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G590 Feasibility Study Report

1. Summary

This report contains the Feasibility Study Report for the Generation Interconnection Request
identified as MISO Project #G590, MISO Queue #38740-01. This study evaluates the impact of
a new 98 MW wind farm installation to the 138 kV transmission system in Calumet County,
Wisconsin. The requested in-service date for this project is December 31, 2007.

This study identifies the steady state thermal violations and voltage violations caused by the
proposed interconnection. For G590 to interconnect as either an Energy Resource (ER) or a
Network Resource (NR), it is necessary to complete system upgrades required to resolve
injection limits. Injection limits are thermally overloaded facilities that either have a Distribution
Factor (DF) of at least 20% in relation to real power injected at the Point of Interconnection
(POI) when delivered to all of MISO or they are direct outlets from the generator POI. In order
to qualify G590 as a NR, it is necessary to complete all system upgrades identified as a result of
the Deliverability Study, which will be conducted as part of the Interconnection System Impact
Study (ISIS).

The G590 generation is proposed to connect to the Forest Junction to Tecumseh Road 138 kV
Line (971K91). Figure 1.1 shows the existing transmission system for 2008 including the
proposed G590 POI. The proposed interconnection does not show the ultimate expected
substation layout. The final interconnection will depend on the thermal, voltage, and stability
analysis performed in the Feasibility Study and the ISIS in addition to operational issues and
physical space for the new facilities required for the interconnection.

1.1 Injection Limits

The study identified no steady-state thermal violations for NERC Category A (intact system)
events for the 2007 and 2008 seasonal models studied and one steady-state thermal violation for
NERC Category B (N-1) events for the 2008 seasonal model studied, as shown in Table A.1 in
Appendix A. The study identified two steady-state thermal violations NERC Category B (N-1)
events for the 2014 summer season.

The study identified one steady-state thermal violation for NERC Category B (N-1) events for
the 2008 summer seasonal model studied, as shown in Table A.1 in Appendix A. This overload
meets the criteria for injection limits. This injection limit is:

1. Line 6832, North Appleton — Fox Energy 345 kV
The study identified two steady-state thermal violations for NERC Category B (N-1) events for
the 2014 summer seasonal model studied, as shown in Table A.1 in Appendix A. One overload
meets the criteria for injection limits. This injection limit is:

1. Line 2221 Pleasant Prairie — Zion 345 kV

Without system upgrades to resolve these injection limits, the maximum allowable generation
was found to be 98 MW for winter 2007, 0 MW for summer 2008 and 0 MW for summer 2014.
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1.2 Operation Restrictions

The study identified 10 operating restrictions on G590 for summer 2008, which are based on 5
distinct NERC Category C events (double contingencies) that resulted in 8 distinct limiting
elements to be encountered (Table B.1 — Appendix B). The study also identified 8 operating
restrictions on G590 for winter 2007/08, which are based on 4 distinct NERC Category C events
that resulted in 5 distinct limiting elements to be encountered (Table B.2 — Appendix B). These
operation restrictions were identified based on N-2 linear transfer analysis on the winter 2007/08
and summer 2008 models (Table A.2 in Appendix A).

Additional analysis was performed to determine maximum allowable power that could be
injected at the POI with the outage of any two of the three 138 kV transmission lines directly
impacted by the G590 facility. The outage of either the G590 — Forest Junction 138 kV line
(971K91), the Tecumseh Road — Fredonia 138 kV line (40561) or the Fredonia — Saukville 138
kV line 40561 will require a MW and MVAr restriction to protect the 69 kV transmission system
against thermal overload and potential voltage instability for the next contingency (Tables B.3 -
B.6 in Appendix B).

1.3 Network Upgrades

To be determined in the ISIS.

1.4 Required Interconnection Facilities

New interconnection facilities will consist of facilities located between the interconnection
substation and the generator POI, which is typically the bus side of the disconnecting device on
the high side of the 138/34.5 kV substation transformer installed by the G590 customer. Note
that the generator POI is also the point of change of ownership.

1.5 Required Power Factor Range at POI

The G590 power factor requirement was identified based on the following criteria:

1 - The voltage magnitude at the POI bus and buses one substation away from the POI bus must
not be lower than 0.95 p.u. under intact system conditions, and must not be lower than 0.90
p.u. under N-1 contingency conditions.

2 - The interconnecting generator should maintain a voltage schedule of 1.02 p.u. at the POI for
the intact system and also for the system under first contingency conditions.

3 - The interconnecting generator is not required to design a power factor range outside of the
0.95 leading power factor (absorbing reactive power from the Network) to 0.90 lagging
power factor (supplying reactive power to the Network).

The power factor requirement calculated for G590 based on these criteria is discussed in Section

3.1.1. Based on the results, G590 will be required to operate between 0.95 leading and 0.90
lagging power factors.
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1.6 Further Study

The next step in the Generator Interconnection Request process is for the Generator customer to
decide whether to proceed with an ISIS. The ISIS will determine the system upgrades required to
resolve all injection limits identified in this report and will include short circuit, transient and
dynamic stability, and deliverability studies, as applicable. Limits identified in the ISIS will also
need to be resolved to obtain interconnection service. The ISIS will also determine the final
interconnection configuration at the G590 interconnection substation.
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Appendix A: Power Flow Analysis Results
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Table A.1 — Identified Thermal Violations Due to G590

With Delivery to MISO for System Intact Conditions and N-1 Contingencies (TDF>3%)

Existing | Required

Limiting Element Rating Rating CorYt\ggrSetnc T((I)z '): Case? lnﬂ?;ti'gn ﬁ?;zggg
(MVA) | (MVA) gency
North Appleton — Fox River North Appleton — Kewaunee
354 kV Line 6832 Cktl 1096 1131 345 kV Line Ckt 1 216 | 20085 ves
Pleasant Prairie — Zion Pleasant Prairie — Zion
345 kV Line 2221 Ckt 1 1096 1169 345 kV Line Ckt 27 426 | 20145 ves
Racine — Oak Creek Arcadian — Oak Creek
345 kV Line 23333 Ckt 1 703 836 345 kV Line Ckt 1 148 | 20143 No
Notes:
1. Includes provision for 5% TRM. The required ratings are calculations using PSS/E, dispatching 50% of G590

2.

w

No ok

to TVA area and 50% to WAPA as a proxy for MISO delivery.

(2007W) — 2007/08 MISO Winter Peak Case with all local generation dispatched at Pyax, (2008S) - 2008
MISO Summer Peak Case with all local generation dispatched at Pyax, (2014S) - 2014 ATC Summer Peak
Case.

Injection limits are defined as having a TDF greater than 20%. These limits need to be corrected prior to the
customer generating for the 2007/2008 time frame.

Line conductor limit.

Line conductor limit.

CT limit at Racine.

This is based on a provisional project. However, the alternate system configuration would show the same
limiting element.
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Table A.2 — Identified Thermal Violations under N-2 Contingencies
Summer and Winter Delivery to MISO

Limiting
Element

Existing
Rating
(MVA)

Required
Rating2

(MVA)

Worst Double Contingency

TDF
(%)

Solution
Planned for
Limiting
Element

Additional N-2 contingencies produce overloads on the Tecumseh Road transformer and various 69 kV lines. See Tables B.3 — B.6.

New Holstein — Tecumseh
Road 69 kV Line K141

Tecumseh Road XFMR

Lake Park — Forest Junction
138 kV Line 728K21

Glory Road - Liberty 138 kV
Line U125

Glory Road - Depere 138 kV
Line R122

Granville 138 kV T3 XFMR

North Appleton — Fox River
345KV Line L6832

Darboy — Forest Junction
138 KV Line 971K11
Buttes Des Mortes -
Casaloma 138 kV Line
43022

Ellington — Hintz 138 kV Line

Melissa - Tayco 138 kV Line
43022

69 SE?

56 SE

293 SE

280 WE3

289 WE

478 SE
478 WE

1096 SE

293 SE

287 SE?
287 WES

381 WE

158 SE3

75S

81S

324 S

309 W

340 W

567 S
502 W

1366 S

320S

320S
354 W

385W

160 S

Forest Junction — Glenview 138 kV Line
Mishicot — Shoto 138 kV Line

Forest Junction — Glenview 138 kV Line
Mishicot — Shoto 138 kV Line

North Appleton — Fox River 345 kV Line L6832
North Appleton - Kewaunee 138 kV Line R304
North Appleton — Lawn Road 138 kV Line
Highway V - Preble 138 kV Line X-154

North Appleton — Lawn Road 138 kV Line
Highway V - Preble 138 kV Line X-154
Arcadian — Granville 345 kV Line 9911
Granville 345/138 kV XFMR

Granville — Sheboygan Falls 345 kV Line L-
SEC31

North Appleton - Kewaunee 138 kV Line R304
North Appleton — Fox River 345 kV Line L6832
North Appleton - Kewaunee 138 kV Line R304

North Appleton — Werner West 345 kV Line
Ellington — North Appleton 138 kV Line 6843

North Appleton — Werner West 345 kV Line
Arpin — Rocky Run 345 kV Line W-8

North Appleton — Fox River 345 kV Line L6832
North Appleton - Kewaunee 138 kV Line R304

4.9

4.8

10.9

3.2

32

30.1
74

25.7

11.8

13.1
10.7

8.9

54

No

No

No

No

No

No

No

No

No

No

No

Notes:

1. (W) -2007/08 MISO Winter Peak Case with all local generation dispatched at Pyax, (S) - 2008 MISO Summer
Peak Case with all local generation dispatched at Pyax.

2. Includes provision for 5% TRM. The required ratings are calculations using PSS/E, dispatching 50% of G590 to
TVA area and 50% to WAPA as a proxy for MISO delivery.

3. Ratings will be reviewed in the System Impact portion of the study.

4. SE - Summer Emergency, WE — Winter Emergency.
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Table A.3 — Maximum Allowable Generation for G590 without S

stem Upgrades

Max MW with Injection
G590 T
— Worst Model - Planned and Limit
Limiting Element . L Maximum
Contingency Description! Proposed
MW?2 !
Projects?3
North Appleton — Fox River North Appleton — Kewaunee
354 kV Line Cktl 345 kV Line Ckt 1 20085 OMW OMW ves
Pleasant Prairie — Zion Pleasant Prairie — Zion
345 KV Line Ckt 1 345 KV Line Ckt 27 20145 omMw oMw ves
Racine — Oak Creek Arcadian — Oak Creek
345 KV Line Ckt 1 345KV Line Ckt 1 20145 O MW OMW No

Notes:

1. (2008S) — 2008 MISO Summer Peak Case with all local generation dispatched at Pyax, (2014S) - 2014 ATC

Summer Peak Case.

2. Includes provision for 5% TRM. The required ratings are calculations using PSS/E, dispatching 50% of G590 to
TVA area and 50% to WAPA as a proxy for MISO delivery. The maximum output calculated for this generator

is based on no upgrades being performed on the transmission system.

3. Planned and Proposed projects from ATC’s 2005 Ten Year Assessment report.

Table A.4 — Calculated G590 Power Factor Range
Based on Criterion 1 and 2 (cf. Section 3.1.1 and Tables A.5 and A.6)

Leading Power Factor

Generator (Absorbing MVAr from the System)

Lagging Power Factor
(Providing MVAr to the System)

G590

93.1%

American Transmission Company
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Table A.5 — G590 Power Factor to maintain 0.95 p.u. local bus voltage for intact system
and 0.90 p.u. local bus voltage for N-1 contingency conditions

Winter 2007 Summer 2008 Summer 2014
G590 Power G590 Power G590 Power

Contingency MVArat | Factorat | MVArat | Factorat | MVArat | Factorat

POI POI POI POI POI POI
None (Intact System) -121.5 62.8 Lead -82.9 76.3 Lead -105.3 68.1 Lead
G590 - Forest Junction -66.2 82.9 Lead -58.3 85.9 Lead -54.6 87.3 Lead
G590 — Tecumseh Road -155.9 53.2 Lead -148.9 55.0 Lead -150.9 54.4 Lead
Forest Junction — Elkhart Lake -196.8 44,6 Lead -183.7 47.1 Lead -183.4 47.1 Lead
Forest Junction — Lake Park -199.2 44.1 Lead -186.5 46.5 Lead -186.7 46.4 Lead
Forest Junction - Darboy -198.4 44.3 Lead -185.5 46.7 Lead -184.5 46.9 Lead
Forest Junction - Rockland -198.2 44.3 Lead -184.1 47.0 Lead -183.4 47.1 Lead
Forest Junction — Lost Dauphin -197.9 44.4 Lead -183.4 47.1 Lead -182.7 47.2 Lead
Forest Junction 345/138 XFMR -189.1 46.0 Lead -173.7 49.1 Lead -170.6 49.8 Lead
Forest Junction - Glenview -199.1 44.2 L ead -184.4 46.9 Lead -182.2 47.3 Lead
Forest Junction — Meeme (2014) N/A N/A N/A N/A -183.7 47.0 Lead

Forest Junction — Howards Grove (2007/2008) -197.8 44.4 Lead -184.4 46.9 Lead N/A N/A
Tecumseh Road — Fredonia -143.8 56.3 Lead -140.4 57.2 Lead -135.7 58.5 Lead
Tecumseh Road XFMR -200.2 44,0 Lead -181.9 47.4 Lead -188.6 46.1 Lead
Fredonia — Saukville -124.4 61.9 Lead -90.4 73.5 Lead -82.8 76.3 Lead
Forest Junction — Point Beach -190.1 458 Lead -174.3 49.0 Lead -175.7 48.7 Lead
Forest Junction — Granville (2007/2008) -194.7 45.0 Lead -182.4 473 Lead -183.1 47.1 Lead
Forest Junction — Cypress (2014) N/A N/A N/A N/A -183.0 47.2 Lead
Forest Junction — Fox River -191.9 45,5 Lead -176.3 48.6 Lead -175.5 48.7 Lead

Notes:
1. Power Factor requirement is based on 98 MW net injection from G590 at POI.
2. Lagging power factor corresponds to generator supplying (+) reactive power to the transmission system. Conversely, leading power factor corresponds
to generator absorbing (-) reactive power from the transmission system.
3. N/A - Contingency not applicable to this time frame.
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Table A.6 — G590 Power Factor to maintain 1.02 p.u. voltage at POI
for intact system and N-1 contingency system conditions

Winter 2007 Summer 2008 Summer 2014
G590 Power G590 Power G590 Power
Contingency MVAr at Factor at MVArat | Factorat | MVArat | Factor at
POI POI POI POI POI POI
None (Intact System) +9.7 99.5 Lag +23.2 97.3 Lag +28.2 96.1 Lag
G590 - Forest Junction +12.1 99.2 Lag +19.0 98.2 Lag +25.6 96.7 Lag
G590 - Tecumseh Road -29.4 95.8 Lead 217 97.6 Lead -22.3 97.5 Lead
Forest Junction — Elkhart Lake +10.8 99.4 Lag +23.3 97.3 Lag +27.9 96.1 Lag
Forest Junction — Lake Park +6.4 99.8 Lag +18.2 98.3 Lag +22.4 974 Lag
Forest Junction - Darboy +7.2 99.7 Lag +19.3 98.1 Lag +24.6 96.9 Lag
Forest Junction - Rockland +7.6 99.7 Lag +21.3 97.7 Lag +26.5 96.5 Lag
Forest junction — Lost Dauphin +75 99.7 Lag +21.5 97.7 Lag +26.9 96.4 Lag
Forest junction 345/138 XFMR +16.3 98.6 Lag +31.4 95.2 Lag +38.4 93.1 Lag
Forest Junction - Glenview +8.8 99.6 Lag +24.1 97.1 Lag +30.4 95.5 Lag
Forest Junction — Meme (2014) N/A N/A N/A N/A +27.7 96.2 Lag
Forest Junction — Howards Grove (2007/2008) +9.8 99.5 Lag +22.5 97.5 Lag N/A N/A
Tecumseh Road — Fredonia -1.0 99.9 Lead -0.9 99.9 Lead +9.4 99.5 Lead
Tecumseh Road XFMR -19.2 98.1 Lead +1.9 99.9 Lag -3.7 99.9 Lead
Fredonia — Saukville +7.8 99.7 Lag +17.4 98.5 Lag +28.7 95.9 Lag
Forest Junction — Point Beach +17.0 98.5 Lag +32.4 94.9 Lag +32.6 94.8 Lag
Forest junction — Granville +13.2 99.1 Lag +24.7 97.0 Lag +28.4 96.0 Lag
Forest junction — Fox River +14.2 99.0 Lag +29.5 95.8 Lag +35.8 93.9 Lag

Notes:
1. Power Factor requirement is based on 98 MW net injection from G590 at POI.
2. Lagging power factor corresponds to generator supplying (+) reactive power to the transmission system. Conversely, leading power factor corresponds to
generator absorbing (=) reactive power from the transmission system.
3. N/A - Contingency not applicable to this time frame.
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Appendix B: Operation Restrictions
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Table B.1 — Summary of Identified Summer 2008 Operating Restrictions on G590 due to
Thermal Constraints

Allowable - Existing
Prior outage G590 MW \(’:Vgrzztn’\'g;‘tc '\E"I‘;frt]eLr'];”'“”g MVA TDF %
Outputt2 gency Rating
Tecumseh 138/69 kV
Forest Junction - Glenview oMw Mischicot — Shoto 138 kV Transformer 56 SE 49
138 kV Line E-57 oMW Line Y-51 New Holstein - Tecumseh 69 SE3 48
Road 69 kV Line K-141
Tecumseh 138/69 kV
Mischicot — Shoto 138 kV oMw Forest Junction - Glenview Transformer 56 SE 49
Line Y-51 oMW 138 kV Line E-57 New Holstein - Tecumseh 69 SE3 48
Road 69 kV Line K-141
North Appleton — Werner Ellington — North Appleton Buttes Des Mortes - Casaloma 3
West 345 kV Line oMW 138 kV Line 6843 138 kV Line 43022 287 SE 131
Ellington — North Appleton 138 North Appleton — Werner Buttes Des Mortes - Casaloma 3
kV Line 6843 oMW West 345 kV Line 138 kV Line 43022 287 SE 131
Darboy — Forest Junction 138
0 MW KV Line 971K11 293 SE 118
North Appleton — Fox River North Appleton - Kewaunee Lake Park — Forest Junction
345 KV Line 6832 OMW | 138 kv Line R-304 138 KV Line 728K21 293 SE 109
57 MW Melissa — Tayco 138 kV Line 3
85411 158 SE 5.4
Darboy — Forest Junction 138
0 MW KV Line 971K11 293 SE 118
North Appleton - Kewaunee North Appleton — Fox River Lake Park — Forest Junction
138 kV Line R-304 OMW" 1 345 kv Line 6832 138 kV Line 728K21 293 SE 109
57 MW Melissa — Tayco 138 kV Line 3
85411 158 SE 5.4
Gf:g'g;‘l‘ Granville 345 kv OMW | Granville 345/138 KV XFMR | Granville T3 XFMR 478 SE 301
Granville 345/138 kV XFMR 0 MW Gﬁ:‘;‘g{‘l‘ Granville 345KV 1 G anville T3 XFMR 478 SE 301
Granville — Sheboygan Falls North Appleton - Kewaunee North Appleton - Fox River 345
345 KV Line L-SEC31 OMW | 138 kv Line R-304 KV Line 6832 1096 SE 2.1
North Appleton - Kewaunee Granville - Sheboygan Falls | North Appleton — Fox River 345
138 KV Line R-304 OMW | 345 kv Line L-SEC31 KV Line 6832 1096 SE 2.1
Notes:
1. N-2 contingencies were analyzed by linear transfer analysis for the summer 2008 model and re-run with

PSS/E AC analysis. G590 was analyzed using PSS/E, dispatching 50% of output to TVA area and 50% to
WAPA as a proxy for MISO delivery.
2. (2007W) — 2007/08 MISO Winter Peak Case with all local generation dispatched at Pyax, (2008S) — 2008
MISO Summer Peak Case with all local generation dispatched at Pyax.
Ratings will be reviewed in the System Impact portion of the study.
4, SE — Summer Emergency.

w
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Table B.2 — Summary of Identified Winter 2007/2008 Operating Restrictions on G590 due to
Thermal Constraints

Allowable - Existing
Prior outage G590 MW \(’:Vgrzztn’\'g;‘tc '\E"I‘;frt]eLr'];”'“”g MVA TDF %
Outputt? gency Rating

North Appleton — Werner Ellington — North Appleton Buttes Des Mortes - Casaloma 3

West 345 kV Line 0 MW 138 kV Line 6843 138 kV Line 43022 287 WE 107

Ellington — North Appleton 138 North Appleton — Werner Buttes Des Mortes - Casaloma 3

kV Line 6843 0 MW West 345 kV Line 138 kV Line 43022 287 WE 107

North Appleton — Werner Arpin — Rocky Run 345 kV Ellington — Hintz 138 kV Line

West 345 kV 0 MW Line W-8 80332 S8LWE 89

Arpin — Rocky Run 345 kV North Appleton — Werner Ellington — Hintz 138 kV Line

Line W-8 0 MW West 345 kV 80332 S8LWE 89

Gf:g'g;‘l‘ Granville 345 kv OMW | Granville 345/138 kV XFMR | Granville T3 XFMR 478 WE 74

Granville 345/138 kv XFMR 0 MW Gﬁ’sg‘g&‘ Granville 345KV 1 G ranvile T3 XFMR 478 WE 74
Glory Road - Liberty 138 kV 3

North Appleton — Lawn Road oMw Highway V - Preble 138 kV Line U-125 280 WE 32

138 kV Line 6851 Line X-154 .

0 MW Qlory Road - Depere 138 kV 289 WE? 32

Line R-122
Glory Road - Liberty 138 kV 3

Highway V - Preble 138 kV O MW North Appleton — Lawn Road | Line U-125 280 WE 32

Line X-154 138 kV Line 6851 .

0 MW Qlory Road - Depere 138 kV 289 WE 39
Line R-122
Notes:
1. N-2 contingencies were analyzed by linear transfer analysis for the winter 2007/08 model and re-run with

PSS/E AC analysis. G590 was analyzed using PSS/E, dispatching 50% of output to TVA area and 50% to
WAPA as a proxy for MISO delivery.
2. (2007W) — 2007/08 MISO Winter Peak Case with all local generation dispatched at Pyax.

w

4. WE — Winter Emergency.

American Transmission Company
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Table B.3 — Summary of Identified Local Operating Restrictions on G590
Outage of G590 — Forest Junction 138 kV Line and the Tecumseh Road — Fredonia 138 kV Line.

Summer 2008
G590 Loading (MVA)
Tecumseh Road Tecumseh Road New Holstein New Holstein
XFMR - New Holstein - Gravesville - St. Nazianz
MW MVAR PF (56 MVA SE) (69 MVA SE) (56 MVA SE) (36 MVA SE)
G590 Station Voltage @ 0.900, 16 MVAR @ New Holstein, Trans Tap @ 1.0
15 -10.8 81.2
25 -12.9 88.9
35 -14.1 92.8 37.7 40.0 21.6 1.7
45 -14.6 95.1 47.3 50.5 27.6 6.1
54 -14.4 96.6 55.9 59.9 32.8 10.2
56 -14.3 96.9 57.8 61.9 34.1 11.2
G590 Station Voltage @ 0.900, 32. MVAR @ New Holstein, Trans Tap @ 1.0
15 -16.1 68.2
25 -18.3 80.7
35 -19.6 87.3 40.1 43.4 19.5 2.6
45 -20.2 91.2 49.4 53.7 25.4 1.0
53 -17.4 95.0 55.8 59.9 29.4 8.7
56 -20 94.2 59.5 65.0 32.0 9.6
(G590 Station Voltage @ 0.900, 32 MVAR @ New Holstein, Trans Tap @ 1.058
15 -8.9 86.0
25 -11.1 91.4
35 -12.5 94.2 37.2 39.1 18.7 7.0
45 -13.1 96.0 46.9 49.7 245 7.2
54 -13.1 97.2 55.6 59.2 29.6 9.5
56 -13 97.4 57.5 61.3 30.9 10.1
Notes:

1. Items in bold indicate a potential G590 operating restriction for the outage of either the G590 — Forest
Junction 138 kV Line or the Tecumseh Road — Fredonia 138 kV Line.
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Table B.4 — Summary of Identified Local Operating Restrictions on G590
Outage of G590 — Forest Junction 138 kV Line and the Fredonia - Saukville 138 kV Line.

Summer 2008
G590 Loading (MVA)
Tecumseh Road Tecumseh Road New Holstein New Holstein St. Nazianz
XFMR - New Holstein (69 | - Gravesville (56 - St. Nazianz (36 - Custer
MW MVAR PF (56 MVA SE) MVA SE) MVA SE) MVA SE) (36 MVA SE)
Fredonia Station Voltage @ 0.900, 32 MVAR @ New Holstein, Trans Tap @ 1.0

15 17 66.2

25 10 92.8

35 4.2 99.3 11.0 11.1 10.0 22.2 37.8
45 -0.4 100.0 6.7 1.0 2.9 17.8 33.1
55 -4.1 99.7 13.9 14.4 4.3 134 28.4
65 -6.9 99.4 23.3 24.4 9.8 9.3 23.9
98 -10.6 99.4 54.9 58.9 29.1 8.1 10.6

Fredonia Station Voltage @ 0.900, 32 MVAR @ New Holstein, Trans Tap @ 1.058

15 23.2 54.3

25 16.7 83.2

35 115 95.0 12.0 11.8 135 24.8 38.8
45 6.9 98.8 1.0 1.0 39 20.7 34.1
55 3.6 99.8 9.6 9.7 4.6 16.6 29.5
65 0.8 100.0 20.0 20.3 11.8 13.2 24.9
98 -2.9 100.0 52.9 55.4 28.6 10.1 10.1

Notes:

1. Items in bold indicate a potential G590 operating restriction for the outage of either the G590 — Forest Junction 138 kV Line or the Fredonia -
Saukville 138 kV Line.
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Table B.5 — Summary of Identified Local Operating Restrictions on G590
Outage of G590 — Forest Junction 138 kV Line and the Tecumseh Road — Fredonia 138 kV Line.

Winter 2007/2008
G590 Loading (MVA)
Tecumseh Road Tecumseh Road New Holstein New Holstein
XFMR - New Holstein (71 | - Gravesville (71 - St. Nazianz (46
MW MVAR PF (65 MVA WE) MVA WE) MVA WE) MVA WE)
G590 Station Voltage @ 0.900, 0 MVAR @ New Holstein, Trans Tap @ 1.0

15 -7.8 88.7

25 -9.7 93.2

35 -10.8 95.6 36.6 38.3 20.6 9.7

45 -11.1 97.1 46.3 48.8 26.1 13.7
55 -10.7 98.2 56.0 59.2 317 18.1
64 -9.6 98.9 64.7 68.5 36.8 22.0

G590 Station Voltage @ 0.900, 16. MVAR @ New Holstein, Trans Tap @ 1.0

15 -16.1 68.2

25 -18.3 80.7

35 -19.6 87.3 40.1 43.4 19.5 2.6

45 -20.2 91.2 49.4 53.7 25.4 1.0

53 -17.2 95.1 55.7 60.2 27.8 8.0

55 -17 95.5 57.6 62.3 29.0 16.1
63 -16.2 96.8 65.0 70.5 33.7 19.7

(G590 Station Voltage @ 0.900, 16 MVAR @ New Holstein, Trans Tap @ 1.058

15 -4.6 95.6

25 -6.6 96.7

35 -7.8 97.6 35.9 37.1 14.7 55

45 -8.3 98.3 45.8 47.6 20.0 9.9

55 -8 99.0 55.6 58.1 26.6 14.5
63 -7.9 99.2 64.5 67.9 32.0 18.7

Notes:

1.

Items in bold indicate a potential G590 operating restriction for the outage of either the G590 — Forest
Junction 138 kV Line or the Tecumseh Road — Fredonia 138 kV Line.
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Table B.6 — Summary of Identified Local Operating Restrictions on G590
Outage of G590 — Forest Junction 138 kV Line and the Fredonia - Saukville 138 kV Line.

Winter 2007/2007
G590 Loading (MVA)
Tecumseh Road | Tecumseh Road - New Holstein New Holstein St. Nazianz
XFMR New Holstein - Gravesville - St. Nazianz - Custer
MW MVAR PF (65 MVA WE) (71 MVA WE) (71 MVA WE) (46 MVA WE) (46 MVA WE)
Fredonia Station Voltage @ 0.900, 32 MVAR @ New Holstein, Trans Tap @ 1.0
15 -1.7 99.4 17.5 17.9 175 19.2 31.6
25 -6.8 96.5 11.0 114 11.6 14.7 26.8
35 -10.9 95.5 12.7 13.3 5.7 10.4 22.1
45 -14 95.5 20.1 21.3 2.0 6.4 175
55 -16.4 95.8 29.0 30.9 6.8 37 13.1
65 -17.9 96.4 38.1 41.0 12.6 5.3 9.1
94 -18.4 98.1 64.9 71.0 29.8 174 7.7
98 -18.4 98.3 68.7 75.3 32.2 19.2 9.1
Fredonia Station Voltage @ 0.900, 32 MVAR @ New Holstein, Trans Tap @ 1.058
15 6 92.8 17.8 17.6 20.3 215 32.6
25 1 99.9 7.2 7.3 14.9 175 27.8
35 -2.6 99.7 5.0 5.1 104 13.6 23.2
45 -5.8 99.2 14.7 15.1 7.7 10.3 18.5
55 -8.2 98.9 24.7 25.7 9.1 8.2 14.0
65 9.3 99.0 34.5 36.1 135 7.9 9.5
96 9.7 99.5 64.7 68.8 30.1 17.8 4.7
98 9.4 99.5 66.6 70.8 311 18.6 5.5

Notes:
1. Items in bold indicate a potential G590 operating restriction for the outage of either the G590 — Forest Junction 138 kV Line or the Fredonia -
Saukville 138 kV Line.
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Appendix C: Study Criteria
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Study Criteria

C.1 Contingencies

For stability analysis, a set of branches in the vicinity of the generator/power plant of concern is
selected as contingencies, based on engineering judgment. Fault analysis is performed for the
following six categories of contingency conditions:

1. Three-phase fault cleared in primary time with an otherwise intact system.

2. Three-phase fault cleared in delayed clearing time (i.e. breaker failure conditions) with an
otherwise intact system.

3. Three-phase fault cleared in primary clearing time with a pre-existing outage of any other
transmission element.

4. Single Line Ground (SLG) bus section fault cleared in primary clearing time with an
otherwise intact system.

5. SLG internal breaker fault cleared in primary clearing time with an otherwise intact
system.

6. SLG fault of double circuits on common tower cleared in primary time with an otherwise
intact system.

For power flow analysis, contingencies include:

1. N-1 contingencies — all lines and transformers operated at 69kV and above in the
following control areas/zones: ATC Planning Zones 1-5 and ties to those zones, and all
branches of voltage level 69kV and above in the Dairyland Power Cooperative, Northern
States Power Control Area, Commonwealth Edison, and Alliant West control areas.

2. Selected N-2 and multiple contingencies that ATC has determined to be significant.

C.2 Monitored Elements

C.2.1 Intact System, N-1, N-2, and Special Multiple Contingency Evaluation Using Linear
Transfer Analysis Method

All load carrying elements operated at 69kV and above in the following control areas/zones were
studied:ATC Planning Zones 1-5 and ties to those zones, and all branches of voltage level 69kV
and above in the Dairyland Power Cooperative, Northern States Power Control Area,
Commonwealth Edison, and Alliant West control areas.

A Transmission Reliability Margin (TRM) of 5% was applied to MVA ratings of all monitored
elements. Thermal violations are reported based upon the TRM adjustment of MVA ratings.
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C.3 Thermal Loading Criteria

C.3.1 Injection Violations

Generation injection violations include 1) thermal violations of the transmission elements that
connect the Generator to the rest of the transmission network (outlet congestion); 2) thermal
violations of the transmission elements that have TDF > 20% anywhere in the studied system.

C.3.2 Operation Restriction Calculation

Equipment Rating — [Line Flow — (Generation Output * TDF)]

Allowable Generation Output = TDE

C.4 Steady State Voltage Criteria

C.4.1 Intact System, N-1 and Special Multiple Contingency Evaluation Using ACCC

Under intact system conditions, the voltage magnitude of all transmission system buses with a
decrease of 0.01 p.u. due to the Generator must not be lower than 0.95 p.u. Under contingency
conditions, the voltage magnitude of all transmission system buses with a decrease of 0.01 p.u.
due to the Generator must not be lower than 0.90 p.u.

C.4.2 N-2 Contingency Evaluation
Power flow solutions must converge for a selected number of N-2 contingencies in the electrical
proximity of the studied Generator. Divergence of a power flow solution indicates potential

voltage collapse.

C.5 Anqular Stability Criteria

Critical Clearing Time (CCT) is a period relative to the start of a fault, within which all
generators in the system remain stable (synchronized). CCT is obtained from simulation.
Maximum Expected Clearing Time (MECT) determines a period of time that is needed to clear a
fault using the existing system facilities. MECT is dictated by the existing system facilities. In
any contingency, if the computed CCT is less than the MECT plus a margin determined by ATC
(1.0 cycle in this study), it is considered an unstable situation and is unacceptable. Otherwise, it
is considered acceptable stability performance.

In the context of angular stability analysis, voltages of all transmission system buses must

recover to at least 70% of the nominal system voltage immediately after fault removal and 80%
of the nominal system voltage within 0.5 second after fault removal.
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