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STEP STUDY PLAN 

IDENTIFICATION OF THE ECONOMIC AMOUNT 

OF DYNAMIC VOLTAGE SUPPORT

The purpose of this study is to determine the amount and location of dynamic voltage support that would be required to support the transfer levels identified in the production cost studies that were previously conducted for STEP. The base cases that will be used in the study will be developed from snapshots from the STEP production cost studies. One case will model the hour during the summer peak period when SCIT is at its highest level. A second case will model the hour during the off-peak season when the sum of the flows on the Palo Verde-Devers and Hassayampa-North Gila lines is highest and SCIT is at a moderate to high level for the season being studied. Additional cases will be developed and studied as necessary. Potential additional cases include (maximum EOR flow, maximum WOR flow, lowest inertia, maximum San Diego Imports, maximum west of Devers flow, etc.). If needed, new voltage support equipment will be added in each case until the planning standards are met.

Previous studies that have been conducted for STEP have indicated a wide variety of dynamic voltage support requirements (0 MVAR to 2000 MVAR).  This wide range is primarily due to the wide range of assumptions being used in the studies. Critical assumptions include the location and amount of new and retired generation, the generation dispatch, and the resulting transfer levels. The purpose of this study plan is to develop an agreed upon list of assumptions and an agreed upon approach to the studies that will hopefully lead to a proposed solution with broad support.

The studies will model specific disturbances and compare the simulation results with the standards adopted by NERC and WECC. A summary of the most critical of these standards is shown in Attachment 2. In addition, as shown in Attachment 3, there are more stringent margin requirements that have been historically applied to this interface by the East of River transmission owners. These more stringent requirements are utilized for establishing increases in the non-simultaneous rating of the EOR path and are not used in simultaneous transfer capability studies. This STEP study will focus on simultaneous transfer capability so this additional margin will not be modeled. 

The most critical cases for reactive support in this area have been identified in prior studies as low load in Southern California with high Southern California Imports (SCIT) and high East of River flow. The most critical outages for this interface have been identified to be the Hassayampa-North Gila 500 kV line and the Palo Verde-Devers 500 kV line. While the study will analyze other outages, these two outages are expected to drive the dynamic voltage support requirement. For this reason, one of the cases selected for study will model the hour of the year in the production cost studies that produced the highest loading on these lines. The performance concern that has been associated with these outages is excessive transient voltage dip. With high levels of generation at Hassayampa, the Hassayampa-North Gila outage appears to be the most critical outage. The required amount and locations for the dynamic voltage support depend largely on the generation dispatch at Hassayampa and in Southern California. These generation dispatch assumptions are thought to be a more critical study parameter than the total East-of-River (EOR) flow.  Therefore, the impacts on the Palo Verde Operating Nomogram will also be assessed as part of the study. The base case assumptions that will be used in the study for new generation in this area are shown in Attachment 4. 

There are a variety of potential solutions to the need for dynamic voltage support. At a minimum, the solutions identified in Attachment 5 will be investigated. The identification of the proper sizing and location of these devices will be addressed in the study.

Once the analysis is completed, a report will be issued by STEP after incorporating stakeholder comments. The schedule for completing this work is shown in Attachment 6.

Attachment 1

STEP Transmission Projects to be Studied

Phase 1 - Short-term Upgrades (EOR rating increased to 8050 MW)

1. Series Capacitor Upgrades in the following lines: 

a. Hassayampa-N. Gila-Imperial Valley-Miguel

b. Palo Verde-Devers 

c. Navajo-Crystal

d. Moenkopi-Eldorado

2. Second Devers 500/230 kV transformer.

3. Small West of Devers Upgrade (install reactor in limiting line) in cases that do not model Mountainview in-service.

Phase 2 - New Line between Arizona and California (EOR rating increased from 8050 MW to 9250 MW)

1. Rebuilding of the four 230 kV lines west of Devers.

2. New Harquahala-Devers 500 kV line 

Note: Potential additions to this plan are the connection of the Blythe plant to the Palo Verde-Devers #1 or #2 lines and the addition of 230 kV lines north and south of Blythe. The effect of these potential additions on the dynamic voltage support requirements will be assessed in sensitivity studies.

Additional Future Line Sensitivities:

The following two lines will be modeled in individual sensitivity studies to assess their effect on the dynamic voltage support requirements:

1. New Talega-Escondido-Valley/Serrano 500 kV Line without the Lake Elsinore Advanced Pumped Storage project (a sensitivity with the LEAPS project in service may be studied).

2. New Imperial Valley-Ramona 500 kV line.

Attachment 2

Excerpts from the NERC-WECC Standards

When conducting the studies for STEP, all of the NERC and WECC standards will be applied. The full standards document is more than 100 pages.  Provided below is an overview of the most critical NERC-WECC standards for developing the dynamic voltage support requirements for STEP.

WECC Transient Voltage Dip Performance (first 10 seconds following the disturbance)
Single contingencies (Category B): The maximum transient voltage dip should not exceed 25% at load buses or 30% at non-load buses. In addition, the transient voltage dip shall not exceed 20% for more than 20 cycles at load buses.

Double contingencies (Category C): The maximum transient voltage dip should not exceed 30% at any bus. In addition, the transient voltage dip shall not exceed 20% for more than 40 cycles at load buses.

Post-Transient Voltage Requirement (0ne to three minutes following the disturbance)

The following standard applies to the post-transient voltage stability requirement for a transmission path

WECC-S1   For transfer paths, post-transient voltage stability is required with the path modeled at a minimum of 105% of the path rating (or Operational Transfer Capability) for system normal conditions (Category A) and for single contingencies (Category B).  For multiple contingencies (Category C), post-transient voltage stability is required with the path modeled at a minimum of 102.5% of the path rating (or Operational Transfer Capability).  

In applying the above standard, the following guides should be kept in mind:

WECC-G4   When developing the 105% and 102.5% load or transfer cases to demonstrate conformance with I.D WECC-S1, S2, and S3, conformance with the performance requirement (e.g., facility thermal loading limits) identified in Section I.A is not required.  

WECC-G6   Load Shedding:  Controlled load interruption, as allowed in Table I of the NERC/WECC Planning Standards, is allowed to meet these standards.  

WECC-G7    Automatic Switching:  Planned operation of automatic switching (distribution voltage regulators, switched static devices, etc.) may be modeled to meet these standards.  
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Attachment 3

Additional Margin Beyond WECC and NERC that has been Historically Applied 

by the East of River (EOR) Transmission Owners
These additional margin requirements are being modeled in the Path 49 rating study. However, since the STEP study will be focused on realistic conditions of high transfer levels rather than a “one hour per year” rating condition, these additional margin requirements will not be modeled.

Transient Voltage Dip Performance

1) To achieve a non-simultaneous EOR Rating, the flow on the path is increased by 7% for margin. For this case, the WECC transient voltage dip requirements are applied but thermal violations are ignored. 

2) For simultaneous studies (i.e., SCIT versus EOR), no margin is applied. However, in actual system operation, 500 MW of margin is added to the diagonal on the SCIT nomogram.

Post-Transient Voltage Deviation Performance

1) No additional requirements

Attachment 4

Generation Assumptions

Arizona 

6,600 MW of new generation will be modeled in western Arizona near Palo Verde and Gila Bend. The generation located near Palo Verde at Hassayampa includes: 

• Red Hawk - 1000 MW in-service 

• Arlington Valley - 600 MW in-service 

• Mesquite - 1250 MW in-service 

• Harquahala - 1170 MW in-service

In addition to the above, the following new plant is in-service in the nearby Gila Bend area: 

• Gila River - 2080 MW in-service 

In addition to the above, the following new generation is in-service in the Phoenix metropolitan area: 

• West Phoenix 5 – 500 MW in-service 

The upgrade of the Palo Verde generation units to 1473 MW output will be modeled (two units in 2006 and three units in 2007).

Nevada 

Approximately 3140 MW of new generation is likely to be developed near Las Vegas, Nevada: 

• Las Vegas Cogen II (Black Hills) – in-service 

• Apex (Mirant) – 550 MW in-service

• Bighorn – 570 MW in early 2004 

• Silverhawk (Gen West) - 590 MW in April/May of 2004 

• Moapa (Duke) – 1200 MW (Currently on-hold, but 70 % complete) 

The study also assumes that Mohave generation is out of service, as it is likely to be retired due to the cost associated with environmental retrofits. 

Mexico 

Approximately 1660 MW of generation recently completed in Mexico near Imperial Valley Substation: 

• Ciclo Combinado Mexicali (Intergen) – 750 MW in-service (590 MW connected to La Rosita and 160 MW connected to Imperial Valley 230 kV) 

• Central La Rosita (Intergen) – 310 MW in-service (connected to Imperial Valley 230 kV) 

• Termoelectrica de Mexicali (TDM; Sempra) - 600 MW in-service (connected to Imperial Valley 230 kV) 

A total of 1070 MW is connected to the 230 kV system at Imperial Valley and 590 MW is connected to the La Rosita Substation in Mexico. The majority of the power from these Mexican power plants (1160 MW) is intended to supply electric demand in California. 

Southern California 

The following new generators in Southern California (2120 MW) will be included in the study: 

• Blythe #1 (FPL) – 520 MW in-service

• Pastoria (Calpine) – 750 MW in 2004/05

• High Desert (Constellation Power) – 850 MW in-service

In addition to these generation plants, the study will consider the following new generation projects in Southern California, which have received licenses from the California Energy Commission and are likely to be in service at the same time as the initial STEP projects (2006).

· Mountainview  - 1000 MW connected to the SCE San Bernardino Substation 

· Otay Mesa  - 615 MW south of the SDG&E’s Miguel Substation 

· Palomar – 521 MW in the vicinity of the SDG&E’s Escondido Substation 

Sensitivity studies without any one of these projects will also be performed.

Retirements

The following generation plants, which have announced retirements, will not be included in the system model

Mohave 1 and 2


1580 MW 

Etiwanda 1,2 and 5


391 MW 

El Segundo 1 and 2


350 MW

South Bay Units 1 through 4
689 MW

Potential Future Retirements

Sensitivity studies will be performed with some of the older generation units in the LA Basin unavailable. These studies are intended to provide additional information as to what the ultimate dynamic voltage support requirements may be but are not intended to be used to size the initial dynamic voltage support requirements.

The following two sensitivities will be studied:

San Diego Retirement Sensitivity

Encina units in San Diego

LA Retirement Sensitivity

Redondo Beach, Mandalay Bay and some El Segundo units in SCE.  Sensitivity studies will be performed with and without these units in service.

Additional Generation Sensitivities

Previous dynamic stability studies have indicated that changes in the generation dispatch can significantly impact the dynamic stability performance. The dynamic voltage support solution should be robust enough to be adequate under a reasonable variety of generation dispatches. To address this need, the following generation sensitivities will be studied.

1) Maximum amount of reactive power reserve from generation at Hassayampa

2) Minimum amount of reactive power reserve from generation at Hassayampa. 

Other Assumptions

The studies will assume that the phase shifting transformers at the Perkins and Liberty substations are bypassed, since that is how they are normally operated.  A sensitivity study may be performed with these phase shifting transformers in operation.

Attachment 5

Dynamic Voltage Support Solutions to be Considered
The following types of reactive support will be considered in the studies:

1. Static VAR Compensator (SVC)

2. Static Condenser (STATCON)

3. Unified Power Flow Controller (UPFC)

4. D-VAR or Super-VAR

5. Thyristor controlled series capacitors (TCSC)

6. Synchronous Condenser

7. Lowering the impedance of existing lines through Reconductoring. 

Other options

1. Installation of a breaking resistor at the Hassayampa 500 kV bus. Preliminary studies indicate that such a resistor may be able to eliminate the dynamic stability violations. However, concerns have been expressed about the acceptability of the torques that would be experienced on the generator shafts at Palo Verde with the use of a breaking resistor.   

2. Utilize the existing phase shifting transformers and possibly install additional phase shifting transformers to redirect power flow.

Attachment 6

Study Schedule

Draft Study Plan


March 2004

Approved Study Plan

March 2004

Complete Initial Studies

April 2004

STEP Review


May 2004

Approved STEP Report

June 2004
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