1
TRIP LI NE FROM BUS 601043 TO BUS 602024 CKT 1
SET BUS 603194 GENERATION TO 370 MW

DI SCONNECT BUS 681522

END

CONTI NGENCY ' QL+GAL- NAML3'

TRI P LI NE FROM BUS 605318 TO BUS 680402 CKT 1
TRIP LI NE FROM BUS 601043 TO BUS 602024 CKT 1
SET BUS 603194 GENERATION TO 370 MW

DI SCONNECT BUS 681522

END

CONTI NGENCY ' QL+NAM HOL14'

TRI P LI NE FROM BUS 680402 TO BUS 680529 CKT 1
TRI P LI NE FROM BUS 601043 TO BUS 602024 CKT 1
SET BUS 603194 GENERATION TO 370 MWV

DI SCONNECT BUS 681522

END

CONTI NGENCY ' QL+HOL- NLC15'

TRI P LI NE FROM BUS 680529 TO BUS 680403 CKT 1
TRIP LI NE FROM BUS 601043 TO BUS 602024 CKT 1
SET BUS 603194 GENERATION TO 370 MW

DI SCONNECT BUS 681522

END

COM end QL double circuits

COM TREMVAL- NLC 161 & GENOA

CONTI NGENCY ' TRMNLC+GNO

TRIP LI NE FROM BUS 602029 TO BUS 601043 CKT 1
SET BUS 603194 GENERATION TO 370 MW

DI SCONNECT BUS 681522

END

COM MARSHLAND- NLC 161 & GENOA

CONTI NGENCY ' MRS- NLC+GNO

TRI P LI NE FROM BUS 601043 TO BUS 602024 CKT 1
SET BUS 603194 GENERATION TO 370 MW

DI SCONNECT BUS 681522

END

COM NLC- MAYFAI R + GNO

CONTI NGENCY ' NLCVAF+GNO

TRIP LI NE FROM BUS 601043 TO BUS 602026 CKT 1
SET BUS 603194 GENERATION TO 370 MW

DI SCONNECT BUS 681522

END
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COM GENOA- LAXT-NLC + JPM

CONTI NGENCY ' GNOLXTNLCIPM

TRI P LI NE FROM BUS 601043 TO BUS 681531 CKT 1
TRI P LI NE FROM BUS 602023 TO BUS 681531 CKT 1
SET BUS 603194 GENERATI ON TO 400 MW

DI SCONNECT BUS 681542

END

COM LOSS OF BYRON- MAPLE LEAF 161KV

CONTI NGENCY ' BYN- MLF'

TRIP LI NE FROM BUS 613070 TO BUS 613130 CKT 1
END

COM LOSS OF ROCHESTER- WABACO 161KV

CONTI NGENCY ' RCH WBC

TRIP LI NE FROM BUS 681537 TO BUS 681532 CKT 1
END

COM LOSS OF ROCHESTER- ADAMS 161KV

CONTI NGENCY ' RCH- ADM

TRIP LI NE FROM BUS 681537 TO BUS 631122 CKT 1
END

COM LOSS OF BYRON- MAPLE LEAF 161KV

COM LOSS OF ROCHESTER- WABACO 161KV

CONTI NGENCY ' BYNMLFRCHWBC

TRIP LI NE FROM BUS 613070 TO BUS 613130 CKT 1
TRIP LI NE FROM BUS 681537 TO BUS 681532 CKT 1
END

COM LCSS OF BYRON- MAPLE LEAF 161KV

COM LOSS OF ROCHESTER- ADAMS 161KV

CONTI NGENCY ' BYNMLFRCHADM

TRI P LI NE FROM BUS 613070 TO BUS 613130 CKT 1
TRI P LI NE FROM BUS 681537 TO BUS 631122 CKT 1
END

COM LCSS OF BYRON- MAPLE LEAF 161KV

COM LOSS OF NORTH ROCHESTER- NORTHERN HI LLS

COM CONTI NGENCY ' BYNMLFNRC- NH! '

COM TRI P LI NE FROM BUS 613070 TO BUS 613130 CKT 1
COM TRI P LI NE FROM BUS 601040 TO BUS 625415 CKT 1
COM END

COM JPM OFFLI NE

COM LOSS OF GENQA- LA CRCSSE TAP- MARSHLAND 161KV
CONTI NGENCY ' JPMGNOLXTMRS'

SET BUS 603194 GENERATI ON TO 400 MW

DI SCONNECT BUS 681542

DI SCONNECT BUS 681531

END

COM JPM OFFLI NE

COM LOSS OF GENOA- COULEE 161KV

CONTI NGENCY ' JPM-GNO- COU

SET BUS 603194 GENERATION TO 400 MWV

DI SCONNECT BUS 681542

TRIP LI NE FROM BUS 681523 TO BUS 602020 CKT 1
END

COM GENOA OFFLI NE
COM LCSS OF ALMA- MARSHLAND
CONTI NGENCY ' GNO+AMA- MRS'
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SET BUS 603194 GENERATION TO 370 MV

DI SCONNECT BUS 681522

TRI P LI NE FROM BUS 681543 TO BUS 602024 CKT 1
END

COM LOSS OF GENOA- COULEE 161KV

CONTI NGENCY ' GNO- cou

TRIP LI NE FROM BUS 681523 TO BUS 602020 CKT 1
END

COM LOSS OF GENOA- LA CROSSE- MARSHLAND 161KV
CONTI NGENCY ' GNO- LAXT- MRS'

DI SCONNECT BUS 681531

END

COM LCOSS OF KI NG EAU CLAI RE- ARPON 345KV
CONTI NGENCY ' ASK- ECL- ARP'

DI SCONNECT BUS 601028

END
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Appendix 4: Powerflow Data for Alternatives
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Overload Facilities at Critical Load Levels

Single 161 kV line from North Rochester 345 kV Substation Option requires the following at 550
MW:
* Add Coulee Ave 3rd 161/69 kV transformer — likely requires a new substation due to site
limitations at Coulee Ave sub
* Add Marshland 3rd 161/69 kV transformer — likely requires major changes to existing
substation and may require a new substation all together to due to site limitations
* Add Jackson Country 2nd 161/69 kV transformer
* Rebuild Genoa — La Crosse Tap 161 kV line to 795 ACSS
¢ Rebuild Coulee — Swift Creek 69 kV line to 795 ACSR
¢ Rebuild Coulee — Mt. La Crosse 69 kV line to 477 ACSR
* Rebuild Brownton Tap — Genoa 69 kV line to 477 ACSR
* Rebuild Brownton Tap — Caledonia 69 kV line to 477 ACSR

Double 161 kV lines from North Rochester 345 kV Substation Option requires the following at 600
MW:
* Add Coulee Ave 3rd 161/69 kV transformer — likely requires a new substation due to site
limitations at Coulee Ave sub
* Add Marshland 3rd 161/69 kV transformer — likely requires major changes to existing
substation and may require a new substation all together to due to site limitations
* Add Jackson Country 2nd 161/69 kV transformer
* Upgrade La Crosse 161/69 kV transformer #1
* Upgrade La Crosse 161/69 kV transformer #2
*  Upgrade Genoa 161/69 kV transformer #1
* Rebuild Genoa — La Crosse Tap 161 kV line to 795 ACSS
¢ Rebuild Coulee — Swift Creek 69 kV line to 795 ACSR
¢ Rebuild Coulee — Mt. La Crosse 69 kV line to 477 ACSR
* Rebuild Brownton Tap — Genoa 69 kV line to 477 ACSR

Single 230 kV line from North Rochester 345 kV Substation Option requires the following at 550
MW:
* Add Coulee Ave 3rd 161/69 kV transformer — likely requires a new substation due to site
limitations at Coulee Ave sub
* Add Marshland 3rd 161/69 kV transformer — likely requires major changes to existing
substation and may require a new substation all together to due to site limitations
* Add Jackson Country 2nd 161/69 kV transformer
e Add Tremval 2nd 161/69 kV transformer
*  Upgrade Genoa 161/69 kV transformer #1
* Rebuild Genoa — La Crosse Tap 161 kV line to 795 ACSS
e Rebuild Coulee — Swift Creek 69 kV line to 795 ACSR
* Rebuild Brownton Tap — Genoa 69 kV line to 477 ACSR
* Rebuild Brownton Tap — Caledonia 69 kV line to 477 ACSR

Appendix 4 - 3



Complete 2010 Alternative Option requires the following at 750 MW':
* Upgrade La Crosse 161/69 kV transformer #1
* Upgrade La Crosse 161/69 kV transformer #2
e Rebuild Genoa — Coulee 161 kV line to higher clearance 795 ACSS or larger conductor
* Rebuild Coulee — Mt. La Crosse 69 kV line to 477 ACSR
* Rebuild Brownton Tap — Genoa 69 kV line to 477 ACSR
* Rebuild Brownton Tap — Caledonia 69 kV line to 477 ACSR
* Rebuild North La Crosse — Holland Hill 69 kV to 795 ACSR
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Appendix 5: Direct Testimony of Jeffrey R. Webb dated May 23, 2008 filed on behalf of the
Midwest Independent Transmission System Operator Inc. in the Minnesota Certificate of
Need Proceeding
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