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Zone 5 overview

Zone 5 includes the Wisconsin counties of:
o Kenosha

Milwaukee

Ozaukee

Racine

Washington

Waukesha

00000

The physical boundaries of Zone 5 and transmission facilities located in Zone 5 are shown in Figure
ZS-26. Zone 5 encompasses southeast Wisconsin. Land use in Zone 5 is largely urban, though
some agricultural uses exist.

The major population center in Zone 5 is the metropolitan Milwaukee area.

Zone 5 typically experiences peak demands during the summer months. Large industrial loads in
the Milwaukee metropolitan area (such as Charter Steel, Miller Brewing) are among the largest
electricity users in the zone.

Demographics

The population of the counties in Zone 5 grew at an annual rate of 0.5 percent from 1998 to 2008.
The highest growth rate occurred in Washington County, while the largest increase in population
occurred in Waukesha County, which increased about 32,000 people over the period.

Population in Zone 5 is projected to grow at 0.5 percent annually for the 2008 through 2019 period.
Waukesha County is projected to realize the largest increase in population, while Washington
County is projected to have the highest growth rate.

During the same period, the annual employment growth rate was 0.6 percent. The highest growth
rate was in Kenosha County and the highest increase in employment occurred in Waukesha
County.

Employment in Zone 5 is projected to grow at 0.9 percent annually between 2008 and 2019.
Waukesha County is projected to realize the largest increase in employment, while Ozaukee
County the highest growth rate.

| Employment | | Population
Annual Growth Rate Annual Growth Rate
1998-2008 2008-2019 1998-2008 2008-2019
Zone 5 0.6 Zone 5 0.9 Zone 5 0.5 Zone 5 0.5
Kenosha, WI 2.1 Ozaukee, WI 1.6 Washington, WI 1.3 Washington, WI 1.6
Total Increase Total Increase
1998-2008 2008-2019 1998-2008 2008-2019
Zone 5 72,400 Zone 5 127,610 Zone 5 86,959 Zone 5 115,739
Waukesha, WI 39,165 JWaukesha, WI 44 211 Waukesha, WI 31,634 Waukesha, WI 60,878
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Zone 5 environmental considerations

Zone 5 encompasses the southeastern portion of the state and is the most densely populated of the
zones. The area lies in the Southern Lake Michigan Coastal and Southeast Glacial Plains
ecological landscape regions. Most of the zone lies in the drainage basins of the Milwaukee, Root
or Fox rivers. The Kettle Moraine State Forest lies in the western portions of the zone, and Lake
Michigan forms its eastern boundary. Pre-settlement vegetation varied from prairie and oak
savanna in the south, to southern mesic forest in the northern portions of the zone. Agricultural land
uses are common throughout this zone.

Zone 5 electricity demand and generation

The coincident peak load forecasts for Zone 5 for 2010, 2014, 2019 and 2024 are shown in Table
ZS-12. Existing generation, along with proposed generation based on projected in-service year, are
also shown. The resultant capacity margins, with or without the proposed generation, are shown as
well.

The table shows that load is projected to grow at roughly 1.7 percent annually from 2010 through
2019. Comparing load with generation (at maximum output) within the zone indicates that Zone 5
has less generation than load during peak load periods.

Zone 5 transmission system issues

Key transmission facilities in Zone 5 include:
a the southern portion of 345-kV lines from Point Beach and Edgewater,
the Saukville, Arcadian, Granville, Oak Creek, and Racine 345/138-kV substations,
the transmission lines emanating from the Pleasant Prairie and Oak Creek power plants,
230 kV facilities near Milwaukee, and
a significant 138-kV network in the Milwaukee area, a portion of which is underground.

000D

Key system performance issues in Zone 5 include:

o heavy flows on aging facilities,

O new generation projects expected to be placed in service in 2009 and 2010 that may
influence the solutions to load-serving needs in the zone,

a heavy flows from the west (Zone 3) resulting in heavily loaded 138-kV facilities in the
western portion of Zone 5,

o heavy market flows from the south, resulting in high 345- and 138-kV line loadings and the
need to monitor potential multiple contingency conditions, and

Q sagging voltage profile in portions of Washington, Waukesha and Jefferson counties.

The proposed rebuild of the Zoo interchange will necessitate some review of the existing 138-kV
lines originating from the Bluemound Substation. This review could result in new projects within the
next few years.

Oak Creek generation: We Energies has placed in service one 615-megawatt (net) coal powered
generator in 2009 and another 615-megawatt (net) plant is under construction at Oak Creek with an



| 10-Year Assessment
; An annual report summarizing proposed additions and expansions to the trafisi
to ensure electric system reliability.
AMERICAN TRANSMISSION COMPANY ®

October 2009 10-Year Assessment
www.atc10yearplan.com

in-service date of 2010. The following projects have been or will be constructed as a result of this
new generation.

2009 - Oak Creek generation Phase 1

The following projects were completed prior to the first Oak Creek generator being placed in service
in 2009.

U Construct a new Oak Creek 345-kV switchyard to interconnect one new 615-megawatt
(net) generator,
Reconductor a segment of the Oak Creek-Ramsey 138-kV line,
Terminate the Ramsey—Harbor line into the Kansas/Norwich substations creating a
Kansas—Harbor 138-kV line and a Norwich—Ramsey 138-kV line,
Reconductor the Oak Creek-Allerton 138-kV line,
Replace current transformers at the Racine 345-kV Substation,
Replace two 345-kV circuit breakers at Pleasant Prairie Substation on the Racine and
Zion lines with IPO breakers and upgrade relaying, and
U Expand Oak Creek 138-kV switchyard to connect the 345/138-kV, 500 MVA transformer.

o0 0o

2010 - Oak Creek generation Phase 2
The second phase of new generation at Oak Creek is scheduled to be placed in service in 2010.
The following projects will need to be completed prior to the second unit being placed in service.

U Expand 345-kV switchyard at Oak Creek Power Plant to interconnect a second new
615-megawatt (net) generator,

U Reconductor the Oak Creek-Root River 138-kV line,

U Uprate terminal equipment and increase line clearances on the Oak Creek-Nicholson
138-kV line to permit operation at 230 degrees, and

U Increase line rating of the Kansas — Ramsey 138-kV line.

In response to customer requests for new distribution interconnections, new 138-kV bus sections
were recently constructed at the Pleasant Valley, Shorewood and Brookdale Substations.

Zone 5 — 2010 study results
Refer to Table ZS-1 and Figure ZS-17

Summary of key findings

U Some of the line loading and low voltage issues in Zone 5 occur as a result of opening
substation bus tie breakers.

U New generation in the greater Milwaukee area will drive many system improvements in
Zone 5 within the next decade.

In addition to the new Oak Creek generation, two-32.4 MVAR capacitor banks are scheduled to be
placed in service at the Summit Substation by June of 2010 to improve area bus voltages. In the
interim, dispatching Concord and/or Germantown generation will provide reactive support to
improve area voltage.
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A project to install a second Shorewood-Humboldt underground cable in 2010 is under
consideration to accommodate additional distribution load (2009) at the Shorewood Substation
under contingency conditions. The Shorewood load is served by two 138-kV underground cables.
An underground cable can be out of service for weeks or months for repair in the event a cable is
damaged. If one cable is out of service for repair and the second cable experiences a fault, the
Shorewood load would have to be bridged elsewhere while repairs are made. Due to geography
constraints, the ability to bridge Shorewood load elsewhere is limited. Installing a parallel
Shorewood-Humboldt underground line will reduce the likelihood of two cable failures occurring
which could cause a load shedding situation at Shorewood.

Thermal and low voltage issues also are expected to occur elsewhere in Zone 5. Following are
results of the 2010 contingency analysis (NERC Category B or TPL-002-0 conditions) performed on
Zone 5.

Bus outages at Pleasant Prairie and Oak Creek cause transformers at Bain and Oak Creek to
exceed their summer emergency ratings. Bus outages are low probability events. Loading relief can
be achieved by backing down generation at Pleasant Prairie for Bain transformer relief or Oak
Creek for Oak Creek transformer relief.

An outage of the Bain—Kenosha 138-kV line will cause the Bain—Albers 138-kV line to load to 96.4
percent of its summer emergency rating. Increasing line conductor clearances will alleviate this
situation by permitting operation above 167 degrees.

An outage of the Arcadian 345/138-kV transformer #1 causes Arcadian transformer #3 to load to
99.0 percent of its summer emergency rating. Project development is underway to replace the
Arcadian transformers #2 and #3 with a single 500 MVA transformer. Other alternatives are also
being considered. The 345/138-kV windings of the existing transformers are rated at 239/239 MVA
(SN/SE). The summer emergency rating of the new transformer will be 640 MVA.

An outage of either one of the Arcadian—-Waukesha 138-kV lines (KK9962 and KK9942) results in
the other Arcadian—-Waukesha 138-kV line loading to between 98 and 99 percent of their summer
emergency ratings. The limiting element is the line conductor with clearances set for operation at
200 degrees. The line conductor clearances will be increased to permit higher flows under
contingency conditions. Other alternate solutions are being considered.

An outage of the Hartford — St. Lawrence 138-kV line results in Hartford bus voltage dropping to
91.6 percent of the nominal bus voltage. Running generation at Concord improves bus voltage at
Hartford.

Projects whose “Need date” precedes the “In-service date”
U None

Projects whose “In-service date” precedes the “Need date”

As a result of in-service date flexibility, project cost saving and corresponding alignment with other
ATC project needs, the following projects will be in service prior to the need date. Additionally, the
projects listed below are asterisked in the Annual Project Tables.
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U Construct second Shorewood-Humboldt 138-kV underground cable (need 2012, in service
2010). This project is being constructed in 2010 to take advantage of synergies with area
road construction.

Zone 5 — 2014 study results
Refer to Table ZS-2 and Figure ZS-18

Summary of key findings

U Additional reactive support is required in the greater Milwaukee area.

U Potential thermal violations indicate the need for facility upgrades in the Waukesha and
Kenosha areas.

U Thermal, voltage, and load serving issues in Kenosha and Walworth might be resolved
with a 138-kV line between Spring Valley and North Lake Geneva.

Additional reactive sources are required in the greater Milwaukee area. In addition to the Summit
capacitor banks, 225 MVAR of capacitance will be installed at the Bluemound Substation in 2012.

Following are the results of the 2014 contingency analysis (NERC Category B or TPL-002-0
conditions) performed on Zone 5.

An outage of either one of the Arcadian—-Waukesha 138-kV lines or Arcadian transformer #1 create
overloads in 2014 compared to heavily loaded facilities as seen in the 2010 analysis. Running
generation at Concord and Germantown provides relief until line clearances are increased and
transformers are replaced. Other alternatives are also being investigated.

The Albers-Bain 138-kV line loads to 113 percent of its summer emergency limit for an outage of
the Bain-Kenosha 138-kV line. The limiting element is line conductor clearances. Increasing line
clearances is being considered.

Splitting the Pleasant Prairie 345-kV bus between bus sections 3 and 4 will cause Bain transformer
#5 to exceed its summer emergency rating by 59 percent. Bus outages are low probability events.
Relief can be provided by reducing the output of Pleasant Prairie generator #2 to about 350
megawatts.

An outage of the Hartford — St. Lawrence 138-kV line results in the Hartford 138-kV bus voltage
dropping to 90.0 percent of the nominal bus voltage. Running generation at Concord improves bus
voltage at Hartford.

The intact system bus voltage at Cooney is at 95.9 percent of nominal voltage. This is approaching
the 95.0 percent limit as specified by NERC Category A requirements. An outage of Cooney —
Summit results in the Cooney bus voltage dropping to 91.5 percent of the nominal bus voltage.
Running generation at Concord will provide relief. In addition, 138-kV capacitors at Concord and
Summit will improve the voltage in Waukesha and Jefferson Counties.
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Thermal, voltage, and load serving issues in Kenosha and Walworth County might be resolved by
constructing a 138-kV line from Spring Valley to Twin Lakes, continuing on to South Lake Geneva.
This would entail acquiring new right-of-way between Spring Valley and Twin Lakes. The remaining
segment between Twin Lake and North Lake Geneva could make use of an existing right-of-way.
Studies are underway to determine the course of action to alleviate the issues in the area. This
project would also coordinate with a Zone 3 project, the North Lake Geneva-South Lake Geneva
138-kV line with a 2016 in-service date. Please refer to Zone 3 — 2014 study results for details
about this project.

Projects whose “Need date” precedes the “In-service date”
U Uprate Arcadian-Waukesha 138-kV lines KK9942/KK9962 (need 2010, in service 2013)
U Replace two existing 345/138-kV transformers at Arcadian Substation with 1-500 MVA
transformer (need 2010, in service 2013)
Considering reasonable project lead times, the 2013 in-service date was chosen for these
provisional projects. In the interim, dispatching area generation could be one possible mitigation
strategy to address the Arcadian area constraints.

Projects whose “In-service date” precedes the “Need date”
U None

Zone 5 — 2019 study results
Refer to Table ZS-3, Table ZS-3a and Figure ZS-19

Summary of key findings

U Heavy load growth in Waukesha, Washington, Dodge and Jefferson counties will require
voltage and load support. A new 345-kV line from Rockdale to Mill Road (formerly
Lannon Junction) is one option being considered to solve these problems.

U Voltage and thermal issues remain in Zone 5 under contingency conditions.

U Thermal, voltage, and load serving issues in Kenosha and Walworth might be resolved
with a 138-kV line between Spring Valley and North Lake Geneva

Three 138-kV buses in Waukesha and Washington County experience marginal bus voltages under
NERC Category A or TPL-001-0 conditions (intact system) in 2019. The buses are Bark River (95.8
percent), Germantown (95.5 percent), and Maple (95.7 percent). Modeling the Bluemound and
Mukwonago capacitors in service as well as running additional generation at Germantown will
improve the voltage profile in Washington County.

Following are the results of the 2019 contingency analysis (NERC Category B or TPL-002-0
conditions) performed on Zone 5.

Low probability bus outages at Pleasant Prairie continue to be a problem. Relief can be provided by
reducing the output of Pleasant Prairie generator #2 to about 350 megawatts.

An outage of the Bain—Kenosha 138-kV line will result in the Albers—Kenosha 138-kV line loading to
97.8 percent of its summer emergency rating.
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Loading issues on the Arcadian-Waukesha 138-kV lines and Arcadian transformers under
contingency conditions get worse when compared to 2014. Increasing line clearances and
replacing the two smaller transformers are potential solutions. Running generation at Concord and
Germantown provides relief.

An outage of the Oak Creek—Pennsylvania 138-kV line will cause the Branch—Kansas 138-kV line
(100.5 percent) to exceed its summer emergency ratings. Increasing line conductor clearances on
the Branch—Kansas 138-kV line will provide relief.

A low probability bus outage at Burlington 138-kV bus will result in marginal 138-kV bus voltages at
Tichigan (91.4 percent).

An outage of the Bark River — Sussex 138-kV line causes the Bark River 138-kV bus voltage to
drop to 91.8 percent.

An outage of the Maple — Saukville 138-kV line causes the Germantown (88.7 percent) and Maple
(88.2 percent) 138-kV bus voltages to be constrained under NERC Category B requirements.
Running generation at Germantown will provide relief.

Past studies have shown low bus voltages in eastern Jefferson, western Waukesha, and southern
Washington counties, all areas where load growth has been and is expected to remain high. To
provide relief, a new 345-kV line connecting the Madison area with the Milwaukee area is being
considered. The components of the project could include:

U Construct a new 345/138-kV Mill Road Substation (formerly known as Lannon Junction)
at the intersection of the Cypress-Arcadian 345-kV line, the Arcadian-Granville 345-kV
line, Germantown-Bark River 138-kV line and Sussex-Tamarack 138-kV line. This
project will improve the 138-kV voltage profile in the area and facilitate expansion of the
345-kV network to the west of this substation. A 500 MVA, 345/138-kV transformer will
be installed.

U Construct a Rockdale-Concord 345-kV line adjacent to the existing Rockdale-Jefferson-
Concord 138-kV line on existing double-width right-of-way and install a 500 MVA,
345/138-kV transformer at Concord.

U Convert the Bark River-Mill Road 138-kV line (currently built to 345-kV standards) to
345-kV operation and install a 500 MVA, 345/138-kV transformer at Bark River.

U Construct a new 345-kV line from Concord to Bark River.

In addition to improving the voltage profiles in Jefferson, Waukesha and Washington counties,
reducing loadings on parallel 138-kV circuits and reducing system losses, the above reinforcements
will improve ATC’s existing east-west transfer capability in this region. Such a project is not being
proposed in this Assessment, but may be justified in future Assessments for analysis beyond the
current 10-year horizon. Potential economic benefits will need to be reviewed as the future
develops.
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Provisional projects to install 2-32 MVAR of capacitance at the Mukwonago Substation and uprating
the Oak Creek-Pennsylvania 138-kV line are being considered in the 2015-2019 timeframe in order
to address remaining voltage and thermal issues.

Projects whose “Need date” precedes the “In-service date”
U None

Projects whose “In-service date” precedes the “Need date”
U None

Zone 5 - 2019 futures study results

Two potential 2019 futures were studied as part of this Assessment:
U 20% Wind Future
U Slow Growth Future

Please refer to the Methodology & Assumptions for details about how the futures models were
developed.

In the 20% Wind Future, line overloads and bus voltages generally improve in Zone 5. However,
bus voltages worsen in the Germantown area. Additionally, the Arcadian transformer overload
worsens. Future projects and/or increasing area generation mitigates the situation(s). These results
occur because of area generation dispatch and the associated change in the flow of power
associated with the 20% Wind scenario. Please refer to Table ZS-3a for the limitations and
performance criteria exceeded for these futures.

In the Slow Growth Future, line overloads and bus voltages generally improve throughout Zone 5.
This result is consistent with the reduced loading and associated generation redispatch throughout
the zone.

Zone 5 — 2024 study results
Refer to Table ZS-4 and Figure ZS-20

Summary of key findings

U Heavy load growth in Waukesha, Washington, Dodge and Jefferson counties will require
voltage and load support. A new 345-kV line from Rockdale to Mill Road (formerly
Lannon Junction) is one option being considered but not yet proposed to solve these
problems.

U Voltage and thermal issues remain in Zone 5 under contingency conditions.

Ten 138-kV buses in Waukesha and Washington County experience low or marginal bus voltage
under NERC Category A or TPL-001-0 conditions (intact system) in 2024. The buses are Bark
River (94.8 percent), Chinook (95.2 percent), Cooney (94.9 percent), Cottonwood (94.1 percent),
Edgewood (95.2 percent), Glacier (95.9 percent), Hartford (95.5 percent), Merrill Hills (95.1
percent), Mukwonago (95.0 percent), St. Lawrence (95.9 percent), Arthur Road (95.8 percent), and
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Summit (94.6 percent). Installing capacitor banks at Summit and Mukwonago will help alleviate
these voltage issues.

Following are the results of the 2024 contingency analysis (NERC Category B or TPL-002-0
conditions) performed on Zone 5.

The Oak Creek—Pennsylvania 138-kV line will load to 99.0 percent of its summer normal rating
under intact system conditions. Under a number of contingencies, the line will approach or exceed it
summer emergency rating.

Contingencies in eastern Jefferson and western Waukesha Counties create voltage issues at
numerous locations in northern Waukesha and southern Washington Counties. Running generation
at Concord and Germantown as well as capacitor additions at Summit, Concord, Mukwonago, and
Bluemound should improve voltage profiles.

An outage of the Saukville—Fredonia 138-kV line will cause the bus voltage at Fredonia to drop to
91.9 percent.

Low probability bus outages at Pleasant Prairie, Oak Creek, and Burlington continue to create
thermal and voltage problems as described in 2010 and 2014.

An outage of the Bain—Kenosha 138-kV line will cause the Albers—Kenosha 138-kV line to exceed
its summer emergency rating by 1.3 percent.

Contingencies on 138-kV lines terminating at Oak Creek create thermal and voltage issues in
southern Milwaukee County. Possible solutions are being developed.

Thermal issues in the Arcadian — Waukesha area continue. Solutions have been described above.

An outage of the Edgewood — St. Martins 138-kV line will result in low voltages at Edgewood (90.1
percent), Chinook (90.1 percent, and Mukwonago (91.6 percent).

An outage of the Pleasant Valley-Saukville 138-kV line will result in marginal voltages (91.5
percent) at the Pleasant Valley 138-kV bus.

In the previous 2019 results section, a potential Rockdale—Mill Road 345-kV line was discussed as
a way improving bus voltages in Waukesha, Washington, and Jefferson Counties. Through 2019,
the ATC planning models indicated there is generation available at Concord and Germantown that
could provide support to the three county region. At some point between 2019 and 2024, all of the
generation at Concord and Germantown will be dispatched. Dispatching generation at Concord and
Germantown has been able to provide voltage and thermal relief. When all the generation has been
dispatched, no additional relief will be available and it will be time to consider other system
improvements to provide relief.

Projects whose “Need date” precedes the “In-service date”
U None
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Projects whose “In-service date” precedes the “Need date”
U None

Summary of Compliance with NERC Standards

The mitigation plans, planned, proposed and provisional projects identified for Zone 5 in this
Assessment will allow the ATC system in Zone 5 to meet NERC standards TPL-001, TPL-002,
TPL-003 and TPL-004 in each of the four years 2010-2014, and for the 2015-2019 planning
horizon.



TABLE ZS-1

PERFORMANCE CRITERIA LIMITS EXCEEDED AND OTHER CONSTRAINTS — 2010 Summer Peak, Shoulder and E-W Bias Cases

2010 Summer Peak Case

2010 Shoulder Case

2010 E-W Bias Case

B % of o
PI;Z:Lng Criteria Exceeded/Need % of Facility | % of Nominal | % of Facility Nominal sz::i(l)ift % of Nominal Facility Outage(s) Project or Mitigation
Rating bus voltage Rating bus ity bus voltage
Rating
voltage
Petenwell, Big Pond, Necedah, Whistling Necedah Tap - Big Pond 69-kV line Redispatch generation or
1 Wings, ACEC Dellwood, Friendship, ACEC 89.5-91.9% - 90.8 - 91.6% Petenwell - Big Pond 69-kV line McKenng ca a?citor expansion
Friendship 69-kV buses Petenwell 138/69-kV transformer P P
1 Petenwell, Council Creek 138-kV bus 90.5 - 91.4% . 91.3% Saratoga - Petenwell 138-kV line Monroe County — Council
Creek 161-kV line
1 Harrison 69-kV bus -- 105.0% -- System Intact Take Harrison 69'k.v capacitor
out of service
1 Whitcomb 115-KV bus - - 105.5% System Intact Take Badger 138-kV capacitor
out of service
1 Caroline 115-KV bus 105.1% 105.1% 105.6% System Intact Take Badger 138-kV capacitor
out of service
1 Coloma 69-kV bus 91.9% -- -- Chaffee Creek - Coloma Tap 69-kV line
System Intact
North Randolph - Markesan Tap 69-kV
93.0% - line Metomen transformer
1 Metomen 138/69-kV fransformer #31 100.2% - - North Fond du Lac - Rosendale 69-kV replacement
line
Sunset Point - Winneconne 69-kV line
1 Petenwell 138/69-kV transformer #31 89.0% -- -- System Intact
1 Whitcomb 115/69-kV transformer #31 91.0% -- -- System Intact
Petenwell - Big Pond 69-kV line
1 Castle Rock - ACEC Quincy 69-kV Line 96.2% -- -- Petenwell 138/69-kV transformer #31
Necedah Tap - Big Pond 69-kV line
Brevort - Lakehead 138-kV line
. . . . Lakehead - Hiawatha 138-kV line
) Fine River - Straits 69k line _ _ 98.1 - Brevort - Straits 138-kV line Rebuild Straits-Pine River
Straits - Evergreen 69-kV line 124.2% Pine River - Evergreen 69-kV line 69-kV lines
9 Evergreen - Straits 69-kV line
ATC_B2_9902
- 0 its - i N
2 Straits - McGulpin 138KV line #3 - B Straits - McGulpin 138-KV line #1 Uprate Strs\'}sﬁng";g”'p'” 138
- 0 its - i N
2 Straits - McGulpin 138-KV line #1 - Bk Straits - McGulpin 138KV line #3 Uprate Strs\'}sﬁng";fu'p'” 138
D - ic- i N
2 Nordic - Mountain 69-kV line -- 107.9% Chandler 138/69-kV transformer #1 Uprate Nordlciirl\lltlaountaln 69-kV
System Intact
Chandler-Lakehead Tap 69-kV line
99.0 - 102.0 - 112.4 - Lakehead Tap-Masonville 69-kV line Uprate Delta — Mead 69-kV
2 Delta — Mead 69-kV line 157'1 o 108.7°/ 140 .8°/ Masonville-Gladstone 69-kV line line, Increase generation at
e e Rk Gladstone-North Bluff 69-kV line Mead/Gladstone
North Bluff-Bay Tap 69-kV line
Bay Tap-Mead 69-kV line
D - _ N
2 Chandler — Delta 69-KV #1 line 106.5% 17.1% Chandler-Delta 69-kV #2 line Uprate Chandler — Delta 69-kV

#1 line




TABLE ZS-1

PERFORMANCE CRITERIA LIMITS EXCEEDED AND OTHER CONSTRAINTS — 2010 Summer Peak, Shoulder and E-W Bias Cases

2010 Summer Peak Case

2010 Shoulder Case

2010 E-W Bias Case

B % of o
PI;Z:Lng Criteria Exceeded/Need % of Facility | % of Nominal | % of Facility Nominal sz::i(l)ift % of Nominal Facility Outage(s) Project or Mitigation
Rating bus voltage Rating bus ity bus voltage
Rating
voltage
) - — N
2 Chandler — Delta 69-kV #2 line 101.7% 111.7% Chandler-Delta 69-kV #1 line Uprate Chandler - Delta 69-kV
Atlantic 138/69-kV transformer #1
. . 117.5 - 115.3 - . . Uprate
2 Atlantic — M38 69-kV line o 95% 8 Atlantic - M-38 138-kV line . .
118.1% 115.4% ATC_B2 ATLAN (both of the above) Atlantic — M38 69-kV line
Chandler — Lakehead Tap 69-kV line
Masonville — Lakehead Tap 69-kV line Uprate Chandler-Masonwville,
2 Masonville — Gladstone 69-kV line 119.1 - 97.3 - 106.3 - Delta - Mead 69-kV line Masonville-Gladstone,
Gladstone — North Bluff 69-kV line 159.0% 107.3% 142.0% Gladstone-North Bluff, North
North Bluff — Bay Tap 69-kV line Bluff-Mead 69-kV lines
Mead — Bay Tap 69-kV line
g _ _ 105.4% - System Intact Adjust 138/69-kV transformer
2 Lakota Road 69-kV bus 118.5% Conover - Lakota 69-kV line taps at Lakota Road
Engadine, Straits, St. Ignace, Hiawatha, 105.2% - 105.1% - Adjust 138/69-kV transformer
2 Manistique, Valley, Glen Jenks, Indian Lake, - 105 50; 105‘ 8°0/ System Intact taps at Indian Lake, Hiawatha,
Evergreen 69-kV buses e o and Straits
WE-Greenstone, Barnum Tap, Barnum Sub .
| y ’ 105.3 - Adjust 138/69-kV transformer
2 Humboldt Tap, Fomtj)ﬂcsigg North Lake 69-kV - 105.5% - System Intact taps at North Lake
2 Munising, Alger, Alger Delta Hiawatha 69-kV 105.1 - s Adjust 138/69-kV transformer
== o == ystem Intact L
buses 105.5% taps at Munising
Cornell Tap, Delta, Escanaba 1, Escanaba 2,
Masonville, Mead, Gladstone, West Tap, 90.5 - 88.3 - Increase local generation at
2 West, Lakehead Tap, Lakehead, Bay Tap, 91 '90/ 91 '50/ - Chandler 138/69-kV transformer #1 Gla dstone/Mea? d/Escanaba
Bay View, North Bluff, Cornell, Harris, =70 070
Harris Tap 69-kV buses
Engadine, Newberry, Newberry Hospital,
Newberry Hospital Tap, Newberry Village, Increase generation at
2 Louisiana Pacific, Roberts, Hulbert, 71.8 - _ _ Hiawatha — Enaadine 69-kV line Newberry, Dafter, DeTour,
Eckerman, Raco, Talentino, Talentino 6950, 91.6% 9 US Hydro, Edison Sault
Goetzville, Brimley, DeTour
69-kV buses
. . Increase generation at
2 Straits, Brevort, Lakbe:‘se;d’ Hiawatha 138-kV §19 ,?0/' - = Livingston — Emmett 138-kV line Newberry, Dafter, DeTour,
e US Hydro, Edison Sault
2 Atlantic 138-kV bus 88.0% - 89.0% Atlantic-M38 138-kV line Adjust 138/69-kV transformer
taps at Atlantic




TABLE ZS-1

PERFORMANCE CRITERIA LIMITS EXCEEDED AND OTHER CONSTRAINTS — 2010 Summer Peak, Shoulder and E-W Bias Cases

2010 Summer Peak Case

2010 Shoulder Case

2010 E-W Bias Case

B % of o
PI;Z:Lng Criteria Exceeded/Need % of Facility | % of Nominal | % of Facility Nominal F:::;I)ift % of Nominal Facility Outage(s) Project or Mitigation
Rating bus voltage Rating bus Rati y bus voltage
ating
voltage
3 No criteria limits exceeded or constraints - - - - - - System Intact
. 86.6 — 86.7 — 87.3% Rubicon — Hustisford 138-kV line .
- _ 0,
3 Hubbard and Hustisford 138-kV busges 84.4 — 86.9% 87.3% Hustisford — Hubbard 138 kV line Local Operating Steps
3 Crawfish River 138-kV bus 91.4% -- -- Jefferson — Crawfish River 138-kV line Increase Concord generation
Stoughton - Stoughton South 69-kV line
o/ _ - —
3 Verona - Sun Valley 69-kV line 111()2%0/; -- 101.3% Kegonsa - Stoughton North 69-kV line Y119 Velri(r)lga:eobruei%on 69-kV
e Kegonsa 138/69-kV transformer #31
3 McCue - Harmony - Lamar 69-kV line 98%-95.4% -- -- Kegonsa - Stoughton North 69-kV line Y61 McCue - Lamar line uprate
Uprate Fitchburg-Nine Springs
line, uprate Pflaum - Royster
. . . line, install 2-16.33 MVAR 69
- - 0 - o, _ - )
3 Fitchburg - Syene 69-kV line 109.6% 98.8% Royster - AGA Tap 69-kV line KV capacitor banks at Nine
Springs and move the AGA
load onto Femrite - Royster line
Uprate Fitchburg-Nine Springs
line, uprate Pflaum - Royster
. . . line, install 2-16.33 MVAR 69
- - 0 - o, _ _ )
3 Royster - AGA Tap 69-kV line 106.7% 96.6% Fitchburg - Syene 69-kV line KV capacitor banks at Nine
Springs and move the AGA
load onto Femrite - Royster line
3 Verona 138KV bus 90.1% - 90.7% Verona - Oak Ridge 138-kV line Adjust Verona 138/69-kv
transformer setting
Harmony, Lamar, Fulton and Saunders g 8 _ . 8 McCue - Harmony 69-kV line Lamar 2-16.33 MVAR 69-kV
3 Creek 69-kV buses B 2 Harmony - Lamar 69-kV line capacitor banks
North Madison - Vienna 138-kV line | _ YPass the Mendota fne
3 Huiskamp — Mendota - Ruskin 69-kV line - 101.6%-97.7% - Vienna - Yahara River 138-kV line the 2011 Mendota Substation
Yahara River - American Center 138-kV : ) X
line retirement project will remove
the line switch limitation
Blackhawk — Northwest Beloit Tap 138-
. . kV line Increase Rock River
- . - %- 0 -
3 Paddock — Townline 138-kV line 97%-95.2% Northwest Beloit Tap — Paddock 138-kV generation
line
Chalk Hills and Alger Delta Nathan 69-kV 105.1 — 106.4 — . .
4 buSEs 105.8% - 107.1% System Intact Modeling Corrections
4 Bell Plaine and Badger 115-kV buses 105.4% - 105.7% System Intact Local Operating Steps
5 Germantown 138-kV bus -- 95.8% -- System Intact Run Germantown generation
5 Bain 345/138-kV transformer #5 158.5% 131.2% 158.6% Pleasant Prairie 345-kV 3-4 bus tie Reduce Pleasant Prairie #2

generation




TABLE ZS-1

PERFORMANCE CRITERIA LIMITS EXCEEDED AND OTHER CONSTRAINTS — 2010 Summer Peak, Shoulder and E-W Bias Cases

2010 Summer Peak Case

2010 Shoulder Case

2010 E-W Bias Case

. % of o
PI;Z:Lng Criteria Exceeded/Need % of Facility | % of Nominal | % of Facility Nominal F:::;I)ift % of Nominal Facility Outage(s) Project or Mitigation
Rating bus voltage Rating bus Rati y bus voltage
ating
voltage
5 Albers — Bain 138-kV line 96.4% - 101.6% Bain-Kenosha 138KV line Upgrade Bain - Albers 136-kV
5 Albers — Kenosha 138-kV line 114.6% 106.3% Albers — Bain 138-kV line Upgrade Jbers - enosha
5 Oak Creek8 — EIm Road 345/230-kV 101.8% _ _ Oak Creek 230-kV 6-7 bus tie Reduce Oak Qreek generation
transformer #884 on units 7 or 8.
Upgrade Arcadian — Waukesha
5 Arcadian4- Waukesha1 138-kV line 98.8% 105.1% 114.9% Arcadian6 — Waukesha3 138-kV line 138-kV lines or investigate
other alternatives
5 Arcadian 345/138-kV transformer #3 99.0% 95.1% 103.9% Arcadian 345/138-kV transformer #1 Re.place.Arcad|an transformers
or investigate other alternatives
5 Arcadian 345/138-kV transformer #2 -- -- 95.1% Arcadian 345/138-kV transformer #1 Re.place.Arcadlan transformers
or investigate other alternatives
5 Hartford 138-kV bus 91.6% -- -- Hartford — St. Lawrence 138-kV line Increase Concord generation
5 Oak Creek8 — EIm Road 345/230-kV 958 _ _ Oak Creek 230-kV 6-9 bus tie Reduce Oak Creek generation
transformer #884 on6,7,0or8
0, _ _ T
gggé" Montag:weD?\évg}/kJ/St?uI;V line Replace 138-kV underground
5 Harbor — Kansas 138-kV line -- s -- y 19 . segment of the Kansas —
96.5% Dewey — Norwich 138-kV line Harbor 183KV line
99.3% Kansas — Norwich 138-kV line
Upgrade Arcadian — Waukesha
5 Arcadian6 — Waukesha3 138-kV line 97.9% 104.2% 114.0% Arcadian4 - Waukesha1 138-kV line 138-kV lines or investigate

other alternatives




Table ZS-2

PERFORMANCE CRITERIA LIMITS EXCEEDED AND OTHER CONSTRAINTS - 2014 Summer Peak without Nelson Dewey, with Nelson Dewey, Shoulder, E-W Bias and High Load Cases

2014 Summer Peak

2014 Summer Peak

Case Case 2014 Shoulder Case 2014 E-W Bias Case 2014 High Load Case
Planning o Without Nelson Dewey | With Nelson Dewey - ) o
Zone Criteria Exceeded/Need % of % of % of % of % _o_f % ?f % of % ?f % of % ?f Facility Outage(s) Project or Mitigation
Facility Nominal Facility Nominal Faclllty Doming Facility Nominal Fac!llty e
. . Rating bus . bus voltage Rating bus voltage
Rating Voltage Rating bus voltage Rating
voltage
Fountain Valley,
Redgranite, ACEC Spring 91.3 - ) o _ _ ) o Qi VT . -
1 Lake, Silver Lake 69-KV 91.7% 90.7 - 91.7% 90.0-91.1% Wautoma - Silver Lake Tap 69-kV line No project needed at this time
bus
Dartford, Northwest, Ripon . .
Industrial Park, Ripon, o o . Metomen - Ripon 69-kV line ) i
1 Southwest Ripon - 91.9% - -- 91.0-91.8% Ripon - Northwest Ripon Tap 69-kV line No project needed at this time
69-kV bus
1 Winneconne 69-kV bus - -- - -- 91.5% Sunset Point - Winneconne 69-kV line No project needed at this time
Aurora Street 115-kV bus o . . . -
1 Antigo 115-KV bus - -- - -- 90.4 - 90.5% Antigo - Black Brook 115-kV line No project needed at this time
Petenwell, Big Pond,
Nece,i%rllégv I:r)]iasllt\llivr:)%\cgvmg& 88.1 - Pet,fgt‘gﬁugl??/g%%Hg%sgﬂ:\r?ﬁ;fs1 McKenna capacitor bank
1 Friendshi ACEé 91 '70/ 87.8-91.5% -- 89.3-91.9% 87.3-91.9% Big Pond - Necedah Tap 69-kV line ex arf)sion
Friendshi plllou hton e Necedah Tap - Whistling Wings Tap 69-kV P
Rock 69-kV buses line
_ o,
Petenwell, Council Creek Q o B b System Intact Monroe County - Council Creek
1 138-kV buses e 90.3-91.4% - Saratoga - Petenwell 138-kV line 161-KV line
91.6% 91.8% 90.0 - 91.9%
1 Caroline 115/69-kV 95.5% -- -- -- 101.6% Whitcomb 115/69-kV transformer #31 No project needed at this time
transformer #61
Petenwell 138/69-kV transformer #31
1 e R e’ 96.1% 103.0% - - 97.5% Petenwell - Big Pond 69-kV line Uprate Castle Rock - McKenna
y Big Pond - Necedah Tap 69-kV line
Council Creek - Tomah
1 Industrial Park Tap 69-kV 97.7% 98.1% -- -- -- System Intact No project needed at this time
line
1 Northwgssat_lillpl?nne- Ripon -- -- -- -- 98.7% Sunset Point - Winneconne 69-kV line No project needed at this time
1 Whitcomb 115/69-kv -- -- -- -- 96.4% System Intact No project needed at this time
transformer #31
System Intact
(s)
103.3% North Fond du Lac - Rosendale Tap 69-kV
1 Metomen 138/69-kV S0 - 100.8 - 109.0% line Metomen transformer replacement
transformer #31 104.0% 97 6% 107.4% R Metomen - Rosendale Tap 69-kV line P
e North Randolph - Markesan Tap 69-KV line
Sunset Point - Winneconne 69-KV line
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TABLE ZS-2

PERFORMANCE CRITERIA LIMITS EXCEEDED AND OTHER CONSTRAINTS - 2014 Summer Peak without Nelson Dewey, with Nelson Dewey, Shoulder, E-W Bias and High Load Cases

2014 Summer Peak 2014 Summer Peak 2014 Shoulder Case 2014 E-W Bias Case 2014 High Load Case
Case Case
Planning o Without Nelson Dewey With Nelson Dewey o . L
Zone Criteria Exceeded/Need . . % of % of % of % of % of % of % of % of Facility Outage(s) Project or Mitigation
° O 00 ° O 0 0 Facility Nominal o Nominal Facility Nominal
Facility Nominal Facility Nominal ; Facility ;
Ratin Voltage Ratin bus voltage Rating bus Rati bus voltage Rating bus
9 9 9 9 voltage ating voltage
DeTour, Goetzville,
Talentino, Mich Limestone,
Rockview, Magazine, . .
2 Pickford, Talentino, 31630/' g 19 go/' = cglﬁle?rOte Cg;ﬁ/gr()te Livingston — Emmett 138-kV line
Talentino 6950 69-kV buses S o7 9 9
Straits, Brevort, Lakehead,
Hiawatha 138-kV buses
Straits, Brevort, Lakehead, 90.1 - Did not Did not . .
2 Hiawatha 138-kV buses 92.0% - - converge converge Keystone — Ludington 345-kV line
Brevort - Lakehead 138-kV Line
Pine River - Straits 69-kV, Lakehead - Hiawatha 138-kV Line
2 Straits-Evergreen 69-kV, _ _ _ 96.2 -135.8% _ Brevort - Straits 138-kV Line Rebuild Straits-Pine River 69 kV
Pine River-Evergreen 69-kV ' o Pine River - Evergreen 69-kV Line lines
lines Evergreen - Strait 69-kV line
ATC_B2_9902
Straits - McGulpin 138- o . . . Uprate Straits - McGulpin 138-kV
2 KV line #3 112.6% Straits - McGulpin 138-kV line #1 line #3
Straits - McGulpin 138- o . . . Uprate Straits - McGulpin 138-kV
2 KV line #1 112.6% Straits - McGulpin 138-kV line #3 line #1
System Intact
Chandler - Lakehead Tap 69-kV line
Lakehead Tap - Masonville 69-kV Uprate Delta - Mead 69-kV line,
2 Delta — Mead 69-kV line OB 100.0 - = Ma.7- sk line increase generation at
157.2% 158.0% 141.8% 165.2% Masonville - Gladstone 69-kV line Mead/%ladstone
Gladstone - North Bluff 69-kV line
North Bluff - Bay Tap 69-kV line
Bay Tap - Mead 69-kV line
Chandler — Delta 69-kV #1 o o 5 o 97.9 - Chandler - Delta 69-kV #2 line, Uprate Chandler - Delta
2 line ezt 108.1% Tl 95.7% 117% Chandler - Lakehead Tap 69-kV line 69-kV line #1
2 Chandler - Delta 69-kV#2 | 405 g, 102.4% 112.6% 11.7% Chandler - Delta 69-kV #1 line Uprate Chandler-Delta
line 69-kV line #2
117.6 - 118.2 - 119.7 - Atlantic - M-38 138-kV line, Uprate Atlantic-M38 69-kV line or
2 Atlantic — M38 69-kV line o0 ‘a0 96.3% 116.8% o Atlantic 138/69-kV transformer #1, increase local generation at
118.2% 118.8% 120.0%
Both Portage
Chandler - Lakehead Tap, .
Lochead Tap - Nesonil,
Masonville - Gladstone, 120.2 - 120.3 - 98.0 - 106.8 - 128.4 - . ’
2 Gladstone - North BIuf, 160.5% 160.7% 108.3% 142.6% 171.4% Delta-Mead 69-kV line North Bluff, North Bluff-Mead 69-
kV lines; increase generation at
North Bluff - Bay Tap, Mead/Gladstone
Bay Tap - Mead 69-kV lines
2 Nordic ~Mountain 69V | 410.8% - 106.1% - 119.7% Chandler 138/69-kV transformer #1 | UPrate Nordic-Mountain 634V
Victoria - Rockland Junction 2 69-kV, Uprate Ontonagon - UPPSCO
2 Ontonagon - UPPSCo Tap _ _ _ _ 105.9% - Rockland Junction 2 - Rockland 69- Tap 69-kV line
69-kV line 106.9% kV, Reduce generation at
Rockland - Mass 69-kV lines White Pine Mine/Victoria Hydro
. . Twin Falls North-Twin Falls South . .
New Quinnesec - Kingsford 95.2 - : Uprate New Quinnesec -Kingsford
2 Tap 69-kV line - - - - 95.3% Twin Falls SO“H;]‘E:SS Lake 69-kV Tap 69-kV line
WE-Greenstone, Barnum
2 Tap, Barnum Sub, _ _ 105.0 - _ . Svstemn Intact Adjust 138/69-kV transformer taps
Humboldt Tap,Foundry, 105.6% y at North Lake
North Lake 69-kV buses
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TABLE ZS-2
PERFORMANCE CRITERIA LIMITS EXCEEDED AND OTHER CONSTRAINTS - 2014 Summer Peak without Nelson Dewey, with Nelson Dewey, Shoulder, E-W Bias and High Load Cases

2014 Summer Peak 2014 Summer Peak 2014 Shoulder Case 2014 E-W Bias Case 2014 High Load Case
Case Case
Planning o Without Nelson Dewey With Nelson Dewey o . L
Zone Criteria Exceeded/Need . . % of % of % of % of % of % of % of % of Facility Outage(s) Project or Mitigation
o © = o 0~ Facility Nominal e, Nominal Facility Nominal
Facility Nominal Facility Nominal ; Facility ;
Ratin Voltage Ratin bus voltage Rating bus Rati bus voltage Rating bus
9 9 9 9 voltage ating voltage
Straits, St Ignace, .
Manistique Vagllley Glen 105.1 - 104.7 - Adjust 138/69-kV transformer taps
2 Jenks Ir;dian La;ke - -- 105 .6% 105'4% - System Intact at Indian Lake, Hiawatha, and
Evergreen 69-kV buses Straits
2 Lakota Rd 115-kV bus - - 105.2% 105.0% - System Intact Adjust 138/69-kV transformer taps
at Lakota Road
Morgan - Highway 22 345-kV line
Morgan - Plains 345-kV line
Remove Weston Unit 4,
Livingston — Vanderbilt 138-kV line
2 Hiawatha, Lakehead, _ _ _ 88.8 % - _ T/:ggsu\fl”iﬁ : Ig(:jr::]o1 13385_3;(1:/\/“2:: Adjust 138/69-kV transformer taps
Brevort 138-kV buses 92.0% P . ’ at Hiawatha
Remove Kewaunee unit 1,
Gallagher — Gallagher Tap,
Gallagher — Livingston,
Gallagher — Tittabawassee
345-KkV lines
. Reduce capacitor bank MVAR
. - - ) - -
2 Atlantic 138-kV bus 105.8% System Intact at Atlantic 69 kV bus
Ceﬁfggﬁgﬁ"?;'\"'rﬁ‘ﬂﬁu e Atlantic - M38 138-kV line
2 Osceola, Henry Spub He}\ry -- -- -- -- 91 '7% Atlantic 138/69-kV transformer #1 Increase generation at Portage
Tap 69-kV buses
2 Aspen, Iron Grove 138-kV _ _ _ _ 91.0% Aspen - Plains 138-KV Line Adjust 138/69-kV transformer taps
buses at Aspen, Iron Grove
2 Iron Grove 138-kV bus - - - - g ,: 520/' Aspen - Iron Grove 138-kV Line Adjust 1382??;'(;?]/ g?g\i‘ormer taps
- (o]
2 Lglt(rj\]/\(/at?:r, S:_r”alllvv_lPaerr);rE:I, _ _ _ _ 91.7 - Iron Grove 138/69-kV transformer Add second Iron Grove
Grove rgg-kv bu%es 91.9% #G1 138/69-kV transformer
Conover-Lakota 69-kV line - . .
Land O Lakes, Conover, 90.5 - ’ Utilize available capacitance at
2 Lakota Road 69-kV buses - - 90.9% - - Lakota Road 132@3 -kV transformer Conover
Eagle River Muni - Lakota Road .
) Lakota Road 69-kV, 115-kV 110.3 - 110.1 - _ _ 117,49, 115-kV line Adjst 198/69 KV transfommer taps,
buses 118.8% 118.8% e Eagle River Muni - Cranberry P
. Road
115-kV line
Chandler, Delta, West Side,
Escanaba 1, Escanaba 2,
Masonville, Mead, .
2 Gladstone, West, Lakehead 89'00' 89'20' 88'30' - 87'00' Chandler 138/69-kV transformer #1 Increase generation at
Tap, Lakehead, Bay View, 91.9% 91.2% 91.5% 90.4% Mead/Gladstone/Escanaba
North Bluff, Cornell, Harris,
Harris Tap 69-kV buses
Newberry Village, Louisiana
Pacific, Newberry, Did not Hiawatha - Engadine 69-kV line, Increase qeneration at Newberr
2 Newberry Hospital, 80.0 - 80.6 - 80.6 - converge 80.4 - Engadine-Newberry 69-kV line, Dafterg DeTour. US Hvdro y:
Roberts, Hulbert, 91.8% 91.8% 91.9% 87.1- 92.0% Newberry - Newberry Village ’Edison éault ydro,
Eckerman, Raco, Brimley, 91.8% 69-kV line
Goetzville 69-kV buses
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TABLE ZS-2
PERFORMANCE CRITERIA LIMITS EXCEEDED AND OTHER CONSTRAINTS - 2014 Summer Peak without Nelson Dewey, with Nelson Dewey, Shoulder, E-W Bias and High Load Cases

2014 Summer Peak

2014 Summer Peak

2014 Shoulder Case

2014 E-W Bias Case

2014 High Load Case

Case Case
Planning oo Without Nelson Dewey | With Nelson Dewey . . .
Zone Criteria Exceeded/Need . . % of % of % of % of % of % of % of % of Facility Outage(s) Project or Mitigation
E ° O 00 ° O 0 0 Facility Nominal e, Nominal Facility Nominal
acility Nominal Facility Nominal ; Facility ;
Rating Voltage Rating bus voltage FEUI e Ratin bus voltage FEUI e
voltage g voltage
DeTour, Goetzville,
Talentino 6906, Mich Brevort - Straits 138-kV line Increase qeneration at Newberr
) Limestone, Rockview 69-kV N N 89.4 N Brevort - Lakehead 138-kV line ot botour US Hodro
buses -92.0% Hiawatha - Lakehead 138-kV line, ’Edison éault ydro,
Brevort, Lakehead, Remove US Hydro Unit 1
Hiawatha 138-kV buses
2 Atlantic 138-kV bus 87.2% 87.0% = 88.4% 84.8% Atlantic-M-38 138-kV line Atlantic 1agoer s a
3 Kirkw0(13§1é IIS\(/)(EK Springs _ _ _ _ 95.1% Trienda — Lewigton ACEC 138-kV No project needed at this time
-kV line line
3 Kilbourn 138/69-kV - - - 100.3% - Kilbourn 138/69-kV transformer #2
transformer #1
Uprate Fitchburg-Nine Springs
line, uprate Pflaum - Royster line,
3 Fitchburg —Syene - 114.9 - 96% 115 - _ 103.29% 120.8 - Royster - AGA Tap 69-kV line; AGA install 2-16.33 MVAR 69 kV
Ninesprings 69-kV line ’ ° 96.1% e 100.8% Tap - Pflaum 69-kV line capacitor banks at Nine Springs
and move the AGA load onto
Femrite - Royster line
Uprate Fitchburg-Nine Springs
line, uprate Pflaum - Royster line,
Royster-AGA Tap-Pflaum 112.6 - 112.6 - o 118.3 - . . install 2-16.33 MVAR 69 kV
3 69-kV line 98.2% 98.3% - 101.1-96.9% 96.8% Fitchburg - Syene 69-kV line capacitor banks at Nine Springs
and move the AGA load onto
Femrite - Royster line
Dana — Sheepskin 69-kV |  104.7 - 104.7 - 11.3- McCue - Harmony 69-KV line; Sheepskin substation project
3 line 100% 100% - 107.2% Harmony - Lamar 69-kV line which will uprate ¥-61 Sheepskin-
) Dana 69-kV line to 95 MVA SE
Kegonsa - Stoughton North 69-kV
3 McCue — Harmony - Lamar 104.0 - 103.0 - _ _ 112.2 - line ; Kegonsa 138/69-kV Y61 McCue-Lamar line uprate
69-kV line 95.4% 96.4% 97.6% transformer; Stoughton North - P
Stoughton East 69-kV line
Harmony, Lamar, Fulton,
Saunders Creek, Dana, McCue - Harmony 69-kV line; Lamar 2-16.33 Mvar 69-kV
3 Sheepskin, Evansville 69- e e 84.3-91.9% - 88 -91.7% L Harmony - Lamar 69-kV line capacitor banks
kV buses
Lock the Verona 138/69-kV
3 Verona 138-kV bus 89.1% 89.0% -- 90.1% 88.5% Verona - Oak Ridge 138-kV line transformer setting at 1.0 to
achieve 98%
S:ggﬂggg MEE: g Brodhead Switphing Stat[on-
3 Brodhead Muni 1. 91-91.8% 91 -91.8% _ _ 89.4-91.7% 5 Brodhead Munl 3 69-kV line; . Install a 138/69-kV transfgrmer at
Brodhead and REC rodhead Muni 3-Brodhead Muni 2 Bass Creek Substation
Orfordville 69-KV buses 69-kVline
Install 1-8.16 MVAR capacitor
3 Muscoda 69-kV bus - 91.9% - . 91.8% Lone Rock-Spring Green 69-kV line birr','é?p%?iﬁgbeex'ift?ég\ﬁ”&?}i\“ﬁ”
bank with an 8.16 MVAR bank
3 AGA, Pflaum 69-KV buses 91.9% 91.8 - 91.9% - - 91.4 - 91.5% Royster-AGA Tap 69-kV line Loop Ninesprings-Pflaum line in
and out of Femrite
3 Paddock—Tc;wnIine 138-kV _ 3 97 8 — 96.0% 3 _ E\e}cﬁloe?k[:j’(\igﬁmsts tBEI?)I i(t)IEI';sPB::(?I; Possible mitigation is to dispatch
ine . Riverside generation
Hawk 138-kV line
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TABLE ZS-2
PERFORMANCE CRITERIA LIMITS EXCEEDED AND OTHER CONSTRAINTS - 2014 Summer Peak without Nelson Dewey, with Nelson Dewey, Shoulder, E-W Bias and High Load Cases

2014 Summer Peak

Case

2014 Summer Peak

Case

2014 Shoulder Case

2014 E-W Bias Case

2014 High Load Case

Planning o Without Nelson Dewey With Nelson Dewey - . e
Zone Criteria Exceeded/Need o e % of % of % of % of % of % of % of % of Facility Outage(s) Project or Mitigation
Facility Nominal Facility Nominal Facility Nominal Facility Nominal Facility Nominal
Rating Voltage Rating bus voltage Rating bus voltage Rating bus voltage Rating bus voltage
3 Rockdale - Wempletown 345-kV - -- 98.0% -- - Wempletown - Paddock 345-kV line Possible mitigation is to dispatch
line Riverside generation
McCue — Harmony - Lamar 69-kV Construct double-circuit line
3 Iing -- -- -- -- 95.8% System Intact between McCue and Lamar
substations
3 North Monroej Idle Hour 69-kV _ _ _ _ 97 1% Paddock - Newark 69-kV line Install a 138/69-kV transfgrmer at
line Bass Creek Substation
. Construct double-circuit line
7 } g .
3 Stoughton - Sheepskin 69-kV line -- -- -- -- e 0/0 McCue - Harmony 69-kV I.|ne, between McCue and Lamar
95.6% Harmony - Lamar 69-kV line substations
Uprate Y-40 Gran Grae-Boscobel
- - %~
3 Gran Grae Wauzgka Boscobel -- -- - -- 95'70/0 Spring Green - Lone Rock 69-kV line 69-kV line to achieve a 99 MVA
69-kV line 95.4% :
summer emergency rating
. ) -- - . Install a second 138/69-kV
3 West Middleton - Timberlane 69- _ _ 98.3% Spring Green 138/69-kV transformer transformer at Spring Green with a
kV line #31 ;
100 MVA summer normal rating
- -- Potential Waunakee Switching
3 Waunakee Switching Station - _ _ 96.39% West Middleton - Pheasant Branch Station-Waunakee 2 69-kV 0.58
Waunakee 2 69-kV line =70 69-kV line miles of line (Y-131) and terminal
uprate to achieve 115 MVA SE
North Randolph — Fox Lake 138-kV
Academy — Columbus Muni #3 95.0 — 98.4 — o 9 line .
3 Tap 69-kV line 99.7% 102.8% - 98.3% - ST Fox Lake — North Beaver Dam 138- Model corrections
kV line
North Randolph — Fox Lake 138-kV
Columbus Muni #3 Tap — 9 96.8 - o o line .
3 Columbus 69-kV line S0 101.2% - 96.8% - S0 Fox Lake — North Beaver Dam 138- Model corrections
kV line
3 Koch Oil Tap — Waupun 69 kV _ _ _ _ 99.3% North Randolph — Fox Lake 138-kV | Horicon — East Beaver Dam 138 kV
line e line line project
Koch Oil Tap — South Fond du 0 North Randolph — Fox Lake 138-kV | Horicon — East Beaver Dam 138 kV
3 : - - - - - - 98.5% - . ; .
Lac 69 kV line line line project
. Rubicon — Hustisford 138-kV line
3 Hubbard and Hustisford 138-kV e 86.0 86.6 — 86.9% 86.4 — 87.1% 85.8—86.3% | Hustisford — Hubbard 138-kV line Local operating steps
buses 90.8% 90.2% :
Hartford — St. Lawrence 138-kV line
3 Fox Lake, North Beaver Dam and _ 88.9 — _ _ _ North Randolph — Fox Lake 138-kV Local operating steps
East Beaver Dam 138-kV buses 90.0% line P 9 step
0 — —
3 Fort Atkinson 138-kV bus 91.9% 91.6% - -- - Jefferson 1L3a8k_?§/eﬁ:e Rockdale Increase generation at Concord
System Intact
0, 0,
95'50/0 95'30/" Jefferson — Crawfish River 138-kV Increase Concord generation
3 Concord 138-kV bus 91.6% 91.2% -- -- -- . Install C q it
91.9% line . nstall Concord capacitors
) Hartford — St. Lawrence 138-kV line
3 Rubicon 138-kV bus 91.0% 90.4% - - - Hartford — St. Lawrence 138-kV line Increase Concord generation
Install Concord capacitors
3 Lake Geneva 69-kV bus 91.9% 91.9% - - 90.9% North Lake Geneva — Lake Geneva | gpring valley — Twin Lakes line
3 Twin Lakes 69-kV bus - - - - 91.4% North Lake Geneva — Lake Geneva | gpring valley — Twin Lakes line
3 Dickinson 138-kV bus 91.5% 91.6% -- 91.3% 91.1% Colley Road — Dickinson 138-kV line Brick Church capacitors
3 Brick Church 138-kV bus -- -- -- 91.9% 91.8% Colley Road — Dickinson 138-kV line Brick Church capacitors
3 Crawfish River 138-kV bus 90.2% 89.8% -- 91.7% -- Jefferson — Cral\?q 'eSh River 138-kV Increase Concord generation
3 South Lake Geneva 69-kV bus -- -- -- -- 91.5% North Lake GS%rIEl//a”;eLake Geneva Spring Valley — Twin Lakes line




TABLE ZS-2
PERFORMANCE CRITERIA LIMITS EXCEEDED AND OTHER CONSTRAINTS - 2014 Summer Peak without Nelson Dewey, with Nelson Dewey, Shoulder, E-W Bias and High Load Cases

2014 Summer Peak

2014 Summer Peak

2014 Shoulder Case

2014 E-W Bias Case

2014 High Load Case

Case Case
Planning o Without Nelson Dewey With Nelson Dewey - . e
Zone Criteria Exceeded/Need o e % of % of % of % of % of % of % of % of Facility Outage(s) Project or Mitigation
Facility Nominal Facility Nominal Facility Nominal Facility Nominal Facility Nominal
Rating Voltage Rating bus voltage Rating bus voltage Rating bus voltage Rating bus voltage
3 Lake Geneva — South Lake 99.0% 98.9% - - 104.3% Cobblestone —Brick Church 69-kV | gping valley — Twin Lakes line
Geneva 69-kV line line
3 Cobblestone — Zenda Tap 69-kV _ _ _ _ 98.7% North Lake Geneva - Lake Geneva Spring Valley — Twin Lakes line
line 69-kV line
Williams Bay, Bristol, Delavan,
North Shore, Rock River,
3 Blackhawk, Paddock, Colley - - 92.0 - 91.0% - - Paddock 345/138-KV transformer
Road, Dickinson, Brick Church,
Elkhorn 69-kV buses
3 Colley Road 138/69-kV -- -- -- -- 95.7% Paddock 138/69-kV transformer #31 Install Bass Creek transformer
transformer #31
Chalk Hills and Alger Delta 105.8 — .
Nathan 69-kV buses - - 106.3% - - System Intact Model corrections
Bell Plaine 115-kV bus - - 105.3% - - System Intact Local operating steps
107.3% Dewey — Norwich 138-kV line
107.1% Split Dewey 138-kV bus
. 106.1% Montana — Dewey 138-kV line . .
5 Harbor — Kansas 138-kV line -- -- 103.3% -- -- Kansas — Norwich 138-kV line increase Valley generation
102.3% Montana — Valley 138-kV line
99.2% Harbor — Norwich 138-kV line
— ) Upgrade Arcadian — Waukesha
5 Arcadiand-Waukeshal 136-kV 13.8% 115.7% 18.5% 131.1% 112.9% Arcadian 6-Waukesha3 138-kV line | 138KV lines or investigate other
) ) alternatives
Arcadian transformer #3 106.9% 108.1% 99.8% 111.7% 109.5% . Replace Arcadian transformers or
5 Arcadian transformer #2 96.9% 97.4% 102.8% 98.2% Arcadian transformer #1 investigate other alternatives
5 Pleasant Valley 138-kV bus - 91.8% - -- - Pleasant VaIIey”—nSaukwlle 138-kV Increase Concord generation
5 Arcadiané — Waukesha3 138-kV 114.8% 117.6% 130.1% 111.9% Arcadiand- Waukesha1 138-kV line | -Pdrade Arcadian — Waukesha
line 112.9% 96.7% 105.6% 114.2% e Waukesha 138-kV 1-2 bus tie alternativesg
0, 0, 0,
158.9% 158.9% 159.2% Pleasant Prairie 345-kV 3-4 bus tie
. . o o s . ) : . .
5 Bain 345/138-kV transformer #5 100.5% 98.9% 147.0% 158.8% 99.8% PLBe:i?]ag‘t‘;qaég?k§/4t§alﬁl\éfir?nté?;ttle Reduce Pleasant Prairie generation
95.3% 96.8%
Bain 345/138-kV transformer #4 -- -- -- -- 96.0% Bain 345/138-kV transformer #5 Reduce Pleasant Prairie generation
. . 102.9% Bain - Kenosha 138-kV line . .
_ _ 0, 0, 0, o, _ _
Albers — Bain 138-kV line 112.5% 114.0% 96.2% 116.6% 115.4% Albers — Kenosha 138-kV line Upgrade Bain — Albers 138-kV line
Albers — Kenosha 138-kV line - -- 124.9% 112.8% - Albers — Bain 138-kV line Increase Paris generation
102.0% Merrill Hills - Waukesha 138-kV line
5 Edgewood — St. Martins 138-kV et Paris — Air Liquide - Burlington 138- c .
line -- -- 95;.240 -- -- KV line Increase Concord generation
S0 Paddock — Wempletown 345KV line
5 Tichigan 138-kV bus - -- 91.3% -- - Burlington 138-kV 1-2 bus tie Increase University generation
5 Burlington 138-kV bus - -- 91.6% -- - Burlington 138-kV 1-2 bus tie Increase University generation
5 Germantown 138-kV bus -- -- -- 89.8% -- Maple — Saukville 138-kV line Increase Germantown generation
5 Maple 138-kV bus -- -- -- 89.4% -- Maple — Saukville 138-kV line Increase Germantown generation
5 Nicholson — Ramsey 138-kV line - -- - 95.0% - Oak Creek — Peiinnr:asylvanla 138-kV Increase Germantown generation
5 Hartford 138-kV bus 90.0% 89.5% - - - Hartford — St. Lawrence 138-kV line |  Increase Concord generation
Install Concord capacitors
5 Butler Ridge 138-kV bus 90.5% 89.9% - - - Hartford — St. Lawrence 138-kV line Increase Concord generation
Install Concord capacitors
} 95.9% 95.7% _ _ _ System Intact Increase Concord generation
5 Cooney 138-kV bus 91.5% 91.0% Cooney — Summit 138-kV line Install Concord capacitors

Page 6




TABLE ZS-3

PERFORMANCE CRITERIA LIMITS EXCEEDED AND OTHER CONSTRAINTS - 2019 Summer Peak with Nelson Dewey and without Nelson Dewey

2019 Summer Peak Case without Nelson

2019 Summer Peak Case with Nelson

PI;E:Lng Criteria Exceeded/Need Dewe)‘/)/ fNominal b Dewey % of Nominal Facility Outage(s) Project or Mitigation
% of Facility Rating o ot Nominal bus % of Facility Rating o of Nomina
voltage bus voltage
Wautoma - Silver Lake Tap 69-kV line
. . . . . Silver Lake - ACEC Spring Lake 69-kV line . . .
1 Berlin, River Run,. Fountain Valley, .Redgranlte, ACEC Spring 86.8 - 91.9% 86.6 - 91.9% ACEC Spring Lake - Redgranite 69-kV line Ripon capacitor bank expansion &
Lake, Silver Lake, Fox River 69-kV buses . . . Metomen transformer replacement
Ripon - Northwest Ripon Tap 69-kV line
Metomen - Ripon 69-kV line
Ripon - Northwest Ripon Tap 69-kV line
Dartford, Northwest Ripon, Industrial Park, Ripon, Southwest o @ Metomen - Ripon 69-kV line . . .
1 Ripon 69-kV buses 86.6 - 91.6% 86.5-91.8% Sunset Point - Winneconne 69-kV line Ripon capacitor bank expansion
Wautoma - Silver Lake Tap 69-kV line
Sunset Point - Winneconne 69-kV line Ripon capacitor bank expansion, Metomen
Winneconne, Omro Industrial Park o q Ripon - Northwest Ripon Tap 69-kV line ' nd
1 69-kV buses 86.3 - 91.9% 85.7 - 91.9% Metomen - Ripon 69-KV line transformer replta;\gﬁg:cgrnr:“aarnd Wautoma 2
Winneconne - Omro Tap 69-kV line
. . . Necedah Tap - Big Pond 69-kV line
1 Lincoln Pumping Stat'onég_rlfcdbmaer oh (PP&L), ACEC Brooks 91.1-91.9% 90.7 - 91.8% Petenwell - Big Pond 69KV line No project needed at this time
Petenwell 138/69 kV transformer
1 Sigel 138-kV bus 91.8% 91.8% Sigel - Arpin 138-kV line No project needed at this time
94.6 - 95.0% 94.5 - 94.8% System Intact
1 Petenwell, Council Creek 138-kV buses Saratoga - Petenwell 138-kV line Monroe County — Council Creek 161-kV line
88.4 - 91.6% 88.0-91.7% Sigel - Arpin 138-kV line
1 Baker, Saratoga 115-kV buses 91.6% 91.4% Baker - Coyne 115-kV line No project needed at this time
Petenwell, Big Pond, Necedah, Whistling Wings, ACEC N‘;Ceetgﬁcv;f‘f’éiB'%OPr?d”gg_ﬁ;'/‘\”/r:'e”e
1 Dellwood, Friendship, ACEC Friendship, Houghton Rock, 84.0-91.1% 83.6 -91.7% 9 McKenna capacitor expansion
McKenna 69-kV buses Petenwell 138/69-kV transformer
Necedah Tap — Whistling Wings Tap 69-kV line
1 ACEC Coloma 69-kV bus -- 91.9% Chaffee Creek - Coloma Tap 69-kV line No project needed at this time
1 Fairwater 69-kV bus 91.9% 91.8% Metomen 138/69-kV transformer No project needed at this time
1 Antigo, Aurora Street 115-kV buses 90.0 - 90.1% 90.0 - 90.2% Antigo - Black Brook 115-kV line No project needed at this time

Petenwell 138/69-kV transformer #31

98.1%
95.7%

99.8%
95.7%

System Intact
McKenna - Houghton Rock 69-kV line

No project needed at this time

McKenna - ACEC Quincy 69-kV line
Castle Rock - ACEC Quincy 69-kV line

97.8-113.8%

97.0 - 120.7%

Necedah Tap - Big Pond 69-kV line Petenwell - Big
Pond 69-kV line
Petenwell 138/69 kV transformer
Necedah - Whistling Wings Tap 69-kV line
Kilbourn - Winnebago ACEC 69-KV line

Uprate Castle Rock - McKenna 69-KV line

Caroline 115/69-kV transformer #61

109.0%

108.6%

Whitcomb 115/69-kV transformer #31

Reduce area capacitor banks and redispatch
area generation.
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TABLE ZS-3

PERFORMANCE CRITERIA LIMITS EXCEEDED AND OTHER CONSTRAINTS - 2019 Summer Peak with Nelson Dewey and without Nelson Dewey

2019 Summer Peak Case without Nelson

2019 Summer Peak Case with Nelson

Planning s Dewey Dewey - . e
Zone Criteria Exceeded/Need : — : % of Nominal bus | — : % of Nominal Facility Outage(s) Project or Mitigation
% of Facility Rating % of Facility Rating
voltage Bus voltage
1 Council Creek - Tomah Industrial Park Tap 69-kV line 103.5% 103.8% System Intact Monm?e?(_);\?tﬁln; Council Creek
1 Harrison 138/69-kV transformer N 99.9% System Intact No project needed at this time
System Intact fi .
o o Sunset Point - Winneconne 69-kV line Recon |fgure the North Randolph-Ripon 69-kV
1 Metomen - Ripon 69-kV line 98 198'14/" 0 93.0% o North Randolph - Markesan Tap 69-kV line line to form a second Ripon-Metomen 69-kV
.1-105.8% 97.3-101.9% . . line and retire the circuit between Metomen
Winneconne - Omro Tap 69-kV line o
and the Mackford Prairie tap
System Intact
113.6% 111.7% Ripon - Southwest Ripon Tap 69-kV line
1 Metomen 138/69-kV transformer #31 108.7 - ‘1 38 9% 107.7 - '128 59 Southwest Ripon - Mackford Prairie 69-kV line Metomen transformer replacement
. = : o7 North Randolph - Markesan Tap 69-kV line
North Fond du Lac - Rosendale 69-kV line
1 Northwest Ripon - Ripon 69-kV line 101.3 - 113.4% 98.2- 110.5% Sunset Point - Winneconne 69-kV line SW Ripon T-D interconnection
) ) ’ ’ Winneconne - Omro Tap 69-kV line
Omro - Winneconne 69-kV line o 9 Ripon - Northwest Ripon Tap 69-kV line i
1 Winneconne - Sunset Point 69-kV line 97.0-103.3% et T Metomen - Ripon 69-kV line Load forecast variations
Rocky Run 345/115-kV transformer #1 . -
- _ 0 _ 0
1 Rocky Run 345/115-kV transformer #4 95.9-97.1% 96.3 - 97.5% Rocky Run 345/115-KV transformer #2 No project needed at this time
1 Whitcomb 115/69-kV transformer #31 101.1% 101.6% System Intact Reduce area capacitor banll<s and redispatch
area generation
System Intact
Portage - Lakehead Pipeline Portage 69-kV line
Sand Lake Tap - Sand Lake 69-kV line
0, 0, -
1 Wautoma 138/69-kV transformer #31 9 5161-2909/08"/ 95120?59/020/ Sand Lake 138/69-kV transformer #31 Install a S%ZZ?Oﬁj/ggszaEE§25former at
' e ' e Endeavor - Lakehead Pipeline 69-kV line
Ripon - Northwest Ripon Tap 69-kV line
System Intact
Chandler-Lakehead Tap 69-kV line
Lakehead Tap-Masonville 69-kV line
2 Delta — Mead 69-kV line 101.0 - 158.1% 100.9 — 158.1% Masonville-Gladstone 69-kV line Uprate Delta-Mead-North Bluff 69-kV line
Gladstone-North Bluff 69-kV line
North Bluff-Bay Tap 69-kV line
Bay Tap-Mead 69-kV line
2 Chandler-Delta 69-kV #1 line 109.5% 109.6% Chandler-Delta 69-kV #2 line Uprate Chandler-Delta 69-kV line #1
2 Chandler — Delta 69-kV #2 line 103.4% 103.4% Chandler - Delta 69-kV #1 line Uprate Chandler-Delta 69-kV line #2
2 Atlantic - M38 69-kV line 121.3 - 122.4% 121.9 - 122.0% Atlantic - M-38 138-kV line Uprate Atlantic - M38 69-kV line

Atlantic 138/69-kV transformer #1
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TABLE ZS-3

PERFORMANCE CRITERIA LIMITS EXCEEDED AND OTHER CONSTRAINTS - 2019 Summer Peak with Nelson Dewey and without Nelson Dewey

2019 Summer Peak Case without Nelson

Planning Criteria Exceeded/Need Dewey AR FEIETIET Rl R i) e B Facility Outage(s) Project or Mitigation
Zone Dewey
Chandler-Lakehead Tap 69-kV line
Lal\ljlzzgic\j/il-:—;%ll\g g:tc:)nnvelzllgg(?g\-/kl\i/nléne Uprate Chandler-Masonville, Masonville-
2 . 121.6 - 162.2% 121.4 - 162.0% Delta - Mead 69-kV line Gladstone, Gladstone-North Bluff, Delta-
Gladstone-North Bluff 69-kV line Mead-North BIuff 69-kV lines
North Bluff-Bay Tap 69-kV line
Bay Tap-Mead 69-kV line
Pine River - Straits 69-kV line gorevort - Stralts 138V e |
ae A ) o _ o . . . .
2 .Stralts Evergreen 69-kV Ilng 98.0 - 109.2% 96.1 - 106.5% Hiawatha - Lakehead 139-kV line Rebuild Straits-Pine River 69 kV lines
Pine River-Evergreen 69-kV line . :
Straits - Evergreen 69-kV line
Pine River-Rudyard 69-kV line o o _ a0 Hiawatha - Engadine 69-kV line, Uprate or rebuild Pine River - Rudyard -
2 Rudyard-Tone 69-kV line 97.3% SR TR Pine River - 9 Mile 69-kV line Tone 69-kV line
Nordic - Mountain 69-kV line 111.4% -- Chandler 138/69-kV transformer #1 Uprate Nordic-Mountain 69-kV line
. . . Twin Falls North -Twin Falls South 69-kV line Uprate New Quinnesec - Kingsford Tap
- - o/ _ [¢) o/ _ 0,
New Quinnesec — Kingsford Tap 69-kV line 100.0% - 100.3% 99.7% - 99.9% Twin Falls South - Bass Lake 69-kV line 69-KV line
2 Lakota 69-KV bus 117.1% 117.2% Conover - Lakota 69KV line Adjust 138/69-kVtransformer taps at Lakota
Chandler, Cornell Tap, Delta, Escanaba 1, Escanaba 2, Increase generation at
. . o/ _ 0, oL - 0, |
2 Masonville, Mead, Gladstone, We§t, Lakehead, Bay View, 88.4% - 91.4% 88.2% - 91.2% Chandler 138/69-kV transformer #1 Escanaba/Mead/Gladstone
North Bluff, Cornell, Harris 69-kV buses
. - e Hiawatha-Engadine, Engadine-Newberrry, .
Hulbert, Eckerman, Newberry Village, Louisiana Pacific, o o a a . Increase generation at Newberry, Dafter,
2 Newberry, Newberry Hospital, Roberts, Raco 69-kV buses 78.9% - 91.9% 76.0% - 92.0% Newberry-Newberry Hospital Tap, Newberry DeTour, US Hydro, Edison Sault
Hospital Tap-Roberts 69-kV lines
Atlantic 138-kV bus o 8 Atlantic-M-38 138-kV line . .
2 Keweenaw 69-kV bus 86.1-91.8% 86.0% ATC B2 ATLAN increase generation at Portage
2 Munising 138-kV' bus 91.8% 91.8% Forsyth-Munising 138-kV line Adjust 138/ 69,'\'/"L’ntirsai‘rr]‘3f°rmer taps at
2 Aspen, Iron Grove 138KV buses 91.1% - 91.5% 91.0% - 91.3% Aspen-Plains 138-kV line Adjust 138/65-kV transformer taps at Aspen,
2 Iron Grove 138-kV bus 91.0% 91.3% Aspen-Iron Grove 138-kV line Adjust 138/65-kV transformer taps at Iron
2 Lakehead 69-kV bus 91.9% -- Iron Grove 138/69-kV transformer Add second Iron Grove 138/69-kV
transformer
Artesian - Rock Springs 138-kV line ) o ) 8 Trienda - Lewiston ACEC 138-kV line . .
3 Rock Springs - Kirkwood 138-kV line 100.3 - 104.4% 99.0 - 103.4% Lewiston - Kilbourn ACEC 138-KV line Construct a Lake Delton-Birchwood 138-kV line
3 Dane - Lodi Tap 69-kV line 100.6% 100.9% Island Street - Kirkwood 69-kV line Rebuild Dane-Dam Heights 69-KV line
3 Portage — Trienda 138KV line 96.1% - Portage — Trienda1 138KV line No project needed at this
3 Lake Geneva — South Lake Geneva 69-KV line 126.3% lgggzﬁ’ Cobblestone—Brick Church 69-kV line North Lake Geneva — South Lake Geneva
104.7% = Cobblestone—Zenda Tap 69-kV line 138-kV line
3 Katzenberg - South Lake Geneva 69-kV line 96.7% 96.7% Cobblestone—Brick Church 69-kV line Spring Valley — Twin Lakes line
3 Colley Road 138/69-kV transformer #31 103.6% 103.2% Paddock 138/69-kV transformer #31 Install Bass Creek transformer
3 Enzyme — RC3 69-kV line 95.4% - Brick Church 138/69-kV transformer #31 Rebuild Y-32 Co"eg’lei?f‘ed‘B”Ck Church 69-
3 Colley Road — Marine 138-kV line 99.6% Paddock-Northwest Beloit 138-kV line Upgrade Colley Road — Marine 138-kV line
3 Cobblestone — Brick Church 69-kV line 102.2% 102.2% North Lake Geneva — Lake Geneva 69-kV line North Lake Geneva = South Lake Geneva

138KV line
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TABLE ZS-3

PERFORMANCE CRITERIA LIMITS EXCEEDED AND OTHER CONSTRAINTS - 2019 Summer Peak with Nelson Dewey and without Nelson Dewey

2019 Summer Peak Case without Nelson

2019 Summer Peak Case with Nelson

PI;g:Lng Criteria Exceeded/Need Dewe)‘/)/ fNominal b Dewey % of Nominal Facility Outage(s) Project or Mitigation
% of Facility Rating o ot Nominal bus % of Facility Rating o ot Nomina
voltage bus voltage
. 123.4% North Lake Geneva — Lake Geneva 69-kV line . . .
- - ) -
3 Cobblestone — Zenda Tap 69-kV line 123.3% 95.0% Lake Geneva — South Lake Geneva 69KV line Spring Valley — Twin Lakes line
(s) _ -
3 Katzenberg — Zenda Tap 69-kV line 109.5% 109.5% North Lake Geneva — Lake Geneva 69-kV line North Lake Geneva kVSI(i)#(E,\h Lake Geneva 138
0, _ -
3 Cobblestone 69KV bus 89..9% 89.8% Cobblestone-Brick Church 69-kV line North Lake Geneva - South Lake Geneva 138
91.49% 91.3%
3 Zenda 69-kV bus e North Lake Geneva-Lake Geneva 69-kV line North Lake Geneva — South Lake Geneva 138-
90.9% 90.8% Cobblestone—Brick Church 69-kV line kV line
91.2% 91.2%
. . ’ Beloit Gateway-Dickinson 138-kV line Brick Church capacitors or Spring Valley — Twin
3 Brick Church 138-kV' bus 90.4% 90.5% Colley Road—Dickinson 138-kV line Lakes line
3 Wiliams Bay 138-kV bus 91.9% 91.9% Colley Road-Dickinson 138-kV line Brick Ghurch caps or Spring Valley — Twin Lakes
3 Lake Geneva 69-kV bus 83.5% 83.5% North Lake Geneva—-Lake Geneva 69-kV line North Lake Geneva EVSI(i)rl\J(E:h Lake Geneva 138-
3 Katzenberg 69-kV bus 85.1% 85.1% North Lake Geneva—-Lake Geneva 69-kV line North Lake Geneva EVSI(i)rl\J(E:h Lake Geneva 138-
3 Twin Lakes 69-kV bus 84.4% 84.3% North Lake Geneva-Lake Geneva 69V line | NOrth Lake Geneva - South Lake Geneva 138-
3 South Lake Geneva 69-kV bus 84.2% 84.2% North Lake Geneva—-Lake Geneva 69-kV line North Lake Geneva EVSI(i)rl\J(E:h Lake Geneva 138-
3 Dickinson 138KV bus 89.4% 89.4% Colley Road-Dickinson 138-kV line Brick Ghurch caps or Spring Valley — Twin Lakes
3 Concord 138-kV bus 90.2% 89.7% Concord 138-kV 4-5 bus tie Install Concord capacitors
3 Butler Ridge 138-kV bus -- 91.7% Concord 138-kV 4-5 bus tie Install Concord capacitors
3 Rubicon 138-kV bus 91.9% 91.4% Concord 138-kV 4-5 bus tie Install Concord capacitors
. . North Randolph — Fox Lake 138-kV line . . .
- - - - ) - .
3 Academy — Columbus Muni #3 Tap 69-kV line 106.7 — 112.2% Fox Lake — North Beaver Dam 138-kV line Horicon — East Beaver Dam 138-kV line project
. . North Randolph — Fox Lake 138-kV line . . .
- i - - ) - .
3 Columbus Muni #3 Tap — Columbus 69-kV line 104.9 — 100.4% Fox Lake — North Beaver Dam 138-kV line Horicon — East Beaver Dam 138-kV line project
South Beaver Dam — Center Street 69-kV line -- 98.3% North Randolph — Fox Lake 138-kV line
. . North Randolph — Fox Lake 138-kV line . . .
- - - - ) - .
3 South Fond du Lac — Koch Oil Tap 69-kV line 97.3 -102.2% Fox Lake — North Beaver Dam 138-kV line Horicon — East Beaver Dam 138-kV line project
. . North Randolph — Fox Lake 138-kV line . . .
- i - - ) - .
3 Koch Oil Tap — Waupun 69-kV line 97.9-103.1% Fox Lake — North Beaver Dam 138-kV line Horicon — East Beaver Dam 138-kV line project
96.0 — 96.2% System Intact
. Rubicon — Hustisiford 138-kV line . . .
3 Hubbard and Hustisford 138-kV buses -- Hustisiford — Hubbard 138-kV line Horicon — East Beaver Dam 138-kV line project
85.0 — 90.6% Concord 138-kV 4-5 bus tie
3 Fox Lake, North Beaver Dam and East Beaver Dam 13-V . 90.2 — 90.4% North Randolph — Fox Lake 138-kV line Horicon — East Beaver Dam 138KV line project
3 Koch QOil 69-kV bus -- 92.0% South Fond du Lac — Koch QOil Tap 69-kV line No project identified. Additional study needed.
3 Horicon Industrial Park 69-kV bus -- 91.9% Hubbard — Horicon Ind. Park 69-kV line No project identified. Additional study needed.
3 McCue — Harmony - Lamar 69-kV line -- 104.1 - 101% System Intact Construct double-circuit line bgtween McCue
and Lamar substations
DPC Galena - Pilot 69-kV line - .
3 Hillman 138/69-kV transformer #31 101.3 - 98.5% 105.5 - 96.7% Pilot -Terr Tap 69-kV line Rept'f:neszgrerf;‘r'svtv'irt‘ﬁ :ﬁ %ﬁﬂ"{?ﬁégﬂg?w
Terr Tap-LNGHLLW8 69-kV line
Y61 McCue-Lamar line uprate and 2017
3 McCue — Harmony - Lamar 69-kV line 102.5 - 95.0% 123.0 - 96.0% Various outages Construct double-circuit line between McCue

and Lamar substations
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TABLE ZS-3

PERFORMANCE CRITERIA LIMITS EXCEEDED AND OTHER CONSTRAINTS - 2019 Summer Peak with Nelson Dewey and without Nelson Dewey

2019 Summer Peak Case without Nelson

2019 Summer Peak Case with Nelson

Planning s Dewey Dewey - . e
Zone Criteria Exceeded/Need : — : % of Nominal bus : — : % of Nominal Facility Outage(s) Project or Mitigation
% of Facility Rating % of Facility Rating
voltage bus voltage
Darlington- Gratiot 69-kV line; Darlington
138/69-kV transformer; Browntown -Jennings
: Rd 69-kV line; Gratiot - Wiota 69-kV line; Install a 138/69-kV transformer at Bass Creek
— - _ 0, _ [ y y
3 North Monroe — Idle Hour 69-kV line 103.1 - 95.8% 107.2 - 97.4% Wiota — Jennings Road 69-KV line; Brodhead - Substation
Newark 69-kV line; Paddock -Newark 69-kV
line; Paddock 138/69-kV transformer #31
Sheepskin substation project which will uprate Y-61
. . McCue - Harmony 69-kV line Sheepskin-Dana 69-kV line to 95 MVA and 2017
- - _ 0, _ o
3 Dana — Sheepskin 69-kV line 115.2-110.8% o= U2 Harmony -Lamar 69-kV line Construct double-circuit line between McCue and
Lamar substations
3 Stoughton - Sheepskin 69-kV line _ 114.9 - 110.1% McCue - Harmony 69-kV.I|ne Construct double-circuit line bgtween McCue and
Harmony-Lamar 69-kV line Lamar substations
. o . Install a second 138/69-kV transformer at Spring
3 Spring Green 138/69-kV transformer #31 -- 95.2% Gran Grae-Wauzeka 69-kV line ; X
Green with a 100 MVA summer normal rating
Spring Green 138/69-kV transformer #31;
Lone Rock-Spring Green 69-kV line; Nelson
: Dewey-Lancaster 138-kV line; Lancaster-Eden Uprate Y-40 Gran Grae-Boscobel 69-kV line to
- - - _ 0, _ o
3 Gran Grae —Wauzeka - Boscobel 69-kV line 100 - 96.2% 58~ A 138-kV line; Eden-Wyoming Valley 138-kV achieve a 99 MVA summer emergency rating
line; Spring Green-Wyoming Valley 138-kV
line
3 Boscobel - Blue River 69-kV line -- 96.3 - 95.2% Spring Green 138/69-kV transformer. #31 No project identified
Nelson Dewey-Lancaster 138-kV line
3 West Middleton - Timberlane 69-kV line 106.5% 97.9% Spring Green 138/69-kV transformer #31 Install a second 138/69-kV transformer at Spring
Green with a 100 MVA summer normal rating
Potential Y132 line switch replacement project at
3 Waunakee Industrial Park - Huiskamp 69-kV line 95.3% 94.0% North Madison 138/69-kV transformer #31 Waunakee Industrial Park to achieve 170 MVA SE
out of ten years
Potential Waunakee Switching Station-Waunakee 2
3 Waunakee Switching Station - Waunakee 2 69-kV line 101.3% 101.5% West Middleton - Pheasant Branch 69-kV line | 69-kV 0.58 miles of line (Y-131) and terminal uprate
to achieve 115 MVA SE
Uprate Fitchburg-Nine Springs line, uprate Pflaum -
. . . . Royster - AGA Tap 69-kV line Royster line, install 2-16.33 MVAR 69 kV capacitor
- - - - o _ 0,
3 Fitchburg-Syene - Ninesprings 69-kV line 126.2 - 107.9% Rz e AGA Tap - Pflaum 69-kV line banks at Nine Springs and move the AGA load onto
Femrite - Royster line
Uprate Fitchburg-Nine Springs line, uprate Pflaum -
. Fitchburg - Syene 69-kV line Royster line, install 2-16.33 MVAR 69 kV capacitor
- - - - o _ 0,
3 Royster - AGA Tap - Pflaum 69-kV line 126.5 - 102.8% L= e Ninesprings - Syene 69-kV line banks at Nine Springs and move the AGA load onto
Femrite - Royster line
Potential 1.98 miles West Middleton-West Town 69-
3 West Middleton - West Town 69-kV line -- 95% West Middleton - Pleasant View 138-kV line kV line (6997) uprate and terminal uprate to achieve
106 MVA SE out of ten years
3 Royster - Sycamore 69-kV line 96.5% 96.8% Femrite 138/69-kV transformer #31 Uprate the 6986 Roy?t1e 5r tla\? Aycamore 69-kVline to
. . . Verona 1-16.33 Mvar 69-kV cap bank and potential
- - 0, _ ()
3 Verona, Oak Ridge, Fitchburg and Cross Country 138-kV buses 95-95.7% 94.6 - 95.9% System intact 2-49 Mvar 138KV cap banks at Oak Ridge
Harmony, Lamar, Fulton, Saunders Creek , Dana, Sheepskin, McCue-Harmony 69-kV line Lamar 2-16.33 Mvar 69-kV cap banks; 2017
3 Bass Creek, Footville, Center, Union Townline, Orfordville and 88.9 - 90.6% 76.2-91.3% y : Construct double-circuit line between McCue and
. Harmony-Lamar 69-kV line .
Evansville 69-kV buses Lamar substations
. . Verona 1-16.33 Mvar 69-kV cap bank / Adjust
_ 0 0 - -
3 Verona 138-kV bus 86.3% 85.5% Verona-Oak Ridge 138-kV line Verona 138/69-kV transformer setting
. . Verona 1-16.33 Mvar 69-kV cap bank and potential
. - 0 - .
3 Verona 138-kV bus 91.9% Rockdale-West Middleton 345-kV line 2-49 Mvar 138KV capacitor banks at Oak Ridge
3 Southwest Verona 69-kV bus 90.4% 90% Verona-Southwest Verona 69-kV line Potential Mount Horeab dc(;jiirz)anmtor bank upgrade or
Brodhead Muni 3, Brodhead Muni 2, Brodhead Muni 1, Brodhead Switching Station-Brodhead Muni 3 Install a 138/69-kV transformer at Bass Creek
3 Brodhead, RCEC Orfordville, Bass Creek, Footville, Center, -- 87 - 91.8% 69-kV line; Brodhead Muni 3-Brodhead Muni 2 Substation
Union Townline and Evansville 69-kV buses 69-kV line
Lone Rock-Spring Green 69-kV line Install 1-8.16 MVAR capacitor bank at Boscobel 69-
. | ) o _ o ; o
3 Muscoda, Lone Rock, Avoca, and Blue River 69-kV buses 90.3-91.8% 90 - 91.8% Spring Green 138/69-kV transformer #31 kv Substatlonwailtr;]daunpgrﬁg?\ﬂleslgrL%rSIk4 MVAR bank

Page 5




TABLE ZS-3

PERFORMANCE CRITERIA LIMITS EXCEEDED AND OTHER CONSTRAINTS - 2019 Summer Peak with Nelson Dewey and without Nelson Dewey

2019 Summer Peak Case without Nelson

2019 Summer Peak Case with Nelson

Planning Criteria Exceeded/Need Dewey - Dewey : Facility Outage(s) Project or Mitigation
Zone o - . % of Nominal bus 9 T . % of Nominal
% of Facility Rating % of Facility Rating
voltage bus voltage
. Reiner 138/69-kV transformer #31 Install 2-16.33 Mvar 69-kV capacitor banks at Sun
- 0, _ [
3 Burke, Reiner and Colorado 69-kV buses 91.9% 91.5-91.6% Reiner-Burke Tap 69-kV line Prairie
Uprate Fitchburg-Nine Springs line, uprate Pflaum -
. Royster line, install 2-16.33 MVAR 69 kV capacitor
- - 0 - ) - -
3 AGA, Pflaum 69-kV buses 90.5-90.7% 90.6 - 90.8% Royster-AGA Tap 69-kV line banks at Nine Springs and move the AGA load onto
Femrite - Royster line
. Nelson Dewey-Lancaster 138-kV line Install 2-16.33 Mvar 69-kV capacitor banks at Eden
| _ 0 _ 0
3 Lancaster, Wyoming Valley and Eden 138-kV buses 90.9 - 91.9% 89.8 - 90.8% Lancaster-Eden 138-kV line Substation
Pleasant View, Hawk, Fitchburg and Cross Country 138-kV o _ 8 . ~ . VT Verona 1-16.33 Mvar 69-kV cap bank and potential
3 buses 91.5-91.9% 91.2-91.6% West Middleton-Pleasant View 138-kV line 2018 2-49 Mvar 138kV cap banks at Oak Ridge
4 Bluestone 69-kV bus -- 91.4% Finger Road — Bluestone 69-kV line 27?7
4 Sister Bay 69-kV bus -- 95.9% System Intact Canal — Dunn Road 138-kV line project
5 Bain 345/138-kV transformer #5 159.1% 159.1% Pleasant Prairie 345-kV 3-4 bus tie Reduce Pleasant Prairie generation
5 Albers — Kenosha 138-kV line 97.8% 95.9% Bain — Kenosha 138-kV line Increase Paris generation
5 Arcadiand- Waukesha1 138KV line 113.6% 115.2% Arcadian 6 — Waukesha3 138KV line Upgrade Arcadian — Waukesha 138-kV lines or
investigate other alternatives
Arcadian 345/138-kV transformer #3 o 109.7% . Replace Arcadian transformers or investigate other
5 Arcadian 345/138-kV transformer #2 19078670 //° 98.8% Arcadian 345/138-kV transformer #1 alternatives
. 0
5 Branch — Kansas 138-kV line 100.5% 100.5% Oak Creek — Pennsylvania 138KV line Load shift - investigate future projects to resolve
loading on the Branch — Kansas 138kV line.
Arcadian 6 — Waukesha3 138-kV line 112.6% 114.3% Arcadian 4- Waukesha1 138KV line Upgrade Arcadian — Waukesha 138-kV lines or
investigate other alternatives
Bark River 138-kV bus 95.8% 95.7% System Intact Increase Germantown generation
91.8% 91.7% Bark River—Sussex 138-kV line
5 Hartford 138-kV bus -- 91.9% Concord 138-kV 3-4 bus tie Install Concord capacitors
5 Tichigan 138-kV bus 91.4% 91.3% Split Burlington 138-kV bus Load shift — Investigate future projects for voltage
support at Tichigan
5 Cottonwood 138-kV bus -- 95.3% System Intact Install Summit & Concord capacitors
91.9% Bark River—Sussex 138-kV line
5 Germantown 138-kV bus 95.5% 95.4% System Intact Increase Germantown generation
88.7% 88.6% Maple — Saukville 138-kV line
5 Maple 138-kV bus 95.7% 95.6% System Intact Increase Germantown generation
88.2% 88.1% Maple — Saukville 138-kV line
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Table ZS-3a
2009 10-Year Assessment - 2019 Futures Constraints

2019 Summer Peak Case

2019 DOE 20% Wind Future

2019 Slow Growth Future

Plannin Lo = : — - = : . . L
Zone 9 Criteria Exceeded/Need % of Facility | % of Nominal [ % of Facility | % of Nominal| % of Facility | % of Nominal Facility Outage(s) Project/Mitigation
Rating Bus Voltage Rating Bus Voltage Rating Bus Voltage
Wautoma - Silver Lake Tap 69-kV line
. . . . . Silver Lake - ACEC Spring Lake 69-kV line
Berlin, River Run, Fountain Valley, Redgranite, ACEC Spring 7 0 0 - - -
1 Lake, Silver Lake, Fox River 69-kV buses 86.8 - 91.9% 88.3% - 91.9% = AC_EC Spring Lake - R_’edgramte 69-k\/_ line
Ripon - Northwest Ripon Tap 69-kV line
Metomen - Ripon 69-kV line
Ripon - Northwest Ripon Tap 69-kV line
Dartford, Northwest Ripon, Industrial Park, Ripon, Southwest Metomen - Ripon 69-kV line
1 ) .6 -91.6% .2% - 91.6% --
Ripon 69-kV buses 86.6 - 91.6% 88.2% - 91.6% Sunset Point - Winneconne 69-kV line
Wautoma - Silver Lake Tap 69-kV line
Sunset Point - Winneconne 69-kV line
1 Winneconne, Omro Industrial Park 69-kV buses 86.3 - 91.9% 89.4% - 90.0% - Ripon - Northwest Ripon Tap 89V line
Metomen - Ripon 69-kV line
Winneconne - Omro Tap 69-kV line
. . . Necedah Tap - Big Pond 69-kV line
1 Lincoln Pumping Statlon,6(;-r|f(;1\r;dbll\1/lsirssh (PP&L), ACEC Brooks 91.1-91.9% -- = Petenwell - Big Pond 69-kV line No project needed at this time
Petenwell 138/69-kV transformer
1 Sigel 138-kV bus 91.8% -- -- Sigel - Arpin 138-kV line No project needed at this time
94.6 - 95.0% 95.4% 96.9% System Intact .
. - Monroe County — Council
1 Petenwell, Council Creek 138-kV buses -- 90.6 - 91.9% _ Saratoga - Petenwell 138-kV line Creek 1%1}1(\/ Iin; !
88.4 - 91.6% Sigel - Arpin 138-kV line
1 Baker, Saratoga 115-kV buses 91.6% 91.0% -- Baker - Coyne 115-kV line No project needed at this time
Petenwell, Big Pond, Necedah, Whistling Wings, ACEC N(;Cidah Tl?pE;.BllgD Podn296i;I;Y line McKenna capacitor
1 Dellwood, Friendship, ACEC Friendship, Houghton Rock, 84.0 - 91.1% 88.5 - 91.8% 89.4% - 91.9% clenwe? - Big “ond 59XV Iné P
McKenna 69-kV buses Petenwell 138/69-kV transformer #31 expansion
Necedah Tap — Whistling Wings Tap 69-kV line
1 Fairwater 69-kV bus 91.9% - -- Metomen 138/69-kV transformer #31 No project needed at this time
1 Antigo, Aurora Street 115-kV buses 90.0 - 90.1% 89.0-91.9% -- Antigo - Black Brook 115-kV line No project needed at this time
98.1% 112.9% 97.0% System Intact . -
1 Pet 11 138/69-kV t fi #31 - N t ded at this t
elenwe ransformer 95.7% -- -- McKenna - Houghton Rock 69-kV line O project needed at this time
McKenna - ACEC Quincy 69-kV line Necedah Tap - Big Pond 69-kV line
Petenwell - Big Pond 69-kV line Uprate Castle Rock -
1 97.8-113.8% 99.2 - 100.0% 97.6% Petenwell 138/69-kV transformer #31 McKenna 69-KV line
Castle Rock - ACEC Quincy 69-kV line Necedah - Whistling Wings Tap 69-kV line
Kilbourn - Winnebago ACEC 69-kV line
1 Arnott 138/69-kV transformer #31 -- 102.0% -- Harrison 138/69-kV transformer #31
1 Caroline 115/69-kV transformer #61 109.0% 95.9% -- Whitcomb 115/69-kV transformer #31
1 Council Creek - Tomah Industrial Park Tap 69-kV line 103.5% 99.3% 91.0% System Intact
1 Harrison 138/69-kV transformer -- 113.3% 90.0% System Intact
Port Edwards - Sand Lake 138-kV line
Wautoma 138/69-kV transformer #31
1 Hartman Creek - Harrison 138-kV line -- 101.7 - 96.6% -- Sigel - Arpin 138-KV line
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Table ZS-3a
2009 10-Year Assessment - 2019 Futures Constraints

Planning
Zone

Criteria Exceeded/Need

2019 Summer Peak Case

2019 DOE 20% Wind Future

2019 Slow Growth Future

% of Facility
Rating

% of Nominal
Bus Voltage

% of Facility
Rating

% of Nominal
Bus Voltage

% of Facility
Rating

% of Nominal
Bus Voltage

Facility Outage(s)

Project/Mitigation

Metomen - Ripon 69-kV line

98.4%

98.1 - 105.8%

System Intact

Sunset Point - Winneconne 69-kV line

North Randolph - Markesan Tap 69-kV line

Winniconne - Omro Tap 69-kV line

Metomen 138/69-kV transformer #31

113.6%

108.7 - 130.9%

100.4%

99.1%

System Intact

Ripon - Southwest Ripon Tap 69-kV line

Southwest Ripon - Mackford Prairie 69-kV line

North Randolph - Markesan Tap 69-kV line

North Fond du Lac - Rosendale 69-kV line

Metomen Transformer
Replacement

Rocky Run - Plover 115-kV line

Rocky Run - Whiting Avenue 115-kV line

96.9%

97.4%

Rocky Run - Whiting Avenue 115-kV line

Rocky Run - Plover 115-kV line

Northwest Ripon - Ripon 69-kV line

101.3 - 113.4%

Sunset Point - Winneconne 69-kV line

Winniconne - Omro Tap 69-kV line

Omro - Winneconne 69-kV line

Winneconne - Sunset Point 69-kV line

97.0 - 103.3%

Ripon - Northwest Ripon Tap 69-kV line

Metomen - Ripon 69-kV line

Rocky Run 345/115-kV transformer #4

95.9-97.1%

112.6 - 96.0%

Rocky Run 345/115-kV Transformer #2
Rocky Run 345/115-kV Transformer #1
Sigel - Arpin 138-KV line
Arpin 345/138-kV transformer
Werner West - Rocky Run 345 KV line

Sand Lake - Sand Lake Tap 69-kV line

96.3%

Wautoma 138/69-kV transformer #31

Sigel - Arpin 138-kV line

97.1%

Baker - Coyne 115-kV line

Whitcomb 115/69-kV transformer

101.1%

105.5%

System Intact

Wautoma 138/69-kV transformer

112.0%

95.6 - 99.8%

112.8%

104.7% - 95.5%

System Intact

Portage - Lakehead Pipeline Portage 69-kV line

Sand Lake Tap - Sand Lake 69-kV line

Sand Lake 138/69-kV transformer #31

Endeavor - Lakehead Pipeline 69-kV line

Ripon - Northwest Ripon Tap 69-kV line

Delta — Mead 69-kV line

101 - 158.1%

System Intact

Chandler - Lakehead Tap 69-kV line

Cakehead Tap - Masonville 69-KV Tine

Masonville - Gladstone 69-kV line

Gladstone - North Bluff 69-kV line

North Bluff - Bay Tap 69-kV line

Bay Tap - Mead 69-kV line

Uprate Delta-Mead-North
Bluff 69-kV line, or increase
generation at
Mead/Gladstone

Chandler — Delta 69-kV #1 line

109.5%

Chandler - Delta 69-kV #2 line

Uprate Chandler-Delta 69-kV
line #1,

or increase generation at
Escanaba/Mead/Gladstone

Chandler — Delta 69-kV #2 line

103.4%

Chandler - Delta 69-kV #1 line

Uprate Chandler-Delta 69-kV
line #2,

or increase generation at
Escanaba/Mead/Gladstone

Atlantic - M38 69-kV line

121.3 - 122.4%

Atlantic - M-38 138-kV line

Uprate Atlantic - M38 69-kV
line

Atlantic 138/69-kV transformer #1

or increase generation at
Portage

Both
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Table ZS-3a

2009 10-Year Assessment - 2019 Futures Constraints

2019 Summer Peak Case

2019 DOE 20% Wind Future

2019 Slow Growth Future

Plannin Lo = - — - — : . . L
Zone 9 Criteria Exceeded/Need % of Facility | % of Nominal [ % of Facility | % of Nominal| % of Facility | % of Nominal Facility Outage(s) Project/Mitigation
Rating Bus Voltage Rating Bus Voltage Rating Bus Voltage
Chandler-Lakehead Tap 69-kV line Uprate Chandler-Masonville,
Lakehead Tap-Masonville 69-kV line Masonville-Gladstone,
Masonville-Gladstone 69-kV line : Gladstone-North Bluff, Delta-
2 - 121.6 - 162.2% -- = Delta - Mead 69-kV line .
Gladstone-North Bluff 69-kV line 0 ! Mead-North Bluff 69-kV lines;
North Bluff-Bay Tap 69-kV line or increase generation at
Bay Tap-Mead 69-kV line Mead/Gladstone
Pine River-Straits 69-kV line Brevort - Straits 138-kV line . . . .
- - - Rebuild Pine River-Straits 69-
2 Straits-Evergreen 69-kV line 98 - 109.2% - = Brevort - Lakehead 138-kV line e KV Iilr\lles !
Pine River-Evergreen 69-kV line Hiawatha - Lakehead 138-kV line
- Uprate Rudyard - Tone 69-kV
line,
2 Rudyard - Tone 69-kV line 97.3% -- Hiawatha - Engadine 69-kV line Increase generation at
Newberry, Dafter, DeTour,
US Hydro, Edison Sault
2 Nordic - Mountain 69-kV line 111.4% -- -- Chandler 138/69-kV transformer #1 Uprqte Nordic - Mountaln.69-
kV line, Increase generation
100.0% . . . .
. . . Twin Falls North - Twin Falls South 69-kV line  |Uprate New Quinnesec - KFM
2 New Quinnesec - Kingsford Tap 69-kV line -- -- .
100.3% Tap 69-kV line
' Twin Falls South - Bass Lake 69-kV line
Change controlled bus for
Lakota 138/69-kV tcul
Lakota 69-kV bus 117.1% -- -- Conover - Lakota 69-kV line transformer to Lakota 69-kV
bus instead of Conover 69-kV
2 bus
Chandler, Delta, Escanaba 1, Escanaba 2, Masonville, Mead, Increase generation at
d 0, _— - -
2 Gladstone, West, Lakehead, Bay View, North Bluff, Cornell, LS Chandler 138/69-kV transformer 1 Escanaba/Mead/Gladstone
. - . Increase generation at
Hulbert, Eckerman, Newberry Village, Louisiana Pacific, o . .
2 Newberry, Newberry Hospital, Roberts, Raco 69-kV buses N2 = BIULERD Engadine - Newberry 69-kV line Newberry, Daftgr, DeTour,
US Hydro, Edison Sault
Newberry Village, Louisiana Pacific, Newberry Hospital, 8.9 - 91.9% ~ ~ NeWbegi);\;v':t‘;";tieéZ Zgiztzg_r;\s’ I?r?e-kv line  lincrease generation at Dafter,
Roberts, Hulbert, Eckerman 69-kV buses : 70 - ENg . DeTour, US Hydro, Edison
2 Newberry Hospital Tap-Roberts 69-kV lines Sault
Atlantic 138-KV bus Adjust taps at Atlantic 138/69-
5 86.1 - 91.8% _ _ Atlantic - M-38 138-kV line incrlg;/stéanes;c;rrr;?c:n -
Keweenaw Tap, Keweenaw 69-kV buses ATC_B2_ATLAN P(?rtage
. -- = - . Adjust taps at Munising
- 0, - -
2 Munising 138-kV bus 91.8% Forsyth - Munising 138-kV line 138/69-kV transformer
. . Adjust taps at Iron Grove,
- - 0, _— - - -
2 Aspen, Iron Grove 138-kV buses 91.1-91.5% Aspen - Plains 138-kV line Aspen 138/69-kV
ron G 138-KV b 91.0% - = Adjust taps at Iron Grove
2 ron Grove ) us D70 Aspen - Iron Grove 138-kV line 138/69-kV transformers
Lakehead 69-kV b 91.9% - = Add second Iron Grove
2 akehea ) us I Iron Grove 138/69-kV transformer #G1 138/69-kV transformer
3 Artesian - Rock Springs 138-kV line 100.3 - 104.4% _ _ Trienda - Lewiston ACEC 138-kV line
Rock Springs - Kirkwood 138-kV line ) ' Lewiston - Kilbourn ACEC 138-KV line
3 Dane - Lodi Tap 69-kV line 100.6% - - Island Street - Kirkwood 69-KV line Rebuild Dane-Dam Heights
69-KV line
3 Portage - Trienda 138-kV line 96.1% - - Portage - Triendal 138-kV line No project needed at this time
3 Artesian - Rock Springs 138-kV line 100.3 - 104.4% Trienda - Lewiston ACEC 138-kV line
Rock Springs - Kirkwood 138-kV line ) 0 -- - Lewiston - Kilbourn ACEC 138-KV line
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Table ZS-3a
2009 10-Year Assessment - 2019 Futures Constraints

2019 Summer Peak Case

2019 DOE 20% Wind Future

2019 Slow Growth Future

Plannin - — - — - — - . . e
Zone 9 Criteria Exceeded/Need % of Facility | % of Nominal [ % of Facility | % of Nominal| % of Facility | % of Nominal Facility Outage(s) Project/Mitigation
Rating Bus Voltage Rating Bus Voltage Rating Bus Voltage
. . Rebuild Dane-Dam Heights
3 Dane - Lodi Tap 69-kV line LE 6 - - Island Street - Kirkwood 69-kV line 69-KV line
3 Portage - Trienda 138-kV line 2l - - Portage - Trienda 138-kV line No project needed at this time
112.2% 108.6% North Randolph — Fox Lake 138-kV line
3 Academy — Columbus Muni #3 tap 69-kV line 107.1% 102.9% - North Randolph-Fox Llf\lﬁi;gorth Beaver Dam 138-
106.7% 102.5% Fox Lake — North Beaver Dam 138-kV line
110.4% 106.8% North Randolph — Fox Lake 138-kV line
3 Columbus Muni #3 Tap — Columbus 69-kV line 105.4% 101.1% - North Randolph — i%);i%(ﬁr;’\lorth Beaver Dam
104.9% 100.7% Fox Lake — North Beaver Dam 138-kV line
3 South Beaver Dam — Center Street 69-kV line 98.3% — — North Randolph — Fox Lake 138-kV line
102.2% 104.1% North Randolph — Fox Lake 138-kV line
3 South Fond du Lac — Koch Oil Tap 69-kV line 97.5% 99.0% _ Fox Lake — North Beaver Dam 138-kV line
North Randolph — Fox Lake — North Beaver Dam
97.3% 98.8% .
138-kV line
103.1% 105.0% North Randolph — Fox Lake 138-kV line
. . 98.1% 99.7% Fox Lake — North Beaver Dam 138-kV line
3 Koch Oil Tap - W 69-kV | -
och DI Tap aupun ine North Randolph — Fox Lake — North Beaver Dam
97.9% 99.5% .
138-kV line
96.0 — 96.2% 96.8% 95.7 - 96.1% System Intact
85.0 — 85.1% 84.9 - 85.0% 86.7 - 86.8% Rubicon — Hustisiford 138-kV line
3 Hubbard and Hustisford 138-kV buses 85.7% 85.6% 87.2% Hustisiford — Hubbard 138-kV line
85.7% 85.6% 87.4% North Randolph—Fox L;\I;(Ti;l;lorth Beaver Dam 138-
90.6 — 90.9% 91.0-91.3% — Concord 138-kV 4-5 bus tie
3 Fox Lake, North Beaver Da&:ensd East Beaver Dam 138-kV 90.2 - 90.4% 90.5 - 90.6% = North Randolph — Fox Lake 138-kV line
3 Koch Oil 69-kV bus 92.0% — — South Fond du Lac — Koch Oil Tap 69-kV line
3 Horicon Industrial Park 69-kV bus 91.9% — — Hubbard — Horicon Ind. Park 69-kV line
Artesian - Rock Springs 138-kV line 100.3 - 104.4% Trienda - Lewiston ACEC 138-kV line
3 Rock Springs - Kirkwood 138-kV line j i -- -- Lewiston - Kilbourn ACEC 138-KV line
. ) Rebuild Dane-Dam Heights
3 Dane - Lodi Tap 69-kV line 0 - - Island Street - Kirkwood 69-KV line 69-KV line
3 Portage - Trienda 138 kV line el - - Portage - Triendal 138 kV line No project needed at this time
. 126.3% 122.5% 101.4% Cobblestone — Brick Church 69-kV line North Lake Geneva — South
3 Lake G — South Lake G 69-kV | - )
ae eneva — souh make Beneva ne 104.7% 101.8% = Cobblestone — Zenda Tap 69-kV line Lake Geneva 138-kV line
3 Katzenberg-South Lake Geneva 69-kV line 96.7% - - Cobblestone — Brick Church 69-kV line Spring Va”eﬁi/n; Twin Lakes
3 Colley Road 138/69-kV transformer #31 103.6% 98.0% - Paddock 138/69-kV transformer #31 '”Stt?!ni?jfmcerfe"
3 Enzyme — RC3 69-kV line 95.4% -- -- Brick Church 138/69-kV transformer #31 Line Y-32 rebuild
3 Cobblestone — Brick Church 69-kV line 102.2% 96.3% - North Lake Geneva — Lake Geneva 69-kV line North Lake Geneva — S.OUth
Lake Geneva 138KV line
3 Cobblestone — Zenda Tap 69-kV line 123.3% 116.0% -- North Lake Geneva — Lake Geneva 69-kV line Spring Vallel)i/n; Twin Lakes
3 Katzenberg — Zenda Tap 69-kV line 109.5% 102.7% - North Lake Geneva — Lake Geneva 69-kV fine | "\orth Lake Geneva ~ South
Lake Geneva 138-kV line
89..9% 90.4% -- North Lake Geneva — South
3 Cobblestone 69-kV bus Cobblestone — Brick Church 69-kV line Lake Geneva 138-kV line
Zenda 69-KV bus 91.4% - = North Lake Geneva - Lake Geneva 69-kV line North Lake Geneva — South
3 90.9% 91.5% Cobblestone — Brick Church 69-kV line Lake Geneva 138-kV line
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Table ZS-3a
2009 10-Year Assessment - 2019 Futures Constraints

2019 Summer Peak Case

2019 DOE 20% Wind Future

2019 Slow Growth Future

Plgg:leng Criteria Exceeded/Need % of Facility | % of Nominal [ % of Facility | % of Nominal| % of Facility | % of Nominal Facility Outage(s) Project/Mitigation
Rating Bus Voltage Rating Bus Voltage Rating Bus Voltage
. 91.2% - Beloit Gateway — Dickinson 138-kV line Brick Church capacitors or
3 Brick Church 138-kV bus 90.4% 91.1% - Colley Road — Dickinson 138-kV line Spring Valley — Twin Lakes
Brick Church capacitors or
3 Williams Bay 138-kV bus 91.9% -- -- Colley Road — Dickinson 138-kV line Spring Valley — Twin Lakes
line
Lake Geneva 69-kV bus 83.5% 86.8% 5 _ North Lake Geneva — Sguth
3 North Lake Geneva — Lake Geneva 69-kV line Lake Geneva 138-kV line
Katzenberg 69-kV bus 85.1% 88.2% __ _ North Lake Geneva — Sputh
3 North Lake Geneva — Lake Geneva 69-kV line Lake Geneva 138-kV line
Twin Lakes 69-KV bus 84.4% 87.5% B _ North Lake Geneva — Sguth
3 North Lake Geneva — Lake Geneva 69-kV line Lake Geneva 138-kV line
84.2% 87.4% North Lake Geneva — South
3 South Lake Geneva 69-kV bus - North Lake Geneva — Lake Geneva 69-kV line Lake Geneva 138-kV line
o 89.4% 89.9% Brick Church caps or Spring
3 Dickinson 138-kV bus - Colley Road — Dickinson 138-kV line Valley — Twin Lakes line
3 Concord 138-kV bus 90.2% 90.0% = Concord 138-kV 4-5 bus tie Install Concord capacitors
3 Crawfish River 138-kV bus -- -- 91.0% Jefferson - Crawfish River 138-kV line
3 Butler Ridge 138-kV bus = 91.8% = Concord 138-kV 4-5 bus tie Install Concord capacitors
3 Rubicon 138-kV bus 91.9% 91.6% = Concord 138-kV 4-5 bus tie Install Concord capacitors
Kegonsa - Stoughton North 69-kV line Construct double-circuit line
3 McCue - Harmony - Lamar 69-kV line 102.5 - 95% 116.4 - 97.2% 96.9% Kegonsa 138/69-kV transformer #31 between McCue and Lamar
Stoughton North - Stoughton East 69-kV line substations
Replace the existing 46 MVA
. DPC Galena - Pilot 69-kV line Hillman 138/69-kV
3 Hillman 138/69-kV transformer #31 101.3%-98.5% 96.7% -- Pilot - Terr Tap 69-KV line transformer with a 100 MVA
transformer
Darlington- Gratiot 69-kV line
Darlington 138/69-kV transformer #31
Browntown-Jennings Rd 69-kV line
Gratiot-Wiota 69-kV line Install a 138/69-kV
3 North Monroe - Idle Hour 69-kV line 103.1 - 95.8% 114.7 - 98.1% 101%-96.2% Wiota-Jennings Rd 69-kV line transformer at Bass Creek
Brodhead-Newark 69-kV line Substation
Paddock-Newark 69-kV line
Paddock 138/69-kV transformer #31
Whistling Wind-Black Smith 69-kV line
Sheepskin substation project
which will uprate Y-61
. Sheepskin-Dana 69-kV line to
3 Dana — Sheepskin 69-kV line 115.2 - 110.8% 126.4 - 121% 97.4% McCue-Harmony 69-kV line 95 MVA and 2017 Construct
Harmony-Lamar 69-kV line o
double-circuit line between
McCue and Lamar
substations
Uprate Y-40 Gran Grae-
. Spring Green 138/69-kV transformer #31 Boscobel 69-kV line to
3 Gran Grae-Wauzeka-Boscobel 69-kV line Lo - - Lone Rock-Spring Green 69-kV line achieve a 99 MVA summer
emergency rating
Install a second 138/69-kV
3 West Middleton - Timberlane 69-kV line 106.5% -- -- Spring Green 138/69-kV transformer #31 transformer at Spring Green

with a 100 MVA summer
normal rating
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Table ZS-3a
2009 10-Year Assessment - 2019 Futures Constraints

Planning
Zone

Criteria Exceeded/Need

2019 Summer Peak Case

2019 DOE 20% Wind Future

2019 Slow Growth Future

% of Facility
Rating

% of Nominal
Bus Voltage

% of Facility
Rating

% of Nominal
Bus Voltage

% of Facility
Rating

% of Nominal
Bus Voltage

Facility Outage(s)

Project/Mitigation

Waunakee Industrial Park - Huiskamp 69-kV line

95.3%

North Madison 138/69-kV transformer #31

Potential Y132 line switch
replacement project at
Waunakee Industrial Park to
achieve 170 MVA SE out of
ten years

Waunakee Switching Station - Waunakee 2 69-kV line

101.3%

99.6%

West Middleton-Pheasant Branch 69-kV line

Potential Waunakee
Switching Station-Waunakee
2 69-kV 0.58 miles of line (Y-

131) and terminal uprate to
achieve 115 MVA SE

Fitchburg - Syene - Ninesprings 69-kV line

126.2 - 107.9%

106.5%

106.0%

Royster-AGA Tap 69-kV line
AGA Tap-Pflaum 69-kV line

Uprate Fitchburg-Nine
Springs line, uprate Pflaum -
Royster line, install 2-16.33

MVAR 69 kV cap banks at
Nine Springs and move the
AGA load onto Femrite -
Royster line

Royster - AGA Tap - Pflaum 69-kV line

126.5 - 102.8%

104.8%

104.6 - 101.8%

Fitchburg-Syene 69-kV line
Ninesprings-Syene 69-kV line

Uprate Fitchburg-Nine
Springs line, uprate Pflaum -
Royster line, install 2-16.33
MVAR 69 kV capacitor banks

at Nine Springs and move the
AGA load onto Femrite -
Royster line

Royster - Sycamore 69-kV line

96.5%

Femrite 138/69-kV transformer #31

Uprate the 6986 Royster to
Sycamore 69-kV line to 115
MVA

Verona, Oak Ridge, Fitchburg and Cross Country 138-kV buses

95.0-95.7%

95.2%

System intact

Verona 1-16.33 Mvar 69-kV

capacitor bank and potential

2-49 Mvar 138-kV capacitor
banks at Oak Ridge

Harmony, Lamar, Fulton 69-kV buses

88.9 - 90.6%

78.6 - 91.8%

86.4 - 91.8%

McCue-Harmony 69-kV line
Harmony-Lamar 69-kV line

Lamar 2-16.33 Mvar 69-kV
cap banks; Construct double-
circuit line between McCue
and Lamar substations

Verona 138-kV bus

86.3%

86.2%

88.5%

Verona-Oak Ridge 138-kV line

Verona 1-16.33 Mvar 69-kV
cap bank / Adjust Verona
138/69-kV transformer setting

Southwest Verona 69-kV bus

90.4%

90.6%

Verona-Southwest Verona 69-kV line

Potential Mount Horeb
capacitor bank upgrade or
addition

Muscoda, Lone Rock, Avoca, and Blue River 69-kV buses

90.3-91.8%

Lone Rock - Spring Green 69-kV line
Spring Green 138/69-kV transformer #31

Install 1-8.16 MVAR capacitor
bank at Boscobel 69-kV
Substation and upgrade

existing 5.4 MVAR bank with

an 8.16 MVAR bank

Reiner, Burke 69-kV buses

91.9%

91.8-91.9%

Reiner 138/69-kV transformer #31
Reiner - Burke Tap 69-kV line

Install 2-16.33 Mvar 69-kV
capacitor banks at Sun
Prairie
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Table ZS-3a

2009 10-Year Assessment - 2019 Futures Constraints

2019 Summer Peak Case

2019 DOE 20% Wind Future

2019 Slow Growth Future

Plannin Lo = : — - — : . . o
Zone g Criteria Exceeded/Need % of Facility | % of Nominal [ % of Facility | % of Nominal| % of Facility | % of Nominal Facility Outage(s) Project/Mitigation
Rating Bus Voltage Rating Bus Voltage Rating Bus Voltage
Uprate Fitchburg-Nine
Springs line, uprate Pflaum -
. Royster line, install 2-16.33
3 AGA and Pflaum 69-kV buses 90.5 - 90.7% - - Royster - AGA Tap 69-kV line MVAR 69 KV capacitor banks
at Nine Springs and move the
AGA load onto Femrite -
Royster line
. Install 2-16.33 Mvar 69-kV
3 Lancaster and Eden 138-kV buses 90.9 - 91.9% 90.2 - 90.8% - Nelson Dewey - Lancaster 138kV line capacitor banks at Eden
Lancaster - Eden 138-kV line .
Substation
Verona 1-16.33 Mvar 69-kV
3 Pleasant View and Hawk 138-kV buses 91.5-91.9% 91.8% -- West Middleton - Pleasant View 138-kV line cap bank and potermal 2-49
Mvar 138-kV capacitor banks
at Oak Ridge
3 Lone Rock - Pine River - Brewer - Rlchlaqd Center 69-kV line B 121.0 -193.0% 177.9 - 113.7% System intact Adjust I._one Rock phase
and Lone Rock phase shifter shifter to 0 deg
3 Gran Grae - Hillside 69-kV line - 103.4% 95.3% Seneca - Bell Center 161-kV line Adjust Lone Rock phase
shifter to O deg
3 Sun Valley - Oregon 69-kV line -- 97.0% -- Kegonsa - Stoughton North 69-kV line Potential OL:Z?;Z substation
. 2017 Construct double-circuit
3 Stoughton - Sheepskin 69-kV line = 113.6 - 109.5% = McCue - Harmony 69-kV line line between McCue and
Harmony - Lamar 69-kV line .
Lamar substations
. . . . . Potential ~2 mile line uprate
- - - 0, - - -
3 West Middleton - West Towne 69-kV line 101.1% West Middleton - Pleasant View 138-kV line from 83 MVA to 106 MVA
Gran Grae - Wauzeka 69-kV line
. . . . Wauzeka - Boscobel 69-kV line .
3 Lone Rock - Pine River - Brewer - Rlchlaqd Center 69-kV line B 2946 -103.4% 203.5 - 95.2% Boscobel - Blue River 69-KV line Ad]USt. Lone Rock phase
and Lone Rock phase shifter . . shifter to -10 deg
Blue River - Muscoda 69-kV line
Muscoda - Avoca 69-kV line
3 Lone Rock, Pine River, Brewer, Richland Center 69-kV buses -- 84.1-87% 87.2 - 89.5% System intact Adjust Il_one Rock phase
shifter to 0 deg
Install 2-16.33 Mvar 69-kV
3 Eden 138-kV bus -- 95.8% -- System intact capacitor banks at Eden
Substation
. DPC Galena - Pilot 69-kV line DPC outage. Potential
- - - 0, _—
3 Miner, Shullsburg and Benton 69-kV buses 89.4 - 91.6% Pilot -Terr Tap 69-KV line capacitor bank on Y130
Brodhead Muni 3, Brodhead Muni 2, Brodhead Muni 1, Brodhead Switching Station - Brodhead Muni 3 69- Install a 138/69-kV
3 Brodhead, RCEC Orfordville, Bass Creek, Footville, Center, -- 87.4-91.9% -- kV line transformer at Bass Creek
Union Townline and Evansville 69-kV buses Brodhead Muni 3 - Brodhead Muni 2 69-kV line Substation
Install 1-8.16 MVAR capacitor
Gran Grae - Wauzeka 69-kV line bank at Boscobel 69-kV
3 Wauzeka, Boscobel, Blue River, Muscoda, Avoca 69-kV buses -- 88.2-91.8% 91.3-91.7% Wauzeka - Boscobel 69-kV line Substation and upgrade
Spring Green 138/69-kV transformer #31 existing 5.4 MVAR bank with
an 8.16 MVAR bank
Install 2-16.33 Mvar 69-kV
3 Spring Green, Wyoming Valley and Eden 138-kV buses -- 91.5-91.7% -- Lake Delton - Trienda 138-kV capacitor banks at Eden
Substation
3 Gays Mills 69-kV bus -- 90.9% -- Seneca - Bell Center 161-kV line Adjust Il_one Rock phase
shifter to 0 deg
. Nelson Dewey - Lancaster 138-kV line Adjust Lone Rock phase
— — - 0,
3 Lone Rock Phase shifter 1204 -119.3% Lancaster - Eden 138-kV line shifter to 0 deg
5 Arcadian 345/138-kV transformer #3 108.7% 111.4% 98.2% Arcadian 345/138-kV transformer #1 Replace Arcadian
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Table ZS-3a

2009 10-Year Assessment - 2019 Futures Constraints

2019 Summer Peak Case

2019 DOE 20% Wind Future

2019 Slow Growth Future

Plgg:leng Criteria Exceeded/Need % of Facility | % of Nominal [ % of Facility | % of Nominal| % of Facility | % of Nominal Facility Outage(s) Project/Mitigation
Rating Bus Voltage Rating Bus Voltage Rating Bus Voltage
Arcadian 345/138-kV transformer #2 97.6% 100.7% 95.2% transformers or investigate
Load shift — investigate future
. . . projects to resolve loading on
5 Branch — Kansas 138-kV line 100.5% - - Oak Creek — Pennsylvania 138-kV line the Branch - Kansas 138KV
line.
Upgrade Arcadian —
5 Arcadian 6 — Waukesha3 138-kV line 112.6% 111.9% 103.1% Arcadian4- Waukeshal 138-kV line Waukesha 138-kV lines or
investigate other alternatives
5 Oak Creek - ElIm Road 345/138-kV transformer #844 -- 99.5% 98.4% Bain - Kenosha 138-kV line
5 Granville 345/138-kV transformer #3 -- 97.5% -- Granville 345-kV 1-2 bus tie
5 Maple - Saukville 138-kV line -- 100.7% -- Bark River — Sussex 138-kV line
5 Kenosha - Lakeview 138-kV line -- -- 95.2% Pleasant Prairie - Zion 345-kV line
5 95.8% 95.6% System Intact Increase Germantown
Bark River 138-kV bus 91.8% 90.3% == Bark River — Sussex 138-kV line generation
-- 89.2% Maple — Saukville 138-kV line
5 Hartford 138-kV bus -- -- 91.6% Hartford - St. Lawrence 138-kV line
Load shift — Investigate future
5 Tichigan 138-kV bus 91.4% -- -- Burlington 138-kV 1-2 bus tie projects for voltage support at
Tichigan
95.5% 93.3% 95.5% System Intact
88.7% -- 88.7% Maple — Saukville 138-kV line
5 Germantown 138-kV bus == 89.8% -- Bark River -Germantown 138-kV line Increase Germantown
-- 89.6% -- Bark River -Sussex 138-kV line generation
== 88.8% == Germantown - Maple 138-kV line
-- 80.0% -- Maple — Saukville 138-kV line
95.7% 93.7% 95.7% System Intact
-- 90.5% -- Bark River - Sussex 138-kV line Increase Germantown
5 Maple 138-kV bus -- 90.8% -- Bark River - Germantown 138-kV line generation
88.2% 79.3% 88.3% Maple — Saukville 138-kV line
i o 95.3% _ System Intact
5 Cottonwood 138-kV bus 95.3% 91.1% Bark River - Sussex 138-kV line
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TABLE Z2S-4

PERFORMANCE CRITERIA LIMITS EXCEEDED AND OTHER CONSTRAINTS - 2024 Summer Peak Case

Planning
Zone

Criteria Exceeded/Need

2024 Summer Peak Case
without Nelson Dewey

% of Facility
Rating

% of Nominal
bus voltage

Facility Outage(s)

Project or Mitigation

Berlin, River Run, Fountain Valley, Redgranite,
ACEC Spring Lake, Silver Lake, Fox River 69-
kV bus

93.9% - 95.4%
80.1% - 91.9%

Intact System
Wautoma - Silver Lake Tap 69-kV
line
Sunset Point - Winneconne 69-kV
line
Ripon - Northwest Ripon Tap 69-kV
line
Silver Lake - ACEC Spring Lake 69-
kV line

Dartford, Northwest Ripon, Ripon Industrial
Park, Ripon, Southwest Ripon
69-kV bus

92.6% - 95.9%
77.5% - 91.8%

Intact System

Ripon - Northwest Ripon Tap 69-kV

line
Metomen - Ripon 69-kV line

Sunset Point - Winneconne 69-kV
line

Wautoma - Silver Lake Tap 69-kV
line

Winneconne, Omro, Omro Industrial Park 69-
kV bus

94.3% - 94.7%
75.4% - 91.9%

Intact System
Sunset Point - Winneconne 69-kV
line
Winneconne - Omro Tap 69-kV line
Ripon - Northwest Ripon Tap 69-kV
line
Metomen - Ripon 69-kV line

Grand Marsh (PP&L), ACEC Brooks,
Lincoln Pumping Station, ACEC Quincy
69-kV bus

87.5% -91.7%

Necedah Tap - Big Pond 69-kV line
Necedah Tap - Whistling Wings Tap
69-kV line
Chaffee Creek - Coloma Tap 69-kV
line
Lincoln Pumping Station - Coloma
Tap 69-kV line

Sigel, Lakehead Pipeline, Vulcan,
Port Edwards, Hollywood, Saratoga
138-kV bus

90.6% - 91.9%

Sigel - Arpin 138-kV line

No project needed at this time

Petenwell, Council Creek 138-kV bus

93.9% - 94.2%
91.1% - 91.9%

Intact System
Saratoga - Petenwell 138-kV line
Sigel - Arpin 138-kV line
Council Creek - Council Creek DPC
69-kV line
Baker - Coyne 115-kV line

Monroe County — Council Creek
161-kv line

Baker, Saratoga 115-kV bus

95.8% - 95.9%
90.1% - 91.2%

Intact System
Baker - Coyne 115-kV line

No project needed at this time
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TABLE Z2S-4

PERFORMANCE CRITERIA LIMITS EXCEEDED AND OTHER CONSTRAINTS - 2024 Summer Peak Case

Planning
Zone

Criteria Exceeded/Need

2024 Summer Peak Case
without Nelson Dewey

% of Facility
Rating

% of Nominal
bus voltage

Facility Outage(s)

Project or Mitigation

Necedah, Whistling Wings, ACEC Dellwood,

Friendship, ACEC Friendship, Houghton Rock,

McKenna
69-kV bus

78.8% - 91.9%

Necedah Tap - Big Pond 69-kV line
Big Pond — Petenwell 69-kV line
Necedah Tap - Whistling Wings Tap
69-kV line
Whistling Wings Tap - Dellwood
ACEC 69-kV line

McKenna Capacitor Expansion

Lakehead Pipeline, Endeavor, Roslin ACEC,
Montello ACEC 69-kV bus

88.2% - 90.9%

Portage - Lakehead Pipeline 69-kV
line
Lakehead Pipeline - Endeavor 69-kV
line
Endeavor - Roslin ACEC - 69-kV
line

Sand Lake, Wautoma 138-kV bus

94.7% - 94.9%
91.4% - 91.7%

Intact System
Sigel - Arpin 138-kV line
Port Edwards - Sand Lake 138-kV
line

Green Lake , Roeder 138-kV bus

95.6% - 95.9%

Intact System

No project needed at this time

ACEC Winnebago, ACEC Glen, Neenah
Creek, ACEC Chateau 69-kV bus

90.1% - 91.7%

Kilbourn - Winnebago ACEC 69-kV
line

Plainfield, Sand Lake, ACEC Hancock,
Hancock, Coloma, Chaffee Creek,
ACEC Coloma
69-kV bus

88.9% - 91.9%

Sand Lake 138/69-kV transformer
Sand Lake Tap - Sand Lake 69-kV
line
Necedah Tap - Big Pond 69-kV line

Castle Rock 69-kV bus

90.9%

Necedah Tap - Big Pond 69-kV line

No project needed at this time

Fairwater, Brandon, Metomen
69-kV bus

88.4% - 91.4%

Metomen 138/69-kV transformer
Sunset Point - Winneconne 69-kV
line

Antigo, Aurora Street 115-kV bus

90.6% - 90.7%

Antigo - Black Brook 115-kV line

No project needed at this time
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TABLE Z2S-4

PERFORMANCE CRITERIA LIMITS EXCEEDED AND OTHER CONSTRAINTS - 2024 Summer Peak Case

Planning
Zone

Criteria Exceeded/Need

2024 Summer Peak Case
without Nelson Dewey

% of Facility
Rating

% of Nominal
bus voltage

Facility Outage(s)

Project or Mitigation

Harrison, Manawa 69-kV bus

91.8% - 91.9%

Harrison 138/69-kV transformer

No project needed at this time

Wittenburg 69-kV bus

91.3%

Whitcomb - Wittenberg CWEC 69-kV

No project needed at this time

line
1 Arnott 69-kV bus 91.5% Arnott 138/69-kV transformer No project needed at this time
95.1% Intact System
1 Metomen 138-kV bus 91'6°/Z North Fond du Lac - Metomen 138- No project needed at this time
] kV line
1 Turtle ACEC 69-kV bus 91.9% Portage - Lakgg_eka\;j”F:gellne Portage No project needed at this time

Council Creek - Tunnel City Tap 69-kV line
Petenwell 138/69-kV transformer

94.0% - 96.0%

Intact System

North Randolph - Markesan - Mackford Prairie 97.3% - . .
1 - Ripon 69-KV line 113.9% Metomen - Ripon 69-kV line
1 Arnott 138/69-kV transformer 107.1% Harrison 138/69-kV transformer
Sunset Point - Winneconne 69-kV
. . 105.8% - line
1 Berlin - Dartford 69-kV line 108.5% Ripon - Northwest Ripon Tap 69-kV
line
1 Caroline 115/69-kV transformer 123.0% Whitcomb 115/69-kV transformer
1 Chaffee Creek - Coloma Tap 69-kV line 101.2% Necedah Tap - Big Pond 69-kV line
1 Council Creek - Tomah Industrial 108.0% Intact System

Park Tap 69-kV line

Page 3




TABLE Z2S-4

PERFORMANCE CRITERIA LIMITS EXCEEDED AND OTHER CONSTRAINTS - 2024 Summer Peak Case

2024 Summer Peak Case

Planning I without Nelson Dewey o . —
Zone Criteria Exceeded/Need % of Fadility % of Nomina Facility Outage(s) Project or Mitigation
Rating bus voltage
Intact System
116.0% Arnott 138/69-kV transformer
1 Harrison 138/69-kV transformer 95.9% - Whitcomb - Rosholt Tap 69-kV line
100.2% lola - lola CW Tap 69-kV line
Wautoma 138/69-kV transformer
Necedah Tap - Big Pond 69-kV line
Necedah Tap - Whistling Wings Tap
. 69-kV line
McKenna - ACEC Quincy - 102.9% - i . Uprate Castle Rock - McKenna 69-
1 Castle Rock 69KV line 130.6% Dellwood ACEC - Whistling Wings KV line
Tap 69-kV line
Petenwell - Big Pond 69-kV line
Petenwell 138/69-kV transformer
Intact System
Sunset Point - Winneconne 69-kV
s North Randolph I-ml\jllarkesan Tap 69-
1 Metomen - Ripon 69-kV line 95.1% - PV lins P
0,
LT Winniconne - Omro Tap 69-kV line
Mackford Praire - Markesan Tap 69-
kV line
Intact System
North Fond du Lac - Rosendale Tap
69-kV line
106.0% Metomen - Rosendale Tap 69-kV Metomen Transformer
1 Metomen 138/69-kV transformer 101.6% - line Replacement
125.4% Sunset Point - Winneconne 69-kV P
line
North Randolph - Markesan Tap 69-
kV line
Sunset Point - Winneconne 69-kV
line
Winniconne - Omro Tap 69-kV line
96.1% - Omro - Omro Industrial Tap 69-kV
1 Northwest Ripon - Ripon 69-kV line 13'8 5%/ line
e Wautoma - Silver Lake Tap 69-kV
line
Silver Lake - ACEC Spring Lake 69-
kV line
1 Northwest Ripon - Dartford 69-kV line 107.5% Sunset Point - finneconne 63-kV
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TABLE Z2S-4

PERFORMANCE CRITERIA LIMITS EXCEEDED AND OTHER CONSTRAINTS - 2024 Summer Peak Case

2024 Summer Peak Case

Planning I without Nelson Dewey o . —
Zone Criteria Exceeded/Need % of Fadility % of Nomina Facility Outage(s) Project or Mitigation
Rating bus voltage
1 Omro - Omro Industrial 69-kV line 101.1% Ripon - Northwest Ripon Tap 69-kV
Intact System
Ripon - Northwest Ripon Tap 69-kV
105.7% line
1 Omro - Winneconne 69-kV line %6 8'0/ ‘i Metomen - Ripon 69-kV line
Winneconne - Sunset Point 69-kV line 13'4 5%/ Northwest Ripon Tap - Dartford Tap
e 69-kV line
Wautoma - Silver Lake Tap 69-kV
line
1 Plover - Coyne 115-kV line 96.1% Rocky Run - Coyne 115-kV line No project needed at this time
Rocky Run 345/115 kV Transformer
T2
Rocky Run 345/115 kV Transformer
1 Rocky Run 345/115-kV transformer T4 Sl - L
104.5% Sigel - Arpin 138-kV line
Werner West - White Lake 138-kV
line
Arpin 345/138-kV transformer
Rosendale - North Fond du Lac 9
1 69-kV line 101.4% Metomen 138/69-kV transformer
. Wautoma 138/69-kV transformer . -
- _ o/ _ 0,
1 Sand Lake - Sand Lake Tap 69-kV line 96.2% - 99.2% Necedah Tap - Big Pond 69-kV line No project needed at this time
Intact System
Sand Lake Tap - Sand Lake 69-kV
line
120.0%
Sand Lake 138/69-kV transformer
- % -
1 Wautoma 138/69-kV transformer ??é)é;/ Portage - Lakehead Pipeline Portage
e 69-kV line
Ripon - Northwest Ripon Tap 69-kV
line
. 112.2% Intact System
1 Whitcomb 115/69-kV transformer 101.4% Caroline 115/69-kV transformer
3 North Monroe 138/69-kV transformer 100% System intact Bass Creek transformer project
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TABLE Z2S-4

PERFORMANCE CRITERIA LIMITS EXCEEDED AND OTHER CONSTRAINTS - 2024 Summer Peak Case

2024 Summer Peak Case

Planning I without Nelson Dewey o . —
Zone Criteria Exceeded/Need % of Fadility % of Nomina Facility Outage(s) Project or Mitigation
Rating bus voltage
Construct double-circuit line
3 McCue-Harmony-Lamar 69-kV line 102%-99% System Intact between McCue and Lamar
substations
DPC Galena-Pilot 69-kV line; Pilot- .
3 Hillman 138/69-KV transformer 111.4%- ferr TP 69K\ line; Terr Tap- Hilman 1 ;g?egf:f\t/l ransiommer
100.4% LNGHLLW8 69-kV line; LNGHLLW8- ;
Galna T8 69-kV line with a 100 MVA transformer
McCue-Lamar line uprate and
. ; A T o/ @ . . construct double-circuit line
3 McCue-Harmony-Lamar 69-kV line 119.8%-96.1% Several single contingency outages between McCue and Lamar
substations
Paddock-Newark 69-kV line;
Brodhead Switching-Spring Grove
69-kV; Spring Grove-Whistling Wind
69-kV line; Whistling Wind-Black
Smith 69-kV line; North Monroe-
Monticello 69-kV; Monticello-New
. Glarus 69-kV; Darlington- Gratiot .
- - o/ _ 0, 3
3 North Monroe-Idle Hour 69-kV line 118.5%-95.8% 69-kV line: Darlington 138/69-KV Bass Creek transformer project
transformer; Browntown-Jennings
Road 69-kV line; South Monroe-
Browntown 69-kV line; Gratiot-Wiota
69-kV line; Wiota-Jennings Rd 69-kV
line; Brodhead-Newark 69-kV line;
Paddock 138/69-kV transformer
. Oak Ridge-Verona 138-kV line; . .
- - 0, ) _
3 Stoughton South-Stoughton 69-kV line 103.3% Verona 138/69-kV transformer Potential Y-127 line uprate
3 Sun Valley-Oregon 69-kV line 100.9% Stoughton SOUtl?r;itOUthon 69-kV Potential Oregon terminal uprate
Darlington 138/69-kV transformer; .
- o/ _ 0, ;
3 North Monroe 138/69-kV transformer 97.1%-96.6% Paddock-Newark 69-kV line Bass Creek transformer project
3 Paddock-Newark 69-kV line 96.8% North Monroe-Idle Hour 69-kV line Bass Creek transformer project
— Sheepskin substation project
o/ _ - -
3 Dana — Sheepskin 69-kV line 11%‘5210/; '\l"j;?rfgragrzg gg_'@// ::22 which will uprate Y-61 Sheepskin-
e y Dana 69-kV line to 95 MVA
nd .
3 Spring Green 138/69-kV transformer 96.3% Gran Grae-Wauzeka 69-kV line 2" Spring Green transformer

project
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TABLE Z2S-4

PERFORMANCE CRITERIA LIMITS EXCEEDED AND OTHER CONSTRAINTS - 2024 Summer Peak Case

2024 Summer Peak Case

Planning L without Nelson Dewey - . e
Zone Criteria Exceeded/Need % of Fadility % of Nomina Facility Outage(s) Project or Mitigation
Rating bus voltage
Spring Green 138/69-kV transformer;
Lone Rock-Spring Green 69-kV line;
Nelson Dewey-Lancaster 138-kV Uprate Y-40 Gran Grae-Boscobel
3 Gran Grae-Wauzeka-Boscobel 69-kV line 107.3%-99.4% line; Lancaster-Eden 138-kV line; 69-kV line to achieve a 99 MVA
Eden-Wyoming Valley 138-kV line; summer emergency rating
Spring Green-Wyoming Valley 138-
kV line
Short term: uprate the West
Middleton-Timberlane section from
Spring Green 138/69-kV transformer; 83 MVA to 106 MVA (negd check
Nelson Dewey-Lancaster 138-kV the underground cable ratings) and
line; Lancaster-Eden 138-kV line; c uprr]ate tthe ?mbeSgn&;/SAtatge{] 15
, , Verona-Oak Ridge 138-kV line; Ao S °
West Middleton-Timberlane-Stage Coach 69- 8 o ! MVA SE.
3 . 121.4%-96.2% Verona 138/69-kV transformer; . . ~nd .
kV line S Long term: potential 2™ 69-kV line
Verona-SW Verona 69-kV line; Gran between West Middleton-Stage
Grae-Wauzeka 69-kV line; Wauzeka- Coach (built for future 138 kV?'
Boscobel 69-kV line; Trienda-Lake P ial 138-kV line fi ’
Delton 138-kV line otential new 138-kV line from
West Middleton-Stage Coach and
install a 138/69-kV transformer at
Stage Coach
nd .
3 Stage Coach-Black Earth 69-kV line 104.4% Spring Green 138/69-kV transformer; 2" Spring (;;gjeerlttransformer
North Madison 138/69-kV Potential Y132 line switch
3 Waunakee Industrial Park-Huiskamp 69-kV line | 108.7%-98.7% transformer ; West Middleton- replacement project at Waunakee

Pheasant Branch 69-kV line

Industrial Park to achieve 170
MVA SE

West Middleton-Pheasant Branch 69-kV line

96.9%

Waunakee Switching Station-
Waunakee 2 69-kV line

A potential new 69-kV line
between West port and Huiskamp
or a potential voltage conversion
from West Middleton-Huiskamp or
a new 138-kV line from West
Middleton-Huiskamp and step
down transformer at West Port or
Pheasant Branch
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TABLE Z2S-4

PERFORMANCE CRITERIA LIMITS EXCEEDED AND OTHER CONSTRAINTS - 2024 Summer Peak Case

2024 Summer Peak Case

Planning I without Nelson Dewey o . —
Zone Criteria Exceeded/Need % of Fadility % of Nomina Facility Outage(s) Project or Mitigation
Rating bus voltage
Short term: potential 2017
Waunakee Switching Station-
Waunakee 2-West Port 69-kV 3.73
miles of line (Y-131) and terminal
uprate to achieve 115 MVA SE
Waunakee Switching Station-Waunakee 2- 113.9%- West Middleton-Pheasant Branch Long term: A potential new 69-kV
3 . 2 . line between West port and
West Port 69-kV line 102.2% 69-kV line . )
Huiskamp or a potential voltage
conversion from West Middleton-
Huiskamp or a new 138-kV line
from West Middleton-Huiskamp
and step down transformer at West
Port or Pheasant Branch
. Potential project to remove the CT,
. 2" West Middleton 138/69-kV relay and RTU limitations for the
- 0,
3 West Middleton 138/69-kV transformer 9% transformer transformer T3 to improve the SE
rating from 191 MVA to 239 MVA
. ) N . T 125.7%- Royster-AGA tap 69-kV line; AGA Loop Ninesprings-Pflaum line in
3 Fitchburg-Syene-Ninesprings 69-kV line 102.3% tap-Pflaum 69-kV line and out of Femrite
. Fitchburg-Syene 69-kV line; Loop Ninesprings-Pflaum line in
- - _ 0/ _ 0,
3 Royster-AGA tap-Pflaum 69-kV line 122.7%-97.8% Ninesprings-Syene 69-kV line and out of Femrite
. . West Middleton-Pleasant View 138- Potential ~2 mile line uprate from
A - 0,
3 West Middleton-West Town 69-kV line 97.7% KV line 83 MVA to 106 MVA
Uprate the 6986 Royster to
3 Royster-Sycamore 69-kV line 99.5% Femrite 138/69-kV transformer Sycamore 69-kV line to 115 MVA
or potential 2" Femrite transformer
Verona, Oak Ridge, Fitchburg, Pleasant View, Dane County voltage support
McFarland, Sprecher, Kegonsa, Reiner, West 0 0 . project which potentially include
3 Middleton, Femrite, Sycamore and Cross 92.5%-95.8% System intact capacitor banks at Verona, Oak
Country 138-kV buses, Gaston Rd 69-kV bus Ridge, Femrite, Reiner Road
Eden capacitor banks;
. . Mazomanie capacitor banks;
3 Eden, Wyoming, Slf\;' r;)%gerseen, and Troy 138- 93.8%-94.4% System intact Boscobel capacitor banks; or
Potential 138-kV line from West
Middleton-Spring Green substation
3 Miner, Benton and Shullsburg 69-kV buses 89.8%-91.9% DPC Galena-Pilot 69-kv I|r.1e; Pilot- Need to discuss with DPC
Terr TP 69-kV line;
3 Spring Green and LAL/] i(;r:lng Valley 138-kV 91.7% Gran Grae 138/69-kV transformer Eden capacitor bank project
Harmony, Lamar, Fulton, Saunders Creek ,
3 Dana, Sheepskin, Bass Creek, Footville, 80.3%-91.8% McCue-Harmony 69-kV line; Lamar 2-16.33 Mvar 69-kV
. 0= . (o]

Center, Union Townline, Orfordville and
Evansville 69-kV buses

Harmony-Lamar 69-kV line

capacitor banks;
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TABLE Z2S-4

PERFORMANCE CRITERIA LIMITS EXCEEDED AND OTHER CONSTRAINTS - 2024 Summer Peak Case

2024 Summer Peak Case

Plggrr:l:g Criteria Exceeded/Need 7 (\)Afnlt:goc?ltityelsof’coI?)?Vlgli%inal Facility Outage(s) Project or Mitigation
Rating bus voltage
Verona 1-16.33 Mvar 69-kV
3 Verona 138-kV bus 83.2% Verona-Oak Ridge 138-kV line; capacitor bank / Adjust Verona
138/69-kV transformer setting
Verona, Sun Valley and SW Verona 69-kV Verona-Oak Ridge 138-kV line; . .
3 %uses 91.1%-91.7% Verona 138/69_8\/ transformer Verona capacitor bank project
3 Oak Ridge 138-kV bus 91.6% Kegonsa-Oak Ridge 138-kV line Dane County capacitor bank
support project
3 SW Verona, Mount Horeb 69-kV buses 87.1%-91.1% Verona-SW Verona 69-kV line Potential Mount Horeb cgpamtor
bank upagrade or addition
. . Potential 2™ Hillman transformer
3 Hillman, EImo,CMcGregor, Platteville and Cuba 91 %-91.7% Hillman 138/69-kV transformer instead of the existing Hillman
ity 69-kV buses .
transformer replacement project
3 Hooterville 69-kV bus 91.8% Eden 138/69-kV transformer Eden capacitor bank project
3 Idle Hour, Monroe, South Monroe 69-kV buses 91.3%-91.8% North Monroe-ldle Hour 69-kV line Bass Creek transformer project
Brodhead Muni 3, Brodhead Muni 2, Brodhead Brodhead Switching Station-
3 Muni 1, Brodhead, RCEC Orfordville, Bass 88.6%-91.4% Brodhead Muni 3 69-kV line; Install a 138/69-kV transformer at
Creek, Footville, Center, Union Townline and DA Brodhead Muni 3-Brodhead Muni 2 Bass Creek Substation
Evansville 69-kV buses 69-kV line
3 Evansville and Union Townline 69-kV buses 91.1%-91.5% Sheepskin-Evansville 69-kV line Bass Creek transformer project
Wauzeka, Boscobel, Blue River, Muscoda 69- Gran Grae-Wauzeka 69-kV line:
3 kV buses, Spring Green, Eden, Wyoming 88.8%-91.8% W L Boscobel capacitor bank project
auzeka-Boscobel 69-kV line
Valley and Troy 138-kV buses
3 Muscoda 69-kV bus 91.9% Muscoda-Avoca 69-kV line Boscobel capacitor bank project
3 Avoca, Muscoda 69-kV buses 90.4%-90.7% Lone Rock-Avoca 69-kV line Boscobel capacitor bank project
Install 1-8.16 MVAR capacitor
Muscoda, Lone Rock, Avoca, Boscobel, Blue . . bank at Boscobel 69-kV Substation
3 River 69-KV buses 88.4%-91.8% | Lone Rock-Spring Green 69-kV line and upgrade existing 5.4 MVAR
bank with an 8.16 MVAR bank
Muscoda, Lone Rock, Avoca, Boscobel, Blue
3 River, Spring Green, Arena, Mazomanie, Black 87.3%-91.7% | Spring Green 138/69-kV transformer 2" Spring Green transformer
Earth 69-kV buses
3 Arena 69-kV bus 91.7% Spring Green-Arena 69-kV line Mazomanie capacitor banks
Eden capacitor banks; Mazomanie
3 Spring Green and L/Vyoming Valley 138-kV 91.6% West Middleton-.TimberIane 69-kV capg?;irt)gfItt(;rrlz:;nl(;?’P%(t)esr?tci)gle'll 38-
uses line kV line from West Middleton-
Spring Green substation
3 Gaston Road and Cottage Grove 69-kV buses 90.6%-91.4% | Kegonsa-Cottage Grove 69-kV line Sun Prairie capacitor banks
3 McFarland, Femrite and Sprecher 138-kV 91%-91.9% Kegonsa-McFarland 138-kV line; Femrite capacitor banks

buses

McFarland-Femrite 138-kV line
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TABLE Z2S-4

PERFORMANCE CRITERIA LIMITS EXCEEDED AND OTHER CONSTRAINTS - 2024 Summer Peak Case

2024 Summer Peak Case

Plggrr:l:g Criteria Exceeded/Need 7 (\)Afnlt:goc?ltityelsof’coI?)?Vlgli%inal Facility Outage(s) Project or Mitigation
Rating bus voltage
. T Reiner 138/69-kV transformer;
3 Burke, Rgé?grrédsﬁggﬁrk?}rfdi!d Stand 89.1%-91.9% Reiner-Burke Tap 69-kV line; Sun Prairie capacitor banks
Colorado-Burke Tap 69-kV line
3 Spring Green and L/\L/])é(;r:mg Valley 138-kV 91.7% Birchwood-Loch Mirror 138-kV line Eden capacitor banks
3 Spring Green 138-kV bus 91.9% Necedah Tap-Big Pond 69-kV line Eden capacitor banks
Short term: potential capacitor
banks at Pheasant Branch.
Long term: A potential new 69-kV
line between West port and
West Middleton-Pheasant Branch Huiskamp or a potential voltage
- 0,

3 Pheasant Branch 69-kV bus S 69-kV line conversion from West Middleton-
Huiskamp or a new 138-kV line
from West Middleton-Huiskamp

and step down transformer at West
Port or Pheasant Branch
3 AGA tap, AGA, Pflaum, Ninesprings and 90%-91.9% Royster-AGA tap 69-kV line; AGA Loop Ninesprings-Pflaum line in
Pflaum tap 69-kV buses e e tap-Pflaum 69-kV line and out of Femrite
Nelson Dewey-Lancaster 138-kV
. . line; Lancaster-Eden 138-kV line;
3 Lancas_lt_(racr), nggrgggn\qaélgyk’vs EﬂggsGreen, 86.4%-91.7% | Eden-Wyoming Valley 138-kV line; Eden capacitor banks
y Wyoming Valley-Spring Green 138-
kV line
Nelson Dewey-Potosi 138-kV line;
- . . Potosi-Hillman 138-kV line; Hillman-
3 POtOEI(’j;1'Imsg’hﬁﬁggée,]vggs\’/%irslgfton’ 87.5%-91.9% Lafayette Wind 138-kV line; North Monroe capacitor banks
’ Lafayette Wind-Darlington 138-kV
line
3 Albany, North Monroe and Darlington 138-kV 87.9%-91.8% Townline-Albany 138-kV Ilnq; North North Monroe capacitor banks
buses Monroe-Albany 138-kV line
Spring Green-Troy 138-kV line; Eden capacitor banks; Boscobel

3 Spring Green 138-kV bus 91.3%-91.7% | Spring Green-Wyoming Valley 138- capacitor banks; Mazomanie

kV line capacitor banks

3 Troy, Spring Gre?géi(\j/eguasl‘; Wyoming Valley 89.2%-91.5% Troy-Kirkwood 138-kV line Eden capacitor banks

Verona, Oak Ridge, Fitchburg, Hawk, Pleasant
3 View, West Middleton and Cross Country , 90%-91.6% Rockdale-West Middleton 345-kV Dane County voltage support

Spring Green, Troy and Wyoming Valley 138-
kV buses, West Middleton 345-kV bus

line

project
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TABLE Z2S-4

PERFORMANCE CRITERIA LIMITS EXCEEDED AND OTHER CONSTRAINTS - 2024 Summer Peak Case

2024 Summer Peak Case

Planning I without Nelson Dewey o . —
Zone Criteria Exceeded/Need % of Fadility % of Nomina Facility Outage(s) Project or Mitigation
Rating bus voltage
Lewiston, East Dells, Kilbourn, Loch Mirror, Lf:lfeDgéﬁ?gr;ﬁrrlrgg;d,]g%f_s'klilvlilr']r;e’
Birchwood, Zobel, Nishan, Artesian, Rock Trienda-Lewiston 138-kV line ’ Potential Lake Delton-Birchwood
3 Springs, Kirkwood, City View , Kirkwood, Lake 86.0%-91.9% Lewiston-Kilbourn 138-kV line a’nd 138-kV line or a new 138-kV line
Delton, Spring Green, Wyoming Valley and Trienda-Kilb 138-KV i source into the Reedsburg loop
Troy 138-kV bus voltages rienda-Kilbourn 138-kV line
(ATC_B2_X-68 outage)
3 Spring Green and L/\L/])é(;r;mg Valley 138-kV 91.9% Portage-Columbia 138-kV line Eden capacitor banks
3 Spring Green and L/\L/é(;r;mg Valley 138-kV 91.6%-91.7% | Columbia 345/138-kV transformer 2 Eden capacitor banks
3 Reiner 138-kV bus 91.8% Reiner —Sycamore 138-kV line Sun Prairie capacitor banks
Verona, Oak Ridge, Fitchburg, Hawk, Pleasant . ) . )
3 View, West Middleton and Cross Country 138- 88.8%-91.3% West MlddletoEVP:gasant View 138 Dane County \{olt?ge support
KV buses ine projec
Verona, Oak Ridge, Fitchburg, Hawk, Pleasant
3 View, West Middleton and Cross Country , 90.2%-91.9% West Middleton 345/138-kV Dane County voltage support
Spring Green and Wyoming Valley 138-kV e oTTE transformer project
buses
Columbia Unit 1 outage; Columbia
Unit 2 outage;
King-Eau Claire-Arpin 345-kV line;
. . King-Eau Claire-Arpin 345-kV
3 Spring Green, Eq]%rg_\lgllygumslgg Valley and Troy 89.5%-91.9% Operating guide; Eau Claire-Arpin Eden capacitor banks
345-kV line;
Eau Claire-Arpin 345-kV Operating
guide; Columbia 345/138-kV
transformer 1 and 3 outage
Outage of DPC Genoa-Seneca 161-
kV line plus Genoa-Lansing 136 kV
3 Eden 138-kV bus 91.9% line plus Genoa 161/69-kV Eden capacitor banks
transformer plus Genoa-Lac Tap
161-kV line
0,
g?;é" Intact System
=70 Beloit Gateway-Dickinson 138-kV
line
104.3% . .
Paddock-Shirland 69-kV line
- 0,
3 Colley Road 138/69-kV transformer :]](1)320;0 Paddock 138/69-KV transformer
99 '40/" Shaw - Shirland 69-kV line
1 00' 90; Brick Church 138/69-kV transformer
= Colley Road - Dickinson 138-kV line
3 Brick Church 138/69-KV transformer 111.8% North Lake Geneva 138/69-kV

transformer
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TABLE Z2S-4

PERFORMANCE CRITERIA LIMITS EXCEEDED AND OTHER CONSTRAINTS - 2024 Summer Peak Case

2024 Summer Peak Case

Planning I without Nelson Dewey o . —
Zone Criteria Exceeded/Need % of Fadility % of Nomina Facility Outage(s) Project or Mitigation
Rating bus voltage
0,
B Beloit Gateway — Dickinson 138-kV
. . line . .
- - ) -
3 Enzyme Bio-RC3 69-kV line 182;0;0 Brick Church 138/69-KV transformer Y-32 Line Rebuild
e Colley Road — Dickinson 138-kV line
0,
£ Beloit Gateway — Dickinson 138-kV
. . line . .
- - 0 -
3 RC3-Clinton Tap 69-kV line :118123(1)0;0 Brick Church 138/69-KV transformer Y-32 Line Rebuild
P Colley Road — Dickinson 138-kV line
113.1% ;
Cobblestone — Brick Church 69-kV
3 North Lake Geneva — Lake Geneva 69-kV line 95.7% line North Lg';?\ggn,]eggk_vsliﬁzth Lake
e Cobblestone — Zenda Tap 69-kV line
105.2% Intact System .
3 Paddock 138/69-kV transformer 103.7% Colley Road 138/69-kV transformer Bass Creek transformer project
156.0%
Cobblestone — Brick Church 69-kV
129.2% line
3 Lake Geneva - South Lake Geneva 69-kV line Cobblestone — Zenda Tap 69-kV line North Lg';?\ggn,]eggk_vsli?‘zth Lake
102.5% Brick Church 138/69-kV transformer
108.2% Katzenberg-Zenda Tap 69-kV line
. 117.4 Cobblestone — Brick Church 69-kV Uprate / Rebuild Brick Church —
3 Katzenberg-South Lake Geneva 69-kV line line South Lake Geneva 69KV line
3 Shaw — East Rockton 69-kV line 108.7% Paddock 138/69-kV transformer
3 Colley Road — Park Street Tap 69-kV line 98.7% Paddock 138/69-kV transformer
3 Paddock - Shirland 69-kV line 102.1% Colley Road 138/69-kV transformer
3 North Lake Geneva 138/69-kV transformer 97.7% Brick Church 138/69-kV transformer
3 Brick Church - Walworth 69-kV line 113.8% North Lake Geneva 138/69
transformer
. . Lake Geneva - South Lake Geneva Uprate / Rebuild Brick Church —
- - 0,
3 Cobblestone-Brick Church 69-kV line 106.5% 69-KV line South Lake Geneva 69KV line
0,
89.0% Colley Road - Dickinson 138KV line
90.0% Beloit Gateway — Dickinson 138-kV
3 Williams Bay 138-kV bus e line
Beloit Gateway — Brick Church 138-
0,
S KV line
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TABLE Z2S-4
PERFORMANCE CRITERIA LIMITS EXCEEDED AND OTHER CONSTRAINTS - 2024 Summer Peak Case

2024 Summer Peak Case
Planning I without Nelson Dewey o . —
Zone Criteria Exceeded/Need % of Fadility % of Nomina Facility Outage(s) Project or Mitigation
Rating bus voltage
88.7% Beloit Gateway — Dickinson 138-kV
. line
3 Brick Church 138-kV bus 90.5% Beloit Gateway — Brick Church 138-
kV line
95.7% Intact System
3 Fort Atkinson 138-kV bus 91.9% Split Concord 138-kV bus between
buses G and 4
3 Crawfish River 138-kV bus 91.9% Split Concord 138-kV bus between
buses G and 4
95.8% Intact System
89.3% Split Concord 138-kV bus between
3 Butler Ridge 138-kV bus buses 4 and 5
90.8% Split Concord 138-kV bus between
buses G and 4
84.3% Lake Geneva - South Lake Geneva
69-kV line
0, — i -
3 Katzenberg 69-kV bus 90.8% Cobblestone ﬁrr:gk Church 69-kV
North Lake Geneva 138/69-kV
transformer
83.4% Lake Geneva - South Lake Geneva
69-kV line
Katzenberg-South Lake Geneva 69-
3 Twin Lakes 69-kV bus kV line
91.5% North Lake Geneva 138/69-kV
transformer
89.9% Cobblestone — Brick Church 69-kV
line
3 Cobblestone - Zenda tap 69KV line 126.6% Lake Geneva - South Lake Geneva
69-kV line
3 Katzenberg — Zenda tap 69-kV line 109.1% Lake Geneva - SOUt.h Lake Geneva
69-kV line
90.5% Lake Geneva - South Lake Geneva
69-kV line
3 Zenda 69-kV bus 88.1% Cobblestone — Brick Church 69-kV
line
83.7% Lake Geneva - South Lake Geneva
69-kV line
3 South Lake Geneva 69-kV bus North Lake Geneva 138/69-kV
transformer
3 North Lake Geneva 138KV bus 81 '23" Split Burlington 138-kV bus
o0 Colley Road - Dickinson 138-kV line
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TABLE Z2S-4

PERFORMANCE CRITERIA LIMITS EXCEEDED AND OTHER CONSTRAINTS - 2024 Summer Peak Case

2024 Summer Peak Case

Planning I without Nelson Dewey o . —
Zone Criteria Exceeded/Need % of Fadility % of Nomina Facility Outage(s) Project or Mitigation
Rating bus voltage
86.8% Split Concord 138-kV bus between
buses 4 and 5
3 Concord 138-kV bus 89.3% Split Concord 138-kV bus between
buses G and 4
88.9% Split Concord 138-kV bus between
. buses 4 and 5
3 Rubicon 138-kV bus 90.6% Split Concord 138-kV bus between
buses G and 4
0,
3 Bristol 138-kV bus St Colley Road - Dickinson 138V line
0,
3 Delavan 138-KV bus Sz Colley Road - Dickinson 138V line
0,
3 Dickinson 138-kV bus 522 Colley Road - Dickinson 138KV line
0,
S Colley Road - Dickinson 138-kV line
3 Elkhorn 138-kV bus 91.5% Beloit Gateway — Dickinson 138-kV
’ line
3 Cobblestone 69-KV bus 86.8% Cobblestone ~Brick Church 69-kV
91.9% REC LaPrairie — REC Bradford 138-
. kV line
3 West Darien 138-kV bus 91.9% RCEC LaPrairie — Rock River 13-
8kV line
0 irie —
RC2 (RCEC Bradford) 138-kV bus 91.9% REC LaPrairie REC Bradford
3 138KV line
91.9% REC LaPrairie — Rock River 138-kV
line
91.9% REC LaPrairie — Rock River 138-kV
3 RC9 (RCEC LaPrairie) 138V bus iiabaivetia i ad
91.9% REC LaPrairie — Rock River 138-kV
3 Southwest Delavan 138-kV bus arramne _”ngc ver -
91.7% G
3 Lake Geneva 69-kV bus North Lake Geneva 138/69-kV
transformer
95.5% -
3 Okee, Lodi Industrial Park, Lodi 95.9% Intact System No bproiect needed at this time
69-kV bus 90.3% - Dane - Lodi Tap 69-kV line proj
91.5%
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TABLE Z2S-4

PERFORMANCE CRITERIA LIMITS EXCEEDED AND OTHER CONSTRAINTS - 2024 Summer Peak Case

2024 Summer Peak Case

Planning I without Nelson Dewey o . —
Zone Criteria Exceeded/Need % of Fadility % of Nomina Facility Outage(s) Project or Mitigation
Rating bus voltage
Trienda - Lake Delton 138-kV line
Lake Delton - Kirkwood 138-kV line
o/ _ i - i -
3 Lake Delton, Kirkwood 138-kV bus 88.3% Trienda LeW|sFon ACEC 138-kV
91.7% line
Lewiston ACEC - Kilbourn 138-kV
line
North Randolph - Markesan Tap 69-
87.9% - kV line
3 Mackford Prairie, Markesan 69-kV bus 9 1‘ 8‘; Markesan Tap - Mackford Prairie 69-
= kV line
Metomen - Ripon 69-kV line
3 Eagle View 69-kV bus 90.5% Eagle View - Dam Height 69-kV line No project needed at this time
Lake Delton - Trienda 138-kV line
Kilbourn, Loch Mirror, Birchwood, Dell Creek, Trienda - Lewiston ACEC 138-kV
3 Zobel, Nishan, Artesian, Rock Springs 138-kV 87.6% - line Lake Delton — Birchwood 138-kV
bus 91.9% Lewiston ACEC - Kilbourn 138-kV line
line
Kilbourn - Loch Mirror 138-kV line
3 Lewiston 138-kV bus 87.6% Trienda - Lewiston ACEC 138-kV
Trienda - Lewiston ACEC 138-kV
line
3 Artesian - Rock Springs - Kirkwood 95.9% - Trienda - Kilbourn 138-kV line Lake Delton — Birchwood 138-kV
138-kV line 115.2% Kilbourn - Lewiston ACEC 138-kV line
line
Loch Mirror - Kilbourn 138-kV line
3 Columbia 345/138-kV transformer T21 95.7% Columbia 345/138-kV transformer No project needed at this time
T22
3 Columbia 345/138-kV transformer T23 95.7% Columbia 345/138-kV transformer No project needed at this time
T22
3 Kilbourn - Lewiston 138-kV line 101.4% Lake Delton - Trienda 138-kV line
3 Kilbourn 138/69-kV transformer T32 96.3% Kilbourn 139/69 kV transformer T31 No project needed at this time
3 Portage - Columbia 138-kV line 102.3% Portage - Columbia 1 138-kV line

Portage - Columbia 2 138-kV line
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TABLE Z2S-4

PERFORMANCE CRITERIA LIMITS EXCEEDED AND OTHER CONSTRAINTS - 2024 Summer Peak Case

2024 Summer Peak Case

Planning I without Nelson Dewey o . —
Zone Criteria Exceeded/Need % of Fadility % of Nomina Facility Outage(s) Project or Mitigation
Rating bus voltage
3 Portage - Columbia 69-kV line 95.7% Portage 138/69-kV transformer No project needed at this time
3 Portage - Trienda 1 138-kV line 96.4% Portage - Trienda 2 138-kV line No project needed at this time
3 Portage - Trienda 2 138-kV line 107.8% Portage - Trienda 1 138-kV line Upgrade Portage to Trienda 2
Lake Delton - Trienda 138-kV line
o/ _ i - Ki |
3 Trienda - Lewiston 138-kV line 96.0 /% Rock Springs Tap Kirkwood 138-kV
103.4% line
Lake Delton - Kirkwood 138-kV line
N. Randolph — Fox Lake 138-kV line .
3 Academy — Columbus Muni #3 tap 69-kV line 108'40_ Fox Lake — N Beaver Dam 138-kV Horicon — Ea§t Bea\{er Dam 138-
117.9% line kV line project
N. Randolph — Fox Lake 138-kV line .
3 Columbus Muni #3 tap — Columbus 69-kV line 106'50_ Fox Lake — N Beaver Dam 138-kV Horicon — East Beaver Dam 138-
116.1% line kV line project
3 Acedemy 138/69-kV transformer 95.8% N. Randolph — Fox Lake 138-kV line | Horicon — East Beaver Dam 138-
kV line project
N. Randolph — Fox Lake 138-kV line .
3 South Beaver Dam — Center Street 69-kV line | 99.3 — 113.9% Fox Lake — N Beaver Dam 138-kV Horicon — Ea§t Bea\{er Dam 138-
line kV line project
N. Randolph — Fox Lake 138-kV line .
3 South Fond du Lac — Koch Oil tap 69-kV line IR Fox Lake — N Beaver Dam 138-ky | 'oricon — East Beaver Dam 138-
117.9% line kV line project
N. Randolph — Fox Lake 138-kV line .
3 Koch Oil tap — Waupun 69-kV line 2.1~ Fox Lake — N Beaver Dam 138-ky | 'oricon — East Beaver Dam 138-
119.9% line kV line project
N. Randolph — Fox Lake 138-kV line .
3 Hubbard — Horicon Industrial Park 69-kV line | 98.1 - 105.6% Fox Lake — N Beaver Dam 138-ky | Horicon - sast Beaver bam 138-
line ine projec
95.3 - 95.7% Base Case
3 Hubbard and Hustisford 138-kV buses Rubicon — Hustisford 138-kV line | Hrieon - Bast Beaver bam 138-
8409069 | Hustisford — Hubbard 138V line P
' o Concord 138 kV bus tie 4 — 5
Island Street - Kirkwood 69-kV line
Lake Delton - Trienda 138-kV line
Lake Delton - Kirkwood 138-kV line . .
o/ _ - —
3 Dane - Lodi Tap 69-kV line ol /‘; Baraboo Tap - Moore Street Tap 69- Rebuild Dane D.am Heights 69-kV
113.8% KV line line
Island Street - Moore Street Tap 69-
kV line
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TABLE Z2S-4

PERFORMANCE CRITERIA LIMITS EXCEEDED AND OTHER CONSTRAINTS - 2024 Summer Peak Case

2024 Summer Peak Case

Plggzlgg Criteria Exceeded/Need 7 (\)Afnlt:gocLilltityeISO‘;oI?)?Vlgli%inal Facility Outage(s) Project or Mitigation
Rating bus voltage
4 Edgewater — Washington Street 69-kV line 95.2% Edgewater — Nicolet 69-kV line No project identified. Additional
study needed.
4 Canal 138/69-kV transformer #1 97.7% Canal 138/69-kV Transformer #2 No project identified. Additional
study needed.
4 Canal 138/69-kV transformer #2 97.2% Canal 138/69-kV Transformer #1 No project identified. Additional
study needed.
4 Sunset Point 138/69-kV transformer #1 96.7% Sunset Point 138/69-kV Transformer No project identified. Additional
#2 study needed.
4 Bluestone 69-kV bus 91.1% Finger Road — Bluestone 69-kV line No project identified. Additional
study needed.
4 Sister Bay 69-kV bus 94.8% Base case Canal — Dunn Road 138-kV line
project
4 Egg Harbor 69-kV bus 95.6% Base case Canal — Dunn Road 138-kV line
project
4 East Krok and Beardsley 69-kV bus 91.4 - 91.9% East Krok 138/69-kV Transformer No project identified. Additional
study needed.
4 Holland 138-kV bus 90.0% Charter—Holland—Cedersauk 138 kV No project identified. Additional
Charter—Holland 138 kV study needed.
5 Bain 345/138-kV transformer #5 159.7% Splitting Pleasant Prairie 345-kV bus Reduce Pleasgnt Prairie
between buses 3 and 4. generation
5 Albers — Kenosha 138-kV line 101.3% Bain — Kenosha 138-kV line
5 Oak Creek-EIm Road 345/230-kV transformer 95.1% Split Oak Creek gg%'kv bus between Reduce generator #8 output
Arcadian — Waukesha line uprate.
5 Arcadian4- Waukesha1 138-kV line 116.3% Arcadian 6 — Waukesha3 138-kV line Run generation at Concord /
Germantown
Replace Arcadian transformers.
5 Arcadian Transformer #3 114.0% Arcadian transformer #1 Run generation at Concord and
Germantown
Replace Arcadian transformers.
5 Arcadian Transformer #2 102.6% Arcadian transformer #1 Run generation at Concord and
Germantown
5 Branch — Kansas 138-kV line 119.0% Oak Greek — Pannsylvania 138-kV
Arcadian — Waukesha line uprate.
5 Arcadian6 — Waukesha3 138-kV line 115.3% Arcadian 4- Waukesha1 138-kV line Run generation at Concord /

Germantown
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TABLE Z2S-4

PERFORMANCE CRITERIA LIMITS EXCEEDED AND OTHER CONSTRAINTS - 2024 Summer Peak Case

2024 Summer Peak Case

Plggzlgg Criteria Exceeded/Need 7 (\)Afnlt:gocLilltityeISO‘;oI?)?Vlgli%inal Facility Outage(s) Project or Mitigation
Rating bus voltage
99.0% Intact System
100.4% Ok Creek-Nicholson 138-kV line
100.2% Oak Creek—Ramsey 138-kV line
: : 99.5% Nicholson-Ramsey 138-kV line Upgrade Oak Creek-Pennsylvania
5 Oak Creek - Pennsylvania 138-kV line 98.6% Kansas-Ramsey 138-kV line 138-kV line
98.3% Norwich — Ramsey 138-kV line
95.4% Bluemound3 — OC6 230-kV line
Plus other less severe outages
5 Merrill Hills 138-kV bus 95.1% Intact System
5 Glacier 138-kV bus 95.9% Intact System
5 Fredonia 138-kV bus 91.9% Cedarsauk-Fredonia 138-kV line
94.9% Intact System
90.9% Concord-Cooney 138-kV line . :
5 Cooney 138-kV bus 89.9% Split Concord 138-kV bus between Install Summit capacitor banks
buses 4 &5
0,
8411 2302 Intact System
91 -O% Concord-Cooney 138-kV line
5 Cottonwood 138-kV bus ’ Split Concord 138-kV bus between Install Summit capacitor banks
90.6% . buses 4 &5 .
’ Bark River — Cottonwood 138-kV line
94.6% Intact System
: 91.4% Concord-Cooney 138-kV line . .
5 Summit 138-kV bus 90.6% Split Concord 138-kV between bus 4 Install Summit capacitor banks
& the generator bus
87.1% Split Burlington 138-kV bus
5 Tichigan 138-kV bus 90.8% Burlington-Air Liquide-Paris 138-kV
line
87.9% Split Burlington 138-kV bus
5 Burlington 138-kV bus 91.7% Burlington-Air Liquide-Paris 138-kV
line
95.5% Intact System
89.7% Split Concord 138-kV bus between
5 Hartford 138-kV bus buses 4 &5 Install Summit capacitor banks
91.0% Split Concord 138-kV bus between
bus 4 &5
95.9% Intact System
5 St. Lawrence 138-kV bus 91.6% Split Concord 138-kV bus between
buses 4 &5
95.8% Intact System
5 Arthur Road 138-kV bus 91.6% Split Concord 138-kV bus between
buses 4 &5
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TABLE Z2S-4

PERFORMANCE CRITERIA LIMITS EXCEEDED AND OTHER CONSTRAINTS - 2024 Summer Peak Case

2024 Summer Peak Case

Planning I without Nelson Dewey o . —
Zone Criteria Exceeded/Need % of Fadility % of Nomina Facility Outage(s) Project or Mitigation
Rating bus voltage
5 Bark River 138-kV bus 94.8% Intact System
5 Root River 138-kV bus 91.9% Oak Creek-Root River 138-kV line
5 Edgewood 138-kV bus 95.2% Intact System Install Mukwonago capacitor banks
90.1% Edgewood — St. Martin 138-kV line
5 Chinook 138-kV bus 95.2% Intact System
90.1% Edgewood — St. Martin 138-kV line
5 Mukwonago 138-kV bus 95.0% Intact System Install Mukwonago capacitor banks
91.6% Edgewood — St. Martins 138-kV line
0, —_ i -
5 Pleasant Valley 138-kV bus 91.5% Pleasant VaIIey”nSaukwlle 138-kV
0, — i -
5 Pennsylvania 138-kV bus 90.6% Oak Creek P(?ir;nesylvanla 138-kV
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Performance Criteria Limits

455 AMERICAN TRANSMISSION COMPANY ~

Currently, ATC owns or operates transmission facilities in 50 Wisconsin counties
and in 15 Michigan counties.
Facilities include:
* Approximately 9350 miles of transmission lines
* 96 wholly owned substations
* 410 jointly owned substations
* ATC offices in Madison, Cottage Grove, Pewaukee,
De Pere, Wausau and Kingsford, Ml

Modified:March 10, 2009

Exceeded and Other

PLANNING ZONE 5

Low/High Voltages

@ Overloaded Facility
@ New Generation/Stability

Transmission Needed for Load Growth

Y Transmission Service Limiter

The il ion pi in this map d

is advisory and is intended for

Transmission Related Facilities

A Substation, Switchyard or Terminal

only. i Tr

W Proposed/Design/Construction

jon Company owned and operated facility locations are approximate.
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Performance Criteria Limits Exceeded and Other Constraints 2011-2014

PLANNING ZONE 5

455 AMERICAN TRANSMISSION COMPANY ~

Currently, ATC owns or operates transmission facilities in 50 Wisconsin counties

and in 15 Michigan counties. l(-)ow/:-hgg \éogaglle.ts Transmission Related Facilities

Facilities include: @ Overloaded Facility A Substation, Switchyard or Terminal @ ATC Office Location
* Approximately 9350 miles of transmission lines @mm» New Generation/Stability ) ) Ls Generation
* 96 wholly owned substations Transmission Needed for Load Growth 1 Proposed/Design/Construction "
* 410 jointly owned substations @ Transmission Service Limiter = Other Facility

* ATC offices in Madison, Cottage Grove, Pewaukee,
De Pere, Wausau and Kingsford, Ml

The il ion pi in this map d is advisory and is intended for only. i Tr ission Company owned and operated facility locations are approximate.

Modified:March 23, 2009
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Performance Criteria Limits Exceeded and Other Constraints 2015-2019

PLANNING ZO

455 AMERICAN TRANSMISSION COMPANY ~

Currently, ATC owns or operates transmission facilities in 50 Wisconsin counties

and in 15 Michigan counties. Low/High Voltages

Facilities include: @ Overloaded F.acility N
* Approximately 9350 miles of transmission lines @ New Generation/Stability
* 96 wholly owned substations Transmission Needed for Load Growth
* 410 jointly owned substations @ Transmission Service Limiter

* ATC offices in Madison, Cottage Grove, Pewaukee,
De Pere, Wausau and Kingsford, Ml

NE 5

Transmission Related Facilities
A Substation, Switchyard or Terminal @ ATC Office Location

W Proposed/Design/Construction Ls Generation
= Other Facility

The il ion pi in this map d is advisory and is intended for only.

Modified:March 27, 2009

Tr ission Company owned and operated facility locations are approximate.
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PLANNING ZO

455 AMERICAN TRANSMISSION COMPANY ~

Currently, ATC owns or operates transmission facilities in 50 Wisconsin counties

and in 15 Michigan counties. Low/High Voltages

Facilities include: @ Overloaded F.acility N
* Approximately 9350 miles of transmission lines @ New Generation/Stability
* 96 wholly owned substations Transmission Needed for Load Growth
* 410 jointly owned substations @ Transmission Service Limiter

* ATC offices in Madison, Cottage Grove, Pewaukee,
De Pere, Wausau and Kingsford, Ml

Other Constraints 2020-2024

NE 5

Transmission Related Facilities
A Substation, Switchyard or Terminal @ ATC Office Location

W Proposed/Design/Construction Ls Generation
= Other Facility

The il ion pi in this map d is advisory and is intended for only.

Modified:April 24, 2009

Tr ission Company owned and operated facility locations are approximate.



Table PR-18

Zone 5 Transmission System Additions

. Planned,
System Projected Planning Proposed
System Additions In-Service Need Category
Need Year Y Zone or
ear g
Provisional
Construct a 138-kV bus at Pleasant Valley Substation
to permit second distribution transformer 2010 2010 5 T-D interconnection Planned
interconnection
Install 2-32 MVAR capacitor banks at Summit 138-kV -
Substation 2010 2010 5 reliability Proposed
Expand 345-kV switchyard at Oak Creek to .
interconnect one new generator 2010 2010 5 new generation Planned
Uprate Oak Creek-Root River 138-kV line 2010 2010 5 new generation Planned
Uprate Oak Creek-Nicholson 138-kV line 2010 2010 5 new generation Planned
Upgrade Bain-Albers 138-kV line 2010 2010 5 reliability Proposed
Construct second Shorewood-Humboldt 138-kV -
underground cable 2012 2010 5 reliability Proposed
Install 3-75 MVAR capacitor banks at Bluemound -
Substation 2012 2012 5 reliability Proposed
Uprate Arcadian-Waukesha 138-kV lines I -
KK9942/KK9962 2010 2013 5 reliability Provisional
Replace two existing 345/138-kV transformers at - .
Arcadian Substation with 1-500 MVA transformer 2010 2013 S reliability Provisional




Table PR-18 (continued)

Zone 5 Transmission System Additions

. Planned,

System Additions System :,?:S.ii Planning Need Catedo Proposed
y Need Year Y Zone gory or
ear .

Provisional

Upgrade Oak Creek-Pennsylvania 138-kV line 2015 2015 5 reliability Provisional
Install 2-32 MVAR capacitor banks at Mukwonago I -

138-KV Substation 2019 2019 S reliability Provisional

Reconductor Ramsey-Harbor 138-kV line TBD TBD 5 reliability Provisional
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AMERICAN TRANSMISSION COMPANY ©

Currently, ATC owns or operates transmission facilities in 50
Wisconsin counties and in 15 Michigan counties.
Facilities include:
* Approximately 9425 miles of transmission lines
* 96 wholly owned substations
* 410 jointly owned substations
* ATC offices in Madison, Cottage Grove, Pewaukee,
De Pere, Wausau and Kingsford, MI
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Katzenberg

Genoa City

ILLINOIS
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2009 10-Year Assessment Projects

PLANNING ZONE 5

@ammmmm» New 69kV Transmission Line

e New 115, 138 or 161 kV Transmission Line
@ New 345 kV Transmission Line

= = = = Rebuilt 69 kV Transmission Line

= m = ® Rebuilt 115, 138 or 161 kV Transmission Line
= = = = Rebuilt 345 kV Transmission Line
@ Transmission Line Voltage Conversion

The information presented in this map document is advisory and is i for

T

only. A ission Company owned and operated facility locations are approximate.

@ New Substation

@ Substation Modifications
@ T-D Interconnection
@ Capacitor Bank

@ Transformer

Existing Transmission Facilities
@ ATC Office Location
A ATC Substation, Switchyard or Terminal

L= Generation
ATC Transmission Line (width = voltage)

Modified:September 28, 2009




