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Zones & study results

Zone 4 overview

Zone 4 includes the Wisconsin counties of:
o Brown

Calumet

Dodge (northeast corner)

Door

Fond du Lac (eastern portion)

Manitowoc

Marinette (southern portion)

Menominee, Mich. (southern portion)

Menominee, Wis.

Oconto

Outagamie

Kewaunee

Shawano (eastern portion)

Sheboygan

Winnebago (eastern portion)

[y vy Ry vy I [y

The physical boundaries of Zone 4 and transmission facilities located in Zone 4 are shown
in Figure ZS-20.

Zone 4 land use is a mix of agricultural, forest and urban.

Major population centers in Zone 4 include Appleton, Green Bay, Fond du Lac, Sheboygan,
Marinette/Menominee and Manitowoc.

Zone 4 typically experiences peak electric demands during the summer months, though the
northern portion of Zone 4 typically experiences nearly equal summer and winter peaks.
Paper mills and foundries in the Green Bay and Appleton metropolitan areas are some of
the largest electricity users in the zone.

Zone 4 demographics

The population of the counties in Zone 4 grew at an annual rate of 0.8 percent from 1995 to
2005. The highest growth rate occurred in Calumet County (1.6 percent), while the largest
increase in population over the period occurred in Brown County, which increased by
24,300 people.

During the same period, the annual employment growth rate was 1.3 percent. The highest
growth rate occurred in Calumet County, while the largest increase in employment
occurred in Brown County.
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Zone 4 future population and employment projections

Population in Zone 4 grew at 0.7 percent annually from 2001 through 2006 and is projected
to grow at 0.7 percent from 2006 through 2011. From 2001 to 2006, Brown County realized
the largest increase in population, while Calumet County had the highest growth rate.

Employment in Zone 4 grew at 0.9 percent annually between 2001 and 2006 and is
projected to grow at 1.2 percent from 2006 through 2011. From 2001 to 2006, Brown
County realized the largest increase in employment, while Calumet County had the highest
growth rate.

Zone 4 environmental considerations

Zone 4 includes lands in the Southeast Glacial Plains, Central and Northern Lake Michigan
Coastal, and Northeast Sands ecological landscape regions.

The area drains towards Lake Michigan via the Milwaukee, Sheboygan, Manitowoc, Twin-
Door-Kewaunee, Wolf and Lower Fox drainage basins. Lake Winnebago and the Fox
Valley are located in the central part of this zone. The eastern boundary of the zone is
formed by the shorelines of Lake Michigan and Green Bay. The Niagara Escarpment runs
through the center of the zone and out the Door County Peninsula.

Portions of the Kettle Moraine State Forest and the Horicon National Wildlife Refuge are
found in the southern end of the zone. Navarino State Wildlife Area and a segment of the
Wolf River, classified as a Federal Wild and Scenic River, are located in the northwest part
of the zone. Several Indian reservations are also located in this zone.

Zone 4 electricity demand and generation

The coincident peak load forecasts for Zone 4 for 2007, 2011 and 2015 are shown in Table
ZS-10. 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.

This table shows that load is projected to grow at roughly 2.4 percent annually from 2007
through 2015. Comparing load with generation (at maximum output) within the zone
indicates that Zone 4 has more generation than load during peak load periods. Actual
operating experience indicates that during lighter load periods, Zone 4 is a net exporter of
power.

Zone 4 transmission system issues

Key transmission facilities in Zone 4 include:
o four 345-kV lines extending from the Kewaunee and Point Beach nuclear units,
138-kV network in the Fox River Valley/Green Bay area,
o two 345-kV lines extending from the Edgewater Power Plant,
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o the eastern portion of the Rocky Run-North Appleton 345-kV line,
o 345-kV lines from South Fond du Lac to Columbia, Edgewater and Fitzgerald and
o a 345-kV line from Fitzgerald to North Appleton.

Key system performance issues in Zone 4 include:
o heavily loaded and aging 138- and 69-kV facilities in the Green Bay area, north of
Green Bay and the Fox River Valley,
heavily loaded 138-kV and 69-kV facilities in the Sheboygan area,
low voltages in the northern Door County area,
heavily loaded 138-kV lines west of Green Bay and Appleton,
insufficient 138/69-kV transformer capability in the Marinette area,
the stability response of the Point Beach nuclear units and
the limited import capability of northeast Wisconsin and Michigan’s Upper Peninsula,
resulting in uneconomic dispatch of generating units.

0O000D0 D

Zone 4 - 2007 study results

Refer to Table ZS-1 and Figure ZS-10

Summary of key findings

U Construction of a new 345/138-kV substation at a Werner West site will avert overloads
and improve 138-kV voltage profiles in the area.

O Certain generation patterns may cause heavy loading on the Ellington-Hintz-Werner
West 138-kV line under single contingency conditions.

U Low voltages and heavy flows will drive the need for additional transmission
reinforcements in Upper Peshtigo area.

Several potential line overloads as well as low voltages were revealed in Zone 4 based on
the 2007 analysis.

As noted in the Northern Umbrella Plan discussion in the 2005 10-Year Assessment, the
most chronic problem plaguing day-to-day operation of ATC’s transmission system is the
limited transfer capability during non-peak periods between Wisconsin and Michigan’s
Upper Peninsula. The resulting effects include:

uneconomic dispatch of generation,

interruption or curtailment of transmission service,

operating near thermal and voltage limits for extended periods of time and

limited ability to schedule maintenance without invoking redispatch, system
reconfiguration or other measures.

Oo0oD

Most of short-term solutions discussed in the 2005 10-Year Assessment are already in
service. Those are:
O rebuilding the Morgan-Falls-Pioneer-Stiles 138-kV line (2005),
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rebuilding the Plains-Amberg 138-kV line (2005),

rebuilding/converting the West Marinette-Amberg 69-kV line to 138 kV (2005)
rebuilding the Amberg-Crivitz 138-kV line (2006) and

rebuilding the Hiawatha-Indian Lake 69-kV line (2006).

Uo0oD

Rebuilding the Amberg-Stiles and Crivitz-Stiles 138-kV lines is the remaining short-term
work which is expected to be complete by the end of 2006. As discussed in the 2005 10-
Year Assessment, the following projects have been planned in Zone 4 as long-term
solutions:

U construct a new 345/138-kV substation at Werner West (Dec 2006)

QO install a second Plains 345/138-kV transformer (2008)

U construct a Cranberry-Conover-Plains 115/138-kV line (2008) and

O construct a new Morgan-Werner West 345-kV line (Dec 2009).

The Werner West 345/138-kV Substation was deferred to December 2006 because the
North Appleton-Ellington 138-kV line was uprated in April 2006. The Werner West 345/138-
kV Substation also will provide voltage support to the area.

A capacitor bank is planned at the Canal 69-kV Substation in 2007. The addition of this
capacitor bank will boost the voltages in the area and reduce the flows on the existing
Canal 138/69-kV transformers under normal or single contingency conditions until long-
term solutions are in place. The long-term solution may include adding a Canal-Dunn Road
138-kV line (2012) and a Dunn Road-Egg Harbor 69-kV line (2016) which have been
deferred due to the planned installation of a capacitor bank at the Sister Bay 69-kV
Substation (2008) (See Zone 4-2011 study results).

To accommodate a planned distribution interconnection near Plymouth in 2007, the Forest
Junction/Howards Grove-Charter Steel/Saukville 138-kV line is to be looped into the
proposed Plymouth #4 138-kV Substation (approximately 1.75 miles).

A project for stringing the Ellinwood-Sunset Point 138-kV line is planned for 2007 in order
to address the potential overload on the Ellinwood 138/69-kV T1 transformer under single
contingency conditions with certain generation patterns in the area. The project also would
provide operations and maintenance flexibility for the double contingency of the Fitzgerald-
Sunset Point 138-kV and the Neevin-Woodenshoe 138-kV lines which could potentially
cause voltage collapse in the Oshkosh area.

Rebuilding the Crivitz-High Falls double-circuit 69-kV lines is proposed for 2008 in order to
address the potential overloads on the Pioneer-Sandstone 69-kV line or the Crivitz-High
Falls 69-kV line and to provide voltage support in the area under normal and single
contingency conditions. The 2008 in-service date is possible because of the interim load-
shifting measure from the Sandstone 69-kV to the Crivitz 138-kV Substation in 2007. Due
to the non-coincident nature of the load for this area and the hydro generation patterns in
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the area, the potential overloads and low voltage issues may also occur during off-peak
periods.

To address system problems due to significantly lower line ratings from a recent line rating
review, two new projects are proposed for 2007. Those projects are as follows.
U Uprate the First Avenue-Sawyer 69-kV line (2007). The project includes:
U Phase 1: investigating the ratings of the submarine cable (2006),
U Phase 2a: Uprating the line to avoid the potential thermal overload during
2006 summer peak conditions during an outage of the Canal-Dunn Road 69-
kV line (2006), and
0 Phase 2b: Uprating the line to achieve higher line ratings (69 SN / 82 SE
MVA) (2007).
Depending on the results of the investigation in Phase 1, Phase 2a may not
be needed and the in-service date of Phase 2b may be deferred.
O Uprate the Lakefront-Revere 69-kV line (2007).
The project will address the line overload during an outage of the Lakefront-Dewey
69-kV line which is one of two outlets for the Lakefront generators. Until the line
uprate is in place, the overload issue will significantly limit the outputs of the
generators.

The Ellington-Hintz-Werner West 138-kV line may overload during single contingency
conditions with certain generation patterns. Re-dispatching generators in the Weston and
Appleton areas can be an interim solution until Weston generator 4 is in service (2008).

As discussed in the Update to our 2005 10-Year Assessment, four wind farms at two sites
are proposed in the Fond du Lac County area.
O Forward Energy Wind Farm (2006)
U Blue Sky, Green Field, and Lake Breeze Wind Farms, connected at the new
Cypress Substation (2006)

Forward Energy Center (200 MW) is scheduled to be in-service in 2006. Interconnection
studies have been completed for this generation, and transmission service studies for 150
MW of the plant output have been completed; 150 MW of the requested service is
approved and accepted. We will construct the following transmission facilities to support
this new generation:

U a new 138-kV switchyard will be located at the wind farm site to connect the
generators and to connect two 138-kV lines and a 28 MVAR 138-kV capacitor bank
and

Q the existing South Fond du Lac-Butternut 138-kV line will be looped into the new
switchyard.

Blue Sky, Green Field and Lake Breeze (258 MW) are scheduled to be in-service in 2006.
Interconnection studies have been completed and a transmission service study for 160 MW
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has been completed; the requested service is approved and accepted. We will construct
the following transmission facilities to support this new generation:
O a new 345-kV switchyard will be located at the wind farm site to connect the
generators and two 345-kV lines and
QO the existing Forest Junction-Arcadian 345-kV line will be looped into the new
switchyard.

Note that the Lake Breeze wind farm was not included in this 10-Year Assessment
because FERC approval of the interconnection agreement was identified after the March 1,
2006 model building cutoff date.

Zone 4 - 2011 study results

Refer to Table ZS-2 and Figure ZS-11

Summary of key findings

O Construction of a new 345-kV line from Morgan to Werner West will significantly
increase transfer capability between Wisconsin and the Upper Peninsula, avert
overloads in and around the Green Bay area, improve 138-kV voltage profiles in the
Fox Valley and Green Bay areas and significantly lower losses.

U Load growth in Marinette and Menominee areas will drive the need for additional
138/69-kV transformer capacity.

O Additional reinforcements will be required in the Manitowoc area to reliably serve load
during non-peak periods.

In the 2008 summer peak, the 138/69-kV transformers at the West Marinette and
Roosevelt Substations will be either overloaded or approaching their emergency ratings
under single contingency conditions and certain generation patterns. In order to address
these overload issues, the West Marinette-Bay de Noc 138-kV line will need to be looped
into the expanded Menominee 69-kV Substation and a new 138/69-kV transformer will
need to be installed at the substation. Although the proposed in-service date of the project
is 2008, it can be deferred several years by dispatching the West Marinette G31 generator.

Uprating of the North Appleton-Mason Street and the North Appleton-Lost Dauphin 138-kV
lines is scheduled for 2008 to provide transmission service for the Fox Energy Center.

As discussed in the Update to our 2005 10-Year Assessment, two Northern Door County
projects were deferred until 2012 and 2016. Deferring the in-service dates was possible
due to the installation of an 8.2-MVAR capacitor bank at Sister Bay Substation (2008). The
deferral also will provide an opportunity for better resource allocation. The two projects
consist of:
U Construct a 7.7-mile Canal-Dunn Road 138-kV line and install a new 138/69-kV
transformer at Dunn Road Substation by June 2012.
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O Construct a second 12.7-mile Dunn Road-Egg Harbor 69-kV line by June 2016.

The rebuild of the Canal-Dunn Road 69-kV line as a 138/69-kV double-circuit line will
provide the necessary additional link to northern Door County. The placement of a third
138/69-kV transformer in Door County at a different substation from the other two will
provide geographic diversity for the transformation. The second 69-kV line between Dunn
Road and Egg Harbor substations will provide a second source to the area and facilitate
maintenance outages of the existing Dunn Road-Egg Harbor 69-kV line. The projects will
provide more capacity and improve voltages to northern Door County.

As discussed in the 2005 10-Year Assessment, the rebuild of the Sunset Point-Pearl
Avenue 69-kV line would address a potential line overload under single contingency
conditions. The project is proposed for 2009.

The proposed Morgan-Werner West 345-kV line in 2009 would aid the transmission system
by reducing the south to north loading on the 138-kV lines through the Green Bay area,
thus deferring or eliminating the need for numerous 138-kV transmission line
upgrades/rebuilds in and around Green Bay. The proposed project also would provide the
extra transmission capacity needed to fully utilize the upgrades to the Wisconsin-Upper
Peninsula transmission corridor which are scheduled to be completed before this project
(i.e., Plains-Stiles and Cranberry-Conover).

The proposed Clintonville-Werner West 138-kV line will be strung primarily on Morgan-
Werner West 345-kV line structures. The proposed project would provide significant system
benefits. These benefits include additional reduced loading on the Highway V-Preble-
Tower Drive 138-kV line, the North Appleton-Lawn Road-White Clay 138-kV line, the
Badger 138/115-kV transformer, the Badger-Caroline 115-kV line and facilitating a future
de-energized rebuild of the Pulliam-Stiles double-circuit 138-kV line, which would not be
possible under current system conditions. In addition, the Clintonville-Werner West line will
provide a second 138-kV source to the city of Clintonville.

Two capacitor bank projects are scheduled for 2011. Those projects are:

U Install 2-16.3 MVAR capacitor banks at the Mears Corners 138-kV Substation - This
provisional project is to address the potential low voltage issues in the Woodenshoe,
Mears Corners, and Sunset Point areas under single contingency conditions until
additional reinforcements are implemented in the area.

U Install 2-16.3 MVAR capacitor banks at the Rosiere 138-kV Substation - This
provisional project is to address the potential low voltage issue in the Ontario,
Dyckesville, and Rosiere areas under single contingency conditions until additional
reinforcements are implemented in the area. Due to the uncertainty of load demand
in the area, a detailed study needs to be done for an accurate in-service date.
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A new 138-kV line project is proposed to address potential heavy flows on the Shoto-Mirro-
Northeast-Revere 69-kV line or the Shoto 138/69-kV transformer under single contingency
conditions during non-peak periods (2012). The project includes constructing a new Shoto
to Custer 138-kV line and installing a new 138/69-kV transformer at Custer Substation. This
project may be able to be deferred several years with more generation running at Lakefront
during non-peak periods.

A project for replacing the two existing Glenview 138/69-kV transformers is proposed for
2014. It would address the potential overload of the transformer under single contingency
conditions during non-peak periods. The transformer overloads are primarily due to higher
load demand at Brillion Iron Works (BIW) during non-peak periods. This project may be
able to be deferred several years by swapping the loads on the Glenview 69-kV and 138-
kV buses. However, there is also a potential for an early in-service date depending on the
new load interconnection at BIW (2007).

Several projects are cancelled either due to higher ratings yielded from recent rating
reviews or because they are already covered by other Maintenance or System Protection
projects. These cancelled projects are:

U Retap the 48 MVA CT associated with the South Sheboygan Falls 138/69-kV
transformer (2010).

U Retap the 400 A primary CT associated with the Edgewater-Nicolet 69-kV line
(2012).

0 Replace the 300A CT associated with the Sheboygan Falls-Adams St 69-kV line
(2013). This project will be done as part of the existing project at Sheboygan Falls
Substation (2006 or 2007) driven by Maintenance and System Protection.

U Replace the 300A metering current transformers associated with the Edgewater-
Washington St-Riverside 69-kV line (2013).

Zone 4 — 2015 study results

Refer to Table ZS-3 and Figure ZS-12

Summary of key findings

U Load growth in the eastern portion of the metropolitan Green Bay area will drive the
need for system reinforcements.

U Additional transformer capacity is needed due to the load growth in the Oshkosh area.

A potential load interconnection at the Bluestone 69-kV Substation (2015) may cause
unacceptably low voltages under single contingency conditions. A Best Value Planning
analysis needs to be performed in order to address the low voltages and determine the
best location for the potential new load interconnection.
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Three related reconductor projects comprised of Pulliam-Van Buren, Pulliam-Danz and the
Danz-Henry Street 69-kV lines are proposed for 2015 to address potential overloads or
heavy flows on the lines under single contingency conditions. The transmission system is
under detailed study for a Best Value Planning solution which will accommodate a new
load interconnection at the Henry Street 69-kV Substation and possible future transmission
expansion in the area. Depending on the study results, the scope of the project may be
adjusted and the in-service date may be changed.

In the 2015 summer peak timeframe, the two 138/69-kV transformers at the Sunset Point
Substation will be overloaded under single contingency conditions. To address these
overload issues, replacing the two existing transformers with larger transformers is
proposed for 2015.

Unacceptable voltages may occur at the Butternut, Forward Energy Center and Hickory
138-kV substations under single contingency conditions. A project for installing 28.8 MVAR
of capacitor banks at Butternut Substation is proposed for 2015.

Replacing the 1200A breaker at the Edgewater T22 345/138-kV transformer is proposed
for 2014 to address potential transformer overloads under single contingency conditions.
The load in the Edgewater area is currently under review. Depending on the result of the
review, the in-service date of the project may be changed.

Uprating the Melissa-Tayco 138-kV line (0.16 miles) is scheduled for 2014 to address the
line overload under single contingency conditions and certain generation patterns.
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Table ZS-10

Forecast of Peak Load and Generation in Zone 4

2007 2011 2015
Peak Forecast (megawatts) 3288.5 3642.7 3978.4
Average Peak Load Growth N/A 2.59% 2.23%
Existing Generation Capacity (megawatts) 5509.9 5509.9 5509.9
Existing Capacity Less Load 2221.4 1867.2 1531.5
Existing Generation Capacity plus Modeled
Generating Capacity Additions (megawatts) 5808.9 5808.9 5808.9
Modeled Capacity Less Load (megawatts) 2520.4 2166.2 1830.5

Modeled generating capacity additions in the table above reflect those proposed capacity additions that
were included in the 2006 Assessment analyses models, as listed in the Projects section.
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AMERICAN TRANSMISSION COMPANY
THE ENERGY ACCESS COMPANY
o S ) . ] Low Voltages el
Currently, ATC owns or operates transmission facilities in 50 Wisconsin counties 9 Transmission Related Facilities

and in 15 Michigan counties. Facilities include:
* Approximately 8900 miles of transmission lines
* 98 wholly owned substations
* 358 jointly owned substations
* Offices in Madison (2), Cottage Grove, Pewaukee, De Pere
Wausau and Kingsford, Ml

@ Overloaded Facility A Substation, Switchyard or Terminal

@ ATC Office Location

e New Generation/Stability Proposed/Design/Construction La Generation
Transmission Needed for Load Growth = Other Facility
The ir ion pr nted in this map d is advisory and is intended for r P only. American Ti ission Company owned and op: facility ions are app.
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AMERICAN TRANSMISSION COMPANY

THE ENERGY ACCESS COMPANY
o o ) ) ’ Low Voltages
Currently, ATC owns or operates transmission facilities in 50 Wisconsin counties
and in 15 Michigan counties. Facilities include:
* Approximately 8900 miles of transmission lines
* 98 wholly owned substations
* 358 jointly owned substations
* Offices in Madison (2), Cottage Grove, Pewaukee, De Pere
Wausau and Kingsford, Ml
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AMERICAN TRANSMISSION COMPANY

THE ENERGY ACCESS COMPANY
o o ) ) ’ Low Voltages
Currently, ATC owns or operates transmission facilities in 50 Wisconsin counties
and in 15 Michigan counties. Facilities include:
* Approximately 8900 miles of transmission lines
* 98 wholly owned substations
* 358 jointly owned substations
* Offices in Madison (2), Cottage Grove, Pewaukee, De Pere
Wausau and Kingsford, Ml
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THE ENERGY ACCESS COMPANY

Currently, ATC owns or operates transmission facilities in 50 Wisconsin counties Transmission Line Voltage Transmission Related Facilities
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| | ude: / A Substation or Switchyard ATC Office Location
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