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1. Summary 
 
This report contains the Interconnection System Impact Study (ISIS) for the Generation 
Interconnection Request MISO project #G483, MISO Queue #38314-01.  This study evaluates 
the impact of the addition of 50MW wind farm in Green County, Wisconsin.  It also identifies 
system upgrades that will eliminate any identified unacceptable system impact.  The requested 
in-service date for this project is December 31, 2006. 
 
The proposed wind farm will connect to the 69kV line South Monroe - Brodhead Switching 
Station (Y-33) via a new 69kV substation.  The proposed wind farm will have a single collection 
bus at a voltage level of 34.5 kV.  A 69/34.5kV transformer will connect the wind farm 
collection bus to the ATC substation.  Figure 1.1 shows the system one-line diagram before the 
addition of G483.  Figure 1.2 shows the system one-line diagram after the addition of G483.   
 
This study identifies the thermal and steady state voltage violations, stability violations and 
system upgrades to eliminate these violations.  Short-circuit impacts due to G483 was not 
evaluated due to the fact that the induction generators typically contribute significant short-
circuit current only within the first 1 ~ 1.5 cycles after a fault. 
 
Further Study 
The next step in the Generator Interconnection Request process is for the Generator customer to 
decide whether to proceed with a Facility Study.  A Facility Study will specify and estimate the 
time and cost of the equipment, engineering, procurement and construction of the system 
upgrades identified in this report. 
 
Required Interconnection Facilities 
Required interconnection facilities include a 69/34.5kV transformer and circuit breaker and 
disconnect switch on the high side of the transformer.  These requirements are listed in Table 1.2.  
It was assumed that the wind farm substation is located next to the ATC substation.  Additional 
interconnection facilities may be required depending on the actual location of the wind farm 
substation relative to the ATC substation.  The required interconnection facilities will be 
finalized in the Facility Study, if it would be requested. 
 
Minimum permissible power factor at POI 
The minimum permissible power factor at the Point of Interconnection (POI) for G483 to satisfy 
ATC steady-state voltage criteria is 0.95 leading.  ATC follows good utility practice and requires 
the minimum permissible power factor for G483 to be no lower than 0.95 leading (absorbing 
reactive power from network).  The study identified that the power factor correction capacitors 
connected at the turbine-generator buses are sufficient to satisfy this requirement, assuming these 
capacitors are able to provide 1.0 power factor at each individual turbine-generator bus, and can 
be controlled/varied through a centralized feedback control system to achieve the power factor 
requirement at the POI bus.  No other capacitive or inductive shunt compensation is necessary to 
satisfy this requirement.  Further discussion on this subject can be found in Section 3.3.1.  This 
requirement is listed in Table 1.2. 
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Add-on fault ride-through capability requirement 
Stability analysis found that the add-on fault ride-through capability helps the wind farm ride 
through many primary fault contingencies studied, without which the wind farm would trip 
offline.  Wind farm tripping under primary fault contingency is not acceptable.  This requirement 
is listed in Table 1.2. 
 
Network Upgrades 
 
Existing System Before G483 
 
Stability Related 
None. 
 
Breaker Duty Related 
The G483 wind farm does not aggravate the existing system.  Therefore, no upgrades in this 
regard are required before the in-service date of G483. 
 
Required Upgrades After G483 
 
Upgrades to facilitate the G483 interconnection 
A new 69kV substation is required to facilitate the interconnection of G483, which connects to 
the 69kV line South Monroe - Brodhead Switching Station (Y-33).  This requirement is listed in 
Table 1.3. 
 
Stability Related 
The required system upgrades to eliminate the stability violations due to G483 are listed in Table 
1.3. 
 
Breaker Duty Related 
The G483 wind farm does not aggravate the existing system.  Therefore, no upgrades in this 
regard are required before the in-service date of G483. 
 
Network Resource (NR) Certification Related 
MISO is in the process of performing generator deliverability studies but has not yet reached the 
point where it can perform the study for this project.  The required upgrades to qualify G483 as a 
NR will be identified through the deliverability study at a later time, but before the G483 wind 
farm goes into service. 
 
Injection Upgrades 
The injection upgrades refer to those upgrades that eliminate thermal violations in the close 
electrical proximity to G483.  The injection upgrades are required for both Network Resource 
(NR) and Energy Resource (ER) services.  One injection upgrade was identified in the power 
flow analysis, as listed in Table 1.3.  The customer should note that a deliverability analysis has 
not been performed for G483.  However, ATC and MISO believe that the injection upgrade 
listed here will be consistent with the deliverability analysis, once it is performed. 
 

American Transmission Company Page 5 of 34 4/22/05 
 
 



G483 Interconnection System Impact Study  

The stability analysis was performed using the Dynamics Simulation and Power Flow modules 
of the Power System Simulation/Engineering-28 (PSS/E, Version 28) program from Power 
Technologies, Inc (PTI).  This program is accepted industry-wide for dynamic stability analysis. 
 
2.2.3 Linear Transfer Analysis and A.C. Power Flow Analysis Methods  
 
For thermal overload and steady-state voltage evaluation under normal, N-1 and special ATC 
multiple contingency conditions, AC Contingency Calculation (ACCC) method was used.  For 
thermal overload evaluation under N-2 conditions, Linear Transfer Analysis method was used 
with adjusted MW ratings to account for reactive power flows.  For steady state voltage stability 
analysis under N-2 contingencies, ACCC method was used. 
 
The Linear Transfer analysis was performed using the Linear Transfer Analysis modules of the 
Managing and Utilizing System Transmission-5.0 (MUST, Version 5.0) program from Power 
Technologies, Inc (PTI).  ACCC was performed using the Power Flow module of the Power 
System Simulation/Engineering-28 (PSS/E, Version 28) program from Power Technologies, Inc 
(PTI).  These programs are accepted industry-wide for power flow analysis. 
 
2.2.4 Base Cases 
 
2.2.4.1 Power flow analysis 
 
Power flow analysis includes evaluation of thermal and steady state voltage violations in the 
intact system and under N-1 contingencies and evaluation of thermal violations and steady state 
voltage stability under N-2 contingencies.  For power flow analysis, two system conditions were 
evaluated, which represent expected summer 2007 and winter 2006/7 conditions.  Base cases 
used in the power flow analysis were developed based upon the MISO (Midwest Independent 
System Operator) seasonal cases of summer 2007 and winter 2006/7.  The MISO seasonal cases 
are accessible through the MISO Extranet. 
 
The 50MW G483 generation was delivered to all loads within ATC footprint.  The competing 
request G282, which has a proposed in-service date of December 2005, is modeled in the base 
cases.  The G282 competing generation was delivered to the WEC control area. 
 
2.2.4.2 Stability analysis 
 
For stability analysis, two system conditions were evaluated, which represent 50% 2005 summer 
peak load and 2006 peak load conditions.  The 50% 2005 summer peak load case was developed 
based on the MMWG (Multi-Regional Modeling Working Group) base cases in NERC 2003 
series.  The 2006 summer peak load case is an MMWG stability base case in NERC 2004 series.  
 
The G483 generation and the G282 competing generation were delivered 25% to the Common 
Wealth Edison (ComEd) control area and 75% to the Northern State Power (NSP) control area. 
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2.2.4.3 Deliverability analysis 
 
Deliverability analysis was not performed for this study. 
 
2.3 Assumptions 
 
2.3.1 Generation Facility Modeling 
 
The G483 wind farm is modeled by a lumped generator representation in the power flow and 
stability analysis. In the stability analysis, the wind farm is represented by a 69/34.5kV 
transformer, one equivalent wind turbine generator and one equivalent GSU transformer.  The 
wind farm equivalent is modeled using the latest user-written model as provided by the 
Generator customer.  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 Appendix E.   
 
The G483 generation was modeled at 0.95 lead power factor (absorbing MVAR) at the Point Of 
Interconnection (POI) for the power flow analysis and stability analysis, unless specified 
otherwise in certain simulations for operation restriction analysis. 
 
3.  Analysis Results 
 
3.1 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 or single-phase to ground fault is cleared from any transmission 
element under the following conditions: 
 
1) Three-phase fault cleared in primary time with an otherwise intact system; 
2) Three-phase fault cleared in primary clearing time with a pre-existing outage of any other 

transmission element; 
3) Single Line Ground (SLG) bus section fault cleared in primary clearing time with an 

otherwise intact system; 
4) SLG internal breaker fault cleared in primary clearing time with an otherwise intact system. 
 
The stability criteria also require that all machines remain stable for a fault cleared in delayed 
clearing time (i.e. breaker failure conditions) with an otherwise intact network.  Wind turbines 
are exempt from this criterion, but must not aggravate network performance.   
 
Add-on low voltage fault ride-through capability requirement 
 
The study found that without the add-on low voltage fault ride-through capability, the wind farm 
would trip for many of the studied primary fault contingencies, which is not acceptable.  
Therefore, the add-on fault ride-through capability is required for G483.  Detailed stability 
analysis assumed G483 is equipped with this capability. 
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Results of the stability analysis are summarized in Tables A.1 through A.5 in Appendix A. 
 
3.1.1 Results of Intact System Primary Fault Contingencies 
 
The intact system primary fault contingencies evaluated and the study results are summarized in 
Table A.1 in Appendix A.  
 
Before G483 
 
The study identified no unacceptable stability performance for any of the studied intact system 
primary fault contingencies in the existing system. 
 
After G483 
 
Stability analysis identified that the G483 wind farm trips off line for two of studied intact 
system primary fault contingencies due to slow far-end clearing time.  The study also identified 
that the wind farm is able to stay online and the stability performance is acceptable under the 
contingencies if the far-end clearing time improves to be 9 cycles or better, which can be 
achieved by installation of communication schemes.  Requirements of these identified relay and 
communication upgrades are listed in Table 1.3 in the Summary section. 
 
3.1.2 Results of Delayed Clearing Contingencies 
 
The breaker failure contingencies evaluated and the study results are summarized in Table A.2 in 
Appendix A.  
 
Before G483 
 
The study identified no unacceptable stability performance for any of the studied breaker failure 
contingencies in the existing system. 
 
After G483
 
The study identified no unacceptable stability performance for any of the studied breaker failure 
contingencies in the system with the addition of G483.  G483 trips for four of the studied faults.  
However, wind turbines are allowed to trip for these contingencies. 
 
3.1.3 Results of Prior Outage Primary Fault Contingencies 
 
The prior outage contingencies evaluated and the study results are summarized in Table A.3 in 
Appendix A.  
 
Before G483 
 
The study identified no unacceptable stability performance for any of the studied prior outage 
primary fault contingencies in the existing system. 
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After G483
 
Stability analysis identified that the G483 wind farm trips off line, or stalls, or causes 
unacceptable dynamic voltage recovery under a number of studied prior outage primary fault 
contingencies when the wind farm output is at its full capacity and it operates at the minimum 
permissible power factor (which is 0.95 leading for this project as identified earlier in this study).  
The study also identified that these violations can be eliminated when the wind farm MW output 
and/or its POI power factor is restricted.  Table A.3 in Appendix A lists detailed analysis results 
of the restrictions that will eliminate the stability violations.  The identified operation restrictions 
are summarized in Table D.2 in Appendix D.   
 
3.1.4 Results of Internal Breaker Fault and Bus Section Fault Contingencies 
 
Three internal breaker fault and bus section fault contingencies were evaluated for Single-Line to 
Ground (SLG) fault, the result of which are shown in Tables A.4 and A.5 in Appendix A.  It was 
found that the impact of these two types of contingencies is not as severe as the three-phase 
primary fault contingencies for the G483 wind farm in this particular study.  
 
3.2 Short-Circuit Analysis Results 
 
Short-circuit analysis was not performed due to the fact that the induction generators typically 
contribute significant short-circuit current only within the first 1 ~ 1.5 cycles after a fault.  No 
system upgrades due to breaker duty are required prior to the interconnection of G483. 
 
The maximum and minimum short-circuit duties at the G483 Point of Interconnection (POI) and 
the Thevenin equivalent impedances at the G483 POI are provided in Tables B.1 through B.3 in 
Appendix B. 
 
3.3 Power Flow Analysis Results 
 
3.3.1 Determination of the Minimum Power Factor Requirement 
 
The minimum power factor requirement for the G483 wind farm was identified based on the 
voltage performance at the POI and buses one-substation away from the POI bus in the intact 
system and under N-1 contingencies.  The voltage magnitude of the buses must not be lower than 
0.95 pu under intact system condition, and must not be lower than 0.90 pu under N-1 
contingency.  The 2007 summer case was used for the analysis of the minimum power factor 
requirement.  The winter case of 2006/7 was found to have better voltage performance in the 
vicinity of G483 and in general. 
 
The first step was to identify the worst N-1 contingency through an ACCC analysis which 
evaluates single outages of all branches with voltage level of 69kV and above in ATC Planning 
Zone 3.  The power factor at the G483 POI was set to 0.95 pu leading (absorbing reactive power) 
in this ACCC analysis.  The contingency that caused most voltage drop at the selected buses was 
determined to be the worst N-1 contingency.  The second step was to determine the minimum 
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power factor requirement under the worst N-1 contingency subject to the criterion that the 
voltage at the selected buses cannot be lower than 0.90 pu.  The next step was to determine the 
minimum power factor requirement in the intact system subject to the criterion that the voltage at 
the selected buses cannot be lower than 0.95 pu.  Lastly, the minimum power factors identified 
for the intact system and under the worst N-1 contingency are compared and the power factor 
value that causes less absorption of the reactive power from the network is then compared to 
good utility practice of 0.95 leading to determine the minimum power factor requirement.  The 
analysis identified a lowest power factor for G483 at its POI of 0.95 leading (absorbing reactive 
power from network), as shown in Table C.1 in the Appendix C, which happens to be the same 
as good utility practice.   
 
In summary, the minimum required power factor at the Point of Interconnection (POI) for G483 
to satisfy ATC steady-state voltage criteria is 0.95 leading (absorbing reactive power from 
network).   
 
The study also identified that the power factor correction capacitors connected at the turbine-
generator buses are sufficient to satisfy this requirement, assuming these capacitors are able to 
provide 1.0 power factor at each individual turbine-generator bus, and can be controlled/varied 
through a centralized feedback control system to achieve the power factor requirement at the POI 
bus.  No other capacitive or inductive shunt compensation is necessary to satisfy this 
requirement.  This was determined by examining the amount of capacitors required to maintain 
0.95 leading power factor in the summer and winter base cases in the intact system and under the 
worst N-1 contingency. 
 
3.3.2 Results of Single Contingencies (N-1) 
 
The study identified no steady-state voltage violations due to G483 for all intact and single 
contingencies studied with the wind farm power factor at the POI at 0.95 pu leading. 
 
The study identified a number of thermal violations due to G483 under N-1 condition, as 
summarized in Table C.2 in Appendix C.   The study also identified system upgrades that will 
eliminate the identified thermal violations, as summarized in Table C.3 in Appendix C.  The 
study found that some of the upgrades are likely required to permit output from G483.  Table C.4 
in Appendix C shows the potentially allowable G483 output levels in relation to the upgrades 
needed to support the output levels.  Note that the cost estimates provided in Tables C.3 and C.4 
are “order of magnitude” and preliminary. 
 
3.3.3 Results of Double Contingencies (N-2) 
 
Thermal constraints and steady state voltage stability were evaluated for a number of N-2 
contingencies.  These contingencies involve outages on two transmission elements in the 
electrical proximity of G483.  The purpose of the N-2 analysis is to reveal the violations and 
identify operation restrictions to eliminate the violations under prior outage conditions, which 
provides guidance for any future Operating Guides needed for G483 in real time operation.  
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3.3.3.1 Thermal analysis 
 
Thermal violations under a selected number of N-2 contingencies were evaluated using linear 
transfer analysis method.  The study did not identify any thermal violations that are made worse, 
neither any additional violation, compared to the N-1 thermal analysis results.  Therefore, no 
operation restrictions due to thermal overloads are necessary, provided the proposed thermal 
upgrades in Table C.3 are constructed to eliminate the identified thermal violations due to N-1 
contingencies. 
 
3.3.3.2 Steady state voltage stability analysis 
 
The goal of this analysis is to identify the N-2 contingencies, under which AC power flow 
solutions diverge.  Divergence of a power flow solution indicates potential voltage collapse.  If 
any such double contingency is identified, then an operation restriction is also identified, for 
which the power flow solution converges.  This analysis was performed using the ACCC 
function in PSSE and for a selected number of N-2 contingencies in the electrical vicinity of 
G483.  The 2007 summer case was used for this analysis.  The winter case of 2006/7 was found 
to have better voltage performance in the vicinity of G483 and in general.  In order to provide a 
margin from steady state voltage instability, all loads in ATC area in the 2007 summer case were 
scaled up by 5%.   
 
Table C.3 in Appendix C lists the identified double contingencies that caused divergence of 
power flow solutions.  The study found that the operation restrictions identified in the stability 
analysis, as listed in Table D.2 in Appendix D, are sufficient to eliminate the identified 
divergence of the power flow solutions.  Therefore, no additional operation restrictions are 
necessary due to steady state voltage stability concerns under N-2 contingencies.  
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Notes applicable to Tables A.1 through A.5: 
1. Substation name abbreviations: SME – SOUTH MONROE, BSS – BRODHEAD SWITCHING STATION, NOM – NORTH 

MONROE, JEN – JENNINGS, PAD – PADDOCK, BCK – BASS CREEK, DAR – DARLINGTON 
2. Color scheme – Green represents acceptable stability performance; Red represents unacceptable stability performance; bolded 

blue highlights new or upgraded equipment. 
3. Fault is three-phase and applied at from end of the “Faulted Facility” unless specified otherwise. 
4. WNS – Was Not Simulated.  A particular contingency was not simulated for a particular season because the outcome is 

predictable based on the simulation for the other season, or the outcome would not affect the conclusion of 
acceptable/unacceptable stability performance or the required upgrade for this contingency. 

 

 
Table A.1  – Stability Analysis Results of Intact System Primary Fault Contingencies 

For the Expected 2005 and 2006 Systems Before and After the Addition of G483 Generation 
 

Faulted Facility Pre-exist 
system 

Pre-exist 
system With G483 Fixes 

Item 
From – To Ckt 

Fault  
Location 

Near, Far Ends 
Primary  

Clearing Time  
(Cycles) 

50% 2005 
Peak Load 

2006 
Peak Load 

50% 2005  
Peak Load 

2006 
Peak Load 

Pre-
exist 

With 483 

1 483 – SME 1  G483 4.5, 29.0 Acceptable Acceptable Acceptable Acceptable N/a Note-1,2 
2 SME – 483 1  SME 7.0, 29.0 Acceptable Acceptable G483 trips G483 trips N/a Note-2 
3 483 – BSS 1 G483 4.5, 29.0 Acceptable Acceptable Acceptable WNS N/a Note-1,2 
4 BSS – 483 1 BSS 7.0, 29.0 Acceptable Acceptable G483 trips G483 trips N/a Note-2 
5 SME – NOM 1 SME 7.0, 29.0 Acceptable Acceptable Acceptable Acceptable N/a N/a 
6 NOM – SME 1 NOM 7.0, 29.0 Acceptable Acceptable Acceptable Acceptable N/a N/a 
6 SME – JEN 1 SME 7.0, 29.0 Acceptable Acceptable Acceptable Acceptable N/a N/a 
9 BSS – PAD 1 BSS 7.0, 29.0 Acceptable Acceptable Acceptable Acceptable N/a N/a 

10 PAD – BSS 1 PAD 7.0, 29.0 Acceptable Acceptable Acceptable Acceptable N/a N/a 
11 BSS – BCK 1 BSS 7.0, 29.0 Acceptable Acceptable Acceptable Acceptable N/a N/a 

12 NOM 138/69kV 1  
69kV side NOM 69kV 7.0, 7.0 Acceptable Acceptable Acceptable WNS N/a N/a 

13 DAR 138/69kV 1  
69kV side DAR 69kV 7.0, 7.0 Acceptable Acceptable Acceptable WNS N/a N/a 

14 PAD 138/69kV 1  
69kV side PAD 69kV 7.0, 7.0 Acceptable Acceptable Acceptable WNS N/a N/a 

  Notes: 
1. New breakers at the new ATC 69kV substation G483 are required to be 3 cycles or better such that the actual near-end primary 

clearing time is ≤4.5 cycles to prevent wind farm tripping. 
2. Communication scheme is required to facilitate faster far-end clearing to prevent wind farm tripping.  9-cycle actual far-end 

clearing time provides acceptable stability performance.  It is required for the 69kV lines G483 - South Monroe and G483 – 
Brodhead SS. 
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Table A.2  – Stability Analysis Results of Delayed Clearing Contingencies 
For the Expected 2005 and 2006 Systems Before and After the Addition of G483 Generation 

 
Existing system Existing system With G483 Fixes 

50% 2005 peak load 2006 peak load 50% 2005 peak load 2006 peak load Pre-exist  With
G483 Item Faulted  

Facilities 
Failed Circuit 
Breaker 

Element(s) Cleared 
In Primary 

Element(s) Cleared 
In Breaker Failure 

Backup Breaker 
Clearing Time 

Actual 
(Cycles) 

Near, Far End 
Primary Clearing 

Time, Actual 
(Cycles) CCT Transient  

Problems CCT Transient  
Problems CCT Transient  

Problems CCT Transient  
Problems   

1 SME–NOM 1 SME 635-S NOM 710-S SME 558-S 2159-S 20.0 7.0, 29.0 Acceptable      None Acceptable None >21.0 None1 >21.0 None1 N/a N/a
2 SME–JEN 1 SME 2234-S JEN 2127-S SME 2159-S 20.0 7.0, 29.0 Acceptable      None Acceptable None >21.0 None1 >21.0 None1 N/a N/a
3 BSS-PAD 1 BSS 2122-S PAD 582-S BSS 907-S 2123-S 20.0 7.0, 29.0 Acceptable      None Acceptable None >21.0 None1 >21.0 None1 N/a N/a
4 BSS-BCK 1 BSS 2123-S BSS-BCK BSS 2122-S 907-S 20.0 7.0, 29.0 Acceptable      None Acceptable None >21.0 None1 >21.0 None1 N/a N/a
5 NOM-SME 1 SME 635-S NOM710-S  SME 558-S, 2159-S 42.0 7.0, 29.0 Acceptable      None Acceptable None >42.0 None >42.0 None N/a N/a
6 PAD-BSS 1 BSS 2122-S PAD 582 BSS 907-S 2123-S 42.0 7.0, 29.0 Acceptable      None Acceptable None >42.0 None >42.0 None N/a N/a

7 NOM 138/69kV 1 
69kV side NOM 719-S NOM 138kV side NOM 710-S 786-S 20.0 7.0, 9.0 Acceptable        None WNS WNS >21.0 None WNS WNS N/a N/a

8 DAR 138/69kV 1 
69kV side DAR 404-S DAR 138kV side DAR 417-S 422-S 

893-S 20.0          7.0, 9.0 Acceptable None WNS WNS >21.0 None WNS WNS N/a N/a

9 PAD 138/69kV 1  
69kV side PAD 577-S PAD 138kV side PAD 579-S 582-S 20.0 7.0, 9.0 Acceptable        None WNS WNS >21.0 None WNS WNS N/a N/a

  Notes: 
1. G483 trips while the rest of the system is stable.  Wind turbine tripping for delayed clearing faults is acceptable. 
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Table A.3  – Stability Analysis Results of Prior Outage Primary Fault Contingencies 
For the Expected 2005 and 2006 Systems Before and After the Addition of G483 Generation 

 

Faulted Facility Pre-existing 
System Outage 

Pre-exist system With G483 

From –To Ckt From–To Ckt 

Near and Far 
Ends Primary  
Clearing Time  

(Cycles) 
50% 2005 
Peak Load 

2006 
Peak Load 

50% 2005 
Peak Load 

Allowable MW Output 
& Power Factor Restriction 

2006 
Peak Load 

Allowable MW Output  
& Power Factor Restriction 

483–SME 1  BSS–PAD 1 4.5, 9.0 Acceptable Acceptable Unacceptable 
Note-3 0 MW Unacceptable 

Note-3 0 MW 

 BSS–BCK 1    Acceptable Acceptable Acceptable None Acceptable None
 PAD 138/69 k V 1      Acceptable Acceptable Acceptable None Acceptable None

SME–483 1  BSS–PAD 1 7.0, 9.0 Acceptable  Acceptable Unacceptable  
Note-2 0 MW Unacceptable 

Note-3 0 MW 

 BSS–BCK 1    Acceptable Acceptable Acceptable None Acceptable None
 PAD 138/69 kV 1      Acceptable Acceptable Acceptable None Acceptable None

SME–NOM 1 G483-BSS 7.0, 29.0 Acceptable Acceptable Unacceptable 
Note-3 25 MW, Note-4 Unacceptable 

Note-3 0 MW 

   BSS–PAD 1 Acceptable Acceptable Unacceptable 
Note-1 0 MW Unacceptable 

Note-1 0 MW 

 BSS–BCK 1    Acceptable Acceptable Acceptable None Acceptable None 
 PAD 138/69 kV 1   Acceptable Acceptable Acceptable None Acceptable None 

483 – BSS 1 SME–NOM 1 4.5, 9.0 Acceptable  Acceptable Unacceptable 
Note-3 0 MW Unacceptable 

Note-3 0 MW 

  SME–JEN 1  Acceptable Acceptable Unacceptable 
Note-1 25 MW 

Unacceptable 
Note-1 25 MW 

 NOM 138/69 kV 1  Acceptable Acceptable Unacceptable 
Note-2 25 MW, Note-4 Unacceptable 

Note-2 25 MW, Note-4 

BSS – 483 1 SME–NOM 1 7.0, 9.0 Acceptable Acceptable Unacceptable 
Note-3 0 MW 

Unacceptable 
Note-3 0 MW 

 SME–JEN 1    Acceptable Acceptable Acceptable None Acceptable None

 NOM 138/69 kV 1  Acceptable Acceptable Unacceptable 
Note-2 25 MW, Note-4 Unacceptable 

Note-3 25 MW, Note-4 

BSS – PAD 1 G483-SME 1 7.0, 29.0 Acceptable Acceptable Unacceptable 
Note-3 0 MW Unacceptable 

Note-3 0 MW 

 SME–NOM 1  Acceptable Acceptable Acceptable    None Acceptable None
 SME–JEN 1  Acceptable Acceptable Acceptable    None Acceptable None
 NOM 138/69 kV 1  Acceptable Acceptable Acceptable    None Acceptable None

Notes: 
1. Dynamic voltage recovery not acceptable. Wind turbine generator dose not stall. 
2. Dynamic voltage recovery not acceptable. Wind turbine generator stalls due to poor voltage. 
3. Wind turbine generator trips. If it would not trip, it would stall due to poor voltage recovery. 
4. Power factor is required to be between the minimum permissible (0.95 leading identified earlier in this study) and 0.95 lagging, such that the POI bus voltage and the wind turbine generator bus voltage 

get as close to 1.05 pu as possible, but neither can exceed 1.05 pu under the prior outage.  If this is not possible, then the allowable MW output for this prior outage will be 0 MW. 
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Table A.4  – Stability Analysis Results of Breaker Internal Fault 

For the Expected 2005 System After the Addition of G483 Generation 
 

With G483 
Faulted Facility1  

Element(s) Cleared 
In Primary 

Primary  
Clearing Time  

(Cycles) 50% 2005 
 Peak Load 

2006 
Peak Load 

Fixes 

SME breaker 2159-S SME bus sections 
1, 2 8.0 Acceptable Acceptable N/a 

Note: 1. Single-phase ground fault. 
 
 

Table A.5  – Stability Analysis Results of Bus Section Fault 
For the Expected 2005 System After the Addition of G483 Generation 

 

With G483 
Faulted Facility1  

Element(s) Cleared 
In Primary 

Primary  
Clearing Time  

(Cycles) 50% 2005 
 Peak Load 

2006 
Peak Load 

Fixes 

SME bus section 1 SME 635-S 558-S 
2159-S 8.0 Acceptable Acceptable N/a 

BSS bus BSS 907-S 2122-S 
2123-S 8.0 Acceptable Acceptable N/a 

Note: 1. Single-phase ground fault. 
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Appendix B 
 
  

Short Circuit Analysis Results 
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Table B.1 – Maximum and Minimum Fault Duties  
At the G483 Point of Interconnection without the Contribution from G483 

Maximum Fault Duty Minimum Fault Duty 

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

2715 Amps 3685 Amps 1214 Amps 1794 Amps 
Note:  Minimum fault duty was calculated with the 69kV line G483-South Monroe out of service. 

 
 

Table B.2 – Thevenin Equivalent Impedances in Ohms in Intact System 
At the G483 Point of Interconnection without the Contribution from G483 

Pos Seq. Neg. Seq. Zero Seq. 

4.9621+j9.6034 4.9670+j9.6033 8.0149+j20.9791 

 
 

Table B.3 – Thevenin Equivalent Impedances in Ohms in the System without the 69kV Line G483-South Monroe 
At the G483 Point of Interconnection without the Contribution from G483 

Pos Seq. Neg. Seq. Zero Seq. 

10.1524+j19.7401 10.1582+j19.7401 18.3629+j51.0287 
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Power Flow Analysis Results 
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Table C.1 –Power Factor Analysis Results 
 

Lowest 
Power Factor 1

Worst 
Contingency 

Case Description 

< 0.95 leading Intact System 2007 summer peak 
0.95 leading North Monroe 138/69kV transformer 2007 summer peak 

 Notes: 
 1.  Leading power factor indicates wind farm absorbing reactive power from network. 

 
 

Table C.2  – Identified Thermal Violations due to G483 under N-1 Contingencies 
 

Limiting Element Existing MVA 
Rating 1

Worst MVA 
Loading 

Worst 
Contingency 

TDF Base Case Description 

Rebuild S. Monroe –  
Brodhead SS 69kV Line 41.0 54.0 G483 Wind Farm –  

Spring Grove 69kV Line >0.05 Summer 2007 

Darlington –  
Rock Branch 69kV Line 48.0 61.0 Nelson Dewey – 

Lancaster 138kV Line 0.051 Summer 2007 

N. Monroe –  
Sugar River 69kV Line 69.0 70.0 Rockdale – 

Wempletown 345kV Line 0.095 Summer 2007 

Colley Road –  
Enzyme 69kV Line 46.0 54.0 Sunrise – 

Lakehead 138kV Line 0.036 Summer 2007 

Brick Church –  
Walworth 69kV Line 36.0 71.0 Brick Church –  

Williams Bay 138kV Line 0.031 Summer 2007 

Stoughton –  
Sheepskin 69kV Line 72.0 76.0 Rockdale – 

Wempletown 345kV Line 0.084 Summer 2007 

Brick Church –  
Williams Bay 138kV Line 143.0 177.0 White Water – 

Lakehead 138kV Line 0.057 Summer 2007 

Notes: 
1. Summer emergency rating for contingency violations. 
2. Study of the 2006/7 winter case did not reveal worse or additional violations. 
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Table C.3 – Required and Proposed Upgrades due to Thermal Violations Caused by G483 
50MW Generation Delivery from G483 to the ATC Load 

Item # Project Name Line # Exist MVA  
Rating A/B 2

Minimum  
Required 

Upgrade 
MVA 

Rating A/B 

Cost 
Estimate 
     ($) 

Estimated 
In-Service Year 

Identified  
In TYA 1

#1 Rebuild S. Monroe – Brodhead SS 69kV Line Y-33 41.0 / 41.0 41.0 / 54.0 3 63 / 63 890K 2006  Yes

#2 Up-rate Darlington – Rock Branch 69kV Line Y-109 48.0 / 48.0 48.0 / 61.0 3 69 / 69 45K 2005  No

#3 Up-rate N. Monroe – Sugar River 69kV Line Y-42 69.0 / 69.0 69.0 / 70.0 3 84 / 114 100K 2006 No 

#4 Up-rate Colley Road – Enzyme 69kV Line Y-32 46.0 / 46.0 46.0 / 54.0 3 63 / 72 550K 2009 4 Yes 

#5 Up-rate Brick Church – Walworth 69kV Line Y-159 36.0 / 36.0 36.0 / 71.0 3 72 / 72 50K 2005 Yes 

#6 Up-rate Stoughton – Sheepskin 69kV Line Y-12 56.0 / 72.0 56.0 / 76.0 3 143 / 143 2,600K 2007  No

#7 Up-rate Brick Church – Williams Bay 138kV Line X-44 143.0 / 143.0 143.0 / 177.0 3 191 / 191 100K 2006  No

 Total Cost Estimate       4,335K 

Notes:   
1. TYA – Ten Year Analysis, report of which can be found through ATC Extranet. 
2. Ratings A/B are Normal / Emergency ratings. 
3. Minimum requirement for Summer Normal / Summer Emergency ratings. 
4. There is possibility to move forward the in-service date of this project.  
5. Item #1 is required injection upgrade; items #2 through #7 are proposed upgrades and are for informational purpose.  

 
Table C.4 – Summary of the Potential G483 Output Levels in Relation to the Upgrades Needed 

Estimates of Potentially  
Allowable G483 Output 

Upgrades Needed Cost Estimate 
($) 

0.0 MVA None 0 
8.0 MVA #2 #4 #5 #7 745K 

26.0 MVA #2 #4 #5 #7 #6 3,345K 

36.0MVA #2 #4 #5 #7 #6 #1 4,235K 

50.0 MVA #2 #4 #5 #7 #6 #1 #3 4,335K 
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Table C.5  – N-2 Contingencies that Caused AC Power Flow Solution Divergence 
 

First Contingency Second Contingency 
G483 – Brodhead SS 69kV line N. Monroe  - S. Monroe 69kV line 
G483 – Brodhead SS 69kV line N. Monroe 138/69kV transformer 
G483 – S. Monroe 69kV line Brodhead – Paddock 69kV line 
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Summary of Operation Restrictions 
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Table D.1 – Summary of the Identified Operation Restrictions on the G483 Wind Farm due to 
Thermal Constraints 

Prior outage Allowable MW 
 Output 

Worst Next  
Contingency 

Limiting  
Elements 

MVA  
Rating 

Worst Season 

Numerous operating restrictions requiring 0 MW output.  A full list can be supplied upon customer request (see note). 
Note: If upgrades #2 through #7 in Table C.3 are constructed, then the operating restrictions due to thermal constraints are removed.  

 
Table D.2 – Summary of the Identified Operation Restrictions on the G483 Wind Farm due to 

Stability Concern under Prior Outages 
Prior outage Allowable MW Output 

& Power Factor Restriction 
Worst Next  
Contingency 

Worst Season 

G483 – Brodhead SS 69kV 0 MW S. Monroe – N. Monroe 69kV Summer 
Brodhead SS – Paddock 69kV 0 MW G483 - S. Monroe 69kV Summer, winner 
G483 – S. Monroe 69kV 0 MW Brodhead – Paddock 69kV Summer, winter 
S. Monroe –N. Monroe 69kV 0 MW G483 – Brodhead SS 69kV Summer, winter 
S. Monroe – Jennings 69kV 25 MW G483 – Brodhead SS 69kV Summer, winter 
N. Monroe 138/69 kV 25 MW1 G483 – Brodhead SS 69kV Summer, winter 

Notes: 
1. Power factor is required to be between the minimum permissible (0.95 leading identified earlier in this study) and 0.95 lagging, such 
that the POI bus voltage and the wind turbine generator bus voltage get as close to 1.05 pu as possible, but neither can exceed 1.05 pu 
under the prior outage.  If this is not possible, then the allowable MW output for this prior outage will be 0 MW. 
2. The prior outage analysis was done using the existing system data.  The results are also valid for the system including proposed 
thermal upgrades, because the identified thermal upgrades in the electrical proximity of the G483 wind farm do not introduce new lines 
or cause significant variations in the existing line impedance. 

 
Table D.3 – Summary of the Identified Operation Restrictions on the G483 Wind Farm due to 

Steady State Voltage Stability Concern under N-2 Contingencies 
Prior outage Allowable MW Output 

& Power Factor Restriction 
Worst Next  
Contingency 

Worst Season 

No additional restrictions were identified in additional to the list in Table D.2 

 
Table D.4 – Summary of the Identified Operation Restrictions on the G483 Wind Farm 

Prior outage Allowable MW Output 
& Power Factor Restriction 

Worst Next  
Contingency 

Limiting  
Elements 

MVA  
Rating 

Reason 

Numerous operating restrictions requiring 0 MW output.  A full list can be supplied upon customer request. Thermal 

G483 – Brodhead SS 
69kV 

0 MW S. Monroe – N. Monroe 
69kV 

N/a N/a Stability 

Brodhead SS – Paddock 
69kV 

0 MW G483 - S. Monroe 
69kV 

N/a N/a Stability 

G483 – S. Monroe 
69kV 

0 MW Brodhead – Paddock 
69kV 

N/a N/a Stability 

S. Monroe –N. Monroe 
69kV 

0 MW G483 – Brodhead SS 
69kV 

N/a N/a Stability 

S. Monroe – Jennings 
69kV 

25 MW G483 – Brodhead SS 
69kV 

N/a N/a Stability 

N. Monroe  
138/69 kV 

25 MW1 G483 – Brodhead SS 
69kV 

N/a N/a Stability 

Note: 
1.  Power factor is required to be between the minimum permissible (0.95 leading identified earlier in this study) and 0.95 lagging, such that 
the POI bus voltage and the wind turbine generator bus voltage get as close to 1.05 pu as possible, but neither can exceed 1.05 pu under the 
prior outage.  If this is not possible, then the allowable MW output for this prior outage will be 0 MW. 
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Proposed Fault Ride-Through Characteristic 
For G483 Wind Turbines 
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Figure E.1 – Proposed add-on fault ride-through characteristic for G483 
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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 Zone 1 and ties to that zone and all 
branches of voltage level 100kV and above in the Northern States Power Control Area. 

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 and Special Multiple Contingency Evaluation Using ACCC 
 
All load carrying elements operated at 69kV and above in the following control areas/zones were 
studied: ATC Planning Zone 3 and ties to that zone, Northern States Power Control Area and 
Dairyland Power Cooperative Control Area. 
 
F.2.2 N-2 Contingency Evaluation Using Linear Transfer Analysis Method 
 
All load carrying elements operated at 69kV and above in the following control areas/zones were 
monitored in this study: Wisconsin Power & Light Co. (Alliant Energy – East), Wisconsin 
Electric Power Co., Wisconsin Public Service Corp., Madison Gas & Electric Co., Upper 
Peninsula Power Co., Northern States Power and Dairyland Power Cooperative. 
 
F.3 Thermal Loading Criteria 
 
F.3.1 Intact System, N-1 and Special Multiple Contingency Evaluation Using ACCC 
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Under intact system conditions, the loading of all transmission elements with distribution factors 
greater than 0.05 per unit must not exceed the applicable normal rating (Rate A). Under 
contingency conditions, the loading of all transmission system elements with distribution factors 
greater than 0.03 per unit must not exceed the applicable emergency rating (Rate B). 
 
F.3.2 N-2 Contingency Evaluation Using Linear Transfer Analysis Method 
 
Under N-2 contingency conditions, the loading of all transmission system elements with 
distribution factors greater than 0.03 per unit must not exceed 95% of the applicable emergency 
rating. 
 
F.3.3 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.4 Steady State Under 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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