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STUDY REPORT 
Study Name:  INVEnergy Wind Farm at Spring Canyon, Colorado  
Study Area:  Northeast Colorado, Southeast Wyoming and TOT 3 Elements 
Participants:  INVEnergy, Xcel Energy, Western-RMR 
Report Originator: Western RMR 

I. Introduction: 
INVEnergy LLC has submitted an interconnection request to construct and operate a wind turbine 
farm of 130 MW in Colorado near the Wyoming border and connecting to the Sidney to North 
Yuma 230 kV transmission line. The energy is to be delivered to and controlled by XCEL/PSCo. 

II. Purpose: 
The purpose of this study is to determine the dynamic impact of this new generation in the 
northeast Colorado and southeast Wyoming area as well as on the TOT3 Operational Transfer 
Capability (OTC). This study will address both the powerflow and the stability concerns in these 
areas. 

III. Procedure: 

A.  Base Case 
The WECC approved 2006 heavy summer base case, 06hs3sap, was used in this study. The 
base case was modified to reflect the current wind farms at Ponnequin and Peetz as well 
as the projected additional 30 MW of new test facility wind turbines at Ponnequin.  
 
The operating point for TOT3 will be as follows: 

• LRS: 1100 MW net 
• Pawnee (including Manchief): 768 MW net 
• DC Ties: 300 MW East to West 
• CPP/Brush NUGs: 243 MW net 

(note: CPP/Brush Non-Utility Generators (NUGs) are 8 units with a total capacity 
of 260 MW connected to the PSCO Beaver Creek 115 kV bus) 

 
With these modifications made to this base case the TOT3 maximum thermal operating 
point was determined to be 1543 MW. While other generation schemes will result in lower 
or higher maximum TOT 3 flows, this operating point was selected as being most 
representative for system impact studies. 
 
The Spring Canyon 130 MW wind farm was modeled using three clusters of GE 1.5 MW 
turbines. The clusters are made up of 26, 28 and 32 turbines for a total of 86. The feeder 
branch data are as follows: 
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Branch Length R X 
26 Turbines 1 Mile 0.009 0.0176 
28 Turbines 2 Miles 0.018 0.0351 
32 Turbines 3 Miles 0.027 0.0527 
 
The transformer was modeled with the following parameters: 
 

Voltage R X Rating 
34.5/230 0.002 0.06 150 MVA 

 

B.  Criteria 

1. System Intact 
a. Acceptable transmission line loading was limited to 100% of Rate A thermal limits. 
b. Acceptable transformer loading was limited to 100% of thermal limits. 
c. Bus voltages in the range of 0.95 to 1.05 per unit were considered acceptable. 
d. Powerflow solutions allowed all regulating items (i.e., transformer taps, phase 

shifting transformers, area interchange, switchable shunt devices) to adjust for 
the system normal configurations. 

2. Single Contingency 
a. Acceptable line loading was limited to 100% of Rate B thermal limits. 
b. Acceptable transformer loading was limited to 100% of Rate B thermal limits. 
c. Bus voltages in the range of 0.90 to 1.10 per unit were considered acceptable. 
d. Bus voltage differentials less than 5% were considered acceptable (Delta 

Voltages). This is the voltage change between System Intact and Outage 
conditions at each bus. 

e. All regulating items, except auto LTC transformers, were fixed at their values 
prior to the outage.  

f. Planned load shedding is allowed. 
g. No cascading is allowed. 

3. Emergency Ratings 
Element   Base Rating (A)   Emergency Rating (B) 
Story 345/230 kV (1&2) 500 MVA   650 MVA (1.30 pu) 
Sidney 230/115 kV  167 MVA   200 MVA (1.20 pu) 
LRS-DJ 230 kV  441 MVA   Not Available 
Pawnee-Story 230 kV  576 MVA   637 MVA (1.12 pu) 
LRS-Stegall 230 kV  478 MVA   560 MVA (1.17 pu) 
Weld-St. Vrain 230 kV  500 MVA   560 MVA (1.12 pu) 
LRS 345/230 kV  600 MVA   720 MVA (1.20 pu) 

(note: Rate A is the continuous rating and Rating B is the emergency rating allowing 
 additional capacity for 15 to 30 minutes.) 
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If an element in the base case did not have a rate B listed, the rate A was entered as its 
rate B. 
 
The line ratings on the 115 kV branches from Cheyenne to Timnath have been increased to 
109 MVA. The meteorological data for this region supports the increase in this rating. 

 

C. Study Methodology 

1. Powerflow 
 

The base case as modified as follows: 
a. The current wind farms at the Ponnequin and Peetz 115 kV buses were added 

as well as the new 30 MW test facility wind farm at the Ponnequin 115 kV bus. 
 
b. Area interchange values were modified to adjust TOT3 flows to the maximum 

level of 1543 MW. 
 

Two modifications of the base case were analyzed: 
 
1. Modified base case with no wind generation modeled at the new Spring Canyon 
230 kV bus (Max TOT3 – 1543 MW). 
 
2. Modified base case with 130 MW of new wind turbines (86 GE 1.5 MW turbines) 
connected at the new Spring Canyon 230 kV bus. As this power is to be delivered 
to the PSCo system, existing PSCo generation was reduced by 130 MW. 
 
 

TOT3 was increased in the base case without any wind generation to a point just below its 
N-1 thermal limit criteria. The TOT3 flow was not adjusted in the current wind generation 
case as the new Spring Canyon wind generation was added. Flows were then analyzed on all 
the TOT3 elements. 

2. Stability 
 

All loads were modified to reflect a 20% motor load ratio. 

Three Phase Faults 
 

1) Spring Canyon 230 kV (73999) – 5 Cycles (0.0833 Sec) 
(i) Clear Spring Canyon 230 kV (73999)  to Sidney 230 kV (73180) 
(ii) Clear Spring Canyon 230 kV (73999)  to North Yuma 230 kV (73143) 
 

2) Sidney 230 kV (73180) – 5 Cycles (0.0833 Sec) 
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(i) Clear Sidney 230 kV (73180)  to Stegall 230 kV (73190) 
(ii) Clear Sidney 230/115 kV transformer (73180 to 73179)   

 
3) North Yuma 230 kV (73143) – 5 Cycles (0.0833 Sec) 

(i) Clear North Yuma 230 kV (73143)  to Story 230 kV (73192) 
(ii) Clear North Yuma 230/115 kV transformer (73143 to 73142)   
 

4) Stegall 230 kV (73190) – 5 Cycles (0.083 Sec) 
(i) Clear Stegall 230 kV (73190) to Sidney 230 kV (73180) 

 
5) Story 230 kV (73179) – 5 Cycles (0.0833 Sec) 

(i) Clear Story 230 kV (73179) to North Yuma 230 kV (73143) 
 

6) LRS 345 kV (73108) – 4 Cycles (0.0667 Sec) 
(i) Clear LRS 345 kV (73108) to Ault 345 kV (73012) 

Wind Model Data 
 

The two wind models used were the GE 1.5 and Vestas 47. The GE 1.5 and Vestas 47 models were 
both used at the Ponnequin bus, only Vestas 47 at the Peetz bus and only GE 1.5 at the new Spring 
Canyon bus. 

 
GE 1.5 

 
The GE 1.5 generators were installed with the following options: 

 
1. Voltage control option used for this study.  

 
2. Voltage protection scheme: 

Manufacture’s suggested settings with fault ride through capability— 
Voltages   Delay before breaker initiation 
Voltage below 30%  0.02 second 
Voltage 30% to 70% 0.10 second 
Voltage 70% to 75% 1.00 second 
Voltage 75% to 85% 10 seconds 
Voltage 85% to 110% Continuous 
Voltage 110% to 115% 1.00 second 
Voltage 115% to 130% 0.10 second 
Voltage above 130% 0.02 second 

 
3. Frequency protection settings recommended by the manufacturer-- 

Frequency   Delay before breaker initiation 
Freq below 56.50 Hz and above 62.5 Hz  0.02 second 
Freq below 57.5 Hz    10 seconds 
Freq between 57.5 Hz and 61.5 Hz   continuous 
Freq above 61.5 Hz     30 seconds 
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4. Breaker time 0.15 second. 
 

Vestas 47 
 

The Vestas 47 generators were installed with the following options: 
 

1. Voltage control option used for this study. 
 

2. Voltage protection scheme: 
 Manufacture’s suggested voltage protection settings-- 
Voltages   Delay before breaker initiation 
Voltage below 75%  0.08 second, trip generator 
Voltage below 85%  0.40 second, trip generator 
Voltage below 94%  60 seconds, trip generator & trip pf correction 
Voltage 94% to 110% Continuous 
Voltage above 110%  60 seconds, trip generator & trip pf correction 
Voltage above 111%  0.08 second, trip pf correction 
Voltage above 113.5% 0.20 second, trip generator 
Voltage above 120% 0.08 second, trip generator & trip pf correction 

 
 

3. Frequency protection settings recommended by the manufacturer-- 
Frequency   Delay before breaker initiation 
Freq below 57.0 Hz  0.2 second, trip generator 
Freq below 57.0 Hz to 62.0 Hz continuous 
Freq above 62.0 Hz  0.2 second, trip the generator 

 
4. Breaker time 0.08 second. 
 

3. Steady State Outage List 
The following N-1 contingencies were used to determine the steady-state powerflow TOT3 
limits: 

11. Second Story 345/230 kV  
12. Sidney – Stegall 230 kV 1. LRS – Ault 345 kV 
13. Story – N.Yuma 230 kV 2. LRS – Story 345 kV 
14. Pawnee – Ft. Lupton 230 kV 3. Dave Johnston – Stegall 230 kV 
15. N. Yuma – Wray 230 kV 4. Stegall – Archer 230 kV 
16. St. Vrain – Weld PS 230 kV 5. Pawnee – Story 230 kV 
17. Cheyenne – Ponnequin 115 kV 6. LRS – Stegall 230 kV 
18. Beaver Ck – Gary 115 kV 7. LRS – DJ 230 kV 
19. Pawnee – Quincy 230 kV 8. LRS – 345/230 kV  
20. Pawnee – Daniel Park 230 kV 9. Sidney 230/115 kV 
21. Wray – Vernon Tap 115 kV 10. Stegall 230/115 kV 
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28. Pawnee Unit trip 22. Archer – Ault 230 kV 
29. Archer – Stegall 230 kV 23. Sidney – Spring Canyon 230 kV 
30. Sidney – Peetz - Sterling 115 kV 24. N Yuma – Spring Canyon 230 kV 
 25. LRS Unit Trip 

  26. Miracle Mile – Oasis Tap 115 kV 
27. Longs Peak – St. Vrain 230 kV 

 

IV. Results 

Powerflow Study  

Performed by Mr. John Wetzel under contract with DISGEN Inc. (Attachment 1) 
 
Base Case – No Wind Generation at Spring Canyon – 
 
Case stressed to 1543 MW flow across TOT3. Most limiting element noted as: 
 

Monitored Element Contingency Rate Flow % 
Ft. Lupton to Pawnee 230 kV LRS to Ault 345 kV line trip 478 476.5 99.679 
 
130 MW of Wind Turbines at Spring Canyon – 
 
130 MW of wind turbines added at the Spring Canyon 230 kV bus. Case solved without adjusting the 
TOT3 flows. 
 
N-1 contingencies revealed the following violations: 
 

Monitored Element Contingency Rate Flow % 
Brighton to Sand Creek 115 kV Pawnee to Story 230 kV line trip 85.1 91.1 107.7 
Rockport to Nunn 115 kV Archer to Ault 230 kV line trip 109 115.4 105.9 
Rockport to Nunn 115 kV LRS to Ault 345 kV line trip 109 115.2 105.7 
Ft. Lupton to Pawnee 230 kV LRS to Ault 345 kV line trip 413.5 426.3 103.1 
Brighton to Sand Creek 115 kV LRS to Ault 345 kV line trip 85.1 85.5 100.5 
Archer to Ault 230 kV LRS to Ault 345 kV line trip 462 463.8 100.4 
 
** These results are included for reference only. Further Powerflow studies performed by Western Area 
Power Administration indicated there were no thermal violations associated with the Spring Canyon 
addition. 

Stability 
The following explains the nomenclature used in identifying plots: 
 
Example –  0_SC_Clr_SC-NY-50 
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0 SC Clr SC NY -50 
SC Gen Fault bus Clear From Bus To Bus TOT 3 Reduction 

 
Character Position: 
 
First – Total Spring Canyon Generation in MW 
 
Second – Bus that the 3 phase fault is applied 
 
Third – Cleared Element 
 
Fourth – From bus of cleared element 
 
Fifth – To bus of cleared element 
 
Sixth – Amount of TOT 3 reduction in MW. If the number is in [ ] then it is the reduction in Spring 
            Canyon generation. 
 
Bus Codes: SC – Spring Canyon; NY – N. Yuma; SID – Sidney; STG – Stegall; LRS – Laramie River Station; 

TFX - transformer 
 
Three phase faults applied as follows: 

345 kV - 4 cycles – 0.0667 sec 
230 kV - 5 cycles – 0.0833 sec 
115 kV - 6 cycles – 0.1 sec 
 

Scales for the plots are explained as follows: 
 

ANGLE – Machine relative rotor angle in degrees 
PELEC – Machine electrical power (scale value multiplied by 100) 
QELEC – Machine reactive power (scale value multiplied by 100) 
BSFREQ – Bus pu frequency deviation (scale value multiplied by 60 and then added to 60) 
VOLT – Bus pu voltage 
 

All runs included a 0.5 second pre-fault run before a fault was applied. 
 
Base Case (0 generation at Spring Canyon) – (Attachment 2) 

 
Three phase faults at the Spring Canyon, N. Yuma and Sidney 230 kV buses did not produce any 
stability violations. In fact the system was quite stable with these faults. The previous TOT3 
limiting contingency of a three phase fault at the LRS 345 kV bus and then clearing the LRS to 
Ault 345 kV line remains the limiting contingency in this situation. With the TOT 3 flow at 1548 
MW the first voltage swing at the Laramie 115 kV bus was 0.646 pu. Reducing the TOT 3 flow by 
50 MW to 1498 MW raised the first swing to 0.695 pu: 
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Bus Volt (pu) - 1st swing Fault 
Laramie 115 kV (TOT3 at 1548 MW) 0.646 3ph – LRS 345 kV – 4 cycles 
Laramie 115 kV (TOT3 at 1498 MW) 0.695 3ph – LRS 345 kV – 4 cycles 

 
Generation Addition (130 MW) – (Attachment 3) 

 
The same faults as in the base case were applied after adding 130 MW of wind generation to the 
new Spring Canyon 230 kV bus. Again the system was very stable when the faults near the new 
Spring Canyon bus were applied and no stability violations or concerns noted. The TOT 3 limiting 
contingency of a three-phase fault at the Laramie 345 kV bus for 4 cycles and then clearing the 
LRS to Ault 345 kV line is affected by this addition of 130 MW at the Spring Canyon 230 kV bus. 
With the high TOT 3 flow of 1548 MW and the addition of the generation at Spring Canyon the 
first voltage swing at the Laramie 115 kV bus now goes to 0.606 pu. The TOT 3 flow must be 
reduced 100 MW to 1448 MW before the first swing reached acceptable limits (0.697 pu). Low 
voltage swings were also noted at the Cheyenne 115 kV, Peetz 115 kV, Stegall 115 kV, Sidney 115 
kV, Stegall 230 kV, and Sidney 230 kV buses. While these buses had low voltage swings, the most 
limiting bus is still the Laramie 115 kV bus. 
 

Bus Volt (pu) - 1st swing Fault 
Laramie 115 kV (TOT3 at 1548 MW) 0.606 3ph – LRS 345 kV – 4 cycles 
Laramie 115 kV (TOT3 at 1498 MW) 0.666 3ph – LRS 345 kV – 4 cycles 
Laramie 115 kV (TOT3 at 1448 MW) 0.697 3ph – LRS 345 kV – 4 cycles 

 

V. Final Recommendations 
 
Follow-up powerflow studies performed by Western Area Power Administration indicate there is 
no system degradation in the addition of 130 MW of wind turbine generation at the Spring Canyon 
230 kV bus.  There were no N-1 voltage or branch flow violations in the base case before or after 
the generation addition.  
 
The stability portion of this study did reveal a system impact involving the addition of 130 MW of 
new wind turbine generation at the Spring Canyon 230 kV bus. The new generation did cause the 
first voltage swing at the Laramie 115 kV bus to drop below acceptable limits when the three-
phase fault was applied to the LRS 345 kV bus for 4 cycles and then clearing the LRS to Ault 345 
kV line. To raise this first voltage swing to an acceptable level the TOT 3 flow had to be reduced 
to 1448 MW (approximately 100 MW). Reducing the total generation at the Spring Canyon 230 kV 
bus to 60 MW had the same effect of raising the first voltage swing to the same acceptable level. 
(Attachment 4) 
 
Given the above results, the Spring Canyon wind farm generation will need to be curtailed to a 
maximum generation output of 60 MW whenever the TOT 3 flow reaches a level 1448 MW or 
higher. 



 
 
 
TOT3 = 1594 IN ALL CASES 
 
Table 1A shows TOT3 and TOT7 levels in Case D and Case E. 
 

TABLE 1A 
 
CASE DESCRIPTION TOT3 TOT7 
    
Case A 2007HS, No generation at Peetz Wind 1593.9 790.6 
    
 Case D 2007HS, 30 MW at Peetz Wind 1594.4 746.0 
    
 Case E 2007HS, 130 MW at Peetz Wind 1593.0 699.4 

 
Table 3A shows the existing system overloads for the TOT3 = 1594 MW conditions  
 
TABLE 3A; EXISTING SYSTEM OVERLOADS WITH TOT3 = 1594 MW 
 

case definition  criteria  monitored element CASE A CASE D CASE E 

OUTAGE: ARCHER- AULT 230 
 high-flow > 
100 

 BLKHLWTP115.-
COBBLKTP115. 116.916 123.407 136.466 

OUTAGE: ARCHER- AULT 230 
 high-flow > 
100  COBBLKTP115.-TIMNTHTP115. 101.986 108.596 121.973 

OUTAGE: LAR.RIV-AULT 345 
 high-flow > 
100 

 BLKHLWTP115.-
COBBLKTP115. 118.518 124.200 135.168 

OUTAGE: LAR.RIV-AULT 345 
 high-flow > 
100  COBBLKTP115.-TIMNTHTP115. 105.851 111.653 123.006 

OUTAGE: LAR.RIV-STORY 345 
 high-flow > 
100  AULT____345.-LAR.RIVR345. 101.174 102.727 **105.14 

OUTAGE: N.YUMA PEETZWIND 
230 

 high-flow > 
100  PEETZ___115.-STERLING115. **100.24 **104.458 **120.608 

OUTAGE: SIDNEY-PEETZWIND 
230 

 high-flow > 
100  PEETZ___115.-STERLING115. **100.157 **97.4814 **(<95) 

OUTAGE: ST.VRAIN-WELD 230 
 high-flow > 
100  ST.VRAIN230.-WINDSOR_230. 104.298 100.474 ((96.889)) 

OUTAGE: ST.VRAIN-WELD 230 
 high-flow > 
100  WINDSOR_230.-AULT____230. 108.590 104.597 100.915 

 
The double asterisks indicate the existing 30 MW of generation on the Peetz 115 kV bus was 
dropped during the outage to reduce the flow on the Peetz-Sterling 115 kV line.  (<95) indicates 
that the line loading was less than 95% during the outage:  line loadings shown in parenthesis are 
not criteria violations. 
 
These are the same outage problems originally noted in Table 3 of the study with some loading 
increases due to higher TOT3 levels.   
 
Table 4A shows all new overloads due to the addition of the new generation. 



 
 
 
 
TABLE 4A:  NEW SYSTEM OVERLOADS DUE TO GENERATION ADDITION, TOT3 = 1594  
 

case definition  criteria  monitored element CASE A CASE D CASE E 
OUTAGE: ARCHER-AULT 230  high-flow > 100  NUNN____115.-ROCKPRTP115. (<95) ((99.438)) 109.620 
OUTAGE: LAR.RIV-AULT 345  high-flow > 100  ARCHER__230.-AULT____230. (<95) ((95.436)) 101.596 
OUTAGE: LAR.RIV-AULT 345  high-flow > 100  PAWNEE__230.-STORY___230. ((95.003)) ((96.706)) 104.580 
OUTAGE: LAR.RIV-AULT 345  high-flow > 100  NUNN____115.-ROCKPRTP115. ((95.460)) ((99.883)) 108.410 
OUTAGE: PAWNEE-QUIY 230  high-flow > 100  FTLUPTON230.-PAWNEE__230. ((96.885)) ((98.112)) 100.532 

 
 
All of the overloads shown in Table 4A can be lowered to acceptable levels by reducing 
generation at the Peetz 230 kV bus. 
 
TOT3 = 1543 MW WITH CPP GENERATION = 243 MW 
 
 
Table 1A shows TOT3 and TOT7 levels in Case D and Case E. 
 

TABLE 1A 
 
CASE DESCRIPTION TOT3 TOT7 
    
Case 
CPP 2007HS, No generation at Peetz Wind 1543.0 760.3 
    
 Case F 2007HS, 30 MW at Peetz Wind 1542.5 783.6 
    
 Case G 2007HS, 130 MW at Peetz Wind 1543.6 734.5 

 
 
Table 3B shows the existing system overloads for the TOT3 = 1543 MW conditions  
 
 
 
 
 
 
 
 



 
TABLE 3B; EXISTING SYSTEM OVERLOADS WITH TOT3 = 1543 MW 
 

case definition  criteria  monitored element 
CASE 
CPP CASE F CASE G 

OUTAGE: ARCHER- AULT 230  high-flow > 100  BLKHLWTP115.-COBBLKTP115. 117.240 118.339 131.682 
OUTAGE: ARCHER- AULT 230  high-flow > 100  COBBLKTP115.-TIMNTHTP115. 102.266 103.438 117.120 
OUTAGE: LAR.RIV-AULT 345  high-flow > 100  BLKHLWTP115.-COBBLKTP115. 119.847 120.433 131.643 
OUTAGE: LAR.RIV-AULT 345  high-flow > 100  COBBLKTP115.-TIMNTHTP115. 107.130 107.823 119.426 
OUTAGE: LAR.RIV-AULT 345  high-flow > 100  PAWNEE__230.-STORY___230. 105.105 108.052 115.492 
OUTAGE: LAR.RIV-STORY 345  high-flow > 100  AULT____345.-LAR.RIVR345. 100.427 101.010 103.542 
OUTAGE: PAWNEE-QUIY 230  high-flow > 100  FTLUPTON230.-PAWNEE__230. 104.356 104.414 106.685 
OUTAGE: ST.VRAIN-WELD 230  high-flow > 100  ST.VRAIN230.-WINDSOR_230. 100.855 103.294 99.429 
OUTAGE: ST.VRAIN-WELD 230  high-flow > 100  WINDSOR_230.-AULT____230. 105.009 107.429 103.470 

 
 
The overload of the Fort Lupton-Pawnee 230 KV line due to the Pawnee-Quincy outage does not 
appear in Table 3 and Table 3A.  This overload appears to be the result of the increased CPP 
generation and is not due to the Peetz Wind generation. 
 
Table 4B shows all new overloads due to the addition of the new generation 
 
TABLE 4B:  NEW SYSTEM OVERLOADS CPP GENERATION = 243, TOT3 = 1543  
 

case definition  criteria  monitored element CPP CASE F CASE G 
OUTAGE: ARCHER-AULT 230  high-flow > 100  NUNN____115.-ROCKPRTP115. (<95) ((95.489)) 105.893 
OUTAGE: LAR.RIV-AULT 345  high-flow > 100  ARCHER__230.-AULT____230. (<95) (<95) 100.376 
OUTAGE: LAR.RIV-AULT 345  high-flow > 100  BRIGHTNW115.-SANDCRK_115. (<95) ((95.068)) 100.549 
OUTAGE: N.YUMA PEETZ 230  high-flow > 100  PEETZ___115.-STERLING115. **(<95) **(<95) **110.411 
OUTAGE: LAR.RIVR AUL    345  high-flow > 100  NUNN____115.-ROCKPRTP115. ((96.500)) ((96.953)) 105.669 
OUTAGE: PAWNEE STO    230  high-flow > 100  BRIGHTNW115.-SANDCRK_115. ((98.342)) 100.259 107.745 
OUTAGE: LAR.RIVR AUL    345  high-flow > 100  FTLUPTON230.-PAWNEE__230. ((99.679)) ((99.804)) 103.055 

 
The double asterisks indicate the existing 30 MW of generation on the Peetz 115 kV bus was 
dropped during the outage to reduce the flow on the Peetz-Sterling 115 kV line.  (<95) indicates 
that the line loading was less than 95% during the outage:  line loadings shown in parenthesis are 
not criteria violations. 
 
All of the overloads shown in Table 4B can be lowered to acceptable levels by reducing 
generation at the Peetz 230 kV bus 
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