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1 EXECUTIVE SUMMARY 

1.1 General 

XXXXXX Generation (ñXXXXXXò) has requested Utility System Efficiencies, Inc. to perform a preliminary 
study for the proposed XXXXXXXX Solar Generating Facility (ñProjectò) near the Palo Verde Nuclear 
Generating Station (ñPVNGSò) 500 kV Switchyard.  XXXXXX Generation is planning development of a  
700 MW photovoltaic solar energy generation plant in Maricopa County, Arizona.  At full build out, the 
plant will produce 700 MW with the first 300 MW phase planned in-service for March, 2011 and the 
second 400 MW phase ï March 2015. 
 
Figure E-1.  XXXXXXXX Solar Generating Facility Single Line Diagram. 

 
 
Photovoltaic inverters will be integrated with an array of modules, step-up transformers and other system 
components.  
 
Prior to obtaining an approval for an interconnection from the Palo Verde Transmission System E&O 
Committee, comprehensive technical studies were performed to assess the technical impact of the 
Project on Palo Verde and its associated transmission system.  Per the established Palo Verde 
Interconnection Procedures, preliminary and detailed studies are required to fully assess the impact of an 
interconnection on Palo Verde and its corresponding transmission facilities. 
 
This Preliminary Study simulated the following technical analyses. 
A.  Power flow analysis 
B.  Transient stability analysis 
C.  Short-circuit analysis 
 
Note:  Sub Synchronous frequency scanning analysis was not performed; since, it was not anticipated 
there would be any SSR issues based on previous study results that were completed.  In addition, the 
inverters from the photovoltaic panels do not contribute to sub synchronous resonance. 
 



XXXXXXXX Solar Generating Facility Project ï Preliminary Study  

 

 
  Page 2 

Performance of the transmission system was measured against the WECC Reliability Criteria and NERC 
Planning Standards. 
 
In addition to the expected transmission system model, three sensitivity studies were requested from 
WATS group members, which include the following: 
 

a. Palo Verde operated at 525 kV with PV/Hassayampa bucking at 800 MVAr. 
The 2010 and 2014 base cases were developed with a Palo Verde voltage of 525 kV.  In addition, 
the PV/Hassayampa common bus was bucking at 800 MVAr. 

 
b. Hassayampa-N.Gila No.2 transmission line. 

The 2014 heavy autumn base case included a new Hassayampa-N.Gila No.2 500 kV line. 
 

c. Devers-Colorado River No.1 and No.2 500 kV transmission lines were excluded. 
This sensitivity analysis excluded the Devers-Colorado River No.1 and No.2 500 kV lines for the 
2014 cases only.  However, the Palo Verde ï Colorado River 500 kV line and the Palo Verde ï 
Devers 500 kV lines are in-service. 

1.2 Conclusions 

The analysis identified that the XXXXXXXX Solar Generating Facility does not negatively affect the 
PVTS-SGC operating limit, which was verified with use of power flow, transient stability and short-circuit 
analysis methods.  Whatôs more, study results identified that the PVTS-SGC operating limit can be 
increased to accommodate the XXXXXXXX Solar Project for its incremental increases.  Table E-1 
tabulates the PVTS-SGC operating limit increases as determined from study results: 
 
Table E-1.  Palo Verde Transmission System, Simultaneous Generation Capability 

 
Year 

 
PVTS-SGC Operating Limit (MW) 

2010 10,696 

2014 11,096 

 

Study results also identified that there were no voltage issues with inclusion of the project.  A power factor 
range of 0.95 lead/lag at the Point of Interconnection (POI) is required for new generation interconnection 
projects, with exception of wind generators.  However, it is proposed that this project utilize excess 
reactive power from the existing Mesquite power plant to achieve the power factor range; since, the 
XXXXXXXX Solar project and the existing Mesquite power plant interconnect to the Hassayampa 500 kV 
substation via the same radial transmission lines.  The existing Mesquite power plant is capable of 
exceeding the 0.95 lead/lag requirement and could support the XXXXXXXX Solar power factor 
requirement.  Power flow studies identify that there is an additional 224 MVAr of excess reactive power 
available from the existing Mesquite generators, which could be used to supplement the proposed 
XXXXXXXX Solar Project.   

Requiring the XXXXXXXX Solar Project to install additional reactive power to achieve a 0.95 lead/lag 
power factor would necessitate installation of reactive power device(s) with a range of +340/-110 MVAr.  
Consideration to allow the project to be interconnected without the additional reactive power is requested; 
since, the reactive power is available when the existing Mesquite power plant is on-line.  In addition, study 
results have identified that the project does not yield any thermal, voltage or transient stability issues 
without the additional reactive power elements. 

Study results identified that there were no circuit breakers that exceeded short-circuit interrupting 
capabilities.  Circuit breakers with a breaker rating of ñNo Dataò (ND) were not available due to the owner 
not responding to a WATS request for the interrupting capability. 
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2 STUDY ASSUMPTIONS 

This section of the report provides details pertaining to the power flow case development and an 
overview of major study assumptions. 

2.1 Pre-Project Power Flow Case Modeling 

System conditions for WATS approved 2010 and 2014 heavy autumn base cases were modeled.  
Significant planned transmission projects were included for each year. 
 
All pre-project base cases modeled a maximum Palo Verde Transmission System Simultaneous 
Generation (ñPVTS-SGò) level of 10,396 MW.  Generation capacities and schedules of the Palo Verde 
nuclear units and the combined-cycle units of those PVTS Interconnectors are shown in Table

1
 1. 

 
Table 1.  Palo Verde Transmission System Simultaneous Generation Modeling 

Power Plant 
Owners 

Power Plant 
Name 

Number 
Of Units 

2008 Fall 

Gross 

Generation 

2008 Fall 

Power Plant 

Auxiliary Load 

2008 Fall 

Generating 

Net Output 

ANPP Palo Verde Unit 1 1,410 MW 65 MW 1,345 MW 

  Unit 2 1,407 MW 65 MW 1342 MW 

  Unit 3 1,410 MW 65 MW 1,345 MW 

Subtotal  3 4,227 MW 195 MW 4,032 MW 

      

Duke Energy 
North America 

Arlington 1 620 MW 

(160x2+300) 

20 MW 

(6.7 MW x 3) 

600 MW 

Arizona Public 
Service 

Red Hawk  2 1,080 MW 

((177x2+186)x2) 

40 MW 

(6.7 MW x 6) 

1,040 MW 

LS Power 
Development 

Harquahala 3 1,164 MW 

((250+138)x3) 

24 MW 

(8 MW x 3) 

1,140 MW 

Sempra 

 Energy 

Mesquite 2 1,278 MW 

((169.5x2+300)x2) 

28 MW 

(4.6 MW x 6) 

1,250 MW 

Gila River 
Power 

Gila River 4 2,406 MW 

((172x2+257.5)x4) 

72 MW 

(9 MW x8) 

2,334 MW 

Subtotal  12 6,548 MW 184 MW 6,364 MW 

      

Total  15 10,775 MW 379 MW 10,396 MW 

 
 

                                                      
1
 2008 Heavy Summer Palo Verde Transmission System Operating Study Report, Salt River Project, p. 2. 
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Following is a summary of modifications for developing the pre-project power flow base cases: 
 
Case 1: 2010 Heavy Autumn ï Pre-Project. 

 

 The 2010 heavy autumn WATS approved base case used for the Green Path North study was 
obtained. 

 A total net PVTS generation of 10,396 MW was modeled in the base case. 

 The Palo Verde Hub bus voltage was set to 530 kV and the PV/Hassayampa hub to -800 MVAr. 

 The following EPCLôs were inserted: epcl_2010SRP.p and 2009SRP.p. 

 The following epc files were also inserted: 2010_wecc_hs_sdg&e_data.epc and TS9_PP.epc. 

 The IID system was modified to include their latest model. 

 APS revisions were completed: remove Cholla 345/230 kV No.2 transformer, remove Sun Valley-
Delaney 500 kV line and change series compensation for the Yavapai-Westwing 500 kV and 
Moenkopi-Yavapai 500 kV lines to 25.7 ohms. 

 
Case 2:  2014 Heavy Autumn ï Pre-Project. 

 

 Case 2 was used as the starting point for developing this case.  The EPCL epcl_2011SRP.p was 
inserted to include several planned transmission projects. 

 APS load was increased by 3.5% and the SRP load (new load at SEV 69 kV bus) was increased 
by 1.3%. 

 The area slack bus was moved to Navajo Unit 1 to allow loss of PV units to solve properly. 

 The IID system was modified to include their latest model. 

 APS revisions were completed: remove Cholla 345/230 kV No.2 transformer, revised series 
compensation for the Yavapai-Westwing 500 kV and Moenkopi-Yavapai 500 kV lines to  
25.7 ohms. 

2.2 Post-Project Power Flow Case Modeling 

The XXXXXXXX Solar Generating Facility Project was modeled with the following parameters, which 
were provided with the Interconnection Application: 
 

1. One (1) new 230/34.5 kV substation. 
2. Two (2) new 4 mile, 954 ACSR double bundled XXXXXXXX Solar Project ï Mesquite 230 kV 

lines. 
3. Seven (7) equivalent generators with Pmax of 100 MW, Qmax and Qmin of 0 MVAr. 
4. Seven (7) 150 MVA 230/34.5 kV step-up transformers with an R, X and B of 0.00, 0.09 and 0.0, 

respectively. 
 
The Project will be comprised of seven (at full build out) 100 MW power blocks.  Since the in-service date 
is March 2011, a 2010 heavy autumn base case was developed with three (3) one hundred blocks 
modeled.  A number of transmission projects will be constructed by 2011; therefore, all XXXXXXXX 
power blocks will be modeled in this year, which reduces the study work, yet identifies any reliability 
issues.  Project output for each base case is summarized in the following table:  For clarification, Table 2 
tabulates the Project output with the corresponding season. 
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Table 2.  Summary of Project Output 

Base Case Project Output (MW) 

2010 Heavy Autumn 300 

2014 Heavy Autumn 700 

 
 
Figure 1 illustrates the configuration of the XXXXXXXX Solar Generating Facility. 
 
Figure 1.  XXXXXXXX Solar Generating Facility Conceptual One-Line Diagram 

 
 
Case 3: 2010 Heavy Autumn ï Post-Project. 

 

 The XXXXXXXX Project with 300 MW of Project generation was inserted into Case 1. 

 Generation was reduced at Desert Basin by 300 MW. 

 Addition of the Project increased the total net PVTS generation to 10,696 MW. 
 
Case 4:  2014 Heavy Autumn ï Post-Project. 

 

 The XXXXXXXX Project with 700 MW of Project generation was inserted into Case 2. 

 Generation was reduced at Kyrene, Navajo and Springerville. 

 Addition of the Project increased the total net PVTS generation to 11,096 MW. 

Shunt capacitors were not modeled 
in this study. 
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Table 3.  Project Power Flow Case Attributes 

Year/Season 2010 Heavy Autumn 2014 Heavy Autumn 

Base Case Case 1 Case 3 Case 2 Case 4 

Path 46 - WOR 7,403 7,407 7,396 7,404 

Path 49 - EOR 7,998 8,009 7,908 7,922 

SCIT 12,523 12,521 11,906 11,903 

XXXXXXXX Solar Project Output 0 300 300 700 

PVTS-SG (MW) 10,396 10,696 10,696 11,096 

PV/HAA NET MVARS -800 -800 -800 -800 

Palo Verde Operating Voltage 530kV 530kV 530kV 530kV 

          

Area 8 - IID         

Load 968 968 1,012 1,012 

Losses 67 67 56 56 

Gen 1,563 1,563 1,538 1,538 

Interchange 528 528 470 470 

Area 14 - Arizona         

Load 11,957 11,957 12,178 12,178 

Losses 289 295 284 294 

Gen 19,743 19,748 19,993 20,003 

Interchange 7,540 7,539 7,575 7,575 

Area 18 - Nevada         

Load 4,372 4,372 4,372 4,372 

Losses 55 55 56 56 

Gen 3,210 3,210 3,210 3,210 

Interchange -1,217 -1,217 -1,217 -1,217 

Area 19 - WAPA-DSW         

Load 201 201 189 189 

Losses 85 85 80 80 

Gen 1,880 1,880 1,544 1,543 

Interchange 1,551 1,551 1,231 1,231 

Area - 22 SDG&E         

Load 4,905 4,905 4,861 4,861 

Losses 145 145 129 130 

Gen 2,493 2,493 2,441 2,441 

Interchange -2,557 -2,557 -2,550 -2,550 

Area 24 - SCE         

Load 15,196 15,196 15,196 15,196 

Losses 305 305 326 327 

Gen 12,864 12,866 13,790 13,790 

Interchange -3,495 -3,494 -2,590 -2,591 

2.3 Sensitivity Base Case Modeling 

Three sensitivity studies were requested from WATS group members, which include the following: 

a. Palo Verde operated at 525 kV with PV/Hassayampa bucking at 800 MVAr. 
The base cases were developed with a Palo Verde voltage of 525 kV.  In addition, the 
PV/Hassayampa common bus was bucking at 800 MVAr. 

b. Hassayampa-N.Gila No.2 transmission line. 
This sensitivity included a new Hassayampa-N.Gila No.2 500 kV line for the 2014 cases only. 

c. Devers-Colorado River No.1 and No.2 transmission lines out of service. 
This sensitivity analysis excluded the Devers-Colorado River No.1 and No.2 500 kV lines for the 
2014 cases only.  However, the Palo Verde ï Colorado River 500 kV line and the Palo Verde ï 
Devers 500 kV lines are in-service. 
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The following modifications were implemented to create the sensitivity power flow base cases: 
 
Case 5 - 8: Palo Verde operated at 525kV ï Sensitivity 4a. 

 

 The Palo Verde Hub bus voltage was set to 525 kV for Cases 1 through 4. 

 In addition, the PV/Hassayampa hub was readjusted to achieve 800 MVAR bucking by changing 
the Rudd and Westwing transformer taps. 

 
Case 9 - 10: Hassayampa-N.Gila No.2 500 kV line ï Sensitivity 4b. 

 

 This line was only modeled for the 2014 heavy autumn system conditions. 

 The epc file ñha_ng2.epcò was inserted into the basecase. 

 In addition, the PV/Hassayampa hub was readjusted to achieve 800 MVAR bucking by changing 
the Rudd and Westwing transformer taps. 

 
Case 11 - 12: Devers-Colorado River No.1 and No.2 500 kV lines Excluded ï Sensitivity 4c. 

 

 The Colorado River line modifications were modeled for the 2014 heavy autumn case only; since, 
this project is not in-service in 2010. 

 Cases 2 and 4 were modified as follows to create sensitivity cases: 
o Devers ï Colorado River No.1 and No.2 500 kV lines opened. 
o Devers ï Palo Verde 500 kV line closed. 

 The PV/Hassayampa hub was readjusted to achieve 800 MVAR bucking by changing the Rudd 
and Westwing transformer taps. 

 
Table 4.  Project Power Flow Case Attributes ï Sensitivity Cases 

Base Case Case 5 Case 6 Case 7 Case 8 Case 9 Case 10 Case 11 Case 12 

Description PV Operated at 525 kV 
N.Gila- 

Hassayampa No.2 

Devers-Colorado 
River No.1 and No.2 

Out of Service. 

Path 46 - WOR 7,402 7,404 7,397 7,404 7,380 7,390 7,314 7,323 

Path 49 - EOR 7,993 8,002 7,907 7,920 7,933 7,949 7,869 7,883 

SCIT 12,525 12,521 11,909 11,904 13,538 13,549 11,891 11,885 

XXXXXXXX Solar Project Output 0 
300 
MW 

300 
MW 

700 
MW 300 MW 700 MW 300 MW 700 MW 

PVTS-SG (MW) 10,396 10,696 10,696 11,096 10,696 11,096 10,696 11,096 

PV/HAA NET MVARS -800 -800 -800 -800 -800 -800 -800 -800 

Palo Verde Operating Voltage 525kV 525kV 525kV 525kV 530kV 530kV 530kV 530kV 

                  

Area 8 - IID                 

Load 968 968 1,012 1,012 1,012 1,012 1,012 1,012 

Losses 67 67 56 56 59 60 58 58 

Gen 1,563 1,563 1,538 1,538 1,541 1,541 1,539 1,539 

Interchange 528 528 470 470 470 470 470 470 

Area 14 - Arizona                 

Load 11,957 11,957 12,178 12,178 12,178 12,178 12,178 12,178 

Losses 288 293 284 294 269 279 296 306 

Gen 19,741 19,746 19,994 20,004 19,979 19,988 20,005 20,015 

Interchange 7,540 7,539 7,575 7,576 7,575 7,574 7,575 7,575 
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Table 4 (continued).  Project Power Flow Case Attributes ï Sensitivity Cases 

Base Case Case 5 Case 6 Case 7 Case 8 Case 9 Case 10 Case 11 Case 12 

Description PV Operated at 525 kV 
N.Gila- 

Hassayampa No.2 

Devers-Colorado 
River No.1 and No.2 

Out of Service. 

Area 18 - Nevada                 

Load 4,372 4,372 4,372 4,372 4,372 4,372 4,372 4,372 

Losses 55 55 56 56 56 56 56 56 

Gen 3,210 3,210 3,210 3,210 3,211 3,211 3,211 3,211 

Interchange -1,217 -1,217 -1,217 -1,217 -1,216 -1,216 -1,216 -1,216 

Area 19 - WAPA-DSW                 

Load 201 201 189 189 189 189 189 189 

Losses 85 85 79 79 78 77 85 85 

Gen 1,880 1,880 1,543 1,542 1,541 1,540 1,549 1,548 

Interchange 1,551 1,551 1,232 1,231 1,231 1,232 1,232 1,231 

Area - 22 SDG&E                 

Load 4,905 4,905 4,861 4,861 4,861 4,861 4,861 4,861 

Losses 145 145 129 130 135 135 133 134 

Gen 2,494 2,494 2,441 2,441 2,445 2,447 2,444 2,445 

Interchange -2,557 -2,557 -2,550 -2,550 -2,550 -2,549 -2,550 -2,549 

Area 24 - SCE                 

Load 15,196 15,196 15,196 15,196 15,196 15,196 15,196 15,196 

Losses 305 306 326 327 320 321 335 336 

Gen 12,865 12,866 13,789 13,791 13,785 13,786 13,799 13,800 

Interchange -3,495 -3,495 -2,591 -2,591 -2,590 -2,590 -2,591 -2,591 

2.4 Power Flow Contingencies 

The following EHV system contingencies were simulated and compared for both the pre-and post-project 
base cases: 

N-1 Contingencies 
PF-1: Jojoba-Kyrene 500 kV line 
PF-2: Hassayampa-Jojoba 500 kV line 
PF-3: Palo Verde-Westwing 500 kV line 
PF-4: Palo Verde-Rudd 500 kV line 
PF-5: Navajo-Dugas 500 kV line 
PF-6: Navajo-Crystal 500 kV line 
PF-7: Four Corners-Moenkopi 500 kV line 
PF-8: Moenkopi-Yavapai 500 kV line 
PF-9: Yavapai-Westwing 500 kV line 
PF-10: Coronado-Cholla 500 kV line 
PF-11: Coronado-Silverking 500 kV line 
PF-12: Kyrene-Browning 500 kV line 
PF-13: Browning-Silver King 500 kV line 
PF-14: Hassayampa-Red Hawk 500 kV line 
PF-15: Peacock-Liberty 345 kV line 
PF-16: Palo Verde-Devers No.1 500 kV line 
PF-17: Palo Verde-Colorado River No.1 500 kV line (when in-service) 
PF-18: Devers-Colorado River 500 kV line (when in-service) 
PF-19: Hassayampa ï N. Gila No.1 500 kV line 
PF-20: Hassayampa ï N. Gila No.2 500 kV line (2014 sensitivity only) 
PF-21: Perkins-Mead 500 kV line 
PF-22: Lenzie-Nwest 500 kV line 
PF-23: Hassayampa-Pinal West 500 kV line 
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PF-24: Westwing 500/230 No.1 Transformer 
PF-25: Westwing 500/230 No.2 Transformer 
PF-26: Westwing 500/230 No.3 Transformer 
PF-27: Westwing 500/345 No.1 Transformer 
PF-28: Yavapai 500/230 No.1 Transformer 
PF-29: Gila River 500/230 Transformer 
PF-30: Kyrene 500/230 No.6 Transformer 
PF-31: Kyrene 500/230 No.7 Transformer 
PF-32: Silver King 500/230 Transformer 
PF-33: Browning 500/230 No.1 Transformer 
PF-34: Rudd 500/230 No.1 Transformer 

N-2 Contingencies 
PF-35: XXXXXXXX Solar ï Mesquite No.1 and No.2 230 kV lines. 

PF-36: XXXXXXXX Solar ï Mesquite No.1 and No.2 230 kV lines with an appropriate generation  
re-dispatch in Arizona. (2010 case: Aguafria increased by 180 MW and Springerville increased by  
120 MW.  2014 case: Aguafria increased by 75 MW, Desert Basin Gen increased by 100 MW, Kyrene 
increased by 110 MW, Navajo increased by 215 MW and Springerville increased by 200 MW.) 

2.5 Transient Stability Modeling and Dynamic Data 

Transient stability simulations were performed using the heavy autumn power flow cases. 

2.5.1 Transient Stability Modeling 

Since actual load composition data is not available, induction motors were represented with the motorw 
model and default data as recommended by WECC.  Induction motors were assumed to make up 20% of 
the WECC system load.  The EPCL creatmot5.p program was used to determine the motor 
representation in each dynamic data file.  

Details of the XXXXXXXX Solar Generating Facility transient stability models are included in Appendix C. 

2.5.2 Transient Stability Contingencies 

Following is a list of major disturbances that were simulated to evaluate the Palo Verde stability 
performance. 

N-1 Contingencies 
TR-1: Three-phase fault at Hassayampa 500 kV bus with loss of Hassayampa-N. Gila No.1 500 kV line. 
TR-2: Three-phase fault at Palo Verde 500 kV bus with loss of Palo Verde-Devers No.1 500 kV line. 
TR-3: Three-phase fault at Palo Verde 500 kV bus with loss of Palo Verde-Westwing No.1 500 kV line. 
TR-4: Three-phase fault at Palo Verde 500 kV bus with loss of Palo Verde-Rudd 500 kV line. 
TR-5: Three-phase fault at Hassayampa 500 kV bus with loss of Hassayampa-Jojoba 500 kV line. 
TR-6: Three-phase fault at Jojoba 500 kV bus with loss of Jojoba-Kyrene 500 kV line. 
TR-7: Three-phase fault at Hassayampa 500 kV bus with loss of Hassayampa-Delany 500 kV line. 
TR-8: Three-phase fault at Delany 500 kV bus with loss of Delany- Sun Valley 500 kV line. 
TR-9: Trip Palo Verde Unit 1. 

N-2 Contingencies 
TR-10: Single line-to-ground fault at Palo Verde 500 kV bus with loss of both Palo Verde-Westwing No.1 

and No.2 500 kV lines. 
TR-11: Single line-to-ground fault at Palo Verde 500 kV bus with loss of Palo Verde-Westwing and the 

Palo Verde-Rudd 500 kV lines. 
TR-12: Trip Palo Verde Units 1 and 2. 
TR-13: Three phase fault at XXXXXXXX Solar 230 kV bus with loss of  

XXXXXXXX Solar ï Mesquite No.1 and No.2 230 kV lines. 
TR-14: Single line-to-ground fault at XXXXXXXX Solar 230 kV end with loss of  

XXXXXXXX Solar ï Mesquite No.1 and No.2 230 kV lines. 
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2.6 Reliability Criteria 

A system reliability evaluation consists primarily of determining if thermal overloads exist, that voltages 
are within criteria (not too high or low), and that the system is stable (the system should not oscillate 
excessively and generators should remain synchronized with one another).  Additional criteria may 
include assurance that there is sufficient reactive power available.  Evaluation of these criteria must be 
conducted for credible óemergencyô conditions that the system might sustain, such as loss of a single or 
double circuit line, a transformer, or a combination of these facilities. The following reliability criteria were 
employed for this study: 

2.6.1 Power Flow 

Normal Conditions 
i. All transmission facility loadings were below normal continuous ratings. 
ii. Bus voltage deviation from the base case did not exceed established operating limits (see 

following monitored buses). 
Monitored Bus Voltages: 
The following bus voltages were monitored for maximum allowable deviations as follows: 
Pinnacle Peak 230 kV: 5% deviations from base case. 
Kyrene 230 kV:  5% deviations from base case. 
Devers 230 kV:  5% deviations from base case. 
 

iii. Sufficient transmission capacity was provided without relying on or unduly imposing upon any 
other utilityôs transmission system. 

iv. The transmission system did not result in an adverse impact on other major WECC path flow 
limits. 

 
Emergency Conditions 

i. No transmission element will be loaded above its emergency rating. 
ii. Established loading limits for other utilities will be observed. 
iii. Equipment emergency voltage limits (high or low) will not be exceeded for contingency 

outages. 
iv. Bus voltage deviations shall not exceed established planning limits. 

(These limits may vary throughout the system) 
v. Contingency outages on the 230 kV and EHV systems will not result in loss of load. 

 
A list of continuous and emergency ratings for major transmission elements, and a table showing 
minimum voltage limits for the critical buses in Arizona, Southern Nevada and Southern California is 
provided in Appendix D. 

2.6.2 Transient Stability 

Performance of the transmission system was measured against the following planning criteria: the 
Western Electricity Coordinating Council (ñWECCò) Reliability Criteria, and the North American Electric 
Reliability Council (ñNERCò) Planning Standards. 
 
Table 5 and Figure 2 are excerpts from the WECC Reliability Criteria.  The reliability and performance 
criteria were applied to the entire WECC transmission system. 
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Table 5.  WECC Disturbance-Performance Table Of Allowable Effects On Other Systems 

NERC and WECC 
Categories 

Outage Frequency 
Associated with the 

Performance 
Category 

(outage/year) 

Transient Voltage Dip 
Standard 

Minimum Transient 
Frequency Standard 

Post Transient Voltage 
Deviation Standard 

(See Note 2) 

A Not Applicable Nothing in addition to NERC 

B  0.33 

Not to exceed 25% at 
load buses or 30% at 
non-load buses. 
Not to exceed 20% for 
more than 20 cycles at 
load buses. 

Not below 59.6Hz for 6 
cycles or more at a load 
bus. 

Not to exceed 5% at any 
bus. 

C 0.033 ï 0.33 

Not to exceed 30% at 
any bus. 
Not to exceed 20% for 
more than 40 cycles at 
load buses. 

Not below 59.0Hz for 6 
cycles or more at a load 
bus. 

Not to exceed 10% at 
any bus. 

D < 0.033 Nothing in addition to NERC 

 
 
Figure 2.  NERC/WECC Voltage Performance Parameters 

 
 
In addition to the NERC/WECC criteria, the following assumptions were incorporated into the study: 

 A 7% generation margin was added to the three PVNGS units to ensure plant stability for any critical 
N-1 single contingency outage. 

 A single-line-to-ground fault at the Palo Verde 500 kV Switchyard with a subsequent loss of the two 
Palo Verde-Westwing 500 kV circuits shall not result in a loss of synchronism for the PVNGS or a 
wide spread of WECC cascading outages. 
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 The corresponding dynamics data file for the WATS approved base cases was used for all stability 
analysis. 

 The dynamic data for the photovoltaic panel generator model was provided by the Project owner and 
was incorporated into the dynamics data file.  In addition, two project outputs during the transient 
period was modeled: 1) full project output ï no cloud transients and 2) transient cloud cover that 
reduced power output during faulted conditions. 

2.6.3 Short-Circuit 

The following study assumptions were incorporated into the study to ensure reliability of the system: 

 System data is based on the pre-project system configuration and was developed from WATS group 
members.  In addition, future generation projects were modeled to provide a ñworst caseò scenario.  
Short circuit analysis was performed with both the SRP and latest SWAT SCD data bases. 

 A synchronous generator was modeled to determine if there were any circuit breaker issues.  If 
issues exist, additional measures will be used to more accurately reflect short circuit contribution from 
the photovoltaic generators.  The following synchronous generator parameters were used for the 
short-circuit analysis: 

o Generator Short Circuit Data: 
X1ôô ï positive sequence sub-transient reactance: 0.18 p.u. @ units MVA 
X2ôô ï negative sequence sub-transient reactance: 0.18 p.u. @ units MVA 
X0ôô ï zero sequence sub-transient reactance: 0.18 p.u. @ units MVA 

o Generator Neutral 
The neutral of each equivalent generator was grounded through a 12 kV - 240 V neutral 
grounding transformer with a resistor connected across its secondary winding.  The 
preliminary resistor ratings are 0.525 ohms at 240 V. 

 All impedances were expressed in per unit on a 100 MVA base. The base voltage for each 
impedance element was the nominal voltage for that part of the system in which the impedance 
occurs. Some base voltages are 69kV, 115kV, 138kV, 230kV, 287kV, 345kV, and 525 kV. 

 System elements represented in the model were lines, transformers, generators and loads.  Each 
element was represented as complex impedance in the three-symmetrical component network 
(positive, negative, and zero sequences). 

 The maximum fault current for each breaker was determined by placing a fault on the bus and 
recording the maximum fault current. 

 Shunt capacitor banks were omitted at all stations.  Normally, shunt capacitors produce a minimal 
effect on fault currents.  When they are large enough to be significant, their effect is to reduce total 
fault current.  Results are more conservative to neglect them altogether. 

 Shunt reactors were neglected since their contribution is minimal. 

 Reactors connected to auto-transformer delta tertiary windings were neglected since they cannot 
contribute fault current to the system. 

 Phase shifting transformers were by-passed as this would be the worst case from the fault current 
standpoint. 

 Line susceptance was modeled for all 230 kV and higher voltage. 

 Local area series capacitors were bypassed. 

 The HassayampaïMesquite No.2 500 kV line and 500/230 kV transformer at Mesquite substation 
was modeled with identical parameters and connection configurations as the No. 1 line and 
transformer. 

 Two double circuit 230 kV lines were modeled from Mesquite Generating Station to the new 
XXXXXXXX 230 kV Solar Switchyard. 
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3 STUDY METHODOLOGY 

This section of the report provides a summary of methods employed for determining the power flow and 
transient stability results. 

3.1 Power Flow 

Power flow analysis considers a snapshot in time where transformer tap changers and switchable shunt 
capacitors have had time to adjust.  In addition, a swing bus balances the system during each 
contingency scenario. 
 
Traditional power flow analysis was used to evaluate thermal (and voltage) performance of the system 
under N-1 (single contingency) and N-2 (double contingency) conditions.  Reported thermal overloads 
were limited to the condition where a modeled transmission component is loaded over 98% of its 
appropriate emergency MVA rating (as entered in the power flow database), and the incremental increase 
in component loading, between pre-project and post-project, exceeds 1%. 
 
All power flow analysis was conducted with version 16.0.11 of General Electricôs PSLF/PSDS/SCSC 
software. 

3.2 Transient Stability 

Transient stability analysis is a time-based simulation that assesses performance of the power system 
during (and shortly following) a contingency. Transient stability studies were performed to ensure system 
stability following a critical fault on the system. Prior to finalization of the power flow and dynamics data 
set, a flat-run and bump test was run to ensure true power system behavior is not masked by any remote 
dynamic modeling anomalies. 
 
USE performed a transient stability analysis based on WECC Disturbance-Performance Criteria for 
selected system contingencies.  Initial transient stability contingencies were performed out to 10 seconds.  
All 500 kV contingencies modeled a 4 cycle clearing time. 
 
All transient stability simulations were conducted using version 16.0.11 of General Electricôs 
PSLF/PSDS/SCSC software.  A modified version of the WECC-distributed alldyns.p EPCL program, 
which is employed in bulk system regional 500 kV analysis was used to model operations specific to 
transient stability analysis. 
 
The Worst Condition Analysis (WCA) tool, available in the PSDS software package, tracks and records 
the transient stability behavior of all output channels contained within the binary output file of a transient 
stability simulation.  The monitoring of channel output was set to three cycles after fault clearing to ensure 
that all stability behavior would be captured.  System damping was assessed visually with the aid of 
stability plots. 
 
Parameters Monitored to Evaluate System Stability Performance  
Rotor Angle 

Rotor angle plots provide a measure for determining how the proposed generation unit would 
swing with respect to other generation units in the area.  This information is used to determine if a 
machine would remain in synchronism or go out-of-step following a disturbance. 

 
Bus Voltage 

Bus voltage plots, in conjunction with the relative rotor angle plots, provide a means of detecting 
out-of-step conditions.  The bus voltage plots are useful in assessing the magnitude and duration 
of post disturbance voltage dips and peak-to-peak voltage oscillations.  Bus voltage plots also 
give an indication of system damping and the level to which voltages are expected to recover in 
steady state conditions. 
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Bus Frequency 
Bus frequency plots provide information on magnitude and duration of post fault frequency swings 
with the Project in service.  These plots indicate the extent of possible over-frequency or under-
frequency, which can occur because of an imbalance between generation and load within an 
area. 

 
Other Parameters 

 Generator Terminal Power 

 Generator Terminal Voltage 

 Generator Rotor Speed 

 Generator Field Voltage 

 Voltage Spread 

 Frequency Spread 
 

3.3 Short-Circuit 

Short-circuit duty analysis applies a 3-phase fault at the specified bus and then interrupting currents are 
measured at each breaker location. 
 
Short-circuit duty evaluations were conducted using the Aspen OneLiner and CAPE software. 
 
Circuit breakers exposed to fault currents in excess of 100 percent of their interrupting capabilities will be 
replaced or upgraded, whichever is appropriate. 
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4 RESULTS & FINDINGS 

This section of the report provides results obtained in utilizing the above assumptions and methodology.  
It illustrates all findings associated with the power flow, transient stability and short-circuit analysis. 

4.1 Power Flow. 

The 2009 Palo Verde Transmission System (ñPVTSò) ï Simultaneous Generating Capability Study Report 
developed by SRP identified that the PVTS total net generation capability is 10,406 MW (10 MW 
difference due to MESQUITE power plant only having an output of 1,250 MW). 
 
There were no N-0 (ñall line in-serviceò), N-1 (ñloss of single elementò) or N-2 (ñloss of two elementsò) 
thermal overloads triggered for either pre or post-project cases.  There were no voltage violations 
triggered for any of the contingencies with exception of the Gila River 500/230 kV transformer 
contingency, which are tabulated in Table 6.  It can be seen that with addition of the project the voltage 
deviations decrease slightly, which could be attributed to readjusting the system to obtain the 
PV/Hassayampa common bus to buck at 800 MVAr.  However, inclusion of the project did not exacerbate 
voltage deviations to these buses. 

Table 6.  Bus Voltage Deviations. 

   
Pre-Project Post-Project Pre-Project Post-Project Delta 

Case Contingency Bus Name Voltage (pu) Voltage (pu) V Change (%) V Change (%) V Change (%) 

2010 Main Study  
Gila River 
500/230kV Tran Gila Bend 230kV 0.992 0.994 -5.12 -4.93 0.19 

2010 Main Study  
Gila River  
500/230kV Tran Gila River 230 kV 0.992 0.995 -5.12 -4.92 0.20 

                

2014 Main Study  
Gila River  
500/230kV Tran Gila Bend 230kV 0.996 0.997 -5.06 -5.02 0.04 

2014 Main Study  
Gila River  
500/230kV Tran Gila River 230 kV 0.997 0.997 -5.05 -5.01 0.04 

All contingencies listed in the transient stability section was simulated using post-transient voltage stability 
methodology.  There were no voltage deviations that exceeded 5% for N-1 contingencies or 10% for N-2 
contingencies. 

Power flow plots for normal and emergency system conditions are included in Appendix A.  Power flow 
results for both pre and post-project conditions of contingencies identified in the Study Plan are tabulated 
in Appendix B. 

This study modeled  a 0.992 lagging power factor for the 300 MW project size and a 0.998 lagging power 
factor for the 700 MW project size measured at the existing Hassayampa 500 kV substation ï no power 
factor correction was modeled at the Project bus. 

The study plan identifies that generation projects are required by the Transmission Providerôs OATT to 
achieve a 0.95 lead/lag power factor range at the Point of Interconnection (POI), with exception of wind 
generators.  The POI for this project is the Hassayampa 500 kV bus.  The following alternatives are 
identified for meeting this requirement; however, alternative 1 is preferred by XXXXXX.  

1. Utilize Existing Mesquite Power Plant excess reactive capability [Used in this Study] 
In addition to the XXXXXXXX Solar project, the existing Mesquite power plant interconnects to the 
Hassayampa 500 kV substation via the same radial transmission lines.  The existing Mesquite power 
plant is capable of exceeding the 0.95 lead/lag requirement and could support the XXXXXXXX Solar 
power factor requirement.  Based on power flow analysis with the full 700 MW project modeled, the 
XXXXXXXX Solar Project would need an additional 116 MVAr of reactive power, in addition to available 
reactive power supplied from the existing Mesquite power plant, to achieve the full power factor 
requirement at the POI, which could be achieved with use of static shunt capacitors. 

2. Install Reactive Power Device(s) 
The Projectôs collector system, step-up transformer and transmission lines consume reactive power, 
which requires the reactive devices boost to be larger than the buck.  In addition, there are reactive power 
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losses due to the 500/230 kV transformers that interconnect to the Hassayampa 500 kV substation.  As a 
result, a Static Var Compensator (SVC) with a band of +340/-110 MVAr would be required to meet the 
0.95 lead/lag power factor range at the POI.  The requirement could also be met with a series of D-VAR 
devices and static shunt capacitors. 

4.1.1 Sensitivity Analysis. 

No thermal overloads were triggered for any of the three sensitivity cases.  However, pre-project voltage 
violations were triggered for the sensitivity case with the Devers ï Colorado River No.1 and No.2 
excluded.  Prior to the project, loss of the Gila River 500/230 kV transformer resulted in a voltage 
deviation greater than 5%.  However, with inclusion of the project, the voltage deviations were reduced, 
which could be attributed to readjusting the system to obtain the PV/Hassayampa common bus to buck at 
800 MVAr.  The project did not exacerbate voltage deviations to these buses. 

Table 7.  Bus Voltage Deviations ï Devers ï Colorado River No.1 and No.2 500 kV lines Excluded. 

  
Pre-Project Post-Project Pre-Project Post-Project Delta 

Contingency Bus Name Voltage (pu) Voltage (pu) V Change (%) V Change (%) V Change (%) 

Gila River  
500/230kV Tran Gila Bend 230kV 0.997 1.001 -5.07 -4.84 0.23 

Gila River 
 500/230kV Tran Gila River 230 kV 0.998 1.001 -5.06 -4.83 0.23 

4.2 Transient Stability 

Transient stability analysis was completed for all pre and post-project conditions, which include the 
Project generation being displaced with Phoenix area generation.  In addition, a 7% generation margin 
was added to the three Palo Verde generating units to ensure plant stability for all critical  
N-1 contingencies. 

Inverters are configured for fixed unity power factor operation (i.e., no reactive power capability); 
therefore, there is no reactive power contribution from the plant during contingencies. 

Three power outputs were modeled: 1) the project without cloud cover ï full output and 2) cloud 
transients (irradiance) that affect power output as seen in ñOutput 1ò and ñOutput 2ò of Table 8.  To 
compensate for cloud transients, the real power output was varied during the transient simulation.  
Projects online (around 10 MW) have seen variations in output of +/- 50% in the 30-90 second time frame 
and +/- 70% in the five to ten minute time frame.  It is assumed that variations for this project will be less 
severe (on a % output basis) for a larger project due the significant increase in land area.  (i.e., 80 acres 
for 10 MW vs. 2500 acres for 300 MW)  The rationale is that these transients are due to fast moving 
clouds which tend to be smaller in size.  Power output variations used for this study are tabulated in the 
following table: 

Table 8.  Power Output Variations due to Irradiance. 

Time (seconds) Real Power ñOutput 1ò (% Pgen) Real Power ñOutput 2ò (% Pgen) 

1 100 100 

2 80 20 

2.9 60 20 

3 60 20 

5 60 60 

5.1 100 80 

6 100 100 

8 100 100 

10 100 100 

Default over and under-voltage set points were used for this analysis, which are tabulated in the following 
table. 
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Table 9.  Over and Under Voltage Set points. 

 

Trip Point 1 
(per unit) 

 
Delay 1 

(second) 
Trip Point 2 

(per unit) 

 
Delay 2 

(second) 

Over voltage 1.1 1 1.2 0.17 

Under voltage 0.88 2 0.5 0.17 

Transient stability study simulations identified that all contingencies for the 2010 and 2014 heavy autumn 
conditions were damped and conformed to the WECC Performance criteria standards.  Appendix B has 
a tabulation of transient voltage dips for all simulated contingencies, which include both the pre and post-
project conditions. 

A no fault simulation was done with irradiance ñOutput 2ò to identify the response of the system during 
power output changes.  These plots did not identify any issues. 

Transient stability plots for both pre and post-project simulations are included in Appendix C. 

Utilize existing Mesquite Power Plant excess reactive capability [Used in this Study]  
It is proposed to use existing reactive power from the Mesquite Power plant to supplement the 
XXXXXXXX Solar Project during faulted conditions.  In addition, it was determined that there is an 
additional 224 MVAr of available capability beyond the 0.95 lead/lag requirement from the existing 
Mesquite units. As a result, it is of interest to determine the reactive power burden put on the existing 
Mesquite Power plant units during faulted conditions when there is no power factor correction at the 
proposed XXXXXXXX Solar Project.   

To determine impacts to the existing Mesquite Power Plant units with full XXXXXXXX Solar Plant at full 
output ï 700 MW, the following two contingencies were further analyzed: 1) Loss of two Palo Verde units 
and 2) loss of the Hassayampa-N.Gila 500 kV line.  Figure 3 illustrates the additional reactive power 
required from the existing Mesquite Power Plant units for loss of two Palo Verde units.   
 
Figure 3.  Reactive Power Curve for Loss of Two Palo Verde Units ï Existing Mesquite Power Plant 
Units. 
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Additional reactive power burden put on each unit following loss of two Palo Verde units is illustrated in 
the top mirrored line.  It is estimated that each unit supplies an additional 5 MVAr of reactive power to 
support the project.  In addition, the CT units have a reactive power range of 115/-61 MVAr and the steam 
turbine units have a reactive power range of 200/-100 MVAr, which it can be seen that each unit still has 
additional reactive power available. 
 
Figure 4 illustrates the additional reactive power required from the existing Mesquite Power Plant units for 
loss of the Hassayampa ï N.Gila 500kV line.  Additional reactive power burden put on each existing 
Mesquite unit following loss of the Hassayampa ï N.Gila 500kV line is illustrated in the top mirrored line.  
 
Figure 4.  Reactive Power Curve for Loss of HAA-NGILA 500kV Line ï Existing Mesquite Power 
Plant Units. 

 

These results identify that the XXXXXXXX Solar Project does not significantly impact the reactive power 
output of the existing Mesquite power plant. 

4.2.1 Sensitivity Analysis. 

Transient stability analysis was completed for the three sensitivities.  All contingencies had positive 
damping and conformed to the WECC Performance criteria.  
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4.3 Short-Circuit 

All studies were done to determine the highest current that flowed through breakers at each substation 
before and after the 700 MW photovoltaic generating plant, lines and transformers were modeled.  Short 
circuit analysis was performed with the SRP, SCE and SWAT short circuit data bases. 

 
The three pre-project basecases modeled the following: 
 

o The Palo VerdeïDevers 500 kV and HassayampaïNorth Gila 500 kV lines series caps were 
bypassed (in the SCEôs CAPE basecase there were no series caps on the Hassyampa-
North Gila line), 

o New Hassyampa- Mesquite 500 kV line, 
o New Mesquite 500/230 kV transformer bank, 
 

The three post-project basecases modeled the following: 
 

o The Palo VerdeïDevers 500 kV and HassayampaïNorth Gila 500 kV lines series caps were 
bypassed (in the SCEôs CAPE basecase there was no series caps on the Hassyampa-North 
Gila line), 

o New Hassyampa- Mesquite 500 kV line, 
o New Mesquite 500/230 kV transformer bank, 
o New Solar Project modeled as 4-150MVA and 1-100 MVA synchronous generators (Xdôô of 

0.18 per unit) with dedicated 230 kV/34.5 kV transformers in service, 
o Two new 230 kV lines from Mesquite 230 kV bus to the Solar Project 230 kV bus. 

 
In all three cases the largest increase occurred at the Mesquite 230 kV bus.  The major difference in short 
circuit currents between the ASPEN and CAPE basecases could be partly attributed to generator and 
transformer modeling at Mesquite, and partly due to any differences in network topology and associated 
impedances that had been used.  No investigation was done to identify such differences in this study.  As 
an example of such differences, in the CAPE basecase, the transformer at Mesquite is modeled as a 
three winding 500/230/24 kV transformer with one generator.  In both ASPEN basecases there are six 
generators at Mesquite ï two 500/230 kV auto transformers connected Wye Gnd/Wye Gnd.  There are 
also six 230/18 kV transformers for the generators connected Wye Gnd/Delta (the three phase fault duty 
is close but not the ground fault current). 

 
The provided SRP short-circuit data base had a large generator modeled at the McCullough 500 kV bus, 
which provided a large amount of fault current.  This is a fictitious equivalent generator that should be 
removed when simulating fault currents at this bus.  A few simulations were completed by removing this 
generator to determine fault currents; however, fault values did not seem plausible.  As a result, the fault 
current at this bus should be ignored.  The SWAT short-circuit data base or SCE data base did not have 
an equivalent generator modeled at this bus and should therefore be consulted for fault duty values. 

 
Study results identified that there were no circuit breakers that exceeded short-circuit interrupting 
capabilities.  Circuit breakers with a breaker rating of ñNo Dataò (ND) were not available due to the owner 
not responding to a WATS request for the interrupting capability. 

 
Tables 10, 11 and 12 show fault duties with and without the XXXXXXXX Solar Project and the Palo Verde 
ï Devers 500 kV or Palo Verde ï Colorado River 500 kV (2014 cases) and Hassayampa ï N.Gila 500 kV 
line series capacitors bypassed.  A previous study was simulated with and without the series capacitors 
being bypassed and shown not to have a significant impact to fault duties. 
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Table 10. SRP/Aspen - Short Circuit Studies (breakers with highest current). 

Substation  Name 
 

 
Bus No 

Breaker 
Rating 

(kA) 

Pre-Project 
(Without XXXXXXXX Solar Project) 

Post-Project 
(With XXXXXXXX Solar Project) 

    

PH/Grd         
(A) 

3PH            
(A) 

% of 
Breaker 
Rating 

PH/Grd             
(A) 

3PH            
(A) 

% of 
Breaker 
Rating 

PH/Grd 
Change 

(%) 

3PH  
Change   

(%) 

Mesquite 500 15094 ND 48,052 46,646 NA 48,339 46,972 NA 0.6% 0.7% 

Mesquite 230-A-
CT1,2&3 

15163 50 28,126 25,188 56.3 33,484 29,908 67 19.0% 18.7% 

Mesquite 230-B 
CT4,ST1,2 

15163 50 28,427 25,330 56.9 34,681 30,720 69 22.0% 21.3% 

HASSYAMPA 500 15090 63 51,050 48,414 81.0 51,687 49,093 82.0 1.2% 1.4% 

ARLINGTON 500 15092 ND 27,986 33,744 NA 28,168 34,069 NA 0.7% 1.0% 

RED HAWK 500 14009 63 47,082 45,971 74.7 47,629 46,597 76 1.2% 1.4% 

GILABEND 500 1022 ND 7,556 12,902 NA 7,569 12,948 NA 0.2% 0.4% 

GILA_RIVER 500 14007 63 22,423 23,776 37.7 22,462 23,842 38 0.2% 0.3% 

NORTH GILA 500 22536 40 3,717 6,155 15.4 3,719 6,160 15 0.1% 0.1% 

JOJOBA 500 14008 63 22,078 28,326 45.0 22,131 28,449 45 0.2% 0.4% 

PALOVERDE 500 15021 63 52,185 48,765 82.8 52,742 49,387 84 1.1% 1.3% 

HARQUAHALA 500 15093 ND 14,794 18,856 NA 14,835 18,945 NA 0.3% 0.5% 

DEVERS 500 24801 50 7,390 6,424 14.8 7,390 6,424 14.8 0.0% 0.0% 

WESTWING 500 14005 40 25,917 32,416 81.0 25,965 32,528 81.0 0.2% 0.3% 

WESTWING 230 - W1 14231 63 51,902 57,126 90.7 52,142 57,245 90.9 0.5% 0.2% 

MOENKOPI 500 14002 40 9,317 21,512 53.8 9,320 21,517 53.8 0.0% 0.0% 
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Table 10 (continued). SRP/Aspen - Short Circuit Studies (breakers with highest current). 

Substation  Name 
 

SRP 
Bus No 

Breaker 
Rating 

(kA) 

Pre-Project 
(Without XXXXXXXX Solar Project) 

Post-Project 
(With XXXXXXXX Solar Project) 

    

PH/Grd         
(A) 

3PH            
(A) 

% of 
Breaker 
Rating 

PH/Grd             
(A) 

3PH            
(A) 

% of 
Breaker 
Rating 

PH/Grd 
Change 

(%) 

3PH  
Change   

(%) 

YAVAPAI 500 14006 40 3,093 8,268 20.7 3,094 8,268 20.7 0.0% 0.0% 

PINAL WEST 500 15088 63 5,399 8,844 14.0 5,406 8,866 14.0 0.1% 0.2% 

KYRENE 500 15011 40 15,130 16,946 42.4 15,140 16,965 42.4 0.1% 0.1% 

MEAD 500 19038 40 18,187 22,061 55.2 18,187 22,061 55.2 0.0% 0.0% 

MARKETPLACE 500 
Not in 

Basecase 
50 NA NA NA NA NA NA NA NA 

EL DORADO 500 24042 63 16,238 20,902 33.2 16,238 20,903 33.2 0.0% 0.0% 

EL DORADO 500* 24042 63 38,737 77,288 122.7 38,739 77,289 122.7 0.0% 0.0% 

MC CULLOUGH 500** 26048 50 41,976 95,693 191.4 41,978 95,694 191.4 0.0% 0.0% 

MC CULLOUGH 500*** 26048 50 26,378 79,556 159.1 26,378 79,556 159.1 0.0% 0.0% 

MC CULLOUGH 500**** 26048 50 18,875 22,825 45.7 18,876 22,826 45.7 0.0% 0.0% 

MC CULLOUGH 500***** 26048 50 5,414 6,285 12.6 5,414 6,285 12.6 0.0% 0.0% 

*Fault currents with the N.O. line to McCullough is closed 
**Fault currents with the large generator in service & the line to Eldorado closed 
*** Fault currents with the large generator in service but line to Eldorado open 
**** Fault currents with the machine removed but  line to Eldorado closed 
***** Fault currents with the machine removed & line to Eldorado opened 
ND indicates ñNo Dataò provided. 
NA indicates ñNot applicableò. 
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Table 11. SWAT/Aspen - Short Circuit Studies (breakers with highest current). 

Substation  Name Bus No 
Breaker 
Rating 

(kA) 

Pre-Project 
 (Without XXXXXXXX Solar Project) 

Post-Project 
 (With XXXXXXXX Solar Project) 

    

PH/Grd         
(A) 

3PH            
(A) 

% of 
Breaker 
Rating 

PH/Grd             
(A) 

3PH            
(A) 

% of 
Breaker 
Rating 

PH/Grd 
Change 

(%) 

3PH  
Change   

(%) 

Mesquite 500 15094 ND 49,011 47,769 NA 49,302 48,093 NA 0.6% 0.7% 

Mesquite 230-A-

CT1,2&3 
15163 50 29,139 25,951 58.3 35,531 31,308 71.1 21.9% 20.6% 

Mesquite 230-B 

CT4,ST1,2 
15163 50 28,172 25,966 56.3 35,669 31,397 71.3 26.6% 20.9% 

HASSYAMPA 500 15090 63 52,080 49,566 82.7 52,734 50,252 83.7 1.3% 1.4% 

ARLINGTON 500 15092 ND 28,261 34,285 NA 28,444 34,609 NA 0.6% 0.9% 

RED HAWK 500 14009 63 47,978 47,034 76.2 48,540 47,666 77.0 1.2% 1.3% 

GILABEND 500 1022 NA NA NA NA NA NA NA NA NA 

GILA_RIVER 500 14007 63 22,456 24,157 38.3 22,494 24,222 38.4 0.2% 0.3% 

NORTH GILA 500 22536 40 6,186 10,436 26.1 6,188 10,441 26.1 0.0% 0.0% 

JOJOBA 500 14008 63 22,488 28,621 45.4 22,542 28,743 45.6 0.2% 0.4% 

PALOVERDE 500 15021 63 53,063 49,702 84.2 53,632 50,327 85.1 1.1% 1.3% 

HARQUAHALA 500 15093 ND 14,857 18,985 NA 14,896 19,073 NA 0.3% 0.5% 
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Table 11 (continued). SWAT/Aspen - Short Circuit Studies (breakers with highest current). 

Substation  Name Bus No 
Breaker 
Rating 

(kA) 

Pre-Project 
 (Without XXXXXXXX Solar Project) 

Post-Project 
 (With XXXXXXXX Solar Project) 

    

PH/Grd         
(A) 

3PH            
(A) 

% of 
Breaker 
Rating 

PH/Grd             
(A) 

3PH            
(A) 

% of 
Breaker 
Rating 

PH/Grd 
Change 

(%) 

3PH  
Change   

(%) 

DEVERS 500 24801 50 7,390 6,424 14.8 7,390 6,424 14.8 0.0% 0.0% 

WESTWING 500 14005 40 26,630 31,742 79.4 26,713 31,925 79.8 0.3% 0.6% 

WESTWING 230 - W1 14231 63 53,268 55,142 87.5 53,341 55,260 87.7 0.1% 0.2% 

MOENKOPI 500 14002 40 7,801 12,190 30.5 7,801 12,193 30.5 0.0% 0.0% 

MOENKOPI 500* 14002 40 10,634 17,263 43.2 10,634 17,266 43.2 0.0% 0.0% 

YAVAPAI 500 14006 40 7,402 10,431 26.1 7,404 10,435 26.1 0.0% 0.0% 

PINAL WEST 500 15088 63 5,402 8,850 14.0 5,409 8,872 14.1 0.1% 0.2% 

KYRENE 500 15011 40 15,501 17,820 44.6 15,510 17,839 44.6 0.1% 0.1% 

MEAD 500 19038 40 30,969 33,387 83.5 30,971 33,385 83.5 0.0% 0.0% 

MARKETPLACE  500 26044 50 22,023 27,756 55.5 22,023 27,757 55.5 0.0% 0.0% 

EL DORADO 500 24042 63 28,367 33,134 52.6 28,369 33,135 52.6 0.0% 0.0% 

EL DORADO 500 ** 24042 63 30,516 36,598 58.1 30,518 36,602 58.1 0.0% 0.0% 

MC CULLOUGH 500 *** 26048 50 28,796 33,708 67.4 28,798 33,710 67.4 0.0% 0.0% 

* with N.O. line to Eldorado Closed 
** fault currents with the N.O.  Sw. on line to Moenkopi 500kV is closed  
*** MCCULL with the same bus number is configured differently in the SRP base case. 
ND indicates ñNo Dataò provided. 
N/A indicates ñNot applicableò. 
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Table 12. SCE/CAPE - Short Circuit Studies (breakers with highest current). 

Substation  Name Bus No 
Breaker 
Rating 

(kA) 

Pre-Project 
 (Without XXXXXXXX Solar 

Project) 

Post-Project 
 (With XXXXXXXX Solar Project) 

    

PH/Grd         
(A) 

3PH            
(A) 

% of 
Breaker 
Rating 

PH/Grd             
(A) 

3PH            
(A) 

% of 
Breaker 
Rating 

PH/Grd 
Change 

(%) 

3PH  
Change   

(%) 

MESQUITE 500 150 ND 46,255 45,612 NA 48,208 47,390 NA 4.2% 3.9% 

MESQUITE 230-A-
CT1,2&3 

500 50 35,491 35,119 71.0 43,870 41,157 87.7 23.6% 17.2% 

MESQUITE 230-B 
CT4,ST1,2 

Not in 
Basecase 50 NA NA NA NA NA NA NA NA 

HASSYAMPA 500 132 63 49,468 47,190 78.5 51,400 48,963 81.6 3.9% 3.8% 

ARLINGTON 500 106 ND 24,653 31,083 NA 25,198 31,949 NA 2.2% 2.8% 

RED HAWK 500 176 63 43,106 43,255 68.7 44,334 45,113 71.6 2.8% 4.3% 

GILABEND 500 
Not in 

Basecase  NA NA NA NA NA NA NA NA NA 

GILA_RIVER 500 
Not in 

Basecase  NA NA NA NA NA NA NA NA NA 

NORTH GILA 500 164 40 6,101 12,583 31.5 6,111 12,633 31.6 0.2% 0.4% 

JOJOBA 500 136 63 22,160 28,308 44.9 22,303 28,607 45.4 0.6% 1.1% 

PALOVERDE 500 168 63 51,310 47,491 81.4 52,938 49,101 84.0 3.2% 3.4% 

HARQUAHALA 500 128 ND 10,317 16,430 NA 10,410 16,671 NA 0.9% 1.5% 

DEVERS 500 120 50 12,055 12,626 25.3 12,057 12,629 25.3 0.0% 0.0% 

WESTWING 500 198 40 25,827 30,197 75.5 26,212 30,600 76.5 1.5% 1.3% 
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Table 12 (continued). SCE/CAPE - Short Circuit Studies (breakers with highest current). 

Substation  Name Bus No 
Breaker 
Rating 

(kA) 

Pre-Project 
 (Without XXXXXXXX Solar 

Project) 

Post-Project 
 (With XXXXXXXX Solar Project) 

    

PH/Grd         
(A) 

3PH            
(A) 

% of 
Breaker 
Rating 

PH/Grd             
(A) 

3PH            
(A) 

% of 
Breaker 
Rating 

PH/Grd 
Change 

(%) 

3PH  
Change   

(%) 

WESTWING 230 - W1 636 63 55,141 57,838 91.8 55,351 58,169 92.3 0.4% 0.6% 

MOENKOPI 500 158 40 9,948 19,945 49.9 9,950 19,955 49.9 0.0% 0.1% 

MOENKOPI 500* 158 40 NA NA NA NA NA NA NA NA 

YAVAPAI 500 200 40 8,956 14,206 35.5 8,963 14,233 35.6 0.1% 0.2% 

PINAL WEST 500 NA 63 NA NA NA NA NA NA NA NA 

KYRENE 500 138 40 14,315 16,132 40.3 14,339 16,174 40.4 0.2% 0.3% 

MEAD 500 144 40 22,739 26,912 67.3 22,740 26,914 67.3 0.0% 0.0% 

MARKETPLACE  500 122 50 30,115 39,315 78.6 30,118 39,322 78.6 0.0% 0.0% 

EL DORADO 500 122 63 34,065 41,456 65.8 34,070 41,467 65.8 0.0% 0.0% 

EL DORADO 500 ** 122 63 34,065 41,456 65.8 34,070 41,467 65.8 0.0% 0.0% 

MC CULLOUGH 500  146 50 34,110 41,453 82.9 34,113 41,461 82.9 0.0% 0.0% 

*No connection to Eldorado. 
**Line to Moenkopi (series caps and to Moenkopi) is already closed. 
ND indicates ñNo Dataò provided. 
N/A indicates ñNot applicableò. 
 
 
 
 


