
Table ZS-1
2011 Limitations and Performance Criteria Exceeded

% of Facility 
Rating

% of Nominal 
Bus Voltage

% of Facility 
Rating

% of Nominal 
Bus Voltage

% of Facility 
Rating

% of Nominal 
Bus Voltage

% of Facility 
Rating

% of Nominal 
Bus Voltage

1 Base case loading criteria exceeded FALSE -- FALSE -- FALSE -- FALSE -- System Intact

1 Base case voltage criteria exceeded -- FALSE -- FALSE -- FALSE -- TRUE System Intact

1 Dartford 69-kV bus -- 91.7% -- -- -- -- -- -- Metomen – Ripon 69-kV line
Marginal voltage, 

no mitigation needed within 
this timeframe

1 Petenwell and Council Creek 138-kV buses   -- 89.2%
89.2 – 89.8% -- 90.3 – 96.7%

90.1 – 91.2% -- -- -- -- ACEC Badger West – Saratoga 138-kV line
ACEC Badger West – Petenwell 138-kV line

Adjust Council Creek 138/69-
kV transformer LTC

1 ACEC Badger West 138-kV bus -- 89.2% -- 90.3% -- -- -- -- ACEC Badger West – Saratoga 138-kV line Adjust Council Creek 138/69-
kV transformer LTC

1 Necedah, ACEC Dellwood, Friendship, ACEC Friendship and 
Houghton Rock 69-kV buses --

87.9 – 91.9%
87.9 – 91.9%
88.9 – 91.9%
90.9 – 91.4%

--

87.9 – 91.9%
88.7 – 91.5%
88.7 – 91.5%
90.0 – 91.4%

-- -- -- --

Petenwell 138/69-kV transformer
Petenwell – Big Pond 69-kV line

Necedah Tap – Big Pond 69-kV line
Necedah Tap – Whistling Wings Tap 69-kV line

Mitigated by generation 
adjustments

1 Brooks Corner 69-kV bus -- 87.5% -- 88.2% -- 90.2% -- 91.5% Whitcomb – Deer Trail 69-kV line4 Adjust Brooks Corners 
69/34.5-kV transformer LTC

1 Arpin 345-kV bus -- -- -- -- -- -- -- 105.4%
110.0%

System Intact
Arpin – Rocky Run 345-kV line1

Switch Port Edwards 69-kV  
and McMillan 115-kV 

capacitors offline

1 Harrison 69-kV bus -- -- -- -- -- -- -- 106.4% System Intact Switch Harrison 69-kV 
capacitor offline

1 Caroline 115-kV bus -- -- -- -- -- -- -- 106.3% System Intact
Switch area capacitor banks 

offline and adjust area 
transformer LTCs

1 Whitcomb 115-kV bus    -- -- -- -- -- -- -- 106.0% System Intact

Switch Birnamwood 69-kV 
capacitor bank offline and/or 

corrected Whitcomb 
transformer modeling

1 Petenwell 138/69-kV transformer 99.0%
95.6% -- -- -- -- -- -- -- McKenna – Houghton Rock 69-kV line

Castle Rock – Quincy ACEC 69-kV line 
Mitigated by generation 

adjustments

1 Vulcan – Port Edwards 138-kV line #1
Vulcan – Port Edwards 138-kV line #2

123.0%
122.8% -- 123.0%

122.8% -- 123.0%
122.8% -- 123.0%

122.8% -- Port Edwards – Vulcan Chemical 138-kV #2 line
Port Edwards – Vulcan Chemical 138-kV #1 line

Change tap on free standing 
CT's at Port Edwards

2 Base case loading criteria exceeded FALSE -- FALSE -- FALSE -- FALSE -- System Intact

2 Base case voltage criteria exceeded -- TRUE -- TRUE -- TRUE -- TRUE System Intact

-- --
-- --

2 Nordic – Mountain 69-kV line -- -- -- -- 96.8%
98.8% -- -- -- Plains – Arnold 138-kV line

Chandler 138/69-kV transformer

Targeted for mitigation by 
Escanaba area 
reinforcements

105.0%
105.0%
110.9%

-- ----

Project/Mitigation
2011 Summer Peak Case

Mitigated by generation 
adjustments or uprate line

Criteria Exceeded/NeedPlanning 
Zone Facility Outage(s)

2011 Minimum Load Case2011 70% Load Case2011 90% Load Case

M38 – Atlantic 138-kV line
Atlantic 138/69-kV transformer

M38 – Atlantic 138-kV line5 
2 M38 – Atlantic 69-kV line 116.8 – 121.6% --
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2011 Minimum Load Case2011 70% Load Case2011 90% Load Case

2 Plains – Arnold 138-kV line -- -- -- -- 95.2% -- -- -- Dead River 345/138-kV transformers2
Targeted for mitigation by 

Escanaba area 
reinforcements

2 Straits – McGulpin 138-kV line 9903 97.6% -- 97.6% -- -- -- -- -- Straits – McGulpin 138-kV line 9901
Targeted for mitigation by 

Eastern U.P. area 
reinforcements

2
Pine River – Straits 69-kV line

Pine River – Evergreen 69-kV line
Evergreen – Straits 69-kV line

-- --

102.4 – 108.8%
102.1 – 108.4%
107.1 – 113.8%
106.7 – 111.9%
105.7 – 111.0%

-- -- -- -- --

Straits – Hiawatha 138-kV line 9902
Straits 138/69-kV transformer
Straits – Brevort 138-kV line

Brevort – Lakehead 138-kV line
Hiawatha – Lakehead 138-kV line

Targeted for mitigation by 
Eastern U.P. area 

reinforcements

2 Engadine, Newberry, LouPac, Newberry Hospital, Newberry 
Village, Roberts 69-kV buses -- -- -- 89.4 – 89.9% -- -- -- -- Hiawatha – Engadine 69-kV line Mitigated by generation 

adjustments

2 Engadine, Newberry, Newberry Hospital, Roberts, LouPac, 
Newberry Village 69-kV buses -- -- -- 89.1 – 89.6% -- -- -- -- Hiawatha – Engadine 69-kV line6 Mitigated by generation 

adjustments

2 Brevort, Hiawatha and Lakehead 138-kV buses -- -- -- 91.2 – 91.4% -- -- -- -- Brevort – Straits 138-kV line
Targeted for mitigation by 

Eastern U.P. area 
reinforcements

2 Brevort and Lakehead 138-kV buses -- -- -- 91.6 – 91.7% -- -- -- -- Brevort – Lakehead 138-kV line
Targeted for mitigation by 

Eastern U.P. area 
reinforcements

2 Hiawatha 138-kV bus -- -- -- 91.4% -- -- -- -- Hiawatha – Lakehead 138-kV line
Targeted for mitigation by 

Eastern U.P. area 
reinforcements

2
Chandler, Delta, Escanaba, Masonville, Mead, Gladstone, 

West, Lakehead, North Bluff, Bay View, Cornell, Harris 69-kV 
buses

-- -- -- -- -- 88.4 – 91.1% -- -- Chandler 138/69-kV transformer Mitigated by generation 
adjustments

2
Straits, St. Ignace, Indian Lake, Evergreen, Valley, Glen Jenks, 

Manistique, Engadine, Hiawatha, Gould City, Curtis, Rexton, 
and Blaney Park 69-kV buses and Straits 138-kV bus

-- 104.1 – 105.7% -- -- -- 104.2 – 108.0% -- 104.6 – 106.2% System Intact
Adjust transformer tap 

settings at Hiawatha, Indian 
Lake, Straits

2 Hiawatha and Lakehead 138-kV buses -- -- -- 94.2 – 95.2% -- -- -- 105.9 – 106.0% System Intact Mitigated by generation 
adjustments

2

Alger Delta Hiawatha, Sault, Eckerman, Goetzville, Pickford, 
Rudyard, Newberry Hospital, Newberry Village, Three Mile, 
Magazine, Kinchloe, Trout Lake, Munising, Alger, Hulbert, 

Brimley, Dafter, Detour, Engadine, Newberry, Raco, LouPac, 
Roberts, ESE Hydro, Nine Mile, Pine River, Rockview, Pine 

Grove, Tone, Talentino 69-kV buses and Brevort 138-kV bus

-- -- -- -- -- -- -- 105.0 – 106.5% System Intact Mitigated by generation 
adjustments

2 Lakota Road 69-kV bus -- -- -- -- -- -- -- 119.1% Lakota Road – Conover 69-kV line Resolved by transformer 
model adjustments

2 Lakota Road 115-kV bus -- -- -- -- -- -- -- 110.4% Eagle River – Cranberry 115-kV line Mitigated by generation 
adjustments

2 Atlantic 138-kV bus -- -- -- -- -- -- -- 113.0% Atlantic – M38 138-kV line Mitigated by generation 
adjustments

3 Base Case Loading Criteria Exceeded FALSE -- FALSE -- FALSE -- FALSE -- System Intact
3 Base Case Voltage Criteria Exceeded -- FALSE -- FALSE -- FALSE -- FALSE System Intact

-- --

-- 91.5 – 91.9%

-- --

-- --

-- --

M38 – Winona 138-kV line Mitigated by generation 
adjustments

Mitigated by generation 
adjustments

Chandler 138/69-kV transformer Mitigated by generation 
adjustments

-- --

2 Engadine, Newberry, Newberry Hospital, Roberts, LouPac, 
Newberry Village, Hulbert and Eckerman 69-kV buses -- Hiawatha – Engadine 69-kV line

Engadine – Newberry 69-kV line82.9 – 90.7%

2 North Bluff, Bay View, Mead, Gladstone, Masonville and 
Lakehead 69-kV buses -- 90.8 – 91.6%

2 Ontonagon, Stone Container and Winona 138-kV buses -- 91.3 – 91.7%

--

--

-- --

--

--
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3 Concord 138-kV bus -- 95.5% -- -- -- -- -- -- System Intact Mitigated by generation 
adjustments

3 Concord, Butler Ridge, and Rubicon 138-kV buses -- -- -- 95.2 – 95.9% -- -- -- -- System Intact Mitigated by generation 
adjustments

3 Butler Ridge and Rubicon 138-kV buses -- 90.9 – 91.4% -- -- -- -- -- -- Hartford – St. Lawrence 138-kV line Mitigated by generation 
adjustments

3 Crawfish River 138-kV bus -- -- -- 91.1% -- -- -- -- Jefferson – Crawfish River 138-kV line Mitigated by generation 
adjustments

3 Crawfish River and Concord 138-kV buses -- 90.5 – 91.7% -- -- -- -- -- -- Jefferson – Crawfish River 138-kV line Mitigated by generation 
adjustments

3 Paddock – Townline 138kV line -- -- -- -- 99.0%
97.1% -- -- -- NW Beloit – Paddock 138-kV line

Blackhawk – NW Beloit 138kV
Mitigated by generation 

adjustments

3 Hubbard and Hustisford 138-kV buses --

96%
86.5%
87.1%
87.1%

90.7 – 90.9%

--

95.9%
87.2%
87.7%
87.%

--

--

--
--

87.2%
87.3%

--

-- --

System Intact
Rubicon – Hustisford 138-kV line
Hustisford – Hubbard 138-kV line

Rubicon – Hustisford – Hubbard 138-kV line
 Hartford – St. Lawrence 138-kV line

Adjust Hubbard 138/69-kV 
transformer LTC

3 Fox Lake, North Beaver Dam and Beaver Dam East 138-kV 
buses -- 89.2 – 89.3% -- -- -- -- -- -- North Randolph – Fox Lake 138-kV line Adjust North Beaver Dam 

138/69-kV transformer LTC

3 Fitchburg 138-kV bus -- -- -- -- -- 96.0% -- -- System Intact Femrite and Kegonsa 138-kV 
capacitor banks

3 Huiskamp 138-kV bus -- -- -- 88.6% -- 88.4% -- -- Huiskamp  –  North Madison 138-kV line Adjust Huiskamp 138/69-kV 
transformer LTC

3 Verona and Fitchburg 138-kV buses -- -- -- -- -- 91.8 –  91.9% -- -- Columbia generator #1 Femrite and Kegonsa 138-kV 
capacitor banks

3 Nelson Dewey 161/138-kV transformer -- -- -- -- 95.6%
95.4% -- -- -- CE Byron generator #1

CE Byron generator #2
Mitigated by generation 

adjustments

3 Nelson Dewey –  Cassville 161-kV line -- -- -- -- 99.6%
95.8% -- -- -- DPC Genoa generator #3

Columbia generator #2
DPC line limitation / further 

study needed

3 Fitchburg – Syene 69-kV line 104.9% -- 95.3% -- -- -- -- -- Royster – AGA Tap 69-kV line
Short term Operating Guide / 

Nine Springs, Pflaum area 
project

3 Royster – AGA Gas Tap 69-kV line 103.0% -- -- -- -- -- -- -- Fitchburg – Syene 69-kV line
Short term Operating Guide / 

Nine Springs, Pflaum area 
project

3 Verona 138-kV bus -- 95.7%
90.2% -- --

90.2% -- -- -- --
114.8%

System Intact
Verona – Oak Ridge 138-kV line

Adjust Verona 138/69-kV 
transformer LTC /  Verona 69-

kV capacitor bank project

3 Fitchburg, Cross County, Oak Ridge and Pleasant View  138-
kV buses -- 95.3 – 95.9% -- -- -- -- -- -- System Intact Femrite and Kegonsa 138-kV 

capacitor banks

3 Verona, Oak Ridge, Pleasant View, Cross Country, Pleasant 
View, and  Fitchburg 138-kV buses  -- -- -- 95.0 – 95.9% -- -- -- -- System Intact Femrite and Kegonsa 138-kV 

capacitor banks

3 REC Harmony, Milton Tap and Milton  69-kV buses -- 91.9 – 92.0% -- -- -- -- -- -- McCue – Harmony 69-kV line Lamar 69-kV capacitor bank 
project

4 Base case loading criteria exceeded FALSE -- FALSE -- FALSE -- FALSE -- System Intact
4 Base case voltage criteria exceeded -- TRUE -- FALSE -- FALSE -- TRUE System Intact

4 Badger & Belle Plaine 115-kV buses -- 105.0% -- -- -- -- -- 106.4% System Intact Switch Badger 138-kV 
capacitor banks offline

4 East Krok 138/69-kV transformer 103.2% -- 103.1% -- 98.1% -- -- -- Canal – East Krok 138-kV line

No project needed 
Investigation into limiting 
facility resulted in higher 

facility ratings

4 Sunset Point – Pearl Avenue 69-kV line 108.2%
107.8% -- 97.1%

97.0% -- -- -- -- -- Ellinwood 138/69-kV transformer3

Ellinwood – 12th Avenue 69-kV line
Rebuild line

4 Morgan – Falls 138-kV line -- -- -- -- 105.7% -- -- -- Morgan – Plains 345-kV line Mitigated by generation 
adjustments

4 White Clay 138-kV 1-2 bus tie -- -- -- -- 96.0% -- -- -- Morgan – Highway 22 345-kV line Further study needed

4
North Appleton, Apple Hills, Maes, Combined Locks tap & City 

Limits 138-kV buses -- -- -- -- -- -- -- 104.1 – 105.3% System Intact Switch off area capacitor 
banks
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4 Werner West, Werner & Hintz 138-kV buses -- -- -- -- -- -- -- 105.4 – 105.5% System Intact Switch off area capacitor 
banks

4 City Limits, Lake Park & Forest Junction 138-kV buses -- -- -- -- -- -- -- 104.1 – 105.1% System Intact Switch off area capacitor 
banks

4 Butte des Morts, Northside, Tayco, Melissa, Meadows 
Kaukauna Central tap & Forest Junction 138-kV buses -- -- -- -- -- -- -- 104.2 – 105.1% System Intact Switch off area capacitor 

banks

4 Kaukauna Central tap, Kaukauna Central, Kaukauna North & 
North Appleton 138-kV buses -- -- -- -- -- -- -- 104.9 – 105.3% System Intact Switch off area capacitor 

banks

4 Glenview 138-kV bus -- -- -- -- -- -- -- 105.1% System Intact Switch off area capacitor 
banks

5 Base Case Loading Criteria Exceeded FALSE -- FALSE -- FALSE -- FALSE -- System Intact
5 Base Case Voltage Criteria Exceeded -- TRUE -- TRUE -- FALSE -- TRUE System Intact

5
Bluemound 230-kV bus, Allerton, Bark River, Brookdale, 
Cooney, Cottonwood, Germantown, Hartford, Maple and 

Summit 138-kV buses
-- 94.5 – 96.0% -- -- -- -- -- -- System Intact Mitigated by generation 

adjustments

5
Bluemound 230-kV bus, Bark River, Cooney, Cottonwood, 

Germantown, Hartford, Mukwonago, Maple and Summit 138-kV 
buses

-- -- -- 94.5 – 95.9% -- -- -- -- System Intact Mitigated by generation 
adjustments

5

Montana, Barland, Valley, Racine, Dewey, Albers, Allerton, 
Branch, Center, Everett, Fiebrantz, Hayes, Harbor, Haymarket, 

Kansas, Kenosha, Lincoln, Nicholson, Norwich, Oak Creek, 
Parkhill, Pennsylvania, Racine, Ramsey, St. Rita, 28th St, and 

Somers 138-kV buses

-- -- -- -- -- -- -- 105.0  – 105.8% System Intact Mitigated by generation 
adjustments

5 Germantown 138-kV bus -- 91.3% -- -- -- -- -- -- Germantown – Maple 138-kV line Mitigated by generation 
adjustments

5 Bark River and Germantown 138-kV buses -- 91.6 – 91.7% -- -- -- -- -- -- Bark River – Sussex 138-kV line Mitigated by generation 
adjustments

5 Bark River, Cottonwood and Germantown 138-kV buses -- -- -- 91.5 – 91.9% -- -- -- -- Bark River – Sussex 138-kV line Mitigated by generation 
adjustments

5 Hartford 138-kV bus -- 90.4% -- 91.9% -- -- -- -- Hartford – St. Lawrence 138-kV line Mitigated by generation 
adjustments

5 Maple, Germantown, Bark River, and Cottonwood 138-kV 
buses -- 85.8 – 91.6% -- -- -- -- -- -- Maple – Saukville 138-kV line Mitigated by generation 

adjustments

5 Maple and Germantown 138-kV buses -- -- -- 88.7 – 89.1% -- -- -- -- Maple – Saukville 138-kV line Mitigated by generation 
adjustments

5 Bain 345/138-kV transformer #5 159.5%
113.6% -- 159.2%

-- -- 146.9%
-- -- 146%

-- -- Split Pleasant Prairie 345-kV bus 34
Split Pleasant Prairie 345-kV bus 23

Mitigated by generation 
adjustments

5 Oak Creek 345/230-kV transformer T895 104.7%
103.4% -- 104.7% -- -- -- -- -- Split Oak Creek 230-kV bus 78

Split Oak Creek 230-kV bus 67
Mitigated by generation 

adjustments
5 Arcadian4 – Waukesha1 138-kV line 107.1% -- 131.1% -- 115.0% -- -- -- Arcadian6 – Waukesha3 138-kV line Rebuild line

5 Arcadian6 – Waukesha3 138-kV line 110.8% -- 126.7%
111.3% -- 111.2%

99.8% -- -- -- Arcadian4 – Waukesha1 138-kV line
Split Waukesha 138-kV bus 12 Rebuild line

5 Arcadian 345/138-kV transformer #3 101.5% -- 109.9%
105.8% -- 100.3% -- -- -- Arcadian 345/138-kV transformer #1

Split Arcadian 345-kV bus 12 Replace transformer

5 Arcadian 345/138-kV transformer #2 -- -- 101.8%
97.5% -- -- -- -- -- Arcadian 345/138-kV transformer #1

Split Arcadian 345-kV bus 12 Replace transformer

5 Albers – Kenosha 138-kV line -- -- 102.5% -- 116.0% -- -- -- Albers – Bain 138-kV line Mitigated by generation 
adjustments

5 Waukesha 138-kV bus 12 -- -- 98.2% -- -- -- -- -- Arcadian6 – Waukesha3 138-kV line Mitigated by generation 
adjustments

5 Harbor – Kansas 138-kV line -- --

102.1%
97.4%
97.3%

--
--
--

--

108.7%
99.4%

106.3%
106.4%
105.4%
102.4%

-- -- --

Kansas – Norwich 138-kV line
Harbor – Norwich 138-kV line

Split Dewey 138-kV bus
Dewey – Norwich 138-kV line
Montana – Dewey 138-kV line
Montana – Valley 138-kV line

Mitigated by generation 
adjustments

5 Granville – Rangeline 138-kV line -- -- 101.2% -- -- -- -- -- Cornell – Granville 138-kV line Mitigated by generation 
adjustments
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5 Oak Creek – Ramsey 138-kV line -- --

102.1%
101.3%
100.5%
100.0%
97.4%

-- -- -- -- --

Valley generator #1
Edgewater generator #5

Oak Creek – Pennsylvania 138-kV line
Edgewater generator #4

System Intact

Mitigated by generation 
adjustments

5 Edgewood – St. Martins 138-kV line -- -- -- -- 99.9% -- -- -- Merrill Hills – Waukesha 138-kV line Mitigated by generation 
adjustments

Page 5 of 5



Table ZS-1_2011 constraints

Definition of Event Based Contingencies to be included in Appendix:

1 Arpin - Rocky Run 345-kV line + Port Edwards - Sand Lake 138-kV line + Port Edwards - 
Hollywood 138-kV line + Council Creek - Council Creek DPC 69-kV line

2 Dead River 345/138-kV xfmr #1 and Dead River 345/138-kV xfmr 1A

3 Ellinwood 138/69 kV xfmr #1 + Ellinwood - Twelfth Ave 69 kV circuit + Ellinwood - Fitzgerald 
138 kV circuit +Ellinwood 138 kV bus tie 1-2

4 Whitcomb - CWEC Wittenberg Tap - Wittenberg Tap - Birnamwood Tap - Brooks Corner - Deer 
Trail 69-kV line

5 M38 – Atlantic 138-kV line + Atlantic 138/69-kV transformer
6 Hiawatha-Engadine 69-kV line + Hiawatha 138/69-kV transformer

Event Base Contingencies


