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I.  INTRODUCTION TC "I.  INTRODUCTION" \f A \l "1" 
The "Transmission Comparison Study" (Study) is proposed by San Diego Gas & Electric (SDG&E), the "Project Sponsor", to identify the new transmission interconnection to SDG&E that best meets future load growth requirements in the SDG&E area and complies with applicable NERC/WECC/CAISO Planning Standards.  On a conceptual basis, various projects are currently the subject of the California Independent System Operator (CA-ISO) Southwest Transmission Expansion Plan (STEP) studies, and SDG&E’s “Eastern Interconnection Feasibility Study”.  The Study will identify the project alternative that best provides the capability for SDG&E to import more power beginning in 2010 and beyond in a cost-effective and reliable manner.  

Building upon work completed to date, it is contemplated that this new  transmission link will connect a transmission line from perhaps:

1) SDG&E’s Imperial Valley 500 kV substation to a new SDG&E 500 kV substation sited centrally along the border of Riverside and San Diego counties, (IV-North);

or

2) SDG&E’s Imperial Valley 500 kV substation to a new SDG&E 500 kV substation sited near the geographic center of SDG&E service area, (IV-Central);

or

3) Interconnection at some point along Southern California Edison’s (SCE) existing Valley-Serrano 500 kV line to a new SDG&E 500 kV substation, sited centrally along the border of Riverside and San Diego counties, (Ser-Val-North);

Or

4) SDG&E’s Imperial Valley 500 kV substation to SDG&E’s existing Miguel 500 kV substation,

Or

5) A non-500 kV project alternative emanates from SDG&E’s Imperial Valley 230 kV substation to SDG&E’s existing Miguel 230 kV substation, routed through Mexico using new 230 kV transmission between Imperial Valley, La Rosita, Tijuana, and the Miguel substations.

The Study project descriptions include initial conceptualization of the various  alternatives.  As part of this comparison study, additions, changes, and/or upgrades to certain facilities may be made as study results dictate such needs.]

Alternate 1: Imperial Valley-North

A 500 kV transmission line interconnecting SDG&E’s Imperial Valley substation with a substation interconnected to the existing SDG&E 230 kV transmission grid. This alternative will generally follow a northwesterly direction from Imperial Valley toward San Diego County and would involve termination near the northeastern San Diego County border with Riverside County.  The termination would be into a new 500/230 kV substation with transformation to accommodate the injection of power flow into SDG&E’s transmission system.  This alternative entails:

· Loop-in SDG&E's existing 230 kV Talega-Escondido line;

· Construction of an additional, second 230 kV Talega-Escondido circuit to adequately and reliably distribute the power into the SDG&E system at the existing Talega and Escondido substations;

· A new 1120 MVA, 500/230 kV transformer bank at the new substation;

· Static and/or dynamic VAR sources necessary to ensure adequate voltage performance and meet Planning Standards; and
· Identification of additional system upgrades not accounted for in Grid Assessment studies for 2010.

It is estimated that this alternative will entail approximately 125-150 miles of new 500 kV transmission.

[image: image1]
Figure 1: Alternate 1: Imperial Valley-North

Alternate 2: Imperial Valley-Central:

A 500 kV transmission line interconnecting SDG&E’s 500 kV Imperial Valley substation with a new 500 kV substation interconnected to the existing SDG&E 230 kV transmission grid. This alternative will generally follow an east to west direction from Imperial Valley toward San Diego County and would entail termination within central San Diego County.  The termination would be into a new 500/230 kV substation with transformation to accommodate the injection of power flow into SDG&E’s transmission system.  

· A new 1120 MVA, 500/230 kV transformer bank at the new substation;

· Construction of: 

-two 230 kV Central-Sycamore 230 kV lines, and

-one Sycamore-Penasquitos 230 kV line to adequately and reliably distribute the power into the SDG&E system at the existing substation;

· Addition of one 230/69 kV transformer at Sycamore

· Static and/or dynamic VAR sources necessary to ensure adequate voltage performance and meet Planning Standards; and
· Identification of additional system upgrades not accounted for in Grid Assessment studies for 2010.

It is estimated that this alternative will entail approximately 86-104 miles of new 500 kV transmission. 
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Figure 2: Alternate 2: Imperial Valley-Central

Alternate 3: Serrano/Valley-North

A 500 kV transmission line interconnecting SCE’s 500 kV system (at some point along the existing SCE Valley-Serrano 500 kV line) with a new 500 kV substation interconnected to the existing SDG&E 230 kV transmission grid in the 

north-central area of San Diego County.   This alternative may/may not be configured as proposed by the Lake Elsinore Municipal Water District for its Lake Elsinore Pumped Storage Project (LEAPS). This alternative will generally follow a North-South direction and would include termination at the southern end with a 500/230 kV phase angle regulator and transformation to facilitate power injection into SDG&E’s transmission system.  This alternative entails:

· Loop-in of SDG&E's existing 230 kV Talega-Escondido line;

· Construction of an additional, second 230 kV Talega-Escondido line to adequately and reliably distribute the power into the SDG&E system at the existing Talega and Escondido substations;

· A new 1120 MVA, 500/230 kV phase angle regulator and transformer bank at the new North 500 kV substation;

· Static and/or dynamic VAR sources necessary to ensure adequate voltage performance and meet Planning Standards; and
· Identification of additional system upgrades not accounted for in Grid Assessment studies for 2010.

This alternative is estimated to entail approximately 35 to 50 miles of new 500 kV transmission.
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Figure 3: Alternate 3: Serrano-Valley to North

Alternate 4: Imperial Valley 500 kV –Miguel 500 kV #2

This project alternative entails a 500 kV transmission line interconnecting between SDG&E’s 500 kV Imperial Valley substation and SDG&E’s existing Miguel 500 kV substation, forming the 2nd Imperial Valley-Miguel 500 kV circuit.  This alternative will generally follow an East-West direction in a new right-of-way with adequate separation from the existing Imperial Valley-Miguel line.  This alternative entails:

· Construction of a new, second 500 kV Imperial Valley-Miguel line to adequately and reliably distribute the power into the SDG&E system at the existing Miguel substations;

· Static and/or dynamic VAR sources necessary to ensure adequate voltage performance and meet Planning Standards; and
· Identification of additional system upgrades not accounted for in Grid Assessment studies for 2010.

This alternative is estimated to entail approximately 85 miles of new 500 kV transmission.
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Figure 4: Alternate 4: Imperial Valley 500 kV to Miguel 500 kV #2

Alternate 5: Imperial Valley 230 kV – Miguel 230 kV via Mexico

This alternative entails construction of a series of new or upgraded parallel 230 kV transmission lines interconnecting SDG&E’s 230 kV Imperial Valley substation with SDG&E’s existing Miguel 230 kV substation, routed through Mexico on CFE’s grid via the La Rosita and Tijuana 230 kV substations.  This alternative will generally follow an East-West direction.  This alternative entails:

· Construction of a) two-230 kV transmission lines between Imperial Valley and La Rosita to the south, b) two new double circuit 230 kV transmission lines between CFE’s La Rosita and Tijuana substations, and c) three new 230 kV transmission lines between CFE’s Tijuana substation and SDG&E’s Miguel substation;

· Static and/or dynamic VAR sources necessary to ensure adequate voltage performance and meet Planning Standards; and
· Identification of additional system upgrades not accounted for in Grid Assessment studies for 2010.

  This alternative is estimated to entail 300 miles of new 230 kV transmission.
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Figure 5: Alternate 5: Imperial Valley 230 kV – Miguel 230 kV via Mexico
SDG&E will conduct this study jointly with the CA-ISO, SCE, in cooperation with interested Stakeholders.  The purpose of this study is for SDG&E, working closely with the CA-ISO, regulatory agencies, and other interested CA-ISO stakeholders, and building on work completed, to finalize the Project Plan of Service.  In so doing, it is intended that the Plan of Service will ensure full compliance with NERC, WECC, and CA-ISO reliability criteria through the CA-ISO stakeholder process. Stakeholder issues will be addressed and a final transmission facility Plan of Service will be determined.  

Power flow, transient stability, post-transient/voltage stability and short-circuit analysis will be performed.  This study will affirm compliance with the CA-ISO Planning Standards, which encompasses the following: 

· WECC "Reliability Criteria for Transmission System Planning",

· WECC "Voltage Stability Criteria, Under Voltage Load Shedding Strategy, and Reactive Power Reserve Monitoring Methodology", and

· NERC Planning Standards.

· CA-ISO Planning Standards

This study will culminate in issuance of a preferred project recommendation report providing a technical performance perspective.  It is anticipated the report will be completed and issued in December, 2004.     SDG&E invites participation from all interested parties to participate in a public Stakeholder process.

II OBJECTIVES TC "II  OBJECTIVES" \f B \l "1" 
The objectives of the study include:

1) Evaluate performance of each alternative at an import level of 4000 MW.  This will be done by conducting studies to evaluate/rank the proposed transmission alternatives to address the need to comply with CA-ISO Planning Standards.  This will be conducted through an open CA-ISO Stakeholder process, including power flow, transient stability, and post-transient/voltage stability analysis, as determined to be appropriate, reasonable and necessary by stakeholder members.  

2) Use of series capacitors or phase angle regulators will be examined on all 500 kV alternatives.

3) Demonstrate that the preferred project alternative line meets the CA-ISO Planning Standards.

4) Perform studies to verify simultaneous loading impacts between SDG&E and CFE imports as well as zero imports from CFE.

5) Perform studies to verify there are no shoulder-peak (80% of summer peak) problems due to generation unavailability within SDG&E.

6) Perform studies to verify simultaneous loading impacts with the SCIT, EOR 8055 near-term upgrades, and WOR paths.

7) Perform studies to determine SDG&E non-simultaneous (NSIL) import capability.

8) Evaluate SDG&E's reactive power requirements to determine if additional VAR support would be required in 2010 to further minimize the potential for voltage collapse.

9) Determine the proper amount and locations of dynamic reactive power support to maintain adequate VAR margins.

10)  Incorporate CA-ISO and Stakeholder comments into a final report as appropriate.

11)  Provide a Final Study Report for submittal (after additional studies and review as requested) to the CA-ISO and Stakeholders. 

III. SYSTEM REPRESENTATION and STUDY ASSUMPTIONS
Eighteen power flow cases will be developed for this study as follows:

· Year 2010 forecasted Heavy Summer conditions (pre and post project), representing the system at a 90/10 (one-in-ten year) forecasted load level. 

· Shoulder Peak (80% of Heavy Summer) conditions forecasted for year 2010 (pre and post project, representing heavy East of River (EOR) and West of River (WOR) flows.

	Year
	Pre/Post
	Forecast Load
	Scenario

	2010
	Pre
	Heavy Summer
	2010, pre-project

	2010
	Pre
	Shoulder Peak
	2010, pre-project

	2010
	Post
	Heavy Summer
	IV-North

	2010
	Post
	Heavy Summer
	IV-Central

	2010
	Post
	Heavy Summer
	Serrano/Valley-North with phase angle regulator

	2010
	Post
	Heavy Summer
	Serrano/Valley-North with free flow

	2010
	Post
	Heavy Summer
	Serrano/Valley-North-IV with phase angle regulator

	2010
	Post
	Heavy Summer
	Serrano/Valley-North-IV with free flow

	2010
	Post
	Heavy Summer
	IV-Miguel #2

	2010
	Post
	Heavy Summer
	IV 230 kV –Miguel 230 kV

	2010
	Post
	Shoulder Peak
	IV-North

	2010
	Post
	Shoulder Peak
	IV-Central

	2010
	Post
	Shoulder Peak
	Serrano/Valley-North with phase angle regulator

	2010
	Post
	Shoulder Peak
	Serrano/Valley-North with free flow

	2010
	Post
	Shoulder Peak
	Serrano/Valley-North-IV with phase angle regulator

	2010
	Post
	Shoulder Peak
	Serrano/Valley-North-IV with free flow

	2010
	Post
	Shoulder Peak
	IV-Miguel #2

	2010
	Post
	Shoulder Peak
	IV 230 kV –Miguel 230 kV


Additional sensitivity power flow cases will be developed/studied as deemed necessary and appropriate for the purpose of this study.  The Load and Resource (L&R) Table can be found under the “Tables” section of this study plan.  Except as noted, series compensation levels in the major EHV lines are represented at their normal levels as follows:


EOR EHV Lines



Series Compensation


Navajo - McCullough

500 kV

70%


Moenkopi - Eldorado

500 kV

70%


Liberty - Mead


345 kV

70%


Palo Verde - Devers

500 kV

50%


Palo Verde - North Gila

500 kV

50%


Westwing - Perkins - Mead
500 kV

70%


WOR EHV Lines



Series Compensation

McCullough - Victorville #1

500 kV

35%


McCullough - Victorville #2

500 kV

35%


Eldorado -Lugo


500 kV

35%


Mohave - Lugo


500 kV

35%*


Market lace – Adelanto

500 kV

45%

* For cases with Mohave generation assumed retired, model Mohave-Lugo with 70% series compensation.

The Imperial Valley – Miguel 500 kV Line has been represented at its normal series compensation level, which is 50%.  All projects, including proposed projects which are in Phase 2 or 3 of the WECC rating process, and are expected to be in service prior to the summer of 2010 have been represented in the base case.  New generating resource assumptions will follow the guidelines provided by the CA-ISO “Generation Assumptions for Grid Planning Studies” document, April 2004.  In general, for generation expected to be in-service within one year, only generation that is actually under construction will be modeled.  For generation expected to be in-service within five years, only generation that is actually under construction will be modeled.  For generation additions planned to be in-service between five to ten years in the future, only generation that is under construction or has received regulatory approvals will be modeled inside the SDG&E system.

IV. STUDY GUIDELINES AND CRITERIA
1.  General
The Study Guidelines and Criteria contained within this document are intended to provide a framework from which computer simulation studies will be performed to model future system conditions and evaluate the CA-ISO grid with the new interconnection line.  The General Electric Power System Planning Program (GE-PSLF), Positive Sequence Load Flow), Version 13.1, will be used in conjunction with in-house Engineer Programming Control Language (EPCL) routines to help analyze the study results.  The criteria applied to the Study will be based on: 

· CA-ISO Planning Standards 

· WECC "Reliability Criteria for Transmission System Planning"; 

· WECC "Voltage Stability Criteria, Undervoltage Load Shedding Strategy; and Reactive Power Reserve Monitoring Methodology"; 

· NERC Planning Standards; and

· CA-ISO Generation Assumptions for Grid Planning Studies.

2.  System Representation and Power Schedules
All system studies for the new proposed interconnection line will be performed using the latest available data for the WECC interconnected system for the 2010 time frame being studied.  A WECC full-loop representation will be used; this includes the Western United States, Western Canada and the system of Comisión Federal de Electricidad (CFE) of Baja California, Mexico.

3. Stressed Eastern Interconnect Flow

The project alternatives will model a simultaneously stressed Eastern Interconnect path (i.e. East of River (EOR), West of River (WOR), and Southern California Import Transmission (SCIT).  This will be accomplished in the all-lines in service cases by importing the simultaneous import of 4000 MW into SDG&E’s system and utilizing Heavy Summer peak load conditions. The above paths will be modeled at approximately the following flow levels:


Path

Loading (MW)

EOR

6500-6850 MW

WOR

6900-7400 MW

SCIT

13100-14250 MW

4.  Thermal Analysis Guidelines
Power flow analysis (pre-contingency and contingency analysis, pre and post project) will be performed on SDG&E and SCE systems.  The heavy summer and adverse summer base cases will perform G-1/N-1 (forced generator outage, system adjusted, followed by a line outage) contingency analysis on all 230 kV and above lines in SDG&E and SCE systems, and credible N-2 and overlapping outages will be studied. 

Power flow studies will be performed utilizing the following guidelines:

Thermal Capacity Limits
No transmission element will be loaded above 100% of its continuous rating under base case conditions.  For loss of the next system element(s), no transmission system element will be loaded above its emergency rating.  A list of continuous and emergency ratings for major transmission system elements in Southern California, Southern Nevada and Arizona are included in Appendix A.

System Voltage Limits
System stresses will be limited such that loss of the next system element(s) will not cause a violation on system voltage deviations. System bus voltages will be within acceptable low voltage limits.  The following Per-Unit voltages will be monitored:






     Pre-outage
Single Contingency

Bus / System
 Nominal Voltage
Minimum Voltage
 Minimum Voltage
Mead


230 kV

0.95


0.95

NPC


230 kV

0.985


0.90

SDG&E


230/138/69 kV
0.95


0.90

Devers

500 kV
Flag if <0.987

0.945

Valley

500 kV
Flag if <0.987

0.945

Other SCE

500 kV
Flag if <0.9975

0.966

All SCE

230 kV
Flag if <0.95

0.90

Blythe

161 kV
Flag if <0.95

0.91

Iron Mountain
6.9 kV

0.94

 
0.90

Eagle Mountain
6.9 kV

0.94


0.90

Julian Hinds
6.9 kV

0.94


0.90

Adelanto

500 kV
Flag if <1.025

0.95

Sylmar

230 kV
Flag if <0.99

0.95

Pinnacle Peak
230 kV
Flag if <1.025

0.95

Westwing

230 kV
Flag if <1.03

0.95

Phase Shifter Representation

The Eastside (Utah-Colorado) phase-shifting transformers may be represented as bypassed or as regulating (for simplicity of representing varying EOR schedules).

5.  Transient Stability Study Guidelines
Transient stability studies will be performed to establish stability transfer limits and to ensure system stability following a critical fault on the system. Cases will be run using the heavy summer, and spring 90/10 Southern California cases (pre and post project). For the heavy summer and 90/10 cases, N-1 outage cases will model one of the two San Onofre Nuclear Generating Station (SONGS) units initially out of service, while N-2 outages will model both SONGS units initially on-line.  For the Shoulder Peak cases, both SONGS units will be modeled initially on-line for all contingencies.  

Each level B disturbance (single element outage) and system performance will be compared to the following criteria:

· Voltage on load buses may not dip more than 25% of the pre-fault voltage or dip more than 20% of the pre-fault voltage for more than 20 cycles.  Voltages may not dip more than 30% at non-load buses.

· Load bus frequencies may not dip below 59.6 Hz for more than 6 cycles. 

Each level C disturbance (N-2 or G-2) and system performance will be compared to the following criteria:

· Voltage at any bus may not dip more than 30% of the pre-fault voltage or dip more than 20% of the pre-fault voltage for more than 40 cycles at load buses. 

· Load bus frequencies may not dip below 59.0 Hz for more than 6 cycles. 

The system will be considered stable if all machines in the WECC interconnected system remain in synchronism and system oscillations are positively damped.

Transient Stability Limits and Margin

· Three-phase fault damping will be modeled for the generators where the fault was applied, as follows:

· Palo Verde

-98 MW or 7.2% /unit

· Navajo

-48 MW or 6.0% /unit

· Intermountain
-99 MW or 10.0% /unit


Machine Representation
· For the stability analysis, resources consistent with the time period studied will be dispatched to meet the load requirements in the base cases.

·  Representation of turbine generators will be consistent with available turbine generator data.

· The base case power system stabilizers that are normally in-service within the WECC system will be modeled for each operating period studied.

System Disturbances

· System disturbances for stability studies will be initiated by a three-phase fault on the EHV bus adjacent to the major interconnection point and/or power plant of interest.

· Single-line-to-ground faults will be performed only upon specific request.

Fault Clearing Time
· Faults on the transmission lines being evaluated will be cleared in accordance with guidelines provided by the appropriate operating agents.

Series Capacitors
· Series capacitor modeling during transient conditions is indicated by the attached switching sequences.

Unit Tripping
· Unit tripping of other utility generation and pumping loads on under-frequency will be modeled in accordance with WECC guidelines or those provided by the appropriate operating agent.

Transient Stability Contingency List

The following contingencies will be evaluated:

1)  Hassayampa-N. Gila 500kV line (fault at Hassayampa)

2)  Palo Verde-Devers 500kV line (fault at Palo Verde) (N-1 and N-2)

3)  Navajo-Crystal 500kV line (fault at Navajo)

4)  Moenkopi-Eldorado 500kV line (fault at Moenkopi)

5)  Imperial Valley-Miguel 500kV line (fault at Imperial Valley, with simulations of appropriate RAS actions as exist if necessary)

6)  Proposed new interconnection line (fault at appropriate SDG&E 500 kV or 230 kV substation)
7)  Lugo – Mira Loma 2&3 500 kV lines (N-2 outage)

8)  Serrano – Valley 500 kV line (N-1 outage)
9)  Devers – Valley 500 kV line (N-1 outage)
10)  Midway - Vincent 1 & 2 (N-2 outage) 
11)  2 Palo Verde Units (G-2)
12)  2 San Onofre Units (G-2)
Evidence of System Stability
The system will be considered stable if the following conditions are met:

· Machine Synchronism

· All machines in the WECC interconnected system must remain in synchronism as demonstrated by relative rotor angles (unless modeling problems are identified and concurrence is reached that a problem does not really exist).

· Simulation Time and System Damping

· A stability simulation will be deemed to exhibit positive damping if a line defined by the peaks of the machine relative rotor angle wing curves tends to intersect a second line connecting the valleys of the curves with the passing of time.

· Corresponding lines on bus voltage swing curves will likewise tend to intersect.  A stability simulation, which satisfies these conditions, will be defined as stable.

· Duration of a stability simulation run will be twenty seconds unless a longer time is required to ascertain stability.

· The analysis will start with a one-second no disturbance period ; the disturbance simulation will start after the typically “noisy” transient period of up to about two-tenths (0.2) seconds after the fault and associated system switching and remedial actions, and conclude at the end of the simulation.

· A case will be defined as marginally stable if it appears to have zero percent damping and the voltage dips are within (or at) the WECC Reliability Criteria limits.

6.  Post Transient/ Voltage Stability Study Guidelines

This task will evaluate the impact of the various new interconnection alternative projects relative to the voltage stability performance.  Voltage stability studies will be conducted to ensure meeting the WECC Voltage Stability Criteria.  Cases will simulate heavy summer and spring loading conditions (for pre and post project conditions).  Analysis will be conducted for the pre-project (benchmark) cases first.  If violations to the criteria are identified in the benchmark cases, new post project cases will be developed by SDG&E before the analysis is done for the post project cases.  For the voltage limit assessment, the power flow base cases will utilize 90/10 (one in ten year) system load forecast.   For the post-transient period, if local voltage deviation is more than 5%, the Adelanto and Marketplace SVC will each provide 132 MVAR (nominal 500 kV).  To simplify study procedure, 132 MVAR of shunt cap at each bus will be simulated.

The voltage stability assessment will demonstrate the project conforms to the WECC Voltage Stability Criteria.  The assessment will compare the reactive power margins for each alternative using Q-V analysis techniques.

Post-Transient Study Assumptions 

The methodology considers the period of time after the power and voltage transient oscillations have damped out before operators intervention can take place. The time frame is approximately 1.5 to 3 minutes subsequent to a disturbance. The following assumptions are inherent to the methodology:

1) Transient stability simulation of the disturbance has found the system to be stable and within the voltage and frequency dip criteria.

2) Sufficient time after the disturbance has elapsed such that the system frequency is uniform and turbine outputs have reached steady-state values.

3) Unless specific information is available, LTCs and regulators have sufficient regulating range and time delay settings such that post-transient voltages at loads are restored to the pre-disturbance levels.

4) Normal automatic generation control (AGC) will not significantly change generation within 1.5 to 3.0 minute time frame - either because of being too slow or because of being intentionally suspended after the disturbance. In power flow simulation, this means area interchange control is not active.

5) All turbine-generators will be reviewed as to whether the Base-load flag is set in power flow generator data.  For units indicating “1”, the unit will be assumed operating in base-load mode and adjustments up or down to generator loading will not be simulated in the voltage stability analysis.  For units not identified as base-loaded, the governor power flow routine will increase or decrease generator load due to governor action. All generators operating with free governors will pick up their share of the generation deficiency (or reduce excess) in proportion to their capacities (Pmax) and inversely proportional to their droop setting until they reach maximum\ minimum output.

6) Phase shifters are assumed to hold a fixed angle.

7) Transmission voltage regulating transformers modeled in the pre-disturbance power flow to change taps in accordance with pre-set voltage schedules are fixed at their pre-disturbance level except where there is specific information to do otherwise.

8) Those remedial measures which affect post transient steady state conditions should be modeled. These remedial measures include high speed series capacitor switching, generation dropping and load (pump) dropping.

9) Shunt capacitors and reactors, modeled in the pre disturbance power flow to automatically switch “on” or “off” based on pre-set voltage schedules, are fixed at their pre-disturbance level except where there is specific information to do otherwise.

10)  Bus voltage deviation shall not exceed 5 percent of its initial voltage unless agreed by the affected operating agent.

11)  No system element should be loaded more than 100% of its emergency rating.

The following 35 contingencies will be simulated and evaluated for Heavy Summer and Shoulder Peak cases:

Single Contingencies

1)  New Interconnection Project

2)  Devers – Valley 500 kV line

3)  Imperial Valley – Miguel 500 kV line

4)  Imperial Valley – Miguel 500 kV and subsequent tripping of Imperial Valley-La 


Rosita (SWPL outage) 230 kV line

5)  Imperial Valley – ROA 230 kV line

6)  Imperial Valley – El Centro 230 kV line

7)  La Rosita – Rumarosa 230 kV line

8)  La Rosita – Metropoli 230 kV line

9)  Lugo – Mohave 500 kV line

10)  Lugo – Mira Loma

11)  Mira Loma - Serrano 500 kV line

12)  Lugo – Victorville 500 kV line

13)  Miguel – Mission 230 kV line

14)  Miguel – Sycamore 230 kV line

15)  Otaymesa – Tijuana 230 kV line

16)  Palo Verde – Devers 500 kV line

17)  Serrano – Valley 500 kV line

18)  Pacific DC Intertie

19)  Hassayampa – North Gila 500 kV line

20)  Imperial Valley – North Gila 500 kV line

21)  Otaymesa - Sycamore

22)  Otaymesa – Old Town

Double Contingencies

1) Ellis – Johanna and Ellis – Santiago 230 kV lines

2) Lugo – Victorville and Lugo – Vincent 500 kV lines

3) Lugo – Mira Loma #2 & #3 500 kV lines

4) Miguel – Mission and Miguel – Sycamore 230 kV lines

5) Miguel – Mission 230 kV and Miguel 230/69 kV transformer ckt 2

6) Otaymesa – Old Town and Otaymesa – Tijuana 230 kV lines

7) Otaymesa – Sycamore and Otaymesa – Tijuana 230 kV lines

8) North – SCE and SCE – Valley 500 kV lines

9) Two San Onofre units

10)   Two Palo Verde units

11)   IPP DC Line

12)   Miguel-Mission #1 & #2

13)   SONGS-Talega #1 & #2

The following buses will be monitored:

	Monitored Buses



	CFE
	SDG&E
	SCE

	CIP-115  115.00
	ENCINA   138.00
	BARRE    230.00

	CIP-230  230.00
	ENCINA   230.00
	CENTER S 230.00

	CRO-161  161.00
	IMPRLVLY 230.00
	CHINO    230.00

	CRO-230  230.00
	MIGUEL   230.00
	DEVERS   230.00

	CTY-161  161.00
	MISSION  230.00
	DEVERS   500.00

	CTY-230  230.00
	OLD TOWN 230.00
	JOHANNA  230.00

	MTP-69    69.00
	PENSQTOS 230.00
	KRAMER   230.00

	MXI-161  161.00
	S.ONOFRE 230.00
	LUGO     500.00

	MXI-230  230.00
	SANLUSRY 230.00
	MIRALOMA 230.00

	PAP-69    69.00
	SOUTHBAY  69.00
	MIRALOMA 500.00

	PAP-230  230.00
	SOUTHBAY 138.00
	MOHAVE   500.00

	PJZ-230  230.00
	SYCAMORE 230.00
	PADUA    230.00

	ROA-230  230.00
	TALEGA   230.00
	PARDEE   230.00

	RZC-161  161.00
	
	S.ONOFRE 230.00

	TJI-69    69.00
	LADWP
	SANTIAGO 230.00

	TJI-230  230.00
	Victorville 500
	SERRANO  230.00

	
	
	SERRANO  500.00

	IID
	
	VALLEYSC 500.00

	ELCENTRO 230.00
	
	VILLA PK 230.00

	COACHELV 230.00
	
	VINCENT  500.00

	HIGHLINE 230.00
	
	VSTA     230.00

	ELSTEAMP  92.00
	
	WALNUT   230.00

	IMPRLVLY 230.00
	
	


CRITERIA 

The WECC Voltage Stability Criteria will be applied for SDG&E, SCE, IID, LADWP, and CFE systems as described below.

For SDG&E the following criteria will be used:

· Level B disturbance (single element outage):  150 Mvars

· Level C disturbance (double element outage) : 75 Mvars

For CFE the following interim criteria will be used:

· Level B 230 kV disturbance (single element outage):   30 Mvars

· Level C 230 kV disturbance (double element outage):  15 Mvars

For SCE the following interim criteria will be used:

· Level B disturbance (single element outage):  300 Mvars at  all SCE buses

· Level C disturbance (double element outage):  150 Mvars at  all SCE buses

For IID the following interim criteria will be used:

· Level B disturbance (single element outage):  100 Mvars 

· Level C disturbance (double element outage):  50 Mvars 

For LADWP the following criteria will be used: 
· Level B disturbance (double element outage):  500 Mvars at Adelanto/Victorville 500 kV bus

METHODOLOGY 

The following methodologies will be applied to the post-contingency outages:

· All manually operated voltage control and phase shifting devices will be fixed except  as follows: 

Switchable Shunt to Float

SCE

ANTELOPE 230

BARRE    230

CHINO    230

DEVERS   230

EL NIDO  230

GOULD    230

KRAMER   230

LCIENEGA 230

LAGUBELL 230

LA FRESA 230

MESA CAL 230

MIRALOMW 230

MIRALOME 230

MIRAGE   230

MOORPARK 230

OLINDA   230

PADUA    230

PARDEE   230

RIOHONDO 230

SANBRDNO 230

S.CLARA  230

VALLEYSC 115

VICTOR   115

VILLA PK 230

VINCENT  230

VISTA    230

VSTA     230

WALNUT   230

SDG&E

CAPSTRNO 138.

EL CAJON 69.

LOSCOCHS 69.

MAIN ST   69.

MIGUEL    69.

MISSION   69.

PALOMAR 138.

SHADOWR 138

TELECYN 138.

PENSQTOS 69.

SANLUSRY 138.

SYCAMORE 69.

PENSQTOS 230.

ESCNDIDO 230.

· All generators which control a high side remote bus will be set at the pre-disturbance voltage at the terminal bus, except for the following generators:

EHUNTR 1 24.0

EHUNTR 2 24.0

EHUNTR 3 22.0

HUNTN G1 22.0

HUNTN G2 22.0

· Northwest shunt capacitors modeled as synchronous condensers will be converted to fixed shunt capacitors using their pre-disturbance MVAR value except for Keeler and Maple Valley Static VAR Compensators.

7. Short Circuit Studies

Short Circuit analysis will be performed at all SDG&E buses.

8. Concurrent/Sensitivity Studies

Simultaneous capabilities will be determined with the new interconnect line. To verify the simultaneous effects from the alternative interconnect transmission projects, the following steps will be taken:

· Verify that at the 4000 MW simultaneous import limit into the San Diego area, the system experiences no thermal overloads (All-Lines-In-Service at the continuous ratings and single contingencies for the emergency ratings);

· Verify that at the 4000 MW simultaneous import limit into the San Diego area , the system is within the transient stability criteria; and

· Verify that at the 4000 MW simultaneous import limit into the San Diego area, the system experiences no post-transient voltage and reactive margin violations of the established criteria. 

Palomar Power Plant

The Palomar Power Plant will be assumed in-service and available.  The power flow cases developed will model the power plant output at 541 MW, the rated output under high-temperature conditions.

Otay Mesa Power Plant

The Otay Mesa Power Plant will be assumed in-service and available.  The power flow cases developed will model the power plant output at 561 MW, the rated output under high-temperature conditions.  The plant will be modeled with 230 kV transmission interconnecting to SDG&E’s Sycamore Canyon and Old Town substations.

South Bay Power Plant

In accord with the CA-ISO document “Generation Assumptions for Grid Planning Studies”, April 2004, the South Bay Power Plant will be assumed retired and un-available for dispatch.  However, certain sensitivity studies will be conducted evaluating the South Bay plant as continuing in-service.

Lake Elsinore Advanced Pumped Storage (LEAPS) Generation

STEP has, at a high level, incorporated the LEAPS project in recent comparison studies.  SDG&E in this Study, though not incorporating LEAPS as a core assumption, will conduct sensitivity studies of the LEAPS project incorporating it in project alternatives modeling a connection between Southern California Edison and SDG&E.

Devers-Palo Verde #2
As part of the on-going Southwest Transmission Expansion Plan (STEP) studies, the Devers-Palo Verde #2 500 kV line is currently under evaluation as a future transmission upgrade which the CA-ISO Board may approve if the project is determined to have economic or reliability benefits to California ISO ratepayers.  Therefore, the second Devers-Palo Verde 500 kV circuit is not modeled as constructed and in-service by 2009.  However, certain sensitivity studies will be performed evaluating the second Devers-Palo Verde 500 kV line in-service.

9. Economic Benefit Analysis

Though system reliability need beyond year 2010 appears to be the driver of the project, SDG&E Transmission Planning is conducting this economic benefit analysis to quantitatively search for the best alternative that benefits California consumers and then the region the best.

The economic analysis will be guided by the latest development of the CA-ISO/CPUC TEAM methodology that was supported by CPUC and other regulators. Utilizing available LMP model, TEAM methodology and major assumptions that were commonly accepted, the economic analysis will evaluate preferred alternatives from this technical screening study, using four economic benefit test criteria, namely:

· Societal Test

· Modified societal test

· ISO Participant Test

· ISO Ratepayer Test.

Since the ISO-CPUC Team methodology is still under development and stakeholder review, SDG&E Transmission Planning can only follow the methodology as close as possible. The actual work may be performed internally within SDG&E or contracted out to industry expertise. 

10. Renewables

Each alternatives will be compared to determine its ability to access proposed renewable resources.  SDG&E is issuing a Request for Offers (RFO) to solicit offers from eligible renewable energy resources.  SDGE is seeking resources to expand its renewable portfolio with the goal to achieve an overall resource portfolio comprising of 20% renewable energy by the year 2010.  Deliveries must commence in 2005-2008 with the exception of resources at Imperial Valley by 2010. Any agreement executed with a Respondent offering resources from Imperial Valley without such adequate transmission capability shall be contingent upon SDG&E obtaining approval for and being able to license and construct a new 500 kV line from Imperial Valley to the San Diego area.

Timeline for RFO 

· RFO issued 7/1/04

· Bidding closed 8/19/04

· Short list completed 9/16/04

· RFO study and cost estimates complete ~12/04

· Sign contracts ~2005

 At the date of this study plan, the exact quantity and location of renewable resource projects have not been identified or studied.  Renewable resources from the RFO proceeding will be used as a guideline to model sensitivities for each alternative.

V.  STUDY METHODOLOGY
The methodology for which the Study will be performed is as follows:

1.  Development of Base Cases
The objective of the base case development is to review the power flow and stability base case data to ensure accuracy and applicability to the studies envisioned.  Cases will be updated using the most current SDG&E and SCE detailed models of their respective systems.  

2. Project Studies
Studies will be performed with the Project facilities added, and the cases will be tested to ensure compliance with all applicable reliability criteria, including the CA-ISO Planning Standards, WECC Reliability Criteria, and the NERC Planning Standards.  In doing so, studies will focus on N-1 contingency analysis, but will also include overlapping and credible double contingencies as defined in the applicable reliability criteria. 

3.   Preparation of the Final Study Report
The Study report will be prepared by SDG&E; while working closely with CA-ISO, SCE, IID, and CFE and stakeholder participants.

VI. STUDY SCHEDULE

The following table indicates the proposed study schedule.








            


     Week of:

Issue Study Plan ----------------------------------------------------------------------------- Oct 1, 2004

SDG&E Stakeholder  Meeting #1 – Kick Off ---------------------------------------Oct 1, 2004

Stakeholder Study Plan Comments  to SDG&E  ----------------------------------  Oct 15, 2004

SDG&E Finalizes Study Plan ------------------------------------------------------------ Oct 25, 2004

Stakeholder Meeting #2 – Thermal Results ------------------------------------------- Mid Dec

Transient Stability Analysis Initial Completion ------------------------------------------- Early Jan

Voltage Stability Analysis Initial Completion --------------------------------------------- Early Feb

Short Circuit Analysis Initial Completion ---------------------------------------------------- Mid Feb

Economic Analysis Initial Completion ------------------------------------------------------ Late Feb

Distribute Draft Report ------------------------------------------------------------------------ Early Mar

SDG&E  Stakeholder Meeting #3 - Draft Report ----------------------------------- Early Mar

Stakeholder Comments to SDG&E on Draft Report ------------------------------------ Mid Mar

SDG&E Distributes Final Report------------------------------------------------------------- Late Mar

Other Stakeholder/Working Group Meeting -------------------------------------- As Needed

Table 1:
Load and Resources
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APPENDIX A  --  Continuous and Emergency Ratings (MVA) of Transmission Facilities in  Southwest (from 2008 HS2-SA, Feb 11,2004)

	---FR---
	---TO---
	-BKV-
	CK
	Continuous
	Emergency

	ADELANTO
	VICTORVL
	500
	2
	2598
	2598

	ADELANTO
	RINALDI2
	500
	1
	1593
	1593

	ADELANTO
	TOLUCA
	500
	1
	2598
	2598

	ADELANTO
	VICTORVL
	500
	1
	2598
	2598

	ADELSVC
	ADELANTO
	500
	1
	387.5
	387.5

	AGUAFRIA
	WHITETNK
	230
	1
	725
	796.7

	AGUAFRIA
	WESTWING
	230
	1
	796.8
	996

	AGUAFRIA
	ALEXANDR
	230
	1
	725
	796.7

	AGUAFRIA
	WESTWING
	230
	2
	796.8
	996

	ALMITOSE
	CENTER S
	230
	1
	988
	1135

	ALMITOSE
	BARRE
	230
	1
	988
	1135

	ALMITOSW
	BARRE
	230
	2
	988
	1135

	ALMITOSW
	LITEHIPE
	230
	1
	988
	1135

	ALMITOSW
	ALMITOSE
	230
	1
	1434
	1649.1

	AMBROSIA
	WESTMESA
	230
	1
	318.7
	398.4

	AMBROSIA
	BISTI
	230
	1
	318.7
	398.4

	AMRAD
	ARTESIA
	345
	1
	863
	1172

	ANDERSON
	ORME
	230
	1
	796.7
	796.7

	ANDERSON
	KYRENE
	230
	1
	725
	876.4

	APACHE
	RED TAIL
	230
	1
	438.2
	482

	APACHE
	BUTERFLD
	230
	1
	334.6
	368.1

	APACHE
	WINCHSTR
	230
	1
	438.2
	482

	APD-230
	CTY-230
	230
	1
	341
	379

	ARCO SC
	HINSON
	230
	1
	494
	568.1

	ARCO SC
	HINSON
	230
	2
	494
	568.1

	ARTESIAR
	ARTESIA
	345
	1
	861.7
	861.7

	AVERY
	PNPKAPS
	230
	1
	1200
	1200

	AVERY
	RACEWAY
	230
	1
	796.8
	796.8

	B-A
	GUADLUPE
	345
	1
	478
	956.1

	B-A
	RIOPUERC
	345
	1
	1195.1
	1195.1

	B-A
	WESTMESA
	345
	1
	1003.9
	1195.1

	B-A
	NORTON
	345
	1
	478
	956.1

	BAILEY
	PASTORIA
	230
	1
	353
	373

	BARRE
	LEWIS
	230
	1
	1195
	1374

	BARRE
	VILLA PK
	230
	1
	1195
	1374

	BARRE
	ELLIS
	230
	1
	988
	1135

	BICKNELL
	VAIL
	345
	1
	818.7
	900.5

	BIG CRK1
	BIG CRK2
	230
	1
	353
	406

	BIG CRK1
	EASTWOOD
	230
	1
	357
	394.2

	BIG CRK1
	RECTOR
	230
	1
	353
	373

	BIG CRK2
	BIG CRK8
	230
	1
	353
	353

	BIG CRK2
	BIG CRK3
	230
	1
	353
	373

	BIG CRK3
	RECTOR
	230
	1
	353
	373

	BIG CRK4
	BIG CRK3
	230
	1
	357
	357

	BIG CRK8
	BIG CRK3
	230
	1
	353
	353

	BISTI
	PILLAR
	230
	1
	318.7
	398.4

	BLM EAST
	BLM WEST
	230
	1
	1287
	1480.1

	---FR---
	---TO---
	-BKV-
	CK
	Continuous
	Emergency

	BLM WEST
	KRAMER
	230
	1
	494
	568.1

	BRANDOW
	WARD
	230
	2
	358.5
	426.3

	BRANDOW
	PAPAGOBT
	230
	1
	637.4
	815.9

	BRANDOW
	WARD
	230
	1
	358.5
	426.3

	BRANDOW
	KYRENE
	230
	1
	637.4
	815.9

	BROWNING
	KYRENE
	500
	1
	1732
	2217

	BROWNING
	SANTAN
	230
	1
	936.2
	936.2

	BUCKEYE
	LIBERTY
	230
	1
	468
	515

	BURNHAM
	GALLEGOS
	230
	1
	402.4
	402.4

	BUTERFLD
	SAN RAF
	230
	1
	366.5
	403.1

	BUTERFLD
	PANTANO
	230
	1
	334.6
	368.1

	CACTUS
	OCOTILLO
	230
	1
	371
	461

	CACTUS
	PNPKAPS
	230
	1
	371
	461

	CALIENTE
	NEWMAN
	345
	1
	863
	1172

	CALIENTE
	AMRAD
	345
	1
	863
	1172

	CAMINO
	GENE
	230
	1
	358.5
	394.4

	CAMINO
	MEAD S
	230
	W
	358.5
	0

	CAMINO
	MEAD S
	230
	E
	358.5
	0

	CASGRAPS
	DBG
	230
	1
	900
	900

	CASTAIC
	OLIVE
	230
	1
	637
	637

	CASTAIC
	NRTHRDGE
	230
	1
	716
	716

	CASTAIC
	SYLMARLA
	230
	1
	736.2
	797

	CENTER S
	OLINDA
	230
	1
	797
	797

	CENTER S
	MESA CAL
	230
	1
	988
	1135

	CHINO
	MIRALOMW
	230
	1
	713
	820

	CHINO
	MIRALOME
	230
	3
	988
	1136.2

	CHINO
	MIRALOMW
	230
	2
	988
	1136.2

	CHINO
	SERRANO
	230
	1
	1195
	1195

	CHOLLA
	SAGUARO
	500
	1
	2017.8
	2017.8

	CHOLLA
	SAGUARO
	500
	1
	888.5
	1332

	CHOLLA
	PRECHCYN
	345
	1
	597.6
	782.8

	CHOLLA
	PNPKAPS
	345
	1
	597.6
	782.8

	CHOLLA
	LEUPP
	230
	1
	288
	288

	CIMA
	ELDORDO
	230
	1
	288.8
	332.1

	CIP-230
	LOM-230
	230
	1
	444
	493

	CNTURY1
	VICTORVL
	287
	1
	420
	640

	CNTURY2
	VICTORVL
	287
	1
	420
	640

	COACHELA
	MIDWAY
	230
	2
	779
	779

	COACHELA
	RAMON
	230
	1
	389
	389

	COACHELA
	DEVERS
	230
	1
	392.8
	0

	COACHELA
	MIDWAY
	230
	1
	779
	779

	COCONINO
	VERDE S
	230
	1
	211
	211

	COOLIDGE
	SUN ARIZ
	230
	1
	451
	496.1

	COOLIDGE
	SUN ARIZ
	230
	2
	451
	496.1

	COOLIDGE
	ED-2
	230
	1
	451
	496.1

	COOLIDGE
	ED-2
	230
	2
	451
	496.1

	CORBELL
	KYRENE
	230
	1
	637.4
	815.9

	CORONADO
	CHOLLA
	500
	1
	1732.1
	1732.1

	CORONADO
	SILVERKG
	500
	1
	1732
	1732

	COTTONWD
	PINETRCY
	230
	1
	459
	651

	COTTONWD
	INYO
	230
	1
	222.3
	0

	---FR---
	---TO---
	-BKV-
	CK
	Continuous
	Emergency

	CPD-230
	ROA-230
	230
	1
	388
	430

	CPD-230
	ESL-230
	230
	1
	388
	430

	CPD-230
	CHQ-230
	230
	1
	388
	430

	CPD-230
	CPT-230
	230
	1
	341
	379

	CPT-230
	CSC-230
	230
	1
	341
	379

	CPT-230
	APD-230
	230
	1
	341
	379

	CRO-230
	ROA-230
	230
	1
	388
	430

	CRYSTAL
	MCCULLGH
	500
	1
	1808.2
	2381.5

	CRYSTAL
	MCCULLGH
	500
	1
	3200.7
	4082.3

	CSC-230
	MXI-230
	230
	1
	341
	379

	CTRYCLUB
	LINCSTRT
	230
	1
	557.7
	810.7

	CTRYCLUB
	GLENDALE
	230
	1
	363.4
	745

	DAVIS
	RIVIERA
	230
	1
	438.2
	482

	DAVIS
	MCCULLGH
	230
	1
	468.1
	468.1

	DEERVALY
	ALEXANDR
	230
	1
	796.7
	796.7

	DEERVALY
	PINPKSRP
	230
	1
	478
	478

	DEERVALY
	WESTWING
	230
	1
	720
	894

	DELAMO
	LAGUBELL
	230
	1
	988
	1135

	DELAMO
	CENTER S
	230
	1
	988
	1135

	DELAMO
	ELLIS
	230
	1
	988
	1135

	DEVERS
	VSTA
	230
	2
	988
	1135

	DEVERS
	SANBRDNO
	230
	2
	988
	1135

	DEVERS
	p5160b
	230
	1
	1287
	0

	DEVERS
	MIRAGE
	230
	1
	494
	568

	DEVERS
	VALLEYSC
	500
	1
	2598
	2598

	DEVRSVC
	DEVERS
	500
	1
	387.5
	387.5

	DOSCONDO
	MORENCI
	230
	1
	438.2
	482

	EAGLEMTN
	IRON MTN
	230
	1
	358.5
	394.4

	EAGLEYE
	LIBERTY
	230
	1
	468
	515

	EAGLROCK
	SYLMAR S
	230
	1
	1195
	1374

	EAGLROCK
	PARDEE
	230
	1
	494
	568

	EAGLROCK
	MESA CAL
	230
	1
	988
	1135

	EL NIDO
	LA FRESA
	230
	3
	797
	797

	EL NIDO
	LA FRESA
	230
	4
	797
	797

	EL NIDO
	CHEVMAIN
	230
	1
	800
	951

	EL NIDO
	LCIENEGA
	230
	1
	643
	739

	EL SOL
	AGUAFRIA
	230
	1
	435
	539

	ELDORDO
	LUGO
	500
	1
	1645
	1862

	ELDORDO
	LUGO
	500
	1
	1386
	1386

	ELDORDO
	MCCULLGH
	500
	1
	2598
	2598

	ELDORDO
	LUGO
	500
	1
	1386
	1386

	ELLIS
	HUNTGBCH
	230
	2
	494
	568.1

	ELLIS
	HUNTGBCH
	230
	1
	494
	568.1

	ELLIS
	HUNTGBCH
	230
	3
	494
	568.1

	ELLIS
	HUNTGBCH
	230
	4
	494
	568.1

	ELLIS
	SANTIAGO
	230
	1
	1195
	1195

	ELLIS
	JOHANNA
	230
	1
	1195
	1195

	ELSEGNDO
	EL NIDO
	230
	1
	800
	951

	ELSEGNDO
	CHEVMAIN
	230
	1
	988
	1135

	EMPIRE
	CASAGRND
	230
	1
	120
	140

	ENCINATP
	SANLUSRY
	230
	1
	796.7
	912

	---FR---
	---TO---
	-BKV-
	CK
	Continuous
	Emergency

	ENCINATP
	ENCINA
	230
	1
	796.7
	912

	EPP
	SYCAMORE
	230
	1
	796.7
	912

	EPP
	ESCNDIDO
	230
	1
	796.7
	912

	ESCNDIDO
	ENCINATP
	230
	1
	796.7
	912

	ESCNDIDO
	TALEGA
	230
	1
	456.1
	456.1

	ESL-230
	CHQ-230
	230
	1
	388
	430

	ETIWANDA
	PADUA
	230
	1
	988
	1135

	ETIWANDA
	SANBRDNO
	230
	1
	797
	797

	ETIWANDA
	MIRALOME
	230
	1
	988
	1136.2

	ETIWANDA
	VSTA
	230
	1
	797
	797

	FLAGSTAF
	COCONINO
	230
	1
	736
	736

	FOURCORN
	SAN_JUAN
	345
	1
	1195.1
	1195.1

	FOURCORN
	CHOLLA
	345
	1
	687.2
	908.3

	FOURCORN
	MOENKOPI
	500
	1
	1567.5
	2182.4

	FOURCORN
	MOENKOPI
	500
	1
	1567.5
	2182.4

	FOURCORN
	CHOLLA
	345
	1
	687.2
	908.3

	FOURCORN
	CHOLLA
	345
	2
	687.2
	908.3

	FOURCORN
	WESTMESA
	345
	1
	1003.9
	1195.1

	FOURCORN
	MOENKOPI
	500
	1
	1732.1
	2182.4

	FOURCORN
	WESTMESA
	345
	1
	1003.9
	1195.1

	FOURCORN
	PILLAR
	230
	1
	318.7
	398.4

	FOURCORN
	WESTMESA
	345
	1
	1003.9
	1195.1

	FOURCORN
	CHOLLA
	345
	2
	687.2
	908.3

	FOURCORN
	RIOPUERC
	345
	1
	1195.1
	1195.1

	FOURCORN
	RIOPUERC
	345
	1
	1195.1
	1195.1

	GAVILNPK
	PRESCOTT
	230
	1
	334.6
	368

	GILABEND
	GILARIVR
	230
	1
	537
	537

	GLENDAL
	ATWATER
	230
	1
	708
	797

	GLENDAL
	ATWATER
	230
	2
	708
	797

	GLENDALW
	AGUAFRIA
	230
	1
	457
	569

	GLENDALW
	GLENDALE
	230
	1
	457
	569

	GOODRICH
	GOULD
	230
	1
	988
	1135

	GOODRICH
	LAGUBELL
	230
	1
	988
	1135

	GREEN-AE
	GREENLEE
	345
	1
	818.7
	900.5

	GREENLEE
	VAIL
	345
	1
	925
	1110

	GREENLEE
	WINCHSTR
	345
	1
	925
	1110

	GREENLEE
	VAIL
	345
	1
	925
	1110

	GREENLEE
	VAIL
	345
	1
	896
	1210

	GUADLUPE
	TAIBANMS
	345
	1
	1076
	1076

	HARBOR
	HINSON
	230
	1
	472
	544

	HARBOR
	LBEACH
	230
	1
	472
	544

	HARCUVAR
	HASSYAMP
	230
	1
	334
	350

	HASSYAMP
	PALOVRDE
	500
	2
	4290
	4290

	HASSYAMP
	JOJOBA
	500
	1
	1732
	1905.2

	HASSYAMP
	REDHAWK
	500
	1
	3000
	3000

	HASSYAMP
	JOJOBA
	500
	2
	1732.1
	1732.1

	HASSYAMP
	REDHAWK
	500
	2
	3000
	3000

	HASSYAMP
	N.GILA
	500
	1
	1905
	2572

	HASSYAMP
	PALOVRDE
	500
	1
	4290
	4290

	HASSYAMP
	MESQUITE
	500
	1
	3000
	0

	HASSYAMP
	N.GILA
	500
	1
	1299
	1660

	---FR---
	---TO---
	-BKV-
	CK
	Continuous
	Emergency

	HASSYAMP
	LIBERTY
	230
	1
	335
	369

	HASSYAMP
	PALOVRDE
	500
	3
	3220
	3220

	HASSYAMP
	ARLINTON
	500
	1
	3000
	3000

	HASSYAMP
	HARQUAHA
	500
	1
	3000
	3000

	HAYNES
	ATWATER
	230
	1
	637
	637

	HIDALGO
	GREENLEE
	345
	1
	717.1
	789

	HIDESERT
	VICTOR
	230
	1
	868
	868

	HIGHLINE
	MIDWAY
	230
	1
	389
	389

	HIGHLINE
	MIDWAY
	230
	2
	389
	389

	HILLTOP
	MCCONICO
	230
	1
	450
	490

	HINSON
	DELAMO
	230
	1
	956
	956

	HOLYWD
	TOLUCA
	230
	1
	313.1
	358

	HOLYWD
	TOLUCA
	230
	2
	400
	435

	HRD-230
	ROA-230
	230
	1
	388
	388

	HRD-230
	MTP-230
	230
	1
	388
	388

	HRD-230
	TOY-230
	230
	2
	388
	388

	HRD-230
	RUM-230
	230
	1
	388
	388

	IMPRLVLY
	MIGUEL
	500
	1
	2252
	3031

	IMPRLVLY
	ELCENTSW
	230
	1
	370.1
	0

	IMPRLVLY
	MIGUEL
	500
	1
	2818
	2818

	INTERMT
	INTERMTX
	345
	1
	2500
	2500

	INTERMT
	GONDER
	230
	1
	402
	402

	INYO
	OWENSCON
	230
	1
	222
	256

	IRON MTN
	CAMINO
	230
	1
	304
	304

	IVPS
	ELCENTSW
	230
	1
	370.1
	0

	J.HINDS
	EAGLEMTN
	230
	1
	358.5
	394.4

	J.HINDS
	MIRAGE
	230
	1
	357
	410

	JOHANNA
	SANTIAGO
	230
	1
	1195
	1195

	JOJOBA
	GILARIVR
	500
	2
	2598
	2598

	JOJOBA
	TS3
	230
	1
	537
	537

	JOJOBA
	GILARIVR
	230
	1
	537
	537

	JOJOBA
	PINALWES
	500
	1
	1732
	2217

	JOJOBA
	KYRENE
	500
	1
	1732
	1905.2

	JOJOBA
	GILARIVR
	500
	1
	2598
	2598

	JOVITA
	CIP-230
	230
	1
	388
	430

	JOVITA
	LOM-230
	230
	1
	444
	493

	KNOX
	SNTAROSA
	230
	1
	800
	800

	KRAMER
	COLWATER
	230
	1
	643
	739.5

	KRAMER
	LUGO
	230
	2
	478
	478

	KRAMER
	LUGO
	230
	1
	478
	478

	KRAMER
	COLWATER
	230
	2
	643
	739.5

	KYR-NEW
	OCOTILLO
	230
	1
	362.5
	0

	KYR-NEW
	KNOX
	230
	1
	800
	800

	KYRENE
	KYR-NEW
	230
	1
	804.7
	804.7

	KYRENE
	SCHRADER
	230
	1
	936.2
	936.2

	LA FRESA
	REDONDO
	230
	1
	956
	956

	LA FRESA
	LAGUBELL
	230
	1
	797
	797

	LA FRESA
	REDONDO
	230
	2
	956
	956

	LA FRESA
	HINSON
	230
	1
	797
	797

	LAGUBELL
	RIOHONDO
	230
	1
	988
	1135

	LBEACH
	LITEHIPE
	230
	1
	472
	544

	---FR---
	---TO---
	-BKV-
	CK
	Continuous
	Emergency

	LCIENEGA
	LA FRESA
	230
	1
	643
	739

	LEUPP
	FLAGSTAF
	230
	1
	288.8
	288.8

	LEUPP
	COCONINO
	230
	1
	288.8
	288.8

	LEWIS
	SERRANO
	230
	2
	1195
	1195

	LEWIS
	SERRANO
	230
	1
	1195
	1195

	LEWIS
	VILLA PK
	230
	1
	956
	956

	LIBERTY
	WESTWING
	230
	1
	1840
	2024

	LIBERTY
	ORME
	230
	1
	498
	498

	LIBERTY
	PHXWAPA
	230
	1
	319
	319

	LIBERTY
	RUDD
	230
	2
	637.4
	637.4

	LIBERTY
	LONE BUT
	230
	1
	451
	496.1

	LINCSTRT
	OCOTILLO
	230
	1
	313
	388

	LINCSTRT
	WPHXAPSN
	230
	1
	750
	750

	LITEHIPE
	MESA CAL
	230
	1
	956
	956

	LITEHIPE
	HINSON
	230
	1
	472
	478

	LONE BUT
	SUN ARIZ
	230
	1
	451
	496.1

	LONE BUT
	MARICOPA
	230
	1
	102
	102

	LONEPEAK
	PNPKAPS
	230
	1
	733
	910

	LONEPEAK
	SUNYSLOP
	230
	1
	438
	539

	LUGO
	VICTORVL
	500
	1
	2598
	2598

	LUGO
	MOHAVE
	500
	1
	1386
	1386

	LUGO
	MOHAVE
	500
	1
	1386
	1386

	LUGO
	SERRANO
	500
	1
	2598
	2598

	LUGO
	MOHAVE
	500
	1
	1386
	1386

	LUGO
	VINCENT
	500
	2
	2598
	2598

	LUGO
	VINCENT
	500
	1
	2598
	2598

	LUGO
	MIRALOMA
	500
	2
	3421
	3455

	LUGO
	MIRALOMA
	500
	3
	3152
	3152

	LUGO
	p5208a
	230
	1
	1287
	1478

	LUNA
	DIABLO
	345
	1
	939
	1313

	LUNA
	AFTON
	345
	1
	863
	1172

	LUNA
	HIDALGO
	345
	1
	717.1
	956

	LUNA
	DENA
	345
	1
	863
	1172

	LUZ LSP
	KRAMER
	230
	1
	1287
	1480.1

	LUZ8
	LUZ LSP
	230
	1
	420
	483

	LUZ9
	LUZ LSP
	230
	1
	420
	483

	MAGUNDEN
	PASTORIA
	230
	1
	353
	373

	MAGUNDEN
	SPRINGVL
	230
	2
	357
	376

	MAGUNDEN
	PASTORIA
	230
	2
	353
	373

	MAGUNDEN
	ANTELOPE
	230
	1
	357
	376

	MAGUNDEN
	PASTORIA
	230
	3
	494
	535

	MAGUNDEN
	VESTAL
	230
	1
	353
	373

	MAGUNDEN
	SPRINGVL
	230
	1
	478
	478

	MAGUNDEN
	VESTAL
	230
	2
	353
	373

	MAGUNDEN
	OMAR
	230
	1
	643
	739.5

	MAGUNDEN
	ANTELOPE
	230
	2
	478
	478

	MAMMOTH
	BIG CRK3
	230
	1
	357
	357

	MARICOPA
	SNTAROSA
	230
	1
	1000
	1100

	MARICOPA
	CASAGRND
	230
	1
	468
	500

	MARKETPL
	MCCULLGH
	500
	1
	3309
	3464

	MARKETPL
	ADELANTO
	500
	1
	5733
	8301

	---FR---
	---TO---
	-BKV-
	CK
	Continuous
	Emergency

	MARKETPL
	ADELANTO
	500
	1
	1636
	2210

	MARKETPL
	ADELANTO
	500
	1
	1636
	2210

	MCCONICO
	DAVIS
	230
	1
	450
	490

	MCCULLGH
	VICTORVL
	500
	1
	1385.6
	2078

	MCCULLGH
	VICTORVL
	500
	1
	1385.6
	2078

	MCCULLGH
	VICTORVL
	500
	2
	1385.6
	2078

	MCCULLGH
	VICTORVL
	500
	2
	1385.6
	2078

	MCCULLGH
	VICTORVL
	500
	1
	3564
	5164

	MCCULLGH
	VICTORVL
	500
	2
	3564
	5164

	MCKINLEY
	SPRINGR
	345
	2
	925
	1110

	MCKINLEY
	SPRINGR
	345
	1
	925
	1110

	MEAD
	VICTORVL
	287
	1
	419.1
	519

	MEAD S
	MCCULLGH
	230
	2
	358
	591

	MEAD S
	MCCULLGH
	230
	1
	358
	591

	MEADOWBK
	SUNYSLOP
	230
	1
	324.7
	647

	MEADOWBK
	CTRYCLUB
	230
	1
	517.9
	790.8

	MESA CAL
	REDONDO
	230
	1
	797
	797

	MESA CAL
	ANTELOPE
	230
	1
	357
	410

	MESA CAL
	WALNUT
	230
	1
	988
	1135

	MESA CAL
	RIOHONDO
	230
	1
	988
	1135

	MIGUEL
	MLSXTAP
	230
	1
	1176
	1176

	MIGUEL
	MISSION
	230
	2
	796.7
	912

	MIGUEL
	MISSION
	230
	1
	796.7
	912

	MIGUEL
	SYCAMORE
	230
	1
	796.7
	912

	MIGUEL
	MLMS3TAP
	230
	1
	1176
	1176

	MIRALOMA
	SERRANO
	500
	1
	2598
	2598

	MIRALOME
	OLINDA
	230
	1
	988
	1136.2

	MIRALOME
	VSTA
	230
	2
	988
	1136.2

	MIRALOME
	MIRALOMW
	230
	1
	9999
	9999

	MIRALOME
	PADUA
	230
	1
	988
	1136.2

	MIRALOMW
	VSTA
	230
	1
	988
	1136.2

	MIRALOMW
	WALNUT
	230
	1
	988
	1136.2

	MKTPSVC
	MARKETPL
	500
	1
	387.5
	387.5

	MOENKOPI
	MARKETPL
	500
	1
	1385.6
	0

	MOENKOPI
	ELDORDO
	500
	1
	1645.4
	2381.6

	MOENKOPI
	YAVAPAI
	500
	1
	1319.8
	1781.4

	MOENKOPI
	MARKETPL
	500
	1
	1385.6
	0

	MOENKOPI
	MARKETPL
	500
	1
	2147.8
	0

	MOENKOPI
	ELDORDO
	500
	1
	1645.4
	2381.6

	MOENKOPI
	ELDORDO
	500
	1
	3420.8
	3420

	MOENKOPI
	YAVAPAI
	500
	1
	2017.8
	2017.8

	MOHAVE
	ELDORDO
	500
	1
	2598
	2598

	MOORPARK
	ORMOND
	230
	2
	1287
	1480.1

	MOORPARK
	ORMOND
	230
	4
	1287
	1480.1

	MOORPARK
	ORMOND
	230
	1
	1287
	1480.1

	MOORPARK
	ORMOND
	230
	3
	1287
	1480.1

	MORENCI
	PD-MORNC
	230
	1
	366.5
	403.1

	MORENCI
	GREEN-AE
	230
	1
	438.2
	482

	MTP-230
	TJI-230
	230
	1
	800
	912

	MTP-230
	SAM-230
	230
	1
	444
	493

	MTP-230
	TJI-230
	230
	2
	800
	912

	---FR---
	---TO---
	-BKV-
	CK
	Continuous
	Emergency

	MTP-230
	TOY-230
	230
	1
	388
	388

	MXI-230
	XCO-230
	230
	1
	388
	430

	N.GILA
	IMPRLVLY
	500
	1
	1905
	2572

	N.WADDEL
	RACEWAY
	230
	1
	374
	374

	N.WADDEL
	WESTWING
	230
	1
	374
	374

	NAVAJO
	MOENKOPI
	500
	1
	2147.7
	2485.5

	NAVAJO
	CRYSTAL
	500
	1
	3200.7
	4082.3

	NAVAJO
	CRYSTAL
	500
	1
	1411.6
	2381.5

	NAVAJO
	WESTWING
	500
	1
	987.3
	1325

	NAVAJO
	WESTWING
	500
	1
	987.3
	1325

	NAVAJO
	WESTWING
	500
	1
	2017.8
	2017.8

	NAVAJO
	MOENKOPI
	500
	1
	1628.1
	2198

	NAVAJO
	CRYSTAL
	500
	1
	1808.2
	2381.5

	NAVYCOSO
	BLM EAST
	230
	1
	1287
	1480.1

	NEWMAN
	AFTON
	345
	1
	863
	1172

	NEWMAN
	ARROYO
	345
	1
	863
	1172

	NRTHRDGE
	TARZANA
	230
	3
	572.5
	749

	NRTHRDGE
	TARZANA
	230
	1
	572.5
	749

	NRTHRDGE
	TARZANA
	230
	2
	572.5
	749

	OJO
	TAOS
	345
	1
	549.8
	549.8

	OJ_EAST
	RIOPUERC
	345
	1
	1195.1
	1195.1

	OJ_EAST
	OJO
	345
	1
	717.1
	717.1

	OJ_EAST
	RIOPUERC
	345
	1
	1195.1
	1195.1

	OLD TOWN
	MLMS3TAP
	230
	1
	912
	1176

	OLD TOWN
	MISSION
	230
	2
	456.1
	481

	OLD TOWN
	MISSION
	230
	1
	456.1
	481

	OLINDA
	WALNUT
	230
	1
	797
	797

	OLIVE
	NRTHRDGE
	230
	1
	761
	1102

	OLYMPC
	TARZANA
	230
	1
	381.6
	436

	ORME
	RUDD
	230
	1
	725
	796.7

	ORME
	ANDERSON
	230
	2
	796.7
	796.7

	ORME
	RUDD
	230
	2
	796.7
	796.7

	OTAYMESA
	MLMS3TAP
	230
	1
	1176
	1255

	OTAYMESA
	TJI-230
	230
	1
	796.7
	796.7

	OTAYMESA
	MLSXTAP
	230
	1
	1176
	1255

	OWENS UP
	OWENSMID
	230
	1
	458.9
	0

	OWENSMID
	OWENSCON
	230
	1
	458.9
	0

	OXBOW  B
	OXBOW  A
	230
	1
	434
	499

	OZA-230
	CRO-230
	230
	1
	388
	430

	PALOVRDE
	WESTWING
	500
	2
	2598.1
	2598.1

	PALOVRDE
	WESTWING
	500
	1
	2598.1
	2598.1

	PALOVRDE
	DEVERS
	500
	1
	1645.4
	2104.4

	PALOVRDE
	DEVERS
	500
	1
	1645.4
	2104.4

	PALOVRDE
	DEVERS
	500
	1
	3420.8
	3420

	PALOVRDE
	RUDD
	500
	1
	1732.1
	2217

	PALOVRDE
	TS5
	500
	1
	1733
	1733

	PANTANO
	SAHUARIT
	230
	1
	334.6
	368.1

	PAP-230
	TJI-230
	230
	1
	444
	493

	PAP-230
	TJI-230
	230
	2
	444
	493

	PAPAGOBT
	PINPKSRP
	230
	1
	717
	852.5

	
	
	
	
	
	

	---FR---
	---TO---
	-BKV-
	CK
	Continuous
	Emergency

	PAPAGOBT
	KYRENE
	230
	1
	796.7
	876.4

	PAR-230
	ESL-230
	230
	1
	388
	430

	PAR-230
	ESL-230
	230
	2
	388
	430

	PARDEE
	MOORPARK
	230
	2
	956
	956

	PARDEE
	SYLMAR S
	230
	2
	1195
	1195

	PARDEE
	PASTORIA
	230
	1
	353
	373

	PARDEE
	MOORPARK
	230
	1
	1195
	1195

	PARDEE
	MOORPARK
	230
	3
	956
	956

	PARDEE
	BAILEY
	230
	1
	353
	373

	PARDEE
	S.CLARA
	230
	1
	494
	568

	PARDEE
	SAUG TAP
	230
	1
	494
	568.1

	PARDEE
	SAUG TAP
	230
	2
	494
	568.1

	PARDEE
	SYLMAR S
	230
	1
	1195
	1195

	PARDEE
	VINCENT
	230
	1
	988
	1135

	PARDEE
	WARNETAP
	230
	1
	494
	535

	PARKER
	EAGLEYE
	230
	1
	239
	0

	PARKER
	HARCUVAR
	230
	1
	239
	262.9

	PASTORIA
	p5112a
	230
	1
	1287
	0

	PASTORIA
	WARNETAP
	230
	1
	494
	534.6

	PASTORIA
	EDMONSTN
	230
	1
	1287
	1480.1

	PEGS
	AMBROSIA
	230
	1
	366.5
	366.5

	PENSQTOS
	OLD TOWN
	230
	1
	796.7
	912

	PENSQTOS
	ENCINA
	230
	1
	796.7
	912

	PERK PS1
	PERKINPS
	500
	1
	1238
	1238

	PERK PS2
	PERKINPS
	500
	1
	1238
	1238

	PERKINPS
	WESTWING
	500
	1
	1732
	2078

	PHXWAPA
	LONE BUT
	230
	1
	120
	120

	PILLAR
	BURNHAM
	230
	1
	402.4
	402.4

	PINALWES
	SOUTH
	345
	1
	672
	806

	PINALWES
	SNTAROSA
	500
	1
	1732
	2217

	PINETRCY
	RINALDI
	230
	1
	459
	651

	PINETRCY
	COLLECTH
	230
	1
	761
	1102

	PINPK
	PINPKSRP
	230
	1
	637
	677.3

	PINPK
	PINPKSRP
	230
	2
	637
	677.3

	PINPK
	GAVILNPK
	230
	1
	334.6
	368

	PINPKSRP
	BRANDOW
	230
	1
	362.5
	438.2

	PINPKSRP
	BRANDOW
	230
	2
	362.5
	438.2

	PISGAH
	LUGO
	230
	2
	289
	289

	PISGAH
	CIMA
	230
	1
	288.8
	332

	PISGAH
	ELDORDO
	230
	2
	289
	289

	PISGAH
	LUGO
	230
	1
	289
	289

	PJZ-230
	PAP-230
	230
	1
	444
	493

	PJZ-230
	ERB-230
	230
	1
	444
	493

	PJZ-230
	ERB-230
	230
	2
	444
	493

	PJZ-230
	TJI-230
	230
	1
	444
	493

	PJZ-230
	PAP-230
	230
	2
	444
	493

	PJZ-230
	TJI-230
	230
	2
	444
	493

	PJZ-230
	JOVITA
	230
	2
	391
	391

	PJZ-230
	MTP-230
	230
	2
	444
	493

	PJZ-230
	MTP-230
	230
	1
	444
	493

	PJZ-230
	JOVITA
	230
	1
	444
	493

	---FR---
	---TO---
	-BKV-
	CK
	Continuous
	Emergency

	PNPKAPS
	PINPKSRP
	230
	2
	402.4
	0

	PNPKAPS
	PINPKSRP
	230
	1
	402.4
	0

	PNPKAPS
	PINPK
	230
	1
	637.4
	680

	PNPKAPS
	OCOTILLO
	230
	1
	362.5
	430

	PRECHCYN
	PNPKAPS
	345
	1
	597.6
	782.8

	PRESCOTT
	PINPK
	230
	1
	335
	369

	PRESCOTT
	ROUNDVLY
	230
	1
	259
	259

	RACEWAY
	WESTWING
	230
	1
	374
	374

	RAMON
	MIRAGE
	230
	1
	392.8
	0

	REACH
	LONEPEAK
	230
	1
	717
	880

	REACH
	PNPKAPS
	230
	1
	717
	880

	RECTOR
	VESTAL
	230
	2
	353
	373

	RED TAIL
	DOSCONDO
	230
	1
	438.2
	482

	REDONDO
	LITEHIPE
	230
	1
	988
	1135

	RINALDI
	VALLEY
	230
	1
	761
	1102

	RINALDI
	SYLMARLA
	230
	3
	709.9
	1029

	RINALDI
	TOLUCA
	230
	1
	761
	1102

	RINALDI
	NRTHRDGE
	230
	1
	761
	1102

	RINALDI
	TOLUCA
	230
	2
	761
	1102

	RINALDI
	SYLMARLA
	230
	4
	761
	1102

	RINALDI
	SYLMARLA
	230
	1
	708.3
	1003

	RINALDI
	NRTHRDGE
	230
	2
	761
	1102

	RINALDI
	VALLEY
	230
	2
	761
	1102

	RIOHONDO
	VINCENT
	230
	2
	988
	1135

	RIOPUERC
	WESTMESA
	345
	2
	1195.1
	1195.1

	RIOPUERC
	WESTMESA
	345
	1
	1195.1
	1195.1

	RIOPUERC
	B-A
	345
	2
	1195.1
	1195.1

	RIVER
	HAYNES
	230
	1
	637
	637

	RIVER
	VELASCO
	230
	1
	542
	768

	ROA-230
	LRP-230
	230
	2
	796
	912

	ROA-230
	LRP-230
	230
	1
	796
	912

	ROA-230
	IMPRLVLY
	230
	1
	797
	1153

	ROGERS
	SPOOKHIL
	230
	1
	438
	438

	ROGERS
	PINPK
	230
	1
	438
	438

	ROGERS
	THUNDRST
	230
	1
	362.5
	438.2

	ROGERS
	PINPK
	230
	2
	438
	438

	ROUNDVLY
	PEACOCK
	230
	1
	335
	368.5

	RS17
	SCHRADER
	230
	2
	936.2
	936.2

	RS17
	SCHRADER
	230
	1
	936.2
	936.2

	RS19
	BROWNING
	230
	1
	796.7
	796.7

	RUDD
	TS3
	230
	1
	1195
	1434

	RUDD
	WHITETNK
	230
	1
	756
	797

	RUM-230
	ROA-230
	230
	1
	388
	388

	S.CLARA
	MANDALAY
	230
	2
	494
	568.1

	S.CLARA
	MOORPARK
	230
	2
	478
	478

	S.CLARA
	GOLETA
	230
	2
	478
	478

	S.CLARA
	GOLETA
	230
	1
	478
	478

	S.CLARA
	MOORPARK
	230
	1
	494
	568

	S.CLARA
	MANDALAY
	230
	1
	494
	568.1

	S.ONOFRE
	SANTIAGO
	230
	2
	1195
	1195

	S.ONOFRE
	SERRANO
	230
	1
	1195
	1195

	---FR---
	---TO---
	-BKV-
	CK
	Continuous
	Emergency

	S.ONOFRE
	SANTIAGO
	230
	1
	1195
	1195

	SAGUARO
	CASGRAPS
	230
	1
	537
	537

	SAGUARO
	TORTLIT2
	500
	1
	1093
	1311

	SAGUARO
	TATMOMLI
	230
	1
	287
	287

	SAGUARO
	TORTOLIT
	500
	1
	1093
	1311

	SAHUARIT
	BICKNELL
	230
	1
	334.6
	368.1

	SANBRDNO
	DEVERS
	230
	1
	988
	1135

	SANLUSRY
	ENCINA
	230
	1
	796.7
	912

	SANLUSRY
	MISSION
	230
	1
	456.1
	557

	SANLUSRY
	MISSION
	230
	2
	456.1
	557

	SANLUSRY
	S.ONOFRE
	230
	2
	796.7
	912

	SANLUSRY
	S.ONOFRE
	230
	1
	796.7
	912

	SANLUSRY
	S.ONOFRE
	230
	3
	796.7
	912

	SANTAN
	THUNDRST
	230
	1
	362.5
	876.4

	SANTAN
	CORBELL
	230
	1
	725
	876

	SAN_JUAN
	MCKINLEY
	345
	2
	777
	1016

	SAN_JUAN
	B-A
	345
	1
	1051.7
	1195.1

	SAN_JUAN
	B-A
	345
	1
	1051.7
	1195.1

	SAN_JUAN
	MCKINLEY
	345
	2
	777
	1016

	SAN_JUAN
	MCKINLEY
	345
	1
	777
	1016

	SAN_JUAN
	B-A
	345
	1
	1051.7
	1195.1

	SAN_JUAN
	RIOPUERC
	345
	1
	1195.1
	1195.1

	SAN_JUAN
	OJ_EAST
	345
	1
	1195.1
	1195.1

	SAN_JUAN
	OJO
	345
	1
	478
	717.1

	SAN_JUAN
	MCKINLEY
	345
	1
	777
	1016

	SAN_JUAN
	RIOPUERC
	345
	1
	1195.1
	1195.1

	SCATERGD
	OLYMPC
	230
	1
	313
	358

	SCHRADER
	SANTAN
	230
	1
	788
	788

	SERRANO
	VILLA PK
	230
	1
	1195
	1195

	SERRANO
	VILLA PK
	230
	2
	1195
	1195

	SERRANO
	VALLEYSC
	500
	1
	2598
	2598

	SHIPROCK
	SAN_JUAN
	345
	1
	717.1
	717.1

	SILVERKG
	BROWNING
	500
	1
	1732
	2217

	SILVERKG
	GOLDFELD
	230
	1
	458.1
	498

	SNTAROSA
	DBG
	230
	1
	900
	900

	SNTAROSA
	TATMOMLI
	230
	1
	287
	287

	SPOOKHIL
	COOLIDGE
	230
	1
	319
	340

	SPRINGR
	VAIL2
	345
	1
	717
	860

	SPRINGR
	LUNA
	345
	1
	657
	887

	SPRINGR
	VAIL2
	345
	1
	717
	860

	SPRINGR
	LUNA
	345
	1
	863
	1172

	SPRINGR
	VAIL2
	345
	1
	717
	860

	SPRINGR
	VAIL2
	345
	1
	666
	908

	SPRINGR
	GREENLEE
	345
	1
	745
	1010

	SPRINGR
	GREENLEE
	345
	1
	925
	1110

	SPRINGR
	CORONADO
	345
	1
	755
	906

	SPRINGR
	GREENLEE
	345
	1
	925
	1110

	SPRINGR
	VAIL2
	345
	1
	733
	992

	SPRINGVL
	BIG CRK4
	230
	1
	357
	376

	SPRINGVL
	BIG CRK3
	230
	1
	478
	478

	STB-230
	ROA-230
	230
	1
	388
	430

	---FR---
	---TO---
	-BKV-
	CK
	Continuous
	Emergency

	STB-230
	THO-230
	230
	1
	341
	379

	STB-230
	MXI-230
	230
	1
	341
	379

	STJOHN
	HAYNES
	230
	1
	637
	637

	STJOHN
	RIVER
	230
	1
	478
	478

	STJOHN
	ATWATER
	230
	1
	542
	558

	SURPRISE
	EL SOL
	230
	1
	637
	797

	SURPRISE
	WESTWING
	230
	1
	637
	802

	SYC CYN
	OMAR
	230
	1
	643
	739.5

	SYCAMORE
	MLSXTAP
	230
	1
	796.7
	968

	SYLMAR S
	GOULD
	230
	1
	1195
	1195

	SYLMAR1
	SYLMAR S
	230
	2
	1100
	1100

	SYLMAR2
	SYLMAR S
	230
	2
	1100
	1100

	SYLMAR3
	SYLMARLA
	230
	2
	1100
	1100

	SYLMAR4
	SYLMARLA
	230
	2
	1100
	1100

	SYLMARLA
	NRTHRDGE
	230
	1
	708
	797

	TAIBANMS
	BLACKWTR
	345
	1
	1076
	1075

	TALEGA
	S.ONOFRE
	230
	1
	796.7
	912

	TALEGA
	S.ONOFRE
	230
	2
	796.7
	912

	TEK-230
	STB-230
	230
	1
	341
	379

	TEK-230
	CTY-230
	230
	1
	341
	379

	THUNDRST
	GOLDFELD
	230
	1
	725
	876.4

	THUNDRST
	GOLDFELD
	230
	2
	725
	876.4

	TOLUCA
	GLENDAL
	230
	2
	708
	797

	TOLUCA
	ATWATER
	230
	1
	708.3
	797

	TOLUCA
	GLENDAL
	230
	1
	708
	797

	TRILBWSH
	TS2
	230
	1
	717
	869

	TS3
	TS2
	230
	1
	869.3
	869.3

	TS5
	TRILBWSH
	230
	1
	717
	869

	TS5
	TRILBWSH
	230
	2
	717
	869

	VAIL
	SOUTH
	345
	1
	925
	1110

	VALLEY
	TOLUCA
	230
	1
	761
	1102

	VALLEY
	TOLUCA
	230
	2
	761
	1102

	VALLEYSC
	CALPINE
	500
	1
	3592
	3933.9

	VALYSVC
	VALLEYSC
	500
	1
	387.5
	387.5

	VELASCO
	HAYNES
	230
	1
	708
	925

	VELASCO
	ATWATER
	230
	1
	541
	558

	VELASCO
	CNTURYLD
	230
	1
	637
	637

	VELASCO
	CNTURYLD
	230
	2
	478
	478

	VERDE N
	VERDE S
	230
	1
	796
	796

	VESTAL
	RECTOR
	230
	1
	353
	373

	VICTOR
	LUGO
	230
	1
	494
	568

	VICTOR
	LUGO
	230
	2
	494
	568

	VICTORVL
	RINALDI
	500
	1
	1593
	1593

	VIEJOSC
	S.ONOFRE
	230
	1
	1287
	1478

	VIEJOSC
	CHINO
	230
	1
	1287
	1478

	VINCENT
	RIOHONDO
	230
	1
	988
	1135

	VINCENT
	S.CLARA
	230
	1
	494
	568

	VINCENT
	ANTELOPE
	230
	1
	494
	568

	VINCENT
	SEAWEST
	230
	1
	494
	568.1

	VINCENT
	MESA CAL
	230
	1
	956
	956

	VINCENT
	PEARBLSM
	230
	1
	352.6
	405.5

	---FR---
	---TO---
	-BKV-
	CK
	Continuous
	Emergency

	VSTA
	DEVERS
	230
	1
	988
	1135

	VSTA
	SANBRDNO
	230
	2
	956
	956

	WARNE
	WARNETAP
	230
	1
	357
	410.6

	WESTMESA
	ARR___PS
	345
	1
	717
	717

	WESTMESA
	SANDIA
	345
	1
	478
	956.1

	WESTWING
	PINPK
	230
	1
	733
	837

	WESTWING
	PINALWES
	345
	1
	672
	806

	WESTWING
	EL SOL
	230
	1
	717
	869

	WESTWING
	SOUTH
	345
	1
	925
	1110

	WHTNKAPS
	EL SOL
	230
	1
	717
	869

	WHTNKAPS
	RUDD
	230
	1
	1195
	1434

	WINCHSTR
	VAIL
	345
	1
	925
	1110

	WINCHSTR
	VAIL
	345
	1
	896
	1210

	WINCHSTR
	VAIL
	345
	1
	925
	1110

	WIS-230
	MXI-230
	230
	1
	388
	430

	WIS-230
	ROA-230
	230
	1
	388
	430

	WIS-230
	OZA-230
	230
	1
	388
	430

	WIS-230
	XCO-230
	230
	1
	388
	430

	WPHXAPSN
	WHTNKAPS
	230
	1
	717
	869

	WPHXAPSS
	RUDD
	230
	1
	1195
	1434

	WPHXAPSS
	WPHXAPSN
	230
	1
	750
	750

	YAVAPAI
	PRESCOTT
	230
	1
	267
	323

	YAVAPAI
	WESTWING
	500
	1
	1056.6
	1420

	YAVAPAI
	VERDE N
	230
	1
	211
	211

	YAVAPAI
	WESTWING
	500
	1
	2017.8
	2017.8


 APPENDIX B -- Pre-Outage (Base Case) Steady State Voltage Limits
	System
	Critical Buses
	Voltage Minimum (P.U.)
	Voltage Maximum (P.U.)
	Comments

	Northwest
	All PACI Buses
	1.065
	
	

	Upper Colorado
	All Buses
	0.950
	
	

	Utah
	All Buses
	0.950
	
	

	Northern California
	Malin 500 kV

Midway 500 kV

Tesla 500 kV

Tesla 230 kV

Table Mtn 500 kV

Vaca-Dixon 500 kV

Vaca-Dixon 230 kV
	1.065

1.040

1.020

1.000

1.030

1.000

1.000
	1.084

1.080

1.070

1.043

1.080

1.070

1.043
	

	Arizona-California
	Devers 230 kV

Devers 500 kV

Lugo 500 kV

Miguel 500 kV

Vincent 500 kV

Westwing 500 kV

Ira Loma 500 kV
	0.920

0.966

0.966

1.000

0.966

1.020

0.966
	1.050
	Flag < 0.9500

Flag < 0.9870

Flag < 0.9975

----------------

Flag < 0.9975

----------------

Flag < 0.9975

	Sierra Pacific
	Reno 120 kV
	0.983
	
	

	SDG&E

	  69 kV
	0.956   (66 kV)
	1.043   (72 kV)
	

	SDG&E
	138 kV
	0.956 (132 kV)
	1.050 (145 kV)
	

	SDG&E
	230 kV
	0.947 (218 kV)
	1.052 (242 kV)
	Flag < 0.950

	SDG&E
	500 kV
	0.990 (495 kV)
	1.100 (550 kV)
	Flag < 1.000

	SCE 500 kV
	
	
	
	Flag < 0.9975

	SCE 230 kV
	
	
	
	Flag < 0.9500

	NPC 230 kV
	
	
	
	0.985

	Mead 230 kV
	
	
	
	0.950

	Westwing 230 kV
	
	
	
	Flag < 1.030

	Pinnacle Peak APS 230 kV
	
	
	
	Flag < 1.025

	Valley 500 kV
	
	
	
	Flag < 0.9870

	Mirage 230 kV
	
	
	
	0.900

	Blythe 161 kV
	
	
	
	Flag < 0.9500

	MWD
	Iron Mtn 6.9 kV

Eagle Mtn 6.9 kV

Julian Hinds 6.9 kV
	
	
	0.940

0.940

0.940

	LADWP DC
	Adelanto 500 kV

Sylmar 230 kV
	
	
	Flag < 1.020

Flag < 0.990


APPENDIX C -- Transient Stability Switching Sequences

Hassayampa – N. Gila 500 kV Line Outage,

Following Fault at Hassayampa 500 kV Bus

Time (Cycles)





Event Simulated

-----------------

----------------------------------------------------------------------------------------

0.0

 Apply Three-Phase Fault at the Hassayampa 500 kV Bus

 Flash series capacitors in the following 500 kV lines:





Palo Verde –Devers, Hassayampa-N.Gila,





N. Gila-Imperial Valley, Imperial Valley-Miguel,





Moenkopi-Yavapai-Westwing,





Navajo-Westwing, Mead-Perkins




 Apply 7.2% Fault Damping (98-106 MW) to each Palo Verde unit


4.0

 Clear the Fault




 Switch out the Hassayampa-N. Gila 500 kV Line




 Reinsert Series Capacitors:





Palo Verde – N. Gila-Imperial Valley,

Imperial Valley-Miguel, Mead-Perkins




 Remove Fault damping from the Palo Verde units.


8.0

 Reinsert Series Capacitors:





Moenkopi-Yavapi-Westwing, Navajo-Westwing

Palo Verde – Devers 500 kV Line Outage,

Following Fault at Palo Verde 500 kV Bus

Time (Cycles)





Event Simulated

-----------------

----------------------------------------------------------------------------------------

0.0

 Apply Three-Phase Fault at the Palo Verde 500 kV Bus



 Apply 7.2% Fault Damping (98-106 MW) to each Palo Verde unit



 Flash series capacitors in the following 500 kV lines:





Palo Verde –Devers, Hassayampa-N.Gila,





N. Gila-Imperial Valley, Imperial Valley-Miguel,





Moenkopi-Yavapai-Westwing,





Navajo-Westwing, Mead-Perkins


4.0

 Clear the Fault




 Switch out the Palo Verde-Devers 500 kV Line




 Reinsert Series Capacitors:





Palo Verde – N. Gila-Imperial Valley,

Imperial Valley-Miguel, Mead-Perkins




 Remove Fault damping from the Palo Verde units.


8.0

 Reinsert Series Capacitors:





Moenkopi-Yavapi-Westwing, Navajo-Westwing

Navajo – McCullough 500 kV Line Outage,

Following Fault at Navajo 500 kV Bus

Time (Cycles)





Event Simulated

-----------------

----------------------------------------------------------------------------------------

0.0

 Apply Three-Phase Fault at the Navajo 500 kV Bus



 Apply 6% Fault Damping (48 MW) to each Navajo unit



 Flash series capacitors in the following 500 kV lines:





Navajo-McCullough, Navajo-Moenkopi





Navajo-Westwing, Moenkopi-Four Corners





Moenkopi-Eldorado


4.0

 Clear Fault from Navajo 500 kV Bus




 Switch out the Navajo-McCullough 500 kV Line




 Remove Fault damping from the Navajo units.


8.0

 Reinsert Series Capacitors:





Navajo-Moenkopi, Navajo-Westwing

Moenkopi-Four Corners, Moenkopi-Eldorado

Imperial Valley - Miguel 500 kV Line Outage,

Following Fault at Imperial Valley

Time (Cycles)





Event Simulated

-----------------

----------------------------------------------------------------------------------------

  0.0

 Apply Three-Phase Fault at the Imperial Valley 500 kV Bus




 Flash Series Capacitor Gaps in the Following Lines:





Palo Verde - North Gila





North Gila - Imperial Valley





Imperial Valley - Miguel


  4.0

 Clear the Fault




 Remove the Imperial Valley - Miguel 500 kV Line




 Reinsert Series Capacitors (P.V. - North Gila - Imperial Valley)


     ?

 Open the I.V. - La Rosita 230 kV line at such time (if ever) 





that the current magnitude (Irms) exceeds 1270 amps for





more than 2 seconds and does not drop below 1270 amps





during swings.

Lugo - Mira Loma #2 and #3 500 kV Line Outage,

Following Fault at Mira Loma 500 kV Bus

Time (Cycles)





Event Simulated

-----------------

----------------------------------------------------------------------------------------

  0.0

 Apply Three-Phase Fault at the Mira Loma 500 kV Bus


  4.0

 Clear the Fault




 Remove both Lugo - Mira Loma 500 kV Lines

Serrano - Valley 500 kV Line Outage,

Following Fault at Serrano 500 kV Bus

Time (Cycles)





Event Simulated

-----------------

----------------------------------------------------------------------------------------

  0.0

 Apply Three-Phase Fault at the Serrano 500 kV Bus


  4.0

 Clear the Fault




 Remove Serrano - Valley 500 kV Line

Devers - Valley 500 kV Line Outage,

Following Fault at Serrano 500 kV Bus

Time (Cycles)





Event Simulated

-----------------

----------------------------------------------------------------------------------------

  0.0

 Apply Three-Phase Fault at the Devers 500 kV Bus


  4.0

 Clear the Fault




 Remove Devers - Valley 500 kV Line

Midway - Vincent 500 kV Double Line Outage,

Following Fault at Midway 500 kV Bus

Time (Cycles)





Event Simulated

-----------------

----------------------------------------------------------------------------------------

  0.0

 Apply Three-Phase Fault at the Midway 500 kV Bus


  4.0

 Clear the Fault from the Midway 500 kV Bus




 Remove Midway – Vincent #1 500 kV Line




 Remove Midway – Vincent #2 500 kV Line

Loss of 2 Palo Verde Nuclear Generating Units

Time (Cycles)





Event Simulated

-----------------

----------------------------------------------------------------------------------------

  0.0

 Trip Both Palo Verde Generating Units #1 & #2


  

 The Northwest FACRI RAS scheme may insert caps at 




Fort Rock, and/or Malin MSC’s depending on Malin




Voltage swings.

 A direct RAS will trip load in the Phoenix area or under frequency load shedding at specific locations for a total of up to 150 MW.

Loss of 2 San Onofre (SONGS) Nuclear Generating Units

Time (Cycles)





Event Simulated

-----------------

----------------------------------------------------------------------------------------

  0.0

 Trip Both San Onofre Generating Units #2 & #3


  

 The Northwest FACRI RAS scheme may insert caps at 




Fort Rock, and/or Malin MSC’s depending on Malin

Voltage swings.

APPENDIX D -- List of Stability Plots

All Areas

Generator Rotor Angles
   Plot generators with highest angle swing

Bus Voltages/Frequency
Plot bus voltages with highest dip

Plot bus frequencies with lowest frequency
Specific plots will be considered and accommodated upon request.

L&R table: Heavy Summer (90/10) Power Flow Cases





Pre-Project





System Parameters





SDG&E





SCE





IID





CFE





LADWP





Load





4798





22853





925





2785





6636





Losses





120





501





50





38





224





Total Load





4918





23354





976





2823





6860





Interchange





-2850





-7612





78





0





-2040





Generation On-Line          





(Less Pump Load)





2068





15743





1054





2824





4820





Path Flows (MW)





SCIT





13091





Path 26 (MW-Vin)





2343





Path 44





802





Path 46 (WOR)





6902





Path 49 (EOR)





6524





Pacific DC





1601





IPP DC





998





North of Lugo





1375





South of Lugo





4630





Lugo-Victorville





1222





West of Devers





1119





COI





2961








�   Figures for SDG&E indicate operating limits beyond which RTU Low or High Voltage


      alarms will occur.
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