


G486 Addendum to the Combined Interconnection Feasibility/System Impact Study 

Introduction 
 
Tables B.1 through B.3, as found in this addendum, replace the corresponding tables presented in 
the G486 Combined Interconnection Feasibility/System Impact Study report dated December 2, 
2005. This addendum evaluates the system dynamic stability results in Table B.1, Table B.2 and 
Table B.3 of the original report assuming G486 low voltage ride through characteristics are 
consistent with the FERC Order 661-A, Docket No. RM05-4-001, Appendix G, issued on 
December 12, 2005.  
 
Stability results in Table B.1 to Table B.3 did not identify any unacceptable transient stability 
performance due to the addition of G486, when modeling the Appendix G characteristics.  For 
selected cases, G486 unit is tripped due to low voltage magnitude at the Point of Interconnection 
(POI).  In particular, the intact system stability results in Table B.1 shows that G486 unit is 
tripped for three phase faults at the Mishicot substation.  For faults at Kewaunee towards 
Mishicot, G486 survives the fault but trips on the re-closure on the fault after two seconds.  G486 
unit survives all breaker failure cases studies as shown in Table B.2. 
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G486 Addendum to the Combined Interconnection Feasibility/System Impact Study 

 
Appendix B: Updated Stability Analysis 

 
Notes applicable to Tables B.1 through B.3: 

1. All stability analysis performed with G486 in voltage control mode 
2. All faults modeled were 3-phase faults.   
3. N/A – Run not applicable. 

 
Table B.1 updated – Stability Analysis Results of Primary Fault Contingencies 

With the Addition of G486 Generation 

Case # 
Clearing Facility and Clearing Times 

(cycles) 
From – To Circuit 

Re-close on fault Stability performance With 
G486 

B1_1 Kewaunee 138/345 kV Transformer (6.0) None Acceptable, G486 unit did not trip 
B1_2 Kewaunee (4.5) – East Krok (9.5) East Krok after 2 seconds Acceptable, G486 unit did not trip 

B1_3 Kewaunee (4.5) – Mishicot (7.5) Mishicot after 2 seconds G486 tripped on the re-closure after 
2 seconds 

B1_4 Mishicot (4.5) – Shoto (7.5) Mishicot after 2 seconds G486 tripped 
B1_5 Mishicot (4.5) – Kewaunee (7.5) Mishicot after 2 seconds G486 tripped 
B1_6 Shoto (4.5) – Mishicot (7.5) Shoto after 2 seconds Acceptable, G486 unit did not trip 
B1_7 Shoto (4.5) – Glenview (7.5) Shoto after 2 seconds Acceptable, G486 unit did not trip 
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Appendix B: Updated Stability Analysis 
 

 
 

Table B.2 updated – Stability Analysis Results of Breaker Failure Contingencies 
With the Addition of G486 Generation 

G486 

Case # 
Faulted 

Facilities 

Failed 
Circuit 
Breaker 

Element(s) 
Cleared 

In Primary 

Element(s) 
Cleared In 

Breaker Failure 

Breaker 
Clearing 

Time 
Actual 

(Cycles) 
Modeled 
Clearing 

Time 

Transient 
problems 

B2_1 
Kewaunee 

345/138 kV 
Transformer 

1066-E 
1099 and 

1066-W @ 
Kewaunee 

Kewaunee 
Breakers: F-84 
and RA-199E 

17.5 18.5 None 

B2_2 
Kewaunee 

345/138 kV 
Transformer 

1066-W 
1099 and 
1066-E @ 
Kewaunee 

Kewaunee 
Breakers: Y-51, 
RA-199W and 

22 

17.5 18.5 None 

B2_3 Kewaunee – East 
Krok 

F-84 @ 
Kewaunee 

F-84 @ East 
Krok 

Kewaunee 
Breakers: 1066-E 

and RA-199E 
14.0 15.0 None 

B2_4 Kewaunee – 
Mischicot 

Y-51 @ 
Kewaunee 

New Breaker 
at G384 
Separate 

Kewaunee 
Breakers: 1066-
W, RA-199-W 

and 22 

14.0 15.0 None 

B2_5 Shoto – Mischicot Y-51 @ 
Shoto 

Mischicot: 
Towards 

Shoto 

1381, N-66, K-
11 and 691 17.5 18.5 None 

B2_6 Shoto – Glenview L-90 @ 
Shoto 

Glenview 
Breaker: L-90 

1381, C-55 and 
691 17.5 18.5 None 
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G486 Addendum to the Combined Interconnection Feasibility/System Impact Study 

Appendix B: Updated Stability Analysis 
 

Table B.3 updated – Prior Outage Contingencies Stability Results  
Due to the Addition of G486 Generation 

Prior Outage Case # Faulted Facility and Clearing Times (cycles) Stability performance With G486 
B3_1a Kewaunee 138/345 kV Transformer (6.0) N/A 
B3_1b Kewaunee (4.5) – East Krok (9.5) Acceptable 
B3_1c Kewaunee (4.5) – Mishicot (7.5) Acceptable 
B3_1d Shoto (4.5) – Mishicot (7.5) Acceptable 

Kewaunee 
138/345 kV 
Transformer 

B3_1e Shoto (4.5) – Glenview (7.5) Acceptable 
B3_2a Kewaunee 138/345 kV Transformer (6.0) Acceptable 
B3_2b Kewaunee (4.5) – East Krok (9.5) N/A 
B3_2c Kewaunee (4.5) – Mishicot (7.5) Acceptable 
B3_2d Shoto (4.5) – Mishicot (7.5) Acceptable 

Kewaunee – East 
Krok 

B3_2e Shoto (4.5) – Glenview (7.5) Acceptable 
B3_3a Kewaunee 138/345 kV Transformer (6.0) Acceptable 
B3_3b Kewaunee (4.5) – East Krok (9.5) Acceptable 
B3_3c Kewaunee (4.5) – Mishicot (7.5) N/A 
B3_3d Shoto (4.5) – Mishicot (7.5) Acceptable, G486 tripped 

Kewaunee – 
Mishicot 

B3_3e Shoto (4.5) – Glenview (7.5) Acceptable, G486 tripped 
B3_4a Kewaunee 138/345 kV Transformer (6.0) Acceptable, G486 tripped 
B3_4b Kewaunee (4.5) – East Krok (9.5) Acceptable, G486 tripped 
B3_4c Kewaunee (4.5) – Mishicot (7.5) Acceptable, G486 tripped 
B3_4d Shoto (4.5) – Mishicot (7.5) N/A 

Shoto – Mishicot 

B3_4e Shoto (4.5) – Glenview (7.5) Acceptable 
B3_5a Kewaunee 138/345 kV Transformer (6.0) Acceptable, G486 tripped 
B3_5b Kewaunee (4.5) – East Krok (9.5) Acceptable, G486 tripped 
B3_5c Kewaunee (4.5) – Mishicot (7.5) Acceptable, G486 tripped 
B3_5d Shoto (4.5) – Mishicot (7.5) Acceptable 

Shoto – 
Glenview 

B3_5e Shoto (4.5) – Glenview (7.5) N/A 
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Any violations of the stability study criteria identified in the “Before” state are defined to be 
existing system violations. Any new violations identified in the “After” state as well as any 
violations identified in both “Before” and “After” states that are worse in the “After” state are to 
be attributed to the addition of G486. Of the previously existing system violations, only those 
that are made worse by G486 are deemed relevant to the G486 interconnection requests and are 
documented in this report. Any other identified existing system violations that are not made 
worse by G486 are deemed unrelated to the G486 interconnection requests and are documented 
elsewhere as part of the internal ATC planning process. 
 
The stability analysis was performed using the Dynamics Simulation and Power Flow modules 
of the Power System Simulation/Engineering-29 (PSS/E, Version 29.5.1) program from Power 
Technologies, Inc (PTI). This program is accepted industry-wide for dynamic stability analysis. 
 
2.2.4 Base Cases 
 
2.2.4.1 Power flow analysis 
 
Base cases used in the thermal overload analysis for this study were developed based upon the 
MISO seasonal cases of winter 2006/07 and the summers of 2007. The MISO seasonal cases are 
accessible through the MISO Extranet. 
 
2.2.4.2 Deliverability analysis 
 
Deliverability analysis, required for G486 to attain Network Resource status, was not performed 
for this study. This will be performed by the Midwest ISO at a later date. 
 
2.2.4.3 Stability analysis 
 
For stability analysis, a 2005 50% summer peak load case was used. This base case was 
developed based on NERC 2004 series MMWG (Multi-Regional Modeling Working Group) 
2005 light load case and is an adequate representation of the future system in the area around 
G486. 
 
2.3 Assumptions 
 
2.3.1 Generation Facility Modeling 
 
The G486 wind farm is modeled by a lumped representation in this study. It is modeled as a 
generator for the power flow analysis and represented by a user-written model in the dynamic 
simulations. This user-written model includes dynamic representations of the wind machines and 
voltage tripping relays. The wind turbine fault ride-through capability is included in the 
modeling as shown in Table E.1 in Appendix E. The latest wind turbine user-written model was 
used in the System Impact Study for evaluation of G486. G486 generation was modeled at 0.95 
lead power factor (absorbing MVAR) at the Point Of Interconnection (POI) for the power flow 
analysis. For stability analysis, G486 operated in voltage control mode. 
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3. Analysis Results 
 
3.1 Power Flow Analysis Results 
 
3.1.1 Voltage Analysis & Power Factor Requirement 
 
Voltage analysis determined that the voltage magnitude of all system busses whose magnitude 
decreases at least 0.01 p.u. after adding G486 remains above 0.95 pu for the intact system and 
remain above 0.9 p.u. for the single contingency condition. Hence, the study did not identify any 
voltage limit violations specifically due to the addition of G486. In addition, Kewaunee voltage 
was monitored and was found to be acceptable after the addition of the wind farm (i.e. Kewaunee 
bus voltage remained within the required voltage range). 
 
The G486 power factor requirement was identified based on the following three criteria: 
 

1. The voltage magnitude at the POI bus must not be lower than 0.95 p.u. under intact 
network conditions, and must not be lower than 0.90 pu 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 power factor leading (absorbing reactive power from the Network) to 0.9 lagging 
(supplying reactive power to the Network) 

 
Tables A.3 and A.4 lists required power factor values for the first and the second criteria above. 
G486 must be capable of a power factor range from 0.95 leading to 0.90 lagging since Tables 
A.3 and A.4 demonstrate a need for reactive compensation. 
 
3.1.2 Results of Single Contingencies (N-1) 
 
Study of the 10.5 MW injection from G486 identified no steady-state thermal violations for 
NERC Category A events. Two transmission elements violations for NERC Category B events 
were identified (Table A.1). These two violations are not injection limits (see Appendix F.3.1 for 
definition). The maximum allowable generation without system upgrades was found to be 10.5 
MW based on the lack of injection limits. The plant output may be limited to zero MW when 
considering all identified constraints.  
 
An additional transfer sensitivity study was performed by sourcing 10.5 MW from G486 and 
delivering to the Wisconsin Public Service (“WPS”) control area. The transfer sensitivity did not 
identify any new limits compared to the thermal injection analysis described above. 
 
3.1.3 Results of Double Contingencies (N-2) 
 
Thermal and voltage violations were evaluated for NERC Category C events (N-2 contingencies) 
in the electrical proximity of G486. The purpose of the N-2 analysis is to reveal potential 
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violations and identify potential operating restrictions to eliminate the violations under prior 
outage conditions.  
 
The double contingency constraints do not require system upgrades for the generator to attain 
either Energy Resource or Network Resource status. However, these constraints would require 
operating restrictions on G486. 
 
Thermal N-2 analysis was performed using the Summer 2007 model. The study identified one 
violation as a result of local contingencies. This violation is listed in Table A.2. The required 
operating restrictions for the double contingency are listed in Table D.1 in Appendix D.  The 
restrictions are based on the most limiting element.  
 
3.2 Stability Analysis Results 
 
The stability criteria used in this study requires that all machines modeled in the system must 
remain stable after a three-phase fault is cleared from any transmission element under the 
following conditions: 
 
1) Fault cleared in primary time with an otherwise intact system  
2) Fault cleared in primary clearing time with a pre-existing outage of any other transmission 

element. 
 
The stability criterion also requires that all machines remain stable for a fault cleared in delayed 
clearing time (e.g. breaker failure conditions) with an otherwise intact network. Wind turbines 
are exempt from this criterion, but the wind farm behavior must not aggravate network 
performance. Results of the stability analysis are summarized in Tables B.1 through B.3 in 
Appendix B. 
 
3.2.1 Results of Primary Fault Contingencies 
 
The primary fault contingencies evaluated and the study results of these evaluations are 
summarized in Table B.1. The study identified no unacceptable stability performance for any of 
the studied primary fault contingencies in the system due to the addition of G486. 
 
3.2.2 Results of Breaker Failure Contingencies 
 
The breaker failure contingencies evaluated and the study results of these evaluations are 
summarized in Table B.2. The study identified no unacceptable stability performance for any of 
the studied primary fault contingencies in the system due to the addition of G486. 
 
3.2.3 Results of Prior Outage Contingencies 
 
The prior outage contingencies evaluated and the study results of these evaluations are 
summarized in Table B.3. The study identified no unacceptable stability performance for the 
studied prior outage contingencies. As expected, G486 trips for the prior outage of one of the two 
generator outlets followed by the single contingency of the remaining outlet. Table B.3, case 
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B3_3d and case B3_4c summarize these two scenarios. No operating restrictions are imposed on 
G486 for these two cases. 
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Appendix A 
 
 
 

Power Flow Analysis Results 
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Table A.1 – Identified Thermal Violations due to G486 Delivery to MISO for N-1 Contingencies 

Limiting Element 
Existing 

MVA 
Rating 

Worst 
MVA 
G486 
= 0 

MW 

Worst 
MVA 
G486 

=  
10.5 
MW 

Worst 
Contingency 

TDF 
(%) 

Case 
Description 

Injection 
Limit 

Solution 
Planned 

for 
Limiting 
Element 

80332 Hintz – Ellington 
138 kV 293 292 293 North Appleton – Werner 

345 kV 11 Summer 2007 No No 1

Hintz – Werner  
138 kV tie line 287 285 286 North Appleton – Werner 

345 kV 11 Summer 2007 No No 2

Notes: 
1. Limited by line conductor (795.0 kcmil ACSR 26/7 Drake, 200°F Norm, 200°F Emergency).  Line length 

is approximately 9 miles.  
2. This segment is a short transmission line less than 1/8th of a mile between the two substations. 

 
 
Table A.2 – Identified Thermal Violations due to G486 under N-2 Contingencies 

Limiting 
Element 

Existing 
MVA 

Rating 

Worst 
MVA 

Loading 
Double Contingency TDF 

(%) 

Solution 
Planned 

for 
Limiting 
Element 

F-84  
Kewaunee – East Krok 
138 kV 

287 306 Point Beach - Kewaunee 345 kV  
North Appleton – Kewaunee 345 kV 45 No 1

Notes: 
1. This line is limited by 1200 amp disconnects at East Krok and Kewaunee and CT’s at East Krok. There are 

no identified projects to eliminate this overload. The overload value of 306 MVA was experienced with the 
Kewaunee Generation Backdown Operating Guide implemented.  
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Table A.3 – G486 Power Factor to maintain 0.95 p.u. voltage for 

the intact system and 0.90 p.u. for contingency conditions 

 Summer 2007 
G384 offline 

Summer 2007 
G384 at 99 

MW 

Winter 06/07 
G384 offline 

Winter 06/07 
G384 at 99 

MW 

Contingency Power Factor Power Factor Power Factor Power Factor 

Intact System 0.06 Leading 0.08 Leading 0.06 Leading 0.08 Leading 

Kewaunee-Mishicot 
138 kV 0.15 Leading 0.34 Leading 0.16 Leading 0.32 Leading 

Mishicot – Shoto 
138 kV 0.06 Leading 0.07 Leading 0.05 Leading 0.07 Leading 

Shoto – Glenview 
138 kV 0.05 Leading 0.07 Leading 0.05 Leading 0.07 Leading 

Kewaunee 345/138 
Transformer 0.07 Leading 0.09 Leading 0.07 Leading 0.09 Leading 

Kewaunee - East Krok 
138 kV 0.04 Leading 0.05 Leading 0.04 Leading 0.05 Leading 

Kewaunee 138 kV Cap 
Bank 0.04 Leading 0.06 Leading 0.04 Leading 0.06 Leading 

Note: A leading Power Factor indicates that the generator is absorbing reactive power from the 
transmission system. Conversely, a lagging power factor indicates that the generator is supplying 
reactive power to the transmission system. 
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Table A.4 – G486 Power Factor to maintain 1.02 p.u. voltage for 
the intact system and system with contingency conditions 

 Summer 2007 
G384 offline 

Summer 2007 
G384 at 99 

MW 

Winter 06/07 
G384 offline 

Winter 06/07 
G384 at 99 

MW 

Contingency Power Factor Power Factor Power Factor Power Factor 

Intact System 0.86 Lagging 0.42 Lagging 0.99 Lagging 0.50 Lagging 

Kewaunee-Mishicot 
138 kV 0.30 Lagging 0.25 Lagging 0.32 Lagging 0.26 Lagging 

Mishicot – Shoto 
138 kV 0.51 Leading 0.89 Lagging 0.45 Leading 0.96 Lagging 

Shoto – Glenview 
138 kV 0.86 Lagging 0.42 Lagging 0.87 Lagging 0.41 Lagging 

Kewaunee 345/138 
Transformer 0.37 Lagging 0.29 Lagging 0.45 Lagging 0.34 Lagging 

Kewaunee - East Krok 
138 kV 0.83 Leading 0.68 Lagging 0.79 Leading 0.72 Lagging 

Kewaunee 138 kV Cap 
Bank 0.33 Lagging 0.22 Lagging 0.39 Lagging 0.24 Lagging 

Note: A leading Power Factor indicates that the generator is absorbing reactive power from the 
transmission system. Conversely, a lagging power factor indicates that the generator is supplying 
reactive power to the transmission system. 
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Appendix B 
 
 
 

Stability Analysis Results 
 

Notes applicable to Tables B.1 through B.3: 
1. All stability analysis performed with G486 in voltage control mode. 
2. All faults modeled were 3-phase faults.  
3. N/A – Run not applicable. 

 
Table B.1 – Stability Analysis Results of Primary Fault Contingencies 

With the Addition of G486 Generation 

Case # 
Clearing Facility and Clearing Times 

(cycles) 
From – To Circuit 

Re-close on fault Stability performance With 
G486 

B1_1 Kewaunee 138/345 kV Transformer (6.0) None Acceptable, G486 unit did not trip 
B1_2 Kewaunee (4.5) – East Krok (9.5) East Krok after 2 seconds Acceptable, G486 unit did not trip  
B1_3 Kewaunee (4.5) – Mishicot (7.5) Mishicot after 2 seconds Acceptable, G486 unit did not trip 
B1_4 Mishicot (4.5) – Shoto (7.5) Mishicot after 2 seconds Acceptable, G486 unit did not trip 
B1_5 Mishicot (4.5) – Kewaunee (7.5) Mishicot after 2 seconds Acceptable, G486 unit did not trip 
B1_6 Shoto (4.5) – Mishicot (7.5) Shoto after 2 seconds Acceptable, G486 unit did not trip 
B1_7 Shoto (4.5) – Glenview (7.5) Shoto after 2 seconds Acceptable, G486 unit did not trip 
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Table B.2 – Stability Analysis Results of Breaker Failure Contingencies 
With the Addition of G486 Generation 

G486 

Case # 
Faulted 

Facilities 

Failed 
Circuit 
Breaker 

Element(s) 
Cleared 

In Primary 

Element(s) 
Cleared In 

Breaker Failure 

Breaker 
Clearing 

Time 
Actual 

(Cycles) 
Modeled 
Clearing 

Time 

Transient 
problems 

B2_1 
Kewaunee 

345/138 kV 
Transformer 

1066-E 
1099 and 

1066-W @ 
Kewaunee 

Kewaunee 
Breakers: F-84 
and RA-199E 

17.5 18.5 None 

B2_2 
Kewaunee 

345/138 kV 
Transformer 

1066-W 
1099 and 
1066-E @ 
Kewaunee 

Kewaunee 
Breakers: Y-51, 
RA-199W and 

22 

17.5 18.5 None 

B2_3 Kewaunee – East 
Krok 

F-84 @ 
Kewaunee 

F-84 @ East 
Krok 

Kewaunee 
Breakers: 1066-E 

and RA-199E 
14.0 15.0 None 

B2_4 Kewaunee – 
Mischicot 

Y-51 @ 
Kewaunee 

New Breaker 
at G384 
Separate 

Kewaunee 
Breakers: 1066-
W, RA-199-W 

and 22 

14.0 15.0 None 

B2_5 Shoto – Mischicot Y-51 @ 
Shoto 

Mischicot: 
Towards 

Shoto 

1381, N-66, K-
11 and 691 17.5 18.5 None 

B2_6 Shoto – Glenview L-90 @ 
Shoto 

Glenview 
Breaker: L-90 

1381, C-55 and 
691 17.5 18.5 None 
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Table B.3 – Prior Outage Contingencies Stability Results  
Due to the Addition of G486 Generation 

Prior Outage Case # Faulted Facility and Clearing Times (cycles) Stability performance With G486 
B3_1a Kewaunee 138/345 kV Transformer (6.0) N/A 
B3_1b Kewaunee (4.5) – East Krok (9.5) Acceptable 
B3_1c Kewaunee (4.5) – Mishicot (7.5) Acceptable 
B3_1d Shoto (4.5) – Mishicot (7.5) Acceptable 

Kewaunee 
138/345 kV 
Transformer 

B3_1e Shoto (4.5) – Glenview (7.5) Acceptable 
B3_2a Kewaunee 138/345 kV Transformer (6.0) Acceptable 
B3_2b Kewaunee (4.5) – East Krok (9.5) N/A 
B3_2c Kewaunee (4.5) – Mishicot (7.5) Acceptable 
B3_2d Shoto (4.5) – Mishicot (7.5) Acceptable 

Kewaunee – East 
Krok 

B3_2e Shoto (4.5) – Glenview (7.5) Acceptable 
B3_3a Kewaunee 138/345 kV Transformer (6.0) Acceptable 
B3_3b Kewaunee (4.5) – East Krok (9.5) Acceptable 
B3_3c Kewaunee (4.5) – Mishicot (7.5) N/A 
B3_3d Shoto (4.5) – Mishicot (7.5) Acceptable, G486 and G384 tripped 

Kewaunee – 
Mishicot 

B3_3e Shoto (4.5) – Glenview (7.5) Acceptable 
B3_4a Kewaunee 138/345 kV Transformer (6.0) Acceptable 
B3_4b Kewaunee (4.5) – East Krok (9.5) Acceptable 
B3_4c Kewaunee (4.5) – Mishicot (7.5) Acceptable, G486 and G384 tripped 
B3_4d Shoto (4.5) – Mishicot (7.5) N/A 

Shoto – Mishicot 

B3_4e Shoto (4.5) – Glenview (7.5) Acceptable 
B3_5a Kewaunee 138/345 kV Transformer (6.0) Acceptable 
B3_5b Kewaunee (4.5) – East Krok (9.5) Acceptable 
B3_5c Kewaunee (4.5) – Mishicot (7.5) Acceptable 
B3_5d Shoto (4.5) – Mishicot (7.5) Acceptable 

Shoto – 
Glenview 

B3_5e Shoto (4.5) – Glenview (7.5) N/A 
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Appendix C 
 
 
 

Short Circuit Analysis Results 
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Table C.1 – Maximum and Minimum Fault Duties at the G486 Point of Interconnection 
without the Contribution from G486 and G384 

 

Maximum Fault Duty Minimum Fault Duty 

Single-phase Three-Phase Single-phase Three-Phase 

7,550 Amps 9,669 Amps 2,630 Amps 3,408 Amps 

Note: Minimum fault duty was calculated with the 138kV line to Kewaunee out of service. 
 
 

Table C.2 – Thevenin Equivalent Impedances in Ohms in Intact System 
without the Contribution from G486 and G384 

 

Pos Seq. Neg. Seq. Zero Seq. 

1.20389 + j 8.15126  1.22050 + j 8.41595 3.14239 + j 14.8648 

 

Table C.3 – Thevenin Equivalent Impedances in Ohms in Intact System with the 138 kV line to 
Kewaunee out of service without the Contribution from G486 and G384 

 

Pos Seq. Neg. Seq. Zero Seq. 

4.97836 + j 22.8367  4.96748 + j 22.7828 9.33417 + j 43.1956 
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Appendix D 
 
 

Summary of Operation Restrictions 
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Table D.1 – Identified Operation Restrictions on the G486 

Prior outage 
Allowable 

MW 
 Output 

Worst Next  
Contingency 

Most Limiting  
Element 

MVA  
Rating Reason 

Point Beach - Kewaunee  
345 kV  0 North Appleton – Kewaunee 

345 kV 
Kewaunee – East Krok  
138 kV 287 Thermal 

North Appleton – 
Kewaunee 345 kV 0 

Point Beach - Kewaunee  
345 kV 

Kewaunee – East Krok  
138 kV 287 Thermal 
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Appendix E 
 
 

Fault Ride-Through Characteristics 
For G486 Wind Turbines  
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Table E.1 Fault Ride-Through Characteristics for G486 Wind Turbines 
 

Generator terminal 
voltage (p.u.) Trip Time 

V > 1.3 20 milliseconds 

1.15 < V < 1.3 100 milliseconds 

1.1 < V < 1.15 1 second 

0.9 < V < 1.1 Continuous operation 

0.85 < V < 0.9 600 seconds 

0.75 < V < 0.85 10 seconds (with reduced output) 

0.70 < V < 0.75 1 second (with reduced output) 

0.15 < V < 0.70 
625 milliseconds for single and three 
phase faults. 200 ms for two phase 
faults. 

V < 0.15 Instantaneous 
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Study Criteria  
 
F.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.  
 
F.2 Monitored Elements 
 
F.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, 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 all MVA ratings of monitored 
elements during both linear transfer analysis and all AC solutions. 
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F.3 Thermal Loading Criteria 
 
F.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. 
 
F.3.2 Operating Restriction Calculation 
 
Allowable Output = {Equipment Rating – [Line Flow – (Generation Output * TDF)]} / TDF 
 
F.4 Steady State Voltage Criteria 
 
F.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 per unit due to the Generator must not be lower than 0.95 per unit. Under 
contingency conditions, the voltage magnitude of all transmission system buses with a decrease 
of 0.01 per unit due to the Generator must not be lower than 0.90 per unit. 
 
F.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. 
 
F.5 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 stability analysis, voltages of all transmission system buses must recover to be 
at least 70% of the nominal system voltages immediately after fault removal and 80% of the 
nominal system voltages in 0.5 second after fault removal.  
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