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EXECUTIVE SUMMARY
Southern California Edison Company (“SCE”) performed under direction of the California Independent System Operator (“CAISO”), an Interconnection System Impact Study (“SIS”) as requested by the City of Vernon for a proposed Vernon Power Plant (“VPP”) pursuant to the Interconnection System Impact Study Agreement entered into by SCE and Vernon on October 13, 2005.  The initial VPP request for 610 MW (net) was for a 2x1 Combined Cycle unit with particular technical parameters.  The expansion by 304 MW (net) is realized by converting to a 3x1 with associated technical parameter changes.  For all studies outlined below (power flow, transient stability, and short circuit) the increment due to the expansion will be determined by studying the full 914 MW (net) at the 304 MW queue position with the original 610 MW 2x1 model removed.  The incremental impacts due solely to the expansion will be determined by comparing the impacts from the 610 MW study and the impacts from the 304 MW Expansion study completed as outlined above.  The project is scheduled to be on line by March of 2009.
Results of the System Impact Study will be used as the basis to determine project cost allocation for facility upgrades in the Facilities Study.  The study accuracy and the results for the assessment of the system adequacy are contingent on the accuracy of the technical data provided by the City of Vernon.  Any changes from the attached data could void the study results.

The study was performed for four system conditions: a 2009 and 2011 Heavy Summer one-in-ten load forecast and a 2009 and 2011 Light Spring load forecast (65% of the heavy summer load).

The report provides detailed study assumptions and conditions of the system in which the study was conducted.  Furthermore power flow contingencies for the SCE 230-kV system, post-transient governor power flow for 500-kV line contingencies, transient stability for significant 230 and 500-kV contingencies, and short-circuit duty assessments were completed for this study and are summarized below.

The objective of the System Impact Study is to determine whether SCE’s transmission system can accommodate the proposed project.  The study results indicated that the SCE system could not accommodate the proposed VPP Expansion Project without system modifications. 

Power Flow Analysis

Studies identified that with addition of the VPP Expansion Project, all overloaded elements were triggered by system condition, configuration changes and aggravated by projects ahead in the generation queue.
Post-Transient Power Flow Analysis

There were no post-transient power flow impacts identified with addition of the VPP Expansion Project.

Transient Stability Analysis

The transmission system remained in operating equilibrium throughout all transmission contingencies with inclusion of the Project.  
The VPP Expansion Project met the Low Voltage Ride-Through criterion.  None of the VPP generators tripped due to adverse contingencies that were simulated.  Phase-to-ground faults were not simulated in this SIS since previously studied projects that had a larger output did not reveal any problems.

Short-Circuit Analysis

Single-line-to-ground and three-phase-to-ground results indicate that thirteen (13) circuit breakers have fault duties that increased by 0.1 kA from the pre-project case and exceeded their breaker fault duty of 60%.  Prior projects in the queue triggered upgrade and replacement of 105 SCE owned circuit breakers.
Cost Responsibility
The Nonbinding Cost Estimate for the interconnection facilities and network upgrades triggered by the VPP 304 MW Expansion Project is $1.584 million.  The Nonbinding Cost Estimate for the VPP 304 MW Expansion Project’s maximum exposure for network upgrades triggered by prior projects is an additional $41.067 million

CONTENTS
1INTRODUCTION


2STUDY CONDITIONS AND ASSUMPTIONS


2A.
Planning Criteria


9B.
City of Vernon – Vernon Power Plant Expansion Project


11C.
System Conditions


11D.
Load Flow Study


13E.
Post-Transient Governor Power Flow Study


14F.
Transient Stability Study


14G.
Short Circuit Duty Study


15STUDY RESULTS


15A.
Load Flow Study


16B.
Post-Transient Governor Power Flow Study


16C.
Transient Stability Study


17D.
Short Circuit Duty Study


19CONCLUSIONS




FIGURES

10Figure 1.  One-line Vernon Power Plant Expansion (“VPP”) Project bus Configuration.


11Figure 2.  One-line System Diagram of the Laguna Bell 230-kV Substation.


TABLES

13Table 1.  Summary of case attributes.


15Table 2.  Power Flow Contingency Analysis – 2009 and 2011 Heavy Summer – Percent Loading.



16Table 3.  Power Flow Contingency Analysis – 2009 and 2011 Light Spring – Percent Loading.


17Table 4.  Summary of Short-Circuit Duties, 3-Phase-to-Ground.


18Table 5.  Summary of Short-Circuit Duties, Single-Line-to-Ground.


CONTENTS
Appendix A - Load Flow Plots
2009 Heavy Summer and Light Spring
1 - 2009 HS

914 MW Project with 610 MW Removed 
2 - 2009 HS

Full 914 MW Project
3 - 2009 LSpr

914 MW Projectwith 610 MW Removed
4 - 2009 LSpr

Full 914 MW Project

2011 Heavy Summer and Light Spring
5 - 2011 HS

914 MW Project with 610 MW Removed
6 - 2011 HS

Full 914 MW Project
7 - 2011 LSpr

914 MW Project with 610 MW Removed
8 - 2011 LSpr

Full 914 MW Project
Appendix B – Complete list of Power Flow Results


Appendix C – List of Power Flow Contingencies
Appendix D – 2009 Heavy Summer Stability Plots

Appendix D – 2009 Light Spring Stability Plots
Appendix D – 2011 Heavy Summer Stability Plots
Appendix D – 2011 Light Spring Stability Plots
Appendix E – Transient Stability Modeling
Appendix F – Transient Stability Switching Sequences 
Appendix G – SCE Project Queue
CITY OF VERNON
VERNON POWER PLANT EXPANSION PROJECT 
(304 MW INCREASE)
SYSTEM IMPACT STUDY
November 15, 2006
INTRODUCTION

Southern California Edison Company (“SCE”) performed under direction of the California Independent System Operator (“CAISO”), an Interconnection System Impact Study (“SIS”) as requested by the City of Vernon for a proposed Vernon Power Plant (“VPP”) pursuant to the Interconnection System Impact Study Agreement entered into by SCE and Vernon on October 13, 2005.  The initial VPP request for 610 MW (net) was for a 2x1 Combined Cycle unit with particular technical parameters.  The expansion by 304 MW (net) is realized by converting to a 3x1 with associated technical parameter changes.  For all studies outlined below (power flow, transient stability, and short circuit) the increment due to the expansion will be determined by studying the full 914 MW (net) at the 304 MW queue position with the original 610 MW 2x1 model removed.  The incremental impacts due solely to the expansion will be determined by comparing the impacts from the 610 MW study and the impacts from the 304 MW Expansion study completed as outlined above.  The project is scheduled to be on line by March of 2009.
The results of the System Impact Study will be used as the basis to determine project cost allocation for facility upgrades in the Facilities Study.  The study accuracy and the results for the assessment of the system adequacy are contingent on the accuracy of the technical data provided by the City of Vernon.  Any changes from the attached data could void the study results.
The study was performed for four system conditions: a 2009 and 2011 Heavy Summer one-in-ten load forecast and a 2009 and 2011 Light Spring load forecast (65% of the heavy summer load).
The report provides detailed study assumptions and conditions of the system in which the study was conducted.  Furthermore, power flow contingencies for the SCE 230-kV system, post-transient governor power flow for 500-kV line contingencies, transient stability for significant 230 and 500-kV contingencies, and short-circuit duty assessments were completed for this study.
STUDY CONDITIONS AND ASSUMPTIONS

A. Planning Criteria

The study was conducted by applying the CAISO Reliability Criteria.  More specifically, the main criteria applicable to this study are as follows:

Power Flow Assessment

The following contingencies are considered for transmission and sub-transmission lines and 500/230-kV transformer banks (“AA-Banks”):
· Single Contingencies (loss of one line or one AA-Bank)

· Credible Double Contingencies (loss of two lines or one line and one AA-Bank) 

(Outages of two AA-Banks are beyond the Planning Criteria)

The following reliability criteria are used:

	Transmission Lines
	Base Case
	Limiting Component Normal Rating

	
	N-1
	Limiting Component Emergency-Rating

	
	N-2
	Limiting Component Emergency-Rating

	AA-Banks
	Base Case
	Normal Loading Rating

	
	Long Term & Short Term
	Bank Emergency-Rating


System upgrades for transmission lines are generally recommended for all reliability criteria violations. Special Protection Schemes (SPS) may be allowed for single contingency and credible double contingencies reliability criteria violation in place of system upgrade.

Congestion Assessment

The following principles were used in determining whether congestion management, special protection schemes, or facility upgrades are required to mitigate base case, single contingency, or double contingency overloads:
· Congestion management, as a means to mitigate base case overloads, can be used if it is determined to be manageable and the CAISO concurs with the implementation.

· Facility upgrades will be required if it is determined that the use of congestion management is unmanageable as defined in the congestion management section that follows.

· SPS, in lieu of facility upgrades, will be recommended if the scheme is effective, does not jeopardize system integrity, does not exceed the current CAISO single and double contingency tripping limitations, does not adversely effect existing or proposed special protection schemes in the area, and can be readily implemented.

· Facility upgrades will be required if use of protection schemes is determined to be ineffective, the amount of tripping exceeds the current CAISO single and double contingency tripping limitations, adverse impacts are identified on existing or currently proposed special protection schemes, or the scheme cannot be readily implemented.

· Congestion management in preparation for the next contingency will be required, with CAISO concurrence, if no facility upgrades or special protection schemes are implemented.

The following study method was implemented to assess the extent of possible congestion:

a) Under Base Case with all transmission facilities in service, the system was evaluated with all existing interconnected generation and all generation requests in the area that have a queue position ahead of this request (pre-project).

b) Under Base Case with all transmission facilities in service, the system was reevaluated with the inclusion of the Vernon Expansion Project (post-project).
If the normal loading limits of facilities are exceeded in (a), the overload is identified as an existing overload that was triggered by a project in queue ahead of the Vernon Expansion Project.  If the normal loading limits of facilities are exceeded in (b) and were not exceeded in (a), the overload is identified as triggered by the addition of the Vernon Expansion Project.  The Vernon Expansion Project, assuming it is a market participant, and other market participants in the area may be subjected to congestion management, potential upgrade cost and/or participation of any proposed special protection systems if the project addition aggravates or triggers the overload.  Additionally, the Vernon Expansion Project may have to participate in mitigation of overloads triggered by subsequent projects in queue, subject to FERC protocols and policies.

In order for congestion management to be a feasible alternative to system facilities, all of the following factors need to be satisfied:

· Time requirements for necessary coordination and communication between the CAISO operators, scheduling operators and SCE operators.

· Distinct Path/Corridor rating should be well defined so monitoring and detecting congestion and implementing congestion of the contributing generation resources can be performed when limits are exceeded.

· Sufficient amount of market generation in either side of the congested path/corridor should be available to eliminate market power.

· Manageable generation in the affected area is necessary so that operators can implement congestion management if required (i.e. the dispatch schedule is known and controllable).

Results of these studies should identify:

a. if capacity is available to accommodate the proposed Vernon Expansion Project and all projects ahead in queue without the need for congestion management, special protection schemes, or facility upgrades
b. if overloads exist in the area after the addition of all projects in queue ahead of the Vernon Expansion Project and all facilities in service
c. if congestion exists in the area with the addition of the Vernon Expansion Project and all projects ahead in queue under single and double element outage conditions assuming no new special protection schemes are in place
d. if sufficient capacity is maintained to accommodate all Must-Run and Regulatory Must-Take generation resources with all facilities in service
e. if sufficient capacity is maintained to accommodate the total output of any one generation resource which is not classified as Must-Run.
Post-Transient Governor Power Flow Analysis

The following assumptions were modeled in the studies:

a)
All loads will be modeled as constant power during the first few minutes following an outage or disturbance.

b)
All voltages at distribution substations will be restored to normal values by the transformer tap changers and other voltage control devices.

c)
Generator VAR limits will be modeled as a single value for each generator since the reactive power capability curve will not be modeled in the power flow program.

d)
There will be no manual operator intervention to increase the generator VAR output. 

e)
Remedial actions such as generator dropping, load shedding and blocking of automatic generation control (AGC) will not be considered.

f)
Alpha min and Gamma min of the PDCI and IPPDC will be adjusted to 5 degrees and 13 degrees, respectively.

g)
Shunt capacitors (132 MVAR) at Adelanto and Marketplace will be used if the post-transient voltage deviation exceeds 5% at those buses.

h)
Other Assumptions

·
Area Interchange: Disabled;

·
Governor Blocking: Per WECC Modeling & Validation Work Group recommendations - Diablo, Palo Verde, and San Onofre;

·
DC Line Transformer Tap Automatic Adjustment: Enabled;

·
Generator Voltage Control set to local except for San Onofre, Palo Verde, and selected Northwest generation;

·
Phase Shifter Control: Disabled;

·
Switched Shunt Devices: Disabled - except in Sierra Pacific Power's system.

Voltage dips should meet the following combined SCE and WECC Reliability Criteria:

	Performance Level
	Disturbance
	Post Transient Voltage Deviations

	B
	N-1
	Not to exceed 7% at any bus.

	C
	N-2
	Not to exceed 10% at any bus.

	D
	N-3
	Cascading Not Permitted


The following system contingencies were simulated and compared between the pre and post project base cases:
N-1 Contingencies

1. BEP2500 - Devers 500-kV line
2. BEP2500 – Midpoint 500-kV line

3. BEP2500B – BEP2500 500-kV line

4. Calpine – Valley 500-kV line

5. Devers – Midpoint #1 500-kV line

6. Devers – Midpoint #2 500-kV line

7. Devers – Valley 500-kV line

8. El Dorado–Lugo 500-kV line
9. El Dorado – Mohave 500-kV line

10. Lee Lake – Serrano 500-kV line

11. Lee Lake – Valley 500-kV line

12. Lugo – Mira Loma #2 500-kV line
13. Lugo – Mira Loma #3 500-kV line

14. Lugo – Mohave 500-kV line
15. Lugo – Rancho Vista 500-kV line

16. Lugo – Victorville 500-kV line

17. Lugo – Vincent #1 500-kV line

18. Lugo – Vincent #2 500-kV line

19. Midway – Vincent #1 500-kV line
20. Midway – Vincent #2 500-kV line

21. Midway – Vincent #3 500-kV line

22. Mira Loma – Serrano 500-kV line.
23. Rancho Vista – Serrano 500-kV line

24. Rancho Vista – TOT128 #1 500-kV line

25. Rancho Vista – TOT128 #2 500-kV line

N-2 Contingencies

26. Lugo – Mira Loma #2 & #3 500-kV lines
27. Lugo – Vincent #1 & #2 500-kV lines

28. Lugo – Rancho Vista 500-kV line & Lugo – Mira Loma #2 500-kV line

29. Rancho Vista – Serrano 500-kV line & Mira Loma – Serrano 500-kV line

30. Midway – Vincent #1 & #2 500-kV lines
31. Devers – Midpoint #1 500-kV line & Devers – Valley 500-kV line

32. Lugo – Mohave 500-kV line & Lugo – Mira Loma #2 500-kV line

33. Lugo – Mohave 500-kV line & Lugo – Mira Loma #3 500-kV line

34. Lugo – Vincent #2 500-kV line & Lugo – Victorville 500-kV line

35. Lugo – Vincent #2 500-kV line & Midway – Vincent #3 500-kV line

Transient Stability Analysis

WECC currently is in the process of adopting The Generator Electrical Grid Fault Ride- Through Capability Criteria.  SCE currently supports a Low Voltage Ride-Through
Criteria to ensure continued reliable service.  A proposed Criteria that SCE supports, is as follows:

1. Generator is to remain in-service during system faults (three phase faults with normal clearing and single-line-to-ground with delayed clearing) unless clearing the fault effectively disconnects the generator from the system.


2. During the transient period, generator is required to remain in-service for the low voltage and frequency excursions specified in WECC Table W-1 (provided below) as applied to load bus constraint. These performance criteria are applied to the generator interconnection point, not the generator terminals.


3. Generators may be tripped after the fault period if this action is intended as part of a special protection scheme.


4. This Standard will not apply to individual units or to a site where the sum of the installed capabilities of all machines is less than 10MVA, unless it can be proven that reliability concerns exist.


5. The performance criteria of this Standard may be satisfied with performance of the generators or by installing equipment to satisfy the performance criteria.


6. The performance criterion of this Standard applies to any generation independent of the interconnected voltage level.


7. No exemption from this Standard will be given because of minor impact to the interconnected system.


8. Existing generators that go through any refurbishments or any replacements are then required to meet this Standard.
In addition to the Low Voltage Ride-Through Criteria, the following criterion was applied for the transient stability analysis:

a.) All machines in the system shall remain in synchronism as demonstrated by their relative rotor angles.


b.) All stability simulation cases will be run for a minimum of 10 seconds.


c.) Generators with a base load flag of zero will not respond to contingencies.
d.) System stability is evaluated based on the damping of the relative rotor angles and the damping of the voltage magnitude swings.

Other transient voltage dips must meet the following CAISO Reliability Criteria:

	Performance Level
	Disturbance
	Transient Voltage Dip Criteria

	B
	N-1
	Transient Voltage Dip: Not to exceed 25% at load buses or 30% at non-load buses.

Also, not to exceed 20% for more than 20 cycles at load buses.

Minimum Transient Frequency:  Not below 59.6 Hz for 6 cycles or more at a load bus.

	C
	N-2
	Transient Voltage Dip: Not to exceed 30% at any bus.  Also, not to exceed 20% for more than 40 cycles at load buses.

Minimum Transient Frequency:  Not below 59.0 Hz for 6 cycles or more at a load bus.

	D
	N-3
	Not Specified


The following system contingencies were simulated for all Heavy Summer and Light Spring conditions: 

Category “B” Contingencies

1. Full load rejection of the VPP
2. Three-phase fault at the VPP 230-kV bus followed by loss of the VPP STG.
3. Three-phase fault at the VPP 230-kV bus followed by loss of the 
VPP – Laguna Bell 230-kV #1 circuit.
4. Three-phase fault at the Laguna Bell 230-kV bus followed by loss of the 
Laguna Bell – Rio Hondo 230-kV #1 circuit.
5. Three-phase fault at the Laguna Bell 230-kV bus followed by loss of the 
Laguna Bell – Goodrich 230-kV #1 circuit.
6. Three-phase fault at the Laguna Bell 230-kV bus followed by loss of the 
Laguna Bell – Del Amo 230-kV #1 circuit.
7. Three-phase fault at the Laguna Bell 230-kV bus followed by loss of the 
Laguna Bell – La Fresa 230-kV circuit.
8. Three-phase fault at the Harbor Gen 230-kV bus followed by loss of the 
Long Beach – Harbor Gen 230-kV circuit.

9. Three-phase fault at the Lighthipe 230-kV bus followed by loss of the 
Long Beach – Lighthipe 230-kV circuit.

10. Three-phase fault at the Rio Hondo 230-kV bus followed by loss of the 
Vincent – Rio Hondo 230-kV circuit.

11. Three-phase fault at the Devers 500-kV bus followed by loss of the 
Midpoint – Devers 500-kV #1 circuit.

12. Three-phase fault at the Midpoint 500-kV bus followed by loss of the 
Midpoint – Harquahala 500-kV circuit.

13. Three-phase fault at the Midpoint 500-kV bus followed by loss of the
Midpoint – Palo Verde 500-kV circuit.

14. Three-phase fault at the Valley 500-kV bus followed by loss of the
Lee Lake – Serrano 500-kV circuit.

15. Three-phase fault at the Valley 500-kV bus followed by loss of the
Lee Lake – Valley 500-kV circuit.

Category “C” Contingencies
16. Pre-fault outage of the Laguna Bell – Goodrich 230-kV circuit, then a three-phase fault at the Laguna Bell 230-kV bus followed by loss of the Laguna Bell – Rio Hondo 230-kV circuit.

17. Pre-fault outage of the Laguna Bell – Del Amo 230-kV #1 circuit, then a three-phase fault at the Laguna Bell 230-kV bus followed by loss of the Laguna Bell – La Fresa 230-kV #2 circuit.
18. Three-phase fault at the Long Beach 230-kV bus followed by loss of the
Long Beach – Lighthipe 230-kV and Harbor Gen – Hinson 230-kV transmission lines.

19. Three-phase fault at the Rancho Vista 500-kV bus followed by loss of the 
Rancho Vista – Vincent 500-kV and Mira Loma – Walnut 230-kV transmission lines.
20. Three-phase fault at the Serrano 500-kV bus followed by loss of the 
Rancho Vista – Vincent 500-kV and Mira Loma – Serrano 500-kV transmission lines.

Category “D” Contingency
21. A pre-fault outage of the Laguna Bell – Rio Hondo 230-kV circuit, then a three-phase fault at the VPP 230-kV bus followed by loss of a double circuit tower removing both the Laguna Bell – Del Amo 230-kV and the Laguna Bell – La Fresa 230-kV circuits.

Short-Circuit Analysis

The following study assumptions were used for conducting the short-circuit analysis:

a)
Shunt capacitor banks will be 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.

b)
Shunt reactors will also be neglected since their contribution is minimal.

c)
Reactors connected to autotransformer delta tertiary windings will be neglected since they cannot contribute fault current to the system.

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

e)
If zero sequence data is not available, the assumption will be made that Xo=3X1 and Ro=0 or R1.

Circuit breakers exposed to fault currents in excess of 100 percent of their interrupting capacities will be replaced or upgraded, whichever is appropriate.

Sub-synchronous Resonance Analysis (SSR)
It is not anticipated that there will be any SSR impacts.  Hence, the SSR studies are not required.
B. City of Vernon – Vernon Power Plant Expansion Project


The expansion project is scheduled to be on-line by March 2009.
Proposed Vernon Power Plant Expansion Project (“VPP”)
The initial VPP request for 610 MW (net) was for a 2x1 Combined Cycle unit with particular technical parameters. The expansion by 304 MW (net) is realized by converting to a 3x1 with associated technical parameter changes with the full 914 MW (net) project and the original 610 MW 2x1 model removed.
Following is a summary of 2009/2011 project additions modeled in the Project base cases:
1. Three 230/16.5 kV, 225 MVA transformers were modeled at the VPP 230-kV Substation to be used for the combustion turbines.
2. One 230/19 kV, 450 MVA transformer was modeled at the VPP 230-kV Substation to be used for the steam turbine.

3. Three 220 MVA combustion turbine generators were modeled at the VPP 230-kV Substation.

4. Three 9.67 MW, 5.99 MVAR plant auxiliary loads were modeled at the combustion turbine buses for a total plant auxiliary load of 29 MW.

5. One 405 MVA steam turbine generator was modeled at the VPP 230-kV Substation.

Figure 1 illustrates the one-line schematic of the proposed VPP Expansion Project and Figure 2 illustrates the one line diagram of transmission lines emanating from the Laguna Bell 230-kV bus.

Figure 1.  One-line Vernon Power Plant Expansion (“VPP”) Project bus Configuration.


Figure 2.  One-line System Diagram of the Laguna Bell 230-kV Substation.
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C. System Conditions

To simulate the SCE transmission system for analysis, the study used a SCE internal planning case that modeled 2009 and 2011 Heavy Summer conditions.  In addition, additional SCE internal planning cases modeled 2009 and 2011 Light Spring conditions.  Starting base cases were updated to represent system conditions in 2009 and 2011.  Most significantly, SCE’s 2009 and 2011 Heavy Summer load levels were escalated to a one-in-ten load forecast.  System generation is based upon the application queue.  That is, all projects ahead in SCE’s queue regardless of the in-service date of such prior projects are modeled.
The Light Spring scenarios assume 65% of the heavy summer load.

D. Load Flow Study


Load flow studies were conducted under the 2009 and 2011 Heavy Summer and Light Spring conditions.  Refer to Appendix G for a list of SCE Queue projects modeled in all base cases.  Further descriptions of each base case follow:

a). 2009 Heavy Summer without the VPP 610 MW Project, Case 1.

Case 1 modified to include the VPP 914 MW Project subtracting the 610 MW Project.  Generation connected at the TOT032 bus was reduced to accommodate Project generation. 


b). 2009 Heavy Summer with the VPP 914 MW Project, Case 2.

Case includes a 2009 Heavy Summer load level.  Generation patterns were maximized in the LA Basin to fully stress the SCE 230-kV system.

c). 2009 Light Spring without the VPP 610 MW Project, Case 3.

Case 3 modified to include the VPP 914 MW Project subtracting the 610 MW Project.  Generation connected at the TOT032 bus was reduced to accommodate Project generation.
d). 2009 Light Spring with the VPP 914 MW Project, Case 4.

Case includes a 2009 Light Spring load level.  Generation patterns were maximized in the LA Basin to fully stress the SCE 230-kV system.

e). 2011 Heavy Summer without the VPP 610 MW Project, Case 1.

Case 1 modified to include the VPP 914 MW Project subtracting the 610 MW Project.  Generation connected at the TOT032 bus was reduced to accommodate Project generation.


f). 2011 Heavy Summer with the VPP 914 MW Project, Case 2.

Case includes a 2011 Heavy Summer load level.  Generation patterns were maximized in the LA Basin to fully stress the SCE 230-kV system.


g). 2011 Light Spring without the VPP 610 MW Project, Case 3.

Case 3 modified to include the VPP 914 MW Project subtracting the 610 MW Project.  Generation connected at the TOT032 bus was reduced to accommodate Project generation.


h). 2011 Light Spring with the VPP 914 MW Project, Case 4.

Case includes a 2011 Light Spring load level.  Generation patterns were maximized in the LA Basin to fully stress the SCE 230-kV system.

  
Table 1 summarizes SCE area system demand and resources for the 2009 and 2011 
Heavy Summer and Light Spring cases.
Table 1.  Summary of case attributes. 

	SOUTHERN CALIFORNIA IMPORT TRANSMISSION (“SCIT”), 
EAST-OF-RIVER (“EOR”) AND WEST-OF-RIVER (“WOR”) FLOWS

SCE AREA TOTAL GENERATION, IMPORT,
LOAD AND LOSSES (MW)

	

	

	

	

	 
	2009 Heavy Summer
	2009 Light Spring
	2011 Heavy Summer
	2011 Light Spring

	 
	Case 1
	Case 2
	Case 3
	Case 4
	Case 5
	Case 6
	Case 7
	Case 8

	
	Pre-project
	Post-Project
	Pre-Project
	Post-Project
	Pre-project
	Post-Project
	Pre-Project
	Post-Project

	SCIT
	9,687
	9,686
	1,345
	1,344
	9,828
	9,825
	1,271
	1,272

	EOR
	3,673
	3,682
	3,531
	3,541
	3,862
	3,871
	3,527
	3,538

	WOR
	5,356
	5,362
	4,445
	4,450
	5,538
	5,541
	4,409
	4,416

	 
	 
	 
	 
	 
	 
	 
	 
	 

	Generation*
	22,267
	22,259
	18,493
	18,495
	23,135
	23,136
	19,250
	19,253

	Import
	-3,339
	-3,339
	1,787
	1,787
	-3,539
	-3,538
	1,787
	1,787

	Load
	25,186
	25,178
	16,414
	16,414
	26,244
	26,244
	17,152
	17,152

	Losses
	420
	420
	293
	294
	430
	431
	312
	315


*Changes in generation can be attributed to swing bus adjustments compensating for loss increases. 

E. Post-Transient Governor Power Flow Study

All 500-kV contingencies were simulated with the post-transient governor power flow methodology.  The governor power flow methodology utilizes Special Protection Systems (“SPS”) for loss of bulk system contingencies.  In addition, loss of a significant amount of generation would be spread throughout the system instead of at the system swing bus. 
F. Transient Stability Study

Transient stability studies were performed for the 2009 and 2011 summer peak and light spring base cases to ensure that the transmission system remains in operating equilibrium through abnormal operating conditions after the new facility begins operation.

The “critical clearing” time for the Project will be determined based on the fault clearing time increasing for loss of the VPP – Laguna Bell 230-kV #1 circuit.  The “critical clearing” time is the time during which a fault can persist without causing system instability.
G. Short Circuit Duty Study

Short circuit studies were conducted to determine fault duties on existing SCE facilities before and after proposed project additions.  Fault duty results were used to identify overstressed equipment, if any, that results solely from addition of the proposed facility.
STUDY RESULTS

H. Load Flow Study

1. Base Case

2009 and 2011 Heavy Summer

Studies identified that with the 304 MW addition to the VPP Project, there were no base case thermal overloaded elements for the 2009 or 2011 heavy summer conditions.  In addition, no bus voltages in the LA Basin violated the CAISO voltage criteria.
2009 and 2011 Light Spring
Studies identified that with the 304 MW addition to the VPP Project, there were no base case thermal overloaded elements for the 2009 or 2011 light spring system conditions.  In addition, no bus voltages in the LA Basin violated the CAISO voltage criteria.
Refer to Appendix A for pre and post-project power flow plots for the 2009 and 2011 heavy summer and light spring cases.
2. Power Flow Contingency Results.
2009 and 2011 Heavy Summer
Studies identified that with the 304 MW addition to the VPP Project, there were two  NERC/WECC Category “B” contingency affected elements for the 2009 Heavy Summer conditions.  The Category “B” contingency affected elements are based on the Laguna Bell – Vernon Power Plant 230-kV lines having a rating of 786 MVA rating.  All overloaded elements in the 2011 heavy summer conditions were triggered by changes in system condition and configuration and aggravated by projects ahead in the generation queue with exception of the Laguna Bell – Vernon PP 230-kV contingency, which was identified in the 2009 heavy summer conditions as well.
Table 2.  Power Flow Contingency Analysis – 2009 and 2011 Heavy Summer – Percent Loading.

	AFFECTED ELEMENT
	CONTINGENCY
	Normal/Emergency

Rating
(Amps)
	Pre-Project

(%)†
	Post-Project

(%)†

	Laguna Bell - Vernon PP No.1 230-kV
	Laguna Bell - Vernon PP No.2 230-kV
	1973/1973
	78
	118

	Laguna Bell - Vernon PP No.2 230-kV
	Laguna Bell - Vernon PP No.1 230-kV
	1973/1973
	78
	118


2009 and 2011 Light Spring
Studies identified that with the 304 MW addition to the VPP Project, there were three NERC/WECC Category “B” and five NERC/WECC Category “C” contingency affected elements for the 2009 Heavy Summer conditions.  However, all identified overloaded elements were triggered by changes in system condition and configuration and aggravated by projects ahead in the generation queue with exception of the Laguna Bell – Vernon PP 230-kV contingency.
Table 3.  Power Flow Contingency Analysis – 2009 and 2011 Light Spring – Percent Loading.

	AFFECTED ELEMENT
	CONTINGENCY
	Normal/Emergency

Rating
(Amps)
	Pre-Project

(%)†
	Post-Project

(%)†

	Laguna Bell - Vernon PP No.1 230-kV
	Laguna Bell - Vernon PP No.2 230-kV
	1973/1973
	79
	118

	Laguna Bell - Vernon PP No.2 230-kV
	Laguna Bell - Vernon PP No.1 230-kV
	1973/1973
	79
	118


†Percent loading based on the normal rating.
Studies identified that with the 304 MW addition to the VPP Project, there were five NERC/WECC Category “B” and six NERC/WECC Category “C” contingency affected elements for the 2011 Heavy Summer conditions.  However, all identified overloaded elements were triggered by changes in system condition and configuration and aggravated by projects ahead in the generation queue with exception of the Laguna Bell – Vernon PP 230-kV contingency.

There were no voltage violations observed with addition of the VPP Expansion Project.
Appendix B tabulates all power flow contingency results. 
The study focused on identifying system thermal overloads within the SCE service territory.  Reported thermal overloads were limited to the condition where a modeled transmission component was loaded over 98% of its appropriate normal rating (as entered in the power flow database).  In addition, only element loadings greater than 1% between the pre and post-project cases were reported.
I. Post-Transient Governor Power Flow Study

Results from the post-transient governor power flow analysis did not reveal any thermally overloaded elements.  In addition, there were no voltage deviation violations.
J. Transient Stability Study

The transmission system remained in operating equilibrium throughout all transmission contingencies with inclusion of the Project.  Refer to Appendix D for all simulated contingency plots.  
The VPP Expansion Project met the Low Voltage Ride-Through criterion; since, none of the VPP Expansion Project generators tripped due to the adverse contingencies that were simulated.  Phase-to-ground faults were not simulated in this SIS since previously studied projects that had a larger output did not reveal any problems.

In an effort to determine a “critical clearing” time for the Project during 2009 and 2011 heavy summer conditions, the clearing time for loss of the VPP-Laguna Bell 230-kV was increased from 4 cycles (typical clearing time for 230-kV transmission lines) until system instability was observed at 10 cycles.  Note, the “critical clearing” time is the time during which a fault can persist without causing instability.
K. Short Circuit Duty Study

The starting short-circuit analysis case includes all projects based on their application date [Project Queue].
Single-line-to-ground and three-phase-to-ground results indicate that thirteen (13) circuit breakers have fault duties that increased by 0.1 kA from the pre-project case and exceeded their breaker fault duty of 60%.  Prior projects in the queue triggered upgrade and replacement of 105 SCE owned circuit breakers.

Table 4.  Summary of Short-Circuit Duties, 3-Phase-to-Ground.
	
	
	Min
	PRE CASE
	POST CASE
	

	Bus Name
	Bus KV
	Rating
	X/R
	KA
	X/R
	KA
	DELTA KA

	MESA500 
	500
	0
	24.8
	26.1
	24.8
	26.2
	0.1

	SERRANO 
	500
	40
	25.6
	31.8
	25.6
	31.9
	0.1

	VINCENT 
	500
	38
	18.4
	40.7
	18.4
	40.8
	0.1

	ALMITOSE
	230
	50.2
	17
	30.7
	16.9
	30.8
	0.1

	CENTER S
	230
	45.6
	16
	43.3
	16
	43.5
	0.2

	CHEVMAIN
	230
	63
	20.4
	37.8
	20.3
	38
	0.2

	CHINO   
	230
	50
	17
	49.9
	17
	50
	0.1

	CTYVERH 
	230
	0
	18.1
	31.8
	18.3
	35.7
	3.9

	DELAMO  
	230
	50
	16
	45.3
	16
	45.8
	0.5

	EL NIDO 
	230
	45.6
	20.5
	43.2
	20.5
	43.4
	0.2

	ELLIS   
	230
	45.6
	18
	41.5
	18
	41.6
	0.1

	ELSEGNDO
	230
	34
	21.7
	38.5
	21.7
	38.6
	0.1

	HARBOR  
	230
	45.6
	15.4
	36.5
	15.3
	36.6
	0.1

	HINSON  
	230
	50
	21.2
	53.4
	21.1
	53.6
	0.2

	LA FRESA
	230
	45.6
	26.2
	50.4
	26.2
	50.7
	0.3

	LAGUBELL
	230
	34
	18.8
	40.2
	19.4
	42.5
	2.3

	LBEACH  
	230
	40
	15.2
	34.6
	15.1
	34.7
	0.1

	LEWIS   
	230
	45.6
	21.5
	44.8
	21.5
	44.9
	0.1

	LITEHIPE
	230
	40
	17.2
	49.9
	17.2
	50.1
	0.2

	MESA CAL
	230
	50
	19.7
	66.6
	19.6
	67
	0.4

	MRLOMA E
	230
	63
	23.3
	64.5
	23.3
	64.6
	0.1

	REDONDO 
	230
	50.2
	25.9
	49
	25.9
	49.2
	0.2

	RIOHONDO
	230
	34
	14.7
	29.4
	14.7
	29.7
	0.3

	SERRANO 
	230
	63
	26
	53.9
	25.9
	54
	0.1

	WALNUT  
	230
	37.7
	16.7
	36.5
	16.7
	36.6
	0.1


Table 5.  Summary of Short-Circuit Duties, Single-Line-to-Ground.
	
	
	Min
	PRE CASE
	POST CASE
	

	Bus Name
	Bus KV
	Rating
	X/R
	KA
	X/R
	KA
	DELTA KA

	Mira Loma
	525
	38.4
	13.9
	32.6
	13.9
	32.7
	0.1

	Arcogen
	230
	0
	16.3
	38.1
	16.3
	38.2
	0.1

	Del Amo
	230
	50
	9.4
	39.3
	9.4
	39.6
	0.3

	El Nido
	230
	45.6
	17.8
	40.4
	17.7
	40.6
	0.2

	El Segundo
	230
	34
	21.1
	36.7
	21.1
	36.8
	0.1

	Ellis
	230
	45.6
	17.7
	35.4
	17.7
	35.5
	0.1

	Hinson
	230
	50
	20.9
	51.5
	20.8
	51.6
	0.1

	La Fresa
	230
	45.6
	20.6
	45.8
	20.6
	46
	0.2

	Laguna Bell
	230
	34
	13.6
	38.8
	13.9
	40.4
	1.6

	Lighthipe
	230
	40
	11.2
	43.9
	11.2
	44
	0.1

	Mesa
	230
	50
	18
	64.2
	18
	64.4
	0.2

	Mira Loma A
	230
	63
	13.1
	54.3
	13.1
	54.4
	0.1

	Redondo
	230
	50.2
	31.2
	42.7
	31.2
	42.8
	0.1

	Rio Hondo
	230
	34
	14.4
	25.4
	14.4
	25.6
	0.2

	Santiago
	230
	34
	18.4
	25.2
	18.4
	25.3
	0.1

	Serrano
	230
	63
	18.6
	55.5
	18.6
	55.6
	0.1

	Walnut
	230
	37.7
	15.2
	28.1
	15.2
	28.2
	0.1


CONCLUSIONS

A.
Power Flow Analysis

2009 and 2011 Light Spring 
Existing SCE facilities are not adequate to accommodate the City of Vernon’s, Vernon Power Plant Expansion Project of 304 MW interconnecting to the SCE owned Laguna Bell 230-kV Substation for 2009 and 2011 operation.  The identified NERC/WECC Category “C” affected elements will require system upgrades. 
2009 and 2011 Heavy Summer

Existing SCE facilities are not adequate to accommodate the City of Vernon’s, Vernon Power Plant Expansion Project of 304 MW interconnecting to the SCE owned Laguna Bell 230-kV Substation only for 2011 operation.  The identified NERC/WECC Category “C” affected elements will require system upgrades. 

All of the overloads had been identified in the VPP 610 MW SIS sensitivity study and all were triggered by changes in system condition and configuration.  SCE will evaluate the risk in the Annual Transmission Expansion Plan and proposed upgrade projects as needed.  
The VPP Expansion Project will not be responsible for the upgrade of these facilities.
B.
Short-Circuit Analysis 
Single-line-to-ground and three-phase-to-ground results indicate that thirteen (13) circuit breakers have fault duties that increased by 0.1 kA from the pre-project case and exceeded their breaker fault duty of 60%.  Several SCE replacement/upgrade circuit breakers were identified by generation projects ahead in the queue.  Studies indicated that 58 SCE owned circuit breakers require replacement, 25 SCE owned circuit breakers require upgrade and 22 SCE owned circuit breakers require TRV sets.  It is estimated that circuit breaker replacement/upgrades will yield a total cost of $42.651 million with the Vernon Power Plant Expansion triggering $1.584 million in circuit breaker replacement/upgrades. 
Facilities Study 
1. Develop cost for SCE system and direct assignment facilities that are required to interconnect the VPP Expansion project. 

· Construct RTU, relay protection, metering and communication equipment.

2. Perform an operational study to determine the system upgrades needed when VPP 914 MW project comes in-service in 2009.  

SCOPE OF WORK

The scope of upgrades required to accommodate the City of Vernon Power Expansion Project interconnection on the SCE network is listed below.

Vernon Power Plant Expansion Project Triggered Elements:
· Upgrade 13 circuit breaker at Lighthipe sub

      ORDER of MAGNITUDE" SUBSTATION COST:  $1.584 million
Pre-project upgrades aggravated by VPP and Projects Ahead in the Queue:
· Upgrade and Replace 83 circuit breakers 


ORDER of MAGNITUDE" TRANSMISSION COST:   $41.067 million
The transmission schedule would be the controlling element of the Project.  All other elements would be well within the 30-Month time frame shown below.
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Circuit Breaker Upgrade/Replacement for three-phase-to-ground SCD results
[image: image4.emf]STATION Replace Upgrade Sets of TRV's  Cost of  Cost of  Sub-Total Sub-Total GRAND

required CB TRV set of 3 CB TRV TOTAL

Lighthipe

13 11 144,000 $       1,584,000 $    

1,584,000 $       

STATION Replace Upgrade Sets of TRV's  Cost of  Cost of  Sub-Total Sub-Total GRAND

required CB TRV set of 3 CB TRV TOTAL

Center

6 476,000 $      2,856,000 $    

2,856,000 $       

El Nido

5 476,000 $      2,380,000 $    

2,380,000 $       

Hinson

4 6 8 476,000 $      144,000 $       1,904,000 $     1,152,000 $    

3,056,000 $       

La Fresa

5 5 144,000 $       720,000 $       

720,000 $          

Lag. Bell

2 14 9 144,000 $       1,296,000 $    

1,296,000 $       

Lewis

2 476,000 $      952,000 $       

952,000 $          

Mesa

23 629,000 $      14,467,000 $  

14,467,000 $     

Mira Loma

12 629,000 $      7,548,000 $    

7,548,000 $       

Vincent (500kV)

4 1,948,000 $   7,792,000 $    

7,792,000 $       

58 25 22 37,899,000 $   3,168,000 $     41,067,000 $     

NOTES:

All Circuit Breakers are 220kV except where noted

All costs in 2008 Dollars

ITCC Tax not included

Costs of upgrading the Mesa 220kV Switchyard (Not shown above) is estimated at $30,000,000

Costs of upgrading the Mira Loma 220kV Switchyard (Not shown above) is estimated at $15,000,000

   The cost of upgrading the Mesa and Mira Loma Substation 220kV Switchyards to 80kA Rating is only an approximate

   value based on an existing estimate prepared for a similar facility

CASE A - Triggered by VPP Additional 304MW Project

CASE B - Triggered by earlier Projects ahead of VPP Additional 304MW in Application Queue
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