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Zones & study results 

Zone 5 overview 
Zone 5 includes the Wisconsin counties of: 

 Kenosha 
 Milwaukee 
 Ozaukee 
 Racine 
 Washington 
 Waukesha 

 
The physical boundaries of Zone 5 and transmission facilities located in Zone 5 are shown 
in Figure ZS-21.  
 
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. 

Zone 5 demographics 
The population of the counties in Zone 5 grew at an annual rate of 0.3 percent from 1995 to 
2005. The highest growth rate occurred in Washington County (1.4 percent), while the 
largest increase in population occurred in Waukesha County, which increased by about 
41,400 people over the period. 
 
During the same period, the annual employment growth rate was 0.7 percent. The highest 
growth rate and the highest increase in employment occurred in Waukesha County. 

Zone 5 future population and employment projections 
Population in Zone 5 grew at 0.4 percent annually between 2001 and 2006 and is projected 
to grow at 0.6 percent from 2006 through 2011. From 2001 to 2006, Waukesha County 
realized the largest increase in population, while Washington County had the highest 
growth rate. 
 
Employment in Zone 5 grew at 0.5 percent annually between 2001 and 2006 and is 
projected to grow at 1.2 percent from 2006 through 2011. From 2001 to 2006, Waukesha 
County realized the largest increase in employment and had the highest growth rate. 
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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 2007, 2011 and 2015 are shown in Table 
ZS-11. 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 1.6 percent annually from 2007 
through 2015. 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: 

 the southern portion of 345-kV lines from Point Beach and Edgewater, 
 the Saukville, Arcadian, Granville and Racine 345/138-kV substations, 
 the transmission lines emanating from the Pleasant Prairie and Oak Creek power 

plants and 
 a significant 138-kV network in the Milwaukee area, a portion of which is 

underground. 
 
Key system performance issues in Zone 5 include: 

 heavy flows on aging facilities, 
 new generation projects are being planned that may influence the solutions to load-

serving needs in the zone, 
 heavy flows from the west (Zone 3) resulting in heavily loaded 138-kV facilities in the 

western portion of Zone 5, 
 sagging voltage profile in portions of Washington, Waukesha and Jefferson counties 

and 
 stability of existing and proposed generation in the southeast portion of Zone 5. 

 
In addition, the Wisconsin Department of Transportation is reconstructing the Marquette 
Interchange in downtown Milwaukee and portions of the interstate system near the 
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Marquette Interchange. This project affects one ATC transmission line and a We Energies 
power plant connected to the 138-kV transmission system.  

 A portion of Everett - 28th Street underground 138-kV circuit was relocated in 2004. 
No other ATC facilities were affected by the project. 

 The 138-kV switchyard at the Valley Power Plant will require various equipment 
modifications and a more extensive maintenance program. 

 
Zone 5 – 2007 study results 
 
Refer to Table ZS-1 and Figure ZS-13 

Summary of key findings 
 Many of the line loading and low voltage issues in Zone 5 are a result of opening 

substation bus tie breakers. 
 
Two-27 MVAR capacitor banks were installed at the Burlington 138-kV Substation prior to 
June 2006. 
 
Two of the facility overloads found in the 2007 analysis were caused by bus-tie circuit 
breaker operations. 

 Splitting the Pleasant Prairie 345-kV bus between bus sections three and four 
results in Pleasant Prairie generator #2 being isolated on the Bain 345/138-kV 
transformer #5. The transformer exceeds its nameplate rating by 61 percent. The 
transformer has a long-term emergency rating of 382 MVA. The occurrence of 
this contingency will require Pleasant Prairie generator #2 to reduce its output 
significantly to avoid overloading and damaging the transformer. Bus and bus tie 
outages are considered low probability events.  

 The Saukville-Pleasant Valley 138-kV line overloads by 23 percent when the 
Concord 138-kV bus is split between bus sections 4 and 5. While a bus outage is 
a low probability event, the Saukville-Pleasant Valley-Arthur Road-St. Lawrence 
138-kV line will be rebuilt prior to the summer of 2008 in order to accommodate 
the second 600-MW block of generation at the Port Washington Power Plant. 
The condition of the St. Lawrence-Arthur Road-Pleasant Valley-Saukville 138-kV 
line warrants replacement of the structures as well as the conductor. 

 The Concord-Cooney 138-kV line overloads by 1.6 percent when the Concord 
138-kV bus is split between sections 4 and 5. A bus outage is a low probability 
event. The Concord-Cooney 138-kV line is expected to be uprated in 2007 from 
287 MVA to 345 MVA. 

 The Oak Creek 345/230-kV transformer T884 overloads by up to 8 percent for 
three different Oak Creek 230-kV bus outages. Reducing output of Oak Creek 
generator #8 will reduce the loading on T884. An outage of a bus is viewed as 
low probability event. 
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Zone 5 – 2011 study results 

Refer to Table ZS-2 and Figure ZS-14
 
Summary of key findings 

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

 Low 138-kV bus voltages occur in western Waukesha and Racine counties under 
contingency conditions. 

 
Discussion of contingency analysis 
Many of the line loading and bus voltage issues found in the 2011 analysis are borderline 
and do not warrant solutions at this time. However, they will continue to be monitored in 
future studies. 
 
The Albers-Bain 138-kV line loads to 96 percent of its summer emergency limit for an 
outage of the Bain-Kenosha 138-kV line. The limiting elements are bus jumpers at Bain 
Substation and the line conductor clearances. 
 
The 138-kV bus voltage at Tichigan Substation drops to 91 percent for a bus outage at 
Burlington Substation. A bus outage is a low probability event.  
 
The 138-kV bus voltage at Cottonwood Substation drops to 91 percent for an outage of the 
Bark River – Cottonwood 138-kV line. 
 
The 138-kV bus voltage at Cooney and Summit substations drops to 91 and 92 percent 
respectively for an outage of the Concord – Cooney 138-kV line. 
 
An outage of either one of the Arcadian – Waukesha 138-kV lines (KK9962 and KK9942) 
results in the other Arcadian – Waukesha 138-kV line overloading by 14-15 percent. The 
limiting element is the line conductor with clearances set for operation at 200 degrees. Line 
conductor clearances can be increased to permit higher flows under contingency 
conditions. 
 
An outage of the existing Oak Creek 345/138-kV transformer T88 results in the second Oak 
Creek 345/138-kV transformer loading up to 96 percent of its nameplate rating.  

 
An outage of the Arcadian 345/138-kV transformer T1 causes the Arcadian 345/138-kV 
transformer T3 to overload by 10 percent. Generation redispatch at Concord and 
Germantown substations provides relief. 
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Major projects expected between 2007 and 2011 
Port Washington generation: A 600-MW block of combined-cycle generation was built at 
Port Washington Power Plant in 2005. A second 600-MW block of combined cycle 
generation will be installed and in service by 2008. The second phase of generation at Port 
Washington Power Plant requires the St. Lawrence-Arthur Road-Pleasant Valley-Saukville 
138-kV line be uprated. Line condition and capacity will result in the line being rebuilt with 
T2 Hawk conductor.  
 
Oak Creek generation: We Energies has received PSCW approval to build two 650-MW 
coal powered generators at Oak Creek Power Plant. The units are scheduled to go into 
service in 2009 and 2010.  
 
Projects whose “Need date” precedes the “In-service” date: 
Bain 345-kV bus: Construction of a 345-kV bus at Bain Substation was listed as a 2007 
provisional project, with a 2005 system need date in the 2005 10-Year Assessment 
Update. The main driver for this project appears to be a 345-kV bus outage at Pleasant 
Prairie Substation. Bus outages are considered low probability events. Further analysis is 
required to determine if justification other than a bus outage can be found. 
 
Bluemound capacitor banks: Additional reactive sources are required in the greater 
Milwaukee area. A project to install capacitors at Bluemound Substation has appeared in 
recent 10-Year Assessments. The need year is listed as 2007. The project is listed as 
provisional. Vars are needed in various areas in the greater Milwaukee area. A 
comprehensive study needs to be performed to find the most effective locations for 
capacitor installations. Bluemound Substation is one of several locations under 
consideration. In addition, new generation in the 2009 and beyond time frame reduces the 
potential need to add reactive power resources. 
 
Accelerated projects 
Racine current transformers – This project involves replacing 345-kV, 1200A current 
transformers (CTs) with CTs rated at 2000A. Past analysis found that the CTs would limit 
line flows in 2013. Recent studies found they would limit flow on the Racine – Oak Creek 
345-kV line beginning in 2009. The CTs are scheduled to be replaced by the summer of 
2009. 
 
Deferred projects 
The following deferred projects were discussed in the 2005 10-Year Assessment Update. 

 Rockdale – Mill Road 345-kV line 
 Cornell – Rangeline 138-kV line 
 Installation of a series reactor at Cornell Substation 

 
The Rockdale-Concord–Bark River–Mill Road 345-kV project was to be built in stages. The 
entire project was scheduled to be completed and in service by 2011. With recent changes 
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in area loads, the availability of generation at Concord, and the impact of MISO Day 2, this 
project can be delayed until 2018 unless other issues appear. The analysis performed as 
part of the 2006 10-Year Assessment found this is still valid.  
 
The Cornell – Rangeline 138-kV underground line was scheduled to be rebuilt by 2008 as 
part of the Port Washington phase 2 generation project. In recent years, there have been 
occasional large power flows through the Cornell/Center area. To provide relief, System 
Operators will open a circuit breaker at Cornell Substation on the Cornell - Fiebrantz – 
Center 138-kV line. With the system configured in this manner, the Cornell – Rangeline 
138-kV line is not expected to overload with 1200 MW of generation online at Port 
Washington Power Plant in 2008. As a result, this project has been deferred until the 2014 
timeframe unless other issues appear. The analysis performed as part of the 2006 10-Year 
Assessment did not find any reason to move this project up in time. 
 
The installation of a reactor is being considered at Cornell Substation to control power 
flowing on the Cornell – Fiebrantz – Center 138-kV underground line. The reactor was 
originally scheduled to be installed in 2007. Further studies have indicated it can be 
delayed until June 1, 2008. The project remains a proposed project in the 2006 10-Year 
Assessment. 
 

Zone 5 – 2015 study results 

Refer to Table ZS-3 and Figure ZS-15

Summary of key findings 
 The addition of generation at Oak Creek Power Plant and the associated 

transmission strengthened the transmission system in the eastern portion of 
Zone 5. 

 Voltage issues remain in western zone 5 under contingency conditions. 
 
We Energies is proposing the installation of a third block of generation at Oak Creek Power 
Plant in 2013. The proposed third phase of generation has not been approved yet by the 
Public Service Commission of Wisconsin. However, the proposed Oak Creek generation 
met the criteria to be included in our 2015 planning model. Therefore, the 2015 analysis 
included all transmission requirements associated with the third phase of the Oak Creek 
generation project. Following is the list of system additions and modifications required for 
each of the three phases. 

2009 - Oak Creek generation Phase 1 
 build a new Oak Creek 345-kV switchyard to interconnect one new 650-MW 

generator 
 reconductor a segment of the Oak Creek-Ramsey 138-kV line 
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 reconductor the underground segment of the Ramsey-Harbor 138-kV line; this 
project has been revised to 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 two 345-kV circuit breakers at Pleasant Prairie Substation on the Racine 

and Zion lines with IPO breakers and upgrade relaying 
 expand Oak Creek 138-kV switchyard to connect the 345/138-kV, 500 MVA 

transformer 
 
2010 - Oak Creek generation Phase 2 

 expand 345-kV switchyard at Oak Creek Power Plant to interconnect a second 
new 650-MW generator             

 uprate Kansas-Ramsey 138-kV line  
 reconductor the Oak Creek-Root River 138-kV line 
 uprate terminal equipment and increase line clearances on the Oak Creek-

Nicholson 138-kV line to permit operation at 230 degrees 
 
2013 - Oak Creek generation Phase 3 

 Construct a second Pleasant Prairie – Zion 345-kV line on a separate right–of–way. 
This is new to this 10-Year Assessment and replaces the previous project which 
involved looping the Zion-Arcadian 345-kV line into Pleasant Prairie Substation. 

 expand the Oak Creek 345-kV switchyard to interconnect the third 650-MW block of 
generation 

 construct an Oak Creek-Hale-Granville 345-kV line using new right-of-way and/or 
converting/reconductoring existing lines for use at 345 kV 

 construct an Oak Creek-St. Martins 138-kV circuit 
 restring the Bluemound-Butler 138-kV line on new 345-kV structures installed with 

the Hale-Granville line 
 construct a Butler-Tamarack 138-kV line on new 345-kV structures installed with 

Hale-Granville line 
 construct a 345/138-kV switchyard at Hale (Brookdale) Substation to accommodate 

two 345-kV lines and a 345/138-kV transformer 
 
Discussion of contingency analysis 
A fault on the Granville 345-kV bus section 3 causes the Granville – Cedarsauk 345-kV line 
and Granville 345/138-kV transformer #3 to be removed from service. As a result, Granville 
transformer #1 loads to 96 percent of its summer emergency rating. Bus outages are 
considered low probability events. This contingency could also be the result of a fault on 
Granville transformer #3. In this case, the high side circuit switcher associated with 
transformer #3 would be opened and the Granville 345-kV bus would be reestablished. 
This would result in the loading on Granville transformer #1 being reduced. 
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An outage of the Bain – Kenosha 138-kV line causes the Albers – Bain 138-kV line to load 
to 111 percent of its emergency rating. The limiting elements are bus jumpers at Bain 
Substation and the line conductor clearances.  
 
Splitting the Oak Creek 230-kV bus between bus sections 7 and 8 results in Oak Creek 
345/230-kV transformer T884 loading to it nameplate rating. Reducing the output of Oak 
Creek generator #8 will reduce the loading on the transformer. 
 
Splitting the Burlington 138-kV bus results in the Tichigan 138-kV bus voltage dropping to 
89 percent. Bus outages are low probability events. 
 
An outage of the Whitewater – Walworth – Mukwonago 138-kV line causes the Edgewood 
– St. Martins 138-kV line to overload by 9 percent. 
 
An outage of the Concord – Cooney 138-kV line causes the 138-kV bus voltage to drop 
below 91 percent at Cooney and Summit substations. 
 
An outage of the Edgewood – St. Martins 138-kV line caused low bus voltages at 
Mukwonago (91 percent) and Edgewood (90 percent) substations. 
 
An outage of either of the Arcadian – Waukesha 138-kV lines (KK9962 and KK9942) 
results in the other Arcadian – Waukesha 138-kV line overloading by 20 percent. The 
limiting element is the line conductor with clearances set for operation at 200 degrees. 
 
An outage of the existing Oak Creek 345/138-kV transformer T88 results in the second Oak 
Creek 345/138-kV transformer loading up to 98 percent of its nameplate rating. 
 
An outage of the Arcadian 345/138-kV transformer T1 causes Arcadian 345/138-kV 
transformer T3 to overload by 11 percent.  
 
An outage of the Merrill Hills – Waukesha 138-kV line causes low 138-kV bus voltage at 
Merrill Hills (91 percent) Substation. 
 
An outage of the Bark River – Cottonwood 138-kV line causes low voltages at Cooney (89 
percent), Cottonwood (87 percent), and Summit (89 percent) substations. 
 
An outage of the Bark River – Sussex 138-kV line causes low voltage at Bark River, 
Cooney, Cottonwood and Summit (89-90 percent) substations. 
 
An outage of the Maple – Saukville 138-kV line causes low voltage at Germantown (90 
percent), and Maple (90 percent) substations. 
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The installation of 138-kV capacitors in the Cottonwood/Summit area would improve the 
voltage profile in the area. The Rockdale – Mill Road 345-kV line is a project tentatively 
scheduled for construction in 2018. That project includes 345/138-kV transformers at 
Concord, Bark River, and Mill Road substations. The line and associated transformers will 
also improve the bus voltages in western zones as well as in the eastern portion of zone 3. 
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