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Executive Summary

This study is done to address various load serving problem in the regions of Scott,
Carver and Hennepin Counties to the west side of the Twin Cities metro area. These
regions are determined to be high load growth areas and the existing transmission system
cannot support expected load growth in this area after 2010. Various planning studies in
the past have indicated the need for new transmission in this region. Apart from these
above problems, city of Chaska is proposing to add a new Biotechnology Campus
starting 2007 (through 2015) that would add significant load to the system.

Great River Energy and Xcel Energy conducted this load serving study to develop
a robust long range plan for this area.
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1. Background
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Figure 1.1

The study region is indicated in Figure 1.1. The study area consists of the region
between Eden Prairie — Chaska — Waconia — Glencoe. As the Twin Cities metro area
continues to expand, new high voltage transmission lines are needed to support the load
growth in this area.

The *Glencoe Area Transmission Study’ performed in 2002 recommended a 115
kV line from McLeod — Glencoe — West Waconia. The McLeod — Glencoe 115 kV line
was inservice in 2006. The proposed 2™ phase of this plan is to add a new 115 kV line
from Glencoe — West Waconia to maintain sufficient post contingent voltages at the city
of Glencoe during the loss of McLeod source.

In 2007 Minnesota Valley Electric Co-op is expected to add Victoria substation
near the City of Chaska. The existing transmission system is not sufficient to support this
load during contingency conditions. Apart from this, City of Chaska is proposing to add
Biotechnology campus at the city consisting of 5 to 7 million sg-ft of office space over
the next 7 years. This is expected to add a total of 25 to 40 MW of new load to the
system.



A new major trunk highway (Minnesota Highway 212) will be completed within
the next few years. This new transportation corridor is expect to result in significant
commercial, industrial and residential development with electrical load growth rates well
above historical averages.

The loads at Excelsior, Deephaven and Westgate are also continuing to grow. In
2007 Xcel Energy added an 80 MVAR capacitor bank at Westgate to maintain sufficient
post contingency voltages during the loss of Eden Prairie source. Past studies also
indicated the need to upgrade the line from Westgate — Deephaven — Excelsior — Scott Co
line to 115 kV.



2. Conclusion
The recommended plan is Option A, which includes constructing the following facilities:

1) 115 kV line from City of Glencoe — West Waconia through a new 115/69 kV
substation at Biscay Junction.

2) 115 kV line from West Waconia — Scott Co through Augusta, Victoria and
Chaska.

3) Convert the existing 69 kV line between Scott Co — Westgate to 115 kV along
with the

It is also noted that, apart from the 115 kV transmission developments in this area, to
operate the system reliably, a new 345 kV bulk supply transmission source will be
needed in the region in the next 10 years. The possible location for this new source could
be West Waconia (Option A), Carver Co (Option B) or Scott Co substation.



3. Transmission Deficiencies in Study Area

The analysis was performed on 2006 Series 2011 and 2016 summer peak models.
The models include MVEC’s proposed Victoria and Chanhassen Substations. It is
assumed that the load at the new Biotechnology campus at Chaska would be 25 MW in
2011 and 40 MW by 2016.

3.1 Glencoe area Problems
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Figure 3.1

This region consists of mostly 69 kV lines served out of the Carver County and
St. Bonifacius bulk substations. The City of Glencoe is normally fed from the 115 kV
source at the McLeod substation. Figure 3.1 illustrates the Glencoe area transmission.

Based on the Glencoe area transmission study done in 2002, the city of Glencoe
cannot be supported with the existing transmission system during the loss of McLeod 115
kV source. Also, it is determined that the Carver Co 115/69 kV transformer overloads



under system intact by 2011 and the loss of Carver Co transformer will result in severe
low voltages at Plato, Lester Prairie and High Island. Table 3.1 provides the list of critical
contingencies and associated problems.

Table 3.1
Year Contingency Monitored Element Rating  Current %
MVA Flow

2011 Loss of Glencoe — McLeod 115 Carver Co — Young America 47 55.3 118
kV line

2011 Loss of Glencoe — McLeod 115 Young America — Glencoe 37 49.75 134
kV line tap

2011 Loss of Glencoe — McLeod 115 Glencoe tap — Plato 37 38.74 103
kV line

2011 System Intact Carver Co 115/ 69 kV 70 77.53 111

transformer

2011  Loss of Carver Co 115/69 kV St. Boni TX 70 77.11 110
transformer

2011 Loss of Carver Co 115/69 kV St. Boni — Waconia 69 kV 48 77.51 111
transformer line

Year Contingency Bus Voltage

2011 Loss of Glencoe — McLeod 115 kV line City of Glencoe 0.877

2011 Loss of Glencoe — McLeod 115 kV line Plato 0.910

2011 Loss of Glencoe — McLeod 115 kV line McLeod 0.896

2011  Loss of Carver Co 115/69 kV transformer Plato 0.878

2011 Loss of Carver Co 115/69 kV transformer McLeod 69 kV 0.881

In addition to the deficiencies in the region mentioned above, a number of
conductor failures have been reported, resulting in poor system reliability, due to the age
of the 69 kV transmission system between Carver Co and City of Glencoe.



3.2 Transmission deficiencies in Chaska — Waconia Area
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This region consists of the 69 kV line running from the Carver County to the
Scott County substation. Figure 3.2 illustrates the Chaska and Waconia area. Xcel Energy
received an interconnection request from GRE for a new Victoria distribution substation
between Chaska and Augusta. It was determined at this time that the Victoria load cannot
be served out of the 69 kV system under contingency conditions. Apart from the Victoria
interconnection, City of Chaska is planning to add a Biotechnology campus with 5 to 7
million sg-ft of office space over the next 7 years. This is expected to be around 25 to 40
MW of new load in this area. The detailed list of problems associated with this region,
assuming that the Biotechnology campus adds 25 MW of new load by 2011 are shown in
Table 3.2

Table 3.2
Year Contingency Monitored Element Current Current %
Rating MVA Flow
flow
2011 Lossof ScotCoTX 1 Scott Co TX 2 70 104.06 148.65
Loss of Scott Co — Chaska Carver Co — Augusta 47 71.44 152
2011 Loss of Scott Co — Chaska Augusta — Bio Tech Park 47 64.39 137
2011 Loss of Carver Co Scott Co — Chaska 68 70.04 103
transformer
2011 Loss of Carver Co Chaska — Bio Tech Park 47 50.76 108
transformer
2011 Loss of Carver Co Scott Co TXs 70 ~75.6 ~108
transformer
Year Contingency Bus % Voltage
2011 Loss of Scott Co — Chaska Chaska 0.847
Loss of Scott Co — Chaska Victoria 0.853
2011  Loss of Scott Co — Chaska Bio Tech park 0.855
2011 Loss of Scott Co — Chaska Augusta 0.866

3.3 Problems between Chaska and Eden Prairie
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Figure 3.3 illustrates the Chaska and Eden Prairie area. Most of the Eden Prairie
region is served from the Westgate 115 kV substation. The remaining area in this region
is served from Bluff Creek and Minn River 115 KV substations, and the Deephaven and
Excelsior 69 kV substations. MVEC’s Chanhassen 115 kV substation south of Minn
River came online in 2007. The 345/115 kV transformer # 9 at Eden Prairie overloads for
the loss of transformer #10 and vice versa. Similarly the loss of one of the Eden Prairie —
Westgate 115 kV circuits 1 and 2 will result in overloading the other. Also, the loss of
both the Eden Prairie — Westgate 115 kV circuits will result in overloading the Scott Co —
Minnesota River 115 kV line, and loss of Scott Co — Excelsior 69 kV line causes
overload on Westgate — Deephaven 69 kV line. The full list of problems in this area is
provided in Table 3.3.



Table 3.3

Year Contingency Monitored Element Current Current % Flow
Rating MVA

2011 Loss of Eden Prairie TX 9 or 10 Eden Prairie TX 10 or 9 448 495 110

2011 Loss of Eden Prairie — Westgate Eden Prairie — Westgate ckt2 310 357.7 115
cktlor?2 orl

2011 Loss of Eden Prairie — Westgate Scott Co — Minn River 310 352.2 114
ckt1and 2

2011 Loss of Eden Prairie — Westgate Minn River — Chanhassen 310 323.2 104
ckt 1 and 2

2011 Loss of Eden Prairie — Westgate Chanhassen — Bluff Creek 310 323.2 101
ckt1and 2

2011 Loss of Westgate — Deephaven 69  Scott Co TX 1 70 82.81 118
kV line
Loss of Westgate — Deephaven 69  Scott Co TX 2 70 80.73 115
kV line

2011 Loss of Scott Co — Excelsior 69 Westgate 115/69 kV TX 47 65.64 140
kV line

2011 Loss of Scott Co — Excelsior 69 Westgate — Deephaven 69 kV 62 65.64 106

kV line

line

The transmission inadequacies identified in the 2016 models are listed in Appendix

E.



4. Analysis
4.1 Models

All the study analysis was performed on 2006 series 2011 and 2016 summer peak
models. The models are updated with Victoria, Chanhassen and Biotechnology park
loads. The remaining loads in the study region are increased to their respective non-
coincident peak loads. The 2016 models include the Southwest Minnesota — Twin Cities
345 kV line. All the generators at St. Bonifacius, Glencoe and Minnesota River are
assumed to be offline.

The performance of the options was tested to meet the voltage and line loading
criteria for NERC category —A, B and C contingencies. Contingencies were performed on
Alliant, GRE and Xcel Energy control areas and the same control areas were monitored
for violations. The various options considered for the study region are discussed in
section 4.2

4.2 Options for Glencoe — Waconia area
Option A-1:
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Figure 4.1

Option A-1 is shown in Figure 4.1, this is a new 115 kV line from the City of
Glencoe to West Waconia. This option helps in addressing the low voltage issues
associated with the City of Glencoe during the loss of McLeod — Glencoe 115 kV line.
This line has been modeled as an upgrade to the existing 69 kV line from Biscay Jc —



Young America — West Waconia. The upgrade of existing line from Biscay Jc — West
Waconia will require a new 115/69 kV substation at Biscay Jc and a 115/69 kV
transformer at West Waconia. The loads at Plato and Lester Prairie have to be fed from
the new Biscay Jc 115/69 kV substation instead of Carver Co sub and Xcel and GRE
Waconia loads can be fed from St. Bonifacius and West Waconia 115/69 kV substations.

Option B-1:
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Option B-1 is shown in Figure 4.2, this is a new 115 kV line from the City of
Glencoe — Carver Co substation. Similar to option A-1, this option helps in addressing the
low voltage issues associated with the City of Glencoe. This option is also developed
based on converting the existing 69 kV line from Glencoe — Young America — Carver Co.
Similar to option A-1, a new 115/69 kV substation at Biscay Junction and a 115/69 kV
transformer at West Waconia are required for this option.
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4.3 Options for Waconia — Chaska area
Option A-2:
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Option A-2 is shown in Figure 4.3. This is a new 115 kV line from West Waconia
to Scott Co through Augusta, Victoria, Biotechnology Park and Chaska. Converting most
of the existing 69 kV line from Carver County — Scott County and converting Augusta,
Victoria and Chaska substations to 115 kV can achieve this. The primary advantage of
this plan is that the Waconia and Scott co substations are built to accommodate new 115
kV lines. Hence, the line can be terminated without any major substation rebuilding. This
line helps mitigate most of the problems associated with this area since the entire load in
the area gets converted to higher operating voltage. The analysis for this area was done
assuming that the Option A-1 is the solution for Glencoe area problem.

The existing Carver Co — Augusta 69 kV line is assumed to be terminated into
West Waconia by building a 2 mile line double circuited with the proposed 115 kV line
out of West Waconia to Scott Co. The new West Waconia 115/69 kV transformer can
provide additional capacity support to Carver Co transformer.

11



Option B-2:
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Figure 4.4

Option B-2 is shown in Figure 4.4. This is a new 115 kV line from Carver Co
substation to Minnesota River through Augusta, Victoria, Biotechnology Park and
Chaska. This can also be achieved by converting most of the Carver Co — Scott Co 69 kV
line to 115 kV along with the substations served by the this line. Although this is a viable
option, the Minn River Substation does not have any positions available for new 115 kV
line terminations. The new line has to be terminated into the substation only through a
line breaker. This option also mitigates all the problems in this region as all the loads are
converted to a higher operating voltage. The analysis for this area was done assuming
that the Option B-1 is the solution for Glencoe area problem.

12



4.4 Options for Chaska — Eden Prairie area

Option A-3:
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Option A-3 is shown in Figure 4.5. This is to convert the existing 69 kV line from
Scott Co — Excelsior- Deephaven — Westgate to 115 kV along with the substations that
are served by this line. This plan serves as a very long-range plan since the Excelsior and
Deephaven loads are converted to 115 kV. Also, the new 115 kV line provides a parallel
path to existing 115 kV line from Scott Co — Minn River — Bluff Creek — Westgate. This
helps in unloading the Bluff Creek — Scott Co 115 kV line during the loss of Eden Prairie
— Westgate double circuit. The analysis for this area was done assuming that the Options
A-1 and A-2 as the solutions for Glencoe and Chaska area problems.

13



Option B-3:
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Option B-3 is shown in Figure 4.6. This is to rebuild the Scott Co — Minn River —
Chanhassen — Bluff Creek 115 kV line to 600 MVA, rebuild the 69 kV lines from Scott
Co — Excelsior and Westgate to Deephaven to 84 MVA and upgrade the Westgate
transformer to 112 MVA. This option essentially upgrades all the facilities that are found
to overload. Although this plan addresses all the known issues in the area, the incremental
load serving capability of this plan is relatively low compared to option A-3. Due to this
reason, it does not provide for unexpected load growth in the area (example: a major
industrial load). The analysis for this area was done assuming that the Options B-1 and 2
are the solutions for Glencoe and Chaska area problems.

Although Option A is studied as a combination of A1, A2 and A3 and option B is
studied as a combination of B1, B2 and B3, any combination of plans can work with few
or no additional modifications. e.g: Option Al can be used for Glencoe area and option
B2 can be used for area between Waconia and Scott Co and option A3 for Scott Co -
Westgate. As this results in eight different possibilities, only two of the options were
studied (ALA2A3 and B1B2B3).

14



5. Incremental load serving capability analysis

The incremental load serving capabilities of options A and B are determined by
increasing the loads in the regions and determining the maximum load that can be served
by each option (A and B). For this analysis, 2016 models were used. The loads used to
determine the load serving capability of the plans are listed below

Table 5.1

Load
Glencoe
Augusta
Victoria

Bio Technology park
Chaska
Chanhassen
Minnesota river
Bluff Creek
Excelsior
Deephaven
Westgate

From the 2016 models it is noticed that the loss of Eden Prairie — Westgate 115
kV double circuit will result in a number of 115 kV line overloads between Scott Co —
Blue Lake and Scott Co — Black Dog. It is also noticed that the voltages between
Westgate and Scott Co drop steeply for this outage.

Figure 5.1 provides the load versus voltage graph for Plan A and Plan B. This analysis
assumes a prior outage of Eden Prairie — Westgate double circuit, and the loads provided
in Table 5.1 are increased while monitoring the voltages at Westgate.

Based on the voltages at Westgate, it can be concluded that Plan B can serve
approximately an additional 5 MW and Plan A can serve an additional 41 MW from
2016. There were no new line overloads observed in the area after increasing the load by
8 and 48 MW for Plan B and Plan A respectively.

15



Voltages at Westgate
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Figure 5.1

5.1 CapX 2020 Group 2 as a Solution.

The proposed CapX group 2 facilities consist of a 345 kV line from Southwest of

Metro area to St. Cloud, 345 kV line from St. Cloud to Chisago Co and conversion of
Blue Lake — West Waconia 230 kV line to 345 kV. The study models for this analysis
include the following planned and proposed facilities:

Maple River — Monticello 345 kV line

Brookings Co — Hampton Corner 345 kV line

Assumed 345 kV line from Helena — West Waconia (Carver Co for Plan B) -
Dickinson — Quarry 345 kV substation

Assumed Blue Lake — West Waconia 345 kV line.

16
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Figure 5.2 provides the PV curves for plan A and Plan B with the proposed 345
kV projects. The analysis assumes a prior outage of Eden Prairie — Westgate double
circuit, and the voltages at Westgate are monitored while increasing the load in the
region. It is found that Plan A can serve approximately an additional 157 MW and Plan B

can serve approximately an additional 89 MW from 2016.

The list of facilities that may need to be upgraded to achieve full load serving capability
of option A beyond 2016 with new 345 kV source at W Waconia are provided in Table

5.2
Table 5.2
Contingency Monitored Element Rating Incremental
load
Eden Prairie — Westgate 115 kV ckt #1 and #2 Black Dog — Savage 115 kV 183 119 MW
Eden Prairie — Westgate 115 kV ckt #1 and #2 Scott Co — Scott tap 115 kV 183 92.2 MW

17



5.2 Distributed Generation as an Option

The distributed generation option is studied by increasing the loads in the region
(Table 5.1) based on load serving capability of Plan A (48 MW beyond 2016). This is to
ensure comparable results between plan A and distributed generation option. Distributed
generation will be fueled by either natural gas or diesel oil. No biomass or wind
generation resources are available in this area.

Distributed generation is not an option to serve the City of Glencoe as the city
already owns generation. The proposed 115 kV transmission line from Glencoe — West
Waconia or Carver Co is required to provide network service.

Option C-2

Since the Chaska Bio technology Park will be the largest load in the region, it is
assumed that the distributed generation between West Waconia and Scott Co can be
located near Chaska. It is found that approximately 50 MW of new generation is required
at this location for a comparable performance with Plan A.

Option C-3

Similar to Option C-2 at least 20 MW of generation is required at Excelsior 69 kV sub to
avoid any overloads on the line. The Minn River generators were turned on in this model
to provide additional support to the region.

Table 5.3
Location Size
Chaska Bio Tech Park 50 MW
Excelsior 20 MW

18



5. Economic Analysis
5.3 Estimated Cost of Facilities

The estimates for various facilities for options A and B are provided below.

Plan A:

Year Facility Cost

2011 Glencoe — Biscay Jc 115 kV line $640,000
2011 Biscay Jc 115/69 kV sub $7,410,000
2011 Biscay Jc — West Waconia 115 kV line $7,250,584

2011 West Waconia substation work for 2 new 115 kV $7,135,000
terminations and new 115/69 kV transformer and breakers.

2011 Rebuild the 69 kV line from Biscay Jc to Carver County -$ 3,000,000
2011 2mile 115/69 kV line to South of West Waconia $ 2,213,000
2011 West Waconia — Augusta — Victoria tap (Bio Tech sub) 115 $ 3,118,000
kV line

2011 Bio Tech park — Chaska — Scott Co 115 kV line $ 2,260,000
2011 Chaska sub conversion $1,500,000
2011  Scott Co sub work for 2 new line terminations $ 1,970,000
2011 Scott Co — Excelsior 115 kV conversion $ 1,660,000
2011 Excelsior — Deephaven 115 kV conversion $ 1,525,000
2011 Deephaven — Westgate 115 kV conversion $ 3,182,000
2011  Excelsior sub conversion $3,070,000
2011 Deephaven sub conversion $4,050,000
2011  Westgate sub work for new 115 kV line termination $854,000

2009 Upgrade double Circuit 115 kV line from Westgate — Eden  $ 2,280,000
Prairie to 600 MVA each.
2010 Upgrade the 69 kV line from West Waconia — Waconia to  $ 579,000

84 MVA
2013 Upgrade the 69 kV line from Waconia (Xcel) — Waconia $421,000
(GRE)
Present Worth of Option A in 2007 dollars $51,413,578
Plan B:
Year Facility Cost
2011 Glencoe — Biscay Jc 115 kV line $ 640,000
2011 Biscay Jc 115/69 kV sub $ 7,410,000
2011 Biscay Jc — Carver Co 115 kV line $7,642,584

2011 West Waconia substation work new 115/69 kV transformer $ 4,480,000
and breakers.

2011 Remove tap and build in and out at Young America $ 393,000

2011  Carver Co Sub work for 2 new 115 kV line terminations $ 4,165,000

2011 Rebuild the 69 kV line from Biscay Jc to Carver County -$ 3,000,000

2011 Carver Co — Augusta — Bio Tech Park line upgrade to 115 $ 5,485,000
kv

2011 Bio Tech park — Chaska — Minn River line upgrade to 115 $ 1,825,000
kv
2011 Chaska sub conversion to 115 kV $1,500,000
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2011  MN River sub work for 1 new line terminations $ 630,000

2011  Line upgrade from Scott Co — Bluff Creek to 600 MVA $ 6,200,000

2009 Upgrade double Circuit 115 kV line from Westgate — Eden  $ 2,280,000
Prairie to 600 MVA each.

2011 Westgate TX upgrades 115/69 kV (to 112 MVA) $ 1,410,000
2016  Upgrade Scott Co — Excelsior 69 kV to 477 ACSS $ 1,187,000
2013 Upgrade Deephaven — Westgate 69 kV $ 2,438,000
2010 Upgrade the 69 kV line from West Waconia — Waconia to  $ 579,000
84 MVA
2013 Upgrade the 69 kV line from Waconia (Xcel) — Waconia $421,000
(GRE)
Present Worth of Option B in 2007 (dollars) $47,535,625

Distributed generation cost estimates

Year Facility $/kW Total (7OMW)
2011 Installation cost for 70 MW of generation 921 $64,470,000
Present worth of O&M and running costs® - $15,255,100
2011  Plan Al (Glencoe-W Waconia 115kV) $15,800,000
2011  Upgrade Westgate TX #2 $ 1,410,000
2011  Upgrade Scott Co TX #1&2 $ 4,160,000
2011  Upgrade 115 kV line from Scott Co — MN $ 6,200,000
River — Chanhassen - Bluff Creek to 600
MVA.
2009  Upgrade double Circuit 115 kV line from $ 2,280,000
Westgate — Eden Prairie to 600 MVA each.
Total $ 109,575,100

Due to high installation, fuel and maintenance costs, low availability and short life of the
generators, this option is not studied any further.

5.4 Losses

Table 6.3 provides the losses for both the plans for years 2011 and 2016.

Year Base Case Plan A Reduction (A) Plan B Reduction (B)
2011 SUPK 12865.4 MW 12864.3 MW 1.1 MW 12865.9 MW -0.5 MW
2016 SUPK 13245.5 MW 13230.8 MW 14.7 MW 13232.1 MW 13.4 MW

As the new lines are approximately similar in size and length, it is noticed that the loss
reduction for both the plans is approximately the same compared to the base case. Hence,
no further analysis was done to convert the loss reduction to capital.

5.5 Summary

! Source: http://www.cbo.gov
% For assumptions associated with the analysis refer to Appendix C
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No of miles of new

Loss reduction

Planning time

Option Cost Incremental load serving
Millions $ capability after 2016 without 115 kV line frame
(with) 345 kV source
A $51,413,578 48 (157) MW 51.34 miles 14.7 MW 10 Years
B $47,535,625 8(89) MW 37.2 miles 13.4 MW 10 Years
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6. Other Concerns

69 kV System Between W Waconia and St. Boni

The 69 kV line from West Waconia — St. Boni is found to overload for all the
options for the loss of St. Boni 115/69 kV transformer. The 69 kV line from West
Waconia — Waconia (GRE) has to be upgraded to higher capacity in 2010 and Waconia
(GRE) — Waconia (Xcel) have to be upgraded to higher capacity by 2016 to avoid line
overloads during post contingency conditions.

Alternatives for City of Chaska sub upgrade to 115 kV

Due to the location of the exiting Chaska 69 kV substation, a few variations for Plan A2
have been studied. In the first case the new 115 kV line is assumed to be from West
Waconia to Augusta to Scott Co. It is assumed that the Bio Technology Park and Victoria
substations are fed from a radial 115 kV tap line from Augusta and The City of Chaska is
fed from a double circuit 69 kV line from Scott Co. Figure 7.1 provides the geographic
drawing of the plan. In this case it is assumed that the 115 kV line will be double
circuited with the existing 115 kV line from Carver Co to Scott Co.

WEST o
WACONIA WALONIA VICTORIA
(GREY

o CHASK,

____;J b SW. STA
e ; : ALGUSTA ——
E I (GRE] EN RIVE
h————————.— ._ y '&ﬂl"b
= sk
: EIC TECH (FHRSKE

CARVER CD, o

Figure 7.1

A second variation of A2 is to build the 115 kV line from West Waconia to Augusta to
Bio Technology Park to Scott Co. It is assumed that the Victoria Load will be served
from a radial 115 kV line from the Bio Technology park. Also, a new 115/69 kV
transformer is assumed at the Bio Technology Park to serve as an alternate source to the
City of Chaska. Similar to the previous case, the new 115 kV line assumed to be double
circuited with the existing 115 kV line from Carver Co — Scott Co. the geographic map of
the plan is provided in figure 7.2,
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Figure 7.2

In both the above cases, the outage of the 3 terminal line between Scott Co — Carver Co —
Glendale along with the new 115 kV line from Scott Co to Bio Technology Campus will
result in low voltages at Augusta, Victoria and Chaska (Bio Tech Park). This
configuration will require a 345 kV source at West Waconia by 2016 to avoid low
voltages during this outage.

Sensitivity without Chaska Bio Technology Campus

Critical contingencies are performed on the 2016 models without the Chaska Bio
Technology park load, it is found that all the three sections of the 115 kV line between
City of Glencoe and Westgate are required irrespective of the proposed new load at the
City of Chaska. Table 7.1 provides the list of deficiencies identified. The powerflow
maps for the critical contingencies are provided in Appendix XX.

Table 7.1
Year Contingency Monitored Element Current Current %
Rating MVA flow  Flow

2011  Loss of McLeod-Glencoe Young America — CarverCo 47 54.9 117
2011  Loss of McLeod-Glencoe Young America — Plato 37 49.32 133
2011  System Intact Carver Co TX 70 73.46 105
2011 Loss of Scott CoTX 1 or 2 ScottCoTX 2o0r1 70 90.82 130
2011 Loss of ScottCo - Excelsior Westgate — Deephaven 62 65.6 106
2011  Loss of ScottCo - Excelsior Westgate TX 47 65.6 140
2011 Loss of EdenPr-Westgate 1 & 2 ScottCo — MN River 310 347.36 112
2011 Loss of EdenPr-Westgate 1 & 2 MN River — Chanhassen 310 318.67 103

Year Contingency Bus % Voltage

2011  Loss of Glencoe — McLeod 115 kV line Glencoe 87.7

2011 Loss of Glencoe — McLeod 115 kV line Plato 91

2011 Loss of Scott Co —Chaska Chaska 94
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It can be noted from Table 7.1 and the powerflow maps in Appendix XX, that the
absence of Chaska Bio Technology park will delay the problems identified between Scott
Co and Carver Co by a few years. It can be concluded that the proposed 115 kV facilities
are required irrespective of the new development at Chaska. From the results of analysis
provided in section 5, it can be concluded that the proposed plan can accommodate the
new development at Chaska and will provide transmission capacity for an additional load
growth for the region.

Other concerns:

Although options A and B address all the issues on the 69 kV system, both the
Westgate — Eden Prairie 115 kV circuits have to be upgraded to 600 MVA to avoid post-
contingency overloads.

By 2016, the voltages at Lester Prairie 69 kV load will drop to 90% for the loss of

Biscay Junction transformer, a new 10 MVAR capacitor bank at Lester Prairie or a 2™
115/69 kV transformer at Biscay Junction can be possible solutions.
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Appendix - A
One-line diagrams
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Option B3:

¢ Rebuild existing 115 kV line from Scott Co — Minnesota River — Chanhassen — Bluff Creek to 600 MVA.

e Upgrade Westgate TX #2 to at least 70 MVA.

e Upgrade 69 kV line (0734) from Westgate — Deephaven to 477 ACSS.

e Upgrade 69 kV line (0734) from Scott Co — Excelsior to 477 ACSS.



Appendix-C
Present Worth Analysis

26



general_PWA_updated2007.XLS Page 1
Title: Option A - 115 kV line from Glencoe - West Waconia - Scott Co - Westgate
Interest Rate|7.42% Starting year for study 2007
‘Carrying Charge Rate|10.84% Investments/Expenses 2007
Investment Escalation|1.88% Ending Year 2042 35
Expense Escalation|1.88% *The 35 year totals below were calculated using the rates above.
Year [Cumulative Present Worth Total Investment | Levelized Annual Cost
2042 51,413,578 51,755,237 4,119,664
New Present | Cumulative |
Investments| Expenses | Escalated Investment Worth of |Present Worth
Year 2007 2007 New Escalated Revenue Revenue Revenue 2007 Cumulative
dollars dollars |Investments Expenses Requirement RequirementgRequirementy  dollars  |Investment
2007 0 0 0 0 0 0 0 0 0 1
2008 0 0 0 0 0 0 0 0 0 2
2009 2,280,000 0| 2,366,534 0 256,509 256,509 206,941 206,941 2,366,534 3
2010 579,000 0 612,273 0 322,873 322,873 242,488 449,429| 2,978,807 4
2011 | 44,837,584 0(48,305,652 0| 5,558,723| 5,558,723| 3,886,416 4,335,845| 51,284,459 5
2012 0 0 0 0| 5,558,723| 5,558,723| 3,617,963 7,953,808 51,284,459 6
2013 421,000 0[ 470,778 0| 5,609,750| 5,609,750| 3,398,971 11,352,779|51,755,237 7
2014 0 0 0 0| 5,609,750| 5,609,750| 3,164,188 14,516,968|51,755,237 8
2015 0 0 0 0] 5,609,750| 5,609,750{ 2,945,623 17,462,591|51,755,237 9
2016 0 0 0 0| 5,609,750| 5,609,750| 2,742,155 20,204,746|51,755,237 10
2017 0 0 0 0| 5,609,750| 5,609,750| 2,552,742 22,757,488|51,755,237 11
2018 0 0 0 0| 5,609,750| 5,609,750| 2,376,412 25,133,900|51,755,237 12
2019 0 0 0 0| 5,609,750| 5,609,750| 2,212,262 27,346,162|51,755,237 13
2020 0 0 0 0] 5,609,750| 5,609,750{ 2,059,451 29,405,613|51,755,237 14
2021 0 0 0 0| 5,609,750| 5,609,750{ 1,917,195| 31,322,808|51,755,237 15
2022 0 0 0 0] 5,609,750| 5,609,750{ 1,784,765 33,107,573|51,755,237 16
2023 0 0 0 0| 5,609,750| 5,609,750| 1,661,483 34,769,057|51,755,237 17
2024 0 0 0 0| 5,609,750| 5,609,750| 1,546,717 36,315,774|51,755,237 18
2025 0 0 0 0] 5,609,750| 5,609,750{ 1,439,878 37,755,652|51,755,237 19
2026 0 0 0 0| 5,609,750| 5,609,750| 1,340,419 39,096,071|51,755,237 20
2027 0 0 0 0| 5,609,750| 5,609,750{ 1,247,830 40,343,901|51,755,237 21
2028 0 0 0 0| 5,609,750 5,609,750| 1,161,637 41,505,537|51,755,237 22
2029 0 0 0 0| 5,609,750| 5,609,750{ 1,081,397 42,586,934|51,755,237 23
2030 0 0 0 0] 5,609,750| 5,609,750{ 1,006,700 43,593,634|51,755,237 24
2031 0 0 0 0| 5,609,750| 5,609,750 937,162| 44,530,796(51,755,237 25
2032 0 0 0 0| 5,609,750| 5,609,750 872,428| 45,403,224[51,755,237 26
2033 0 0 0 0| 5,609,750| 5,609,750 812,165| 46,215,390( 51,755,237 27
2034 0 0 0 0| 5,609,750| 5,609,750 756,065 46,971,455(51,755,237 28
2035 0 0 0 0f 5,609,750| 5,609,750 703,840| 47,675,295(51,755,237 29
2036 0 0 0 0| 5,609,750| 5,609,750 655,223| 48,330,518 51,755,237 30
2037 0 0 0 0| 5,609,750| 5,609,750 609,964| 48,940,482(51,755,237 31
2038 0 0 0 0| 5,609,750| 5,609,750 567,831| 49,508,313|51,755,237 32
2039 0 0 0 0| 5,609,750| 5,609,750 528,608| 50,036,920(51,755,237 33
2040 0 0 0 0| 5,609,750| 5,609,750 492,094 50,529,015| 51,755,237 34
2041 0 0 0 0| 5,609,750| 5,609,750 458,103 50,987,118|51,755,237 35
2042 0 0 0 0] 5,609,750| 5,609,750 426,460 51,413,578]51,755,237 36
*Carrying Charge Rate = (Return Requirement+Depreciation Requirement+Income Tax Requirement)
*Book Life is 35 years.
Created DKD
Updated JTS 6/12/2007
dkd 11/20/2007



Title: Option B - 115 kV line from Glencoe - Carver Co - Minn River, upgrade Scott Co - Bluff Creek 115 kV line

Interest Rate|7.42% Starting year for study 2007
‘Carrying Charge Rate|10.84% Investments/Expenses 2007
Investment Escalation|1.88% Ending Year 2042 35
Expense Escalation|1.88% *The 35 year totals below were calculated using the rates above.
Year [Cumulative Present Wort Total Investment | Levelized Annual Cost
2042 47,535,625 48,747,356 3,808,335
New Present | Cumulative |
Investments| Expenses | Escalated Investment Worth of  [Present Worth
Year 2007 2007 New Escalated Revenue Revenue Revenue 2007 Cumulative
dollars dollars |Investmentg Expenses Requirement RequirementgRequirementy  dollars  [Investment
2007 0 0 0 0 0 0 0 0 0
2008 0 0 0 0 0 0 0 0 0
2009 2,280,000 0| 2,366,534 0 256,509 256,509 206,941 206,941| 2,366,534
2010 0 0 0 0 256,509 256,509 192,647 399,588( 2,366,534
2011 | 38,780,584 0[41,780,159 0| 4,785,060[ 4,785,060] 3,345,505 3,745,092| 44,146,693
2012 0 0 0 0| 4,785,060[ 4,785,060| 3,114,415 6,859,507| 44,146,693
2013 2,859,000 0| 3,197,038 0| 5,131,587 5,131,587| 3,109,250 9,968,758|47,343,731
2014 0 0 0 0| 5,131,587 5,131,587| 2,894,480 12,863,237|47,343,731
2015 0 0 0 0| 5,131,587 5,131,587| 2,694,545 15,557,782|47,343,731
2016 1,187,000 0| 1,403,625 0| 5,283,726 5,283,726| 2,582,788 18,140,570|48,747,356
2017 0 0 0 0| 5,283,726 5,283,726| 2,404,383 20,544,953|48,747,356
2018 0 0 0 0| 5,283,726 5,283,726| 2,238,301| 22,783,254|48,747,356
2019 0 0 0 0| 5,283,726] 5,283,726] 2,083,691| 24,866,945|48,747,356
2020 0 0 0 0| 5,283,726 5,283,726| 1,939,761| 26,806,706|48,747,356
2021 0 0 0 0| 5,283,726 5,283,726| 1,805,773 28,612,479|48,747,356
2022 0 0 0 0| 5,283,726] 5,283,726] 1,681,039| 30,293,518|48,747,356
2023 0 0 0 0| 5,283,726| 5,283,726] 1,564,922 31,858,441|48,747,356
2024 0 0 0 0| 5,283,726 5,283,726| 1,456,826 33,315,266|48,747,356
2025 0 0 0 0| 5,283,726 5,283,726| 1,356,196 34,671,462|48,747,356
2026 0 0 0 0| 5,283,726 5,283,726| 1,262,517 35,933,980|48,747,356
2027 0 0 0 0| 5,283,726| 5,283,726] 1,175,309 37,109,289|48,747,356
2028 0 0 0 0| 5,283,726 5,283,726| 1,094,125 38,203,414|48,747,356
2029 0 0 0 0| 5,283,726 5,283,726| 1,018,549 39,221,963|48,747,356
2030 0 0 0 0| 5,283,726 5,283,726 948,193 40,170,156 48,747,356
2031 0 0 0 0| 5,283,726| 5,283,726 882,697 41,052,853 48,747,356
2032 0 0 0 0| 5,283,726 5,283,726 821,725 41,874,578|48,747,356
2033 0 0 0 0| 5,283,726/ 5,283,726 764,965 42,639,542|48,747,356
2034 0 0 0 0 5,283,726 5,283,726 712,125 43,351,667|48,747,356
2035 0 0 0 0| 5,283,726] 5,283,726 662,935 44,014,602 48,747,356
2036 0 0 0 0| 5,283,726 5,283,726 617,143 44,631,745|48,747,356
2037 0 0 0 0| 5,283,726/ 5,283,726 574,514| 45,206,259| 48,747,356
2038 0 0 0 0 5,283,726 5,283,726 534,830 45,741,089 48,747,356
2039 0 0 0 0| 5,283,726] 5,283,726 497,887 46,238,976| 48,747,356
2040 0 0 0 0| 5,283,726 5,283,726 463,495| 46,702,471|48,747,356
2041 0 0 0 0| 5,283,726/ 5,283,726 431,479 47,133,950| 48,747,356
2042 0 0 0 0| 5,283,726] 5,283,726 401,675| 47,535,625| 48,747,356

*Carrying Charge Rate = (Return Requirement+Depreciation Requirement+Income Tax Requirement)

*Book Life is 35 years.

Created DKD
Updated JTS 6/12/2007
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Distributed generation running costs:

Total installation size = 70 MW

Assumed No. of hrs the generator will be run =500 hrs/year
Assumed Fuel cost = 0.032$/kWhr

Total fuel cost = 70 x 1000 x 0.032 x 500 = 1,120,000 $/year
Assumed O&M cost = 0.006 $/kWhr

Total O&M costs = 70x 1000 x 0.006 x 500 = 210,000$/year

Total running costs = 1,330,000 $/year

Assumed life of the generator = 20 years
Assumed profit (or discount rate) = 6%

(1+0.06)2 —1
0.06(1+0.06)?

Present value annuity factor = { } =11.47

Present value of running costs over 20 years = 1,330,000 x 11.47 = $ 15,255,100.
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Appendix-D
Powerflow maps
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Base case
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