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ORIGINAL 
A subsidiary of Pinnacle West Capital Corporation 

Mail Station 2259 Name: Bob Smith Tel. 602-250-1 144 
Title: Trans. Plng. Mngr. F ~ x  602-250-1 155 PO Box 53999 
Department: Trans. Plng. e-mail: robert.smith@aps.com Phoenix, Aruona 85072-3999 

January 3 1,2005 

o p o o u o  Ernest Johnson 
Director, Utilities Division 
ARIZONA CORPORATION COMMISSION 
1200 West Washington Street 
Phoenix, AZ 85007 

Re: 10-Year Pian 

Dear Mr. Johnson: 

In compliance with A.RS. 5 40-360.02 and pursuant to Arizona Corporation Commission 
(“Commission”) Decision Nos. 63876 (July 25, 2001), and 65154 (September 10, 2002), enclosed please find 
Arizona Public Service Company’s (“APS” or “Company”) 2005-2014 Ten-Year Plan for major transmission 
facilities, along with associated system studies and system ratings. 

The 2005-2014 Ten-Year Plan describes planned transmission lines of 115 kV or higher that APS may 
construct over the next 10 years. This Ten-Year Plan includes approximately 343 miles of new 500 kV 
transmission lines, 72 miles of new 230 kV transmission lines, and 17 new bulk transformers. The APS 
investment needed to construct these projects is currently estimated to exceed $1.15 billion. When completed, 
these projects are expected to add approximately 2000 MW of additional Extra-High Voltage scheduling 
capability, as well as 3400 MW of import capability into the Metropolitan Phoenix Area and 247 MW of import 
capability into Yuma. 

These new transmission projects, coupled with additional dimibution and sub-transmission 
investments, will support reliable power delivery in both APS’ service area and in the western United States. 
However, the Ten-Year Plan, as well as other APS reliability-related infhstructure investments, is premised on 
a number of assumptions concerning the Company’s future financial condition, the regulatory treatment of such 
investments by the Commission and the Federal Energy Regulatory Commission (“FEiRC”), other state and 
federal policies a f fdng  transmission, and, of course, APS’ ability to finance large investments of this nature 
on commercially-reasonable terms. 

Please contact me if you have any questions or desire additional information concerning this filing. 

RDS: AKK 
Enclosures 
Cc/encl: Docket Control (Original, plus 13 copies) 

Laurie Woodall Assistant Attorney General 

Bob Smith 

mailto:robert.smith@aps.com
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ARIZONA PUBLIC SERVICE COMPANY 
2005-201 4 

TEN-YEAR PLAN 

GENERAL INFORMATION 

Pursuant to A.R.S. 5 40-360.02, Arizona Public Service Company (“APS”) submits its 

2005-20 14 Ten-Year Plan. Additionally, pursuant to Arizona Corporation Commission 

(“Commission”) Decision No. 63876 (July 25,200 1) concerning the first Biennial Transmission 

Assessment, APS is including with this filing its Transmission Planning Process and Guidelines 

and maps showing system ratings on APS’ transmission system. The Transmission Planning 

Process and Guidelines outline generally APS ’ internal planning for its high voltage and extra- 

high voltage transmission system, including a discussion of APS’ planning methodology, 

planning assumptions, and its guidelines for system performance. The system ratings maps show 

emergency and continuous system ratings on APS’ extra-high voltage system, and on its Metro, 

Northern, and Southern 230-kV systems. 

This 2005-20 14 Ten-Year Plan describes planned transmission lines of 1 15-kV or higher 

voltage that APS may construct over the next ten-year period. Pursuant to A.R.S. 5 40-360(10), 

underground facilities are not included. There are approximately 343 miles of 500-kV 

transmission lines, 72 miles of 230-kV transmission lines, and 17 bulk transformers contained in 

the projects in this Ten-Year Plan filing. The total investment for the APS projects and the 

anticipated APS portion of the participation projects as they are modeled in this filing, is 

estimated to be in excess of $1.15 billion and the projects will add approximately 2000 MW of 

additional EHV scheduling capability, 3400 MW of import capability into the Phoenix area, and 

247 MW of import capability into the Yuma area. The following table shows a breakdown of the 

projects contained in this Ten-Year Plan. 
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I Proiects in Ten-Year Plan I 
I 500-kV transmission lines 1 343 miles I 
230-kV transmission lines 72 miles 
Bulk Transformers 17 
Total Investment $1.15 billion 
EHV Scheduling Capability 
Total Phoenix Area Import 

+2000 MW (+28 %)' 
+3400 MW (+39 %)I - I 

Yuma Area Import I +247 MW (+151 %)' 
'. Based on 2004 values. 

Also, some of the previously reported facilities that have been completed, canceled, or 

deferred beyond the upcoming ten-year period are not included. The projects at the end of this 

Ten-Year Plan that have in-service dates of To Be Determined (TBD) are projects that have been 

identified, but are outside of the ten year planning window. They have been included in this 

filing for informational purposes. A summary of changes from last year's plan is provided 

below, along with a list of projects that have been added to the Ten-Year Plan this year. 

For the convenience of the reader, APS has included system maps showing the electrical a 
connections and in-service dates for all overhead transmission projects planned by A P S  for 

Arizona and the Phoenix Metropolitan Area. Written descriptions of each proposed transmission 

project are provided on subsequent pages in the currently expected chronological order of each 

project. The line routings shown on the system maps and the descriptions of each transmission 

line are intended to be general, showing electrical connections and not specific routings, and are 

subject to revision. Specific routing is determined by the Arizona Power Plant and Transmission 

Line Siting Committee when issuing a Certificate of Environmental Compatibility and through 

subsequent right-of-way acquisition. Pursuant to the amendments to A.R. S. 9 40-360.02, this 

filing also includes technical study results for the projects identified. The technical study results 

show project needs which are generally based on either security (contingency performance) or 

adequacy (generator interconnection or increasing transfer capability) or both. c 



APS participates in numerous regional planning organizations. Through membership and 

participation in these organizations the needs of multiple entities, and the region as a whole, can 

be identified and studied. This allows for the potential of maximizing the effectiveness and 

utilization of new projects. Some regional organizations that APS is a member of include the 

Western Electricity Coordinating Council (WECC), the Southwest Area Transmission Planning 

(SWAT), the Southwest Transmission Expansion Plan (STEP), and the Seams Steering Group - 

Western Interconnection (SSG-WI). Some of the plans included in this filing are the result of 

these coordinated planning efforts. APS is open to other entities participating in any existing or 

future planned projects. 

APS believes that the projects identified in this 2005-2014 Ten-Year Plan, with their 

associated in-service dates, will ensure that APS’ transmission system meets all applicable 

reliability criteria. However, changes in regulatory requirements or underlying assumptions such 

as load forecasts, generation expansion, financial condition, and other utilities’ plans, may 

substantially impact this Ten-Year Plan and could result in changes to anticipated in-service 

dates or project scopes. Additionally, the future formation and role of the Westconnect Regional 

Transmission Organization (RTO), or other federal and regional mandates, may impact this Ten- 

Year Plan and the transmission planning process generally. This Ten-Year Plan is tentative 

information only and, pursuant to A.R.S. 0 40-360.02(F), is subject to change without notice at 

the discretion of APS, based on land usage, growth pattern changes, regulatory or legal 
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developments, or for other reasons. 

Changes From 2004-2013 Ten-Year Plan 

The following is a list of projects that were changed or removed from the Ten-Year plan 

filed last year, along with a brief description of why the change was made. 



0 Gila Bend-TS8 230-kV line 

This project is no longer in the plan as the Gila Bend-TS8 230-kV line. The 

point of origin has changed to a bus in the Palo Verde vicinity instead of Gila Bend to 

take advantage of the resources and partnership opportunities in the Palo Verde 

vicinity. Also, the point of termination has changed from TS8 to the North Gila 500- 

kV substation or a new substation adjacent to North Gila. In addition to the end 

points of the project changing the project has changed from a 230-kV line to the 

option of either a 230-kV or a 500-kV line due to interest that has been expressed in 

this project from other entities to participate in the project. Having multiple 

participants in the project would drive the project to being a 500-kV line. 

Hassayampa - Joioba - Pinal West 500-kV line 0 

The project is in the plan as Hassayampa-Pinal West and no longer has the 

Jojoba 500-kV switchyard as an intermediate point. While the option of connecting 

the project into the Jojoba 500-kV switchyard is still available, it is no longer planned 

as part of the initial project. The in-service date has been moved fi-om 2006 to 2007 

and the option for a second circuit has also been added to accurately reflect the CEC 

that was obtained. 

Northern Area Interconnections 

The Flagstaff 345/69-kV interconnection at the WAPA Flagstaff substation 

has been delayed from 2006 to 2009. With the addition of substation capacitors and 

transmission line upgrades the need date of the interconnection has been determined 

to be 2009. 

The Second Knoll 500/69-kV loop-in of SRP’s Coronado-Silver King 500-kV 

line has been changed. The project will now loop-in SW’s Coronado-Cholla 500-kV 



line. The Coronado-Cholla 500-kV line was determined to provide a better 

interconnection due to the lack of series capacitors in the line. 

Raceway loop-in of Navaio-Westwing 500-kV line 0 

The loop-in of the Raceway 500-kV substation into the Navajo-Westwing line 

has been split into two separate project descriptions. This was done to clarify that it 

is actually two separate projects. One project is the loop-in of the 500-kV substation 

and the second project is the 230-kV lines from the 500/230-kV transformers (at the 

500-kV substation) to the existing Raceway 230-kV substation. 

0 Westwing-El Sol 230-kV line 

The in-service date for the Westwing-El Sol 230-kV line has been changed 

from 2013 to a TBD in-service date. Due to the addition of other projects, the needed 

in-service date for the Westwing-El Sol 230-kV line is beyond the ten year window of 

this plan. 

TS3-TS2-TS 1 230-kV lines 

The 2004-2013 Ten-Year Plan showed these projects as single circuit 230-kV 

lines. The 2005-2014 Ten-Year Plan is showing these projects as double circuit 230- 

kV lines with the in-service date of the second circuit to be determined in future 

planning studies. 

New Proiects in the 2005-2014 Ten-Year Plan 

The following is a list of projects that are in the 2005-2014 Ten-Year Plan that were not 

in the 2004-2013 Ten-Year Plan. 



0 NE3 loop-in of Cholla-Pinnacle Peak 345-kV line 

This project has an in-service date of 2010. It is planned to be a 345169-kV 

substation adjacent to the Cholla-Pinnacle Peak 345-kV line corridor, somewhere 

between Pinnacle Peak substation and 136th street, and is to serve the growing 

electrical needs in the northeastern part of the Phoenix Metropolitan area. 

Jojoba loop-in of TS4-Gila River 230-kV line 0 

This project has an in-service date of 201 1. It is planned to be a 230/69-kV 

substation in the TS4-Gila River 230-kV line and is to serve the electrical needs of 

the growing communities in the areas of Buckeye, Goodyear, and Gila Bend. 

Raceway-Pinnacle Peak 500-kV line 

This project has an in-service date of 2012. It is planned to be a 500-kV line 

between the Raceway 500-kV substation and a new Pinnacle Peak 500-kV substation. 

This project was identified in the SWAT planning groups and will be ajoint 

participation project with APS as the project manager. The project will increase the 

import capability to the Phoenix Metropolitan area and strengthen the 230-kV 

transmission system throughout the Phoenix Metropolitan area. 
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Line Designation 

- Size 
(a) Voltage 

(b) Capacity 

(c) Point of Origin 

(d) Intermediate Point 

Arizona Public Service Company 

Te n -Year P I an 
Planned Transmission Description 

2005 - 2014 

- 2005 

Gavilan Peak loop-in of Pinnacle Peak-Prescott 230-kV line. 

230-kV AC. 

188 MVA 

Pinnacle Peak-Prescott 230-kV line near 12th Street and 
Desert Hills Drive; Sec. 28, T6N, ME. 

None. 

(e) Point of Termination Gavilan Peak 230/69-kV substation to be built in 2005, 1/4 
mile south of the intersection of 12th Street and Desert Hills 
Drive; within the northeast quarter of Sec. 28, T6N, R3E. 

Purpose 

Two single-circuit lines, not to exceed two spans, from the 
existing line corridor to the Gavilan Peak substation. 

Gavilan Peak 230-kV substation will be adjacent to the 
Pinnacle Peak-Prescott 230-kV line so it will not exceed two 
spans. 

(a) Construction Start 2003 
(b) Estimated In Service 2005 

This substation will be needed to serve projected need for 
electric energy in the area immediately north of the Phoenix 
Metropolitan area. Additionally, improved reliability and 
continuity of service will result for the growing communities 
in the areas of Desert Hills, Anthem, and New River. 

A Certijkate of Environmental Compatibility is not needed for this project. 
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Arizona Public Service Company 

Ten-Year Plan 
Planned Transmission Description 

2005 - 2014 

Line Designation 

(a) Voltage 
(b) Capacity 
(c) Point of Origin 

(d) Intermediate Point 

Rudd - TS3 - TS4 230-kV line. 

230-kV AC. 
1200 MVA. 
Rudd-Liberty 230-kV transmission line near the intersection 
of Broadway Road and Perryville Road; within Sec. 28, TIN, 
R1 W. 

TS3 230/69-kV substation to be constructed in 2006 near the 
corner of Camelback Rd. and Cotton Ln.; Sec. 24, T2N, 
R2W. 

(e) Point of Termination 

(0 Length 

A new TS4 230-kV substation located just south of the 
WAPA Liberty substation, Sec. 19, TIN, R2W. 
Approximately 7 miles of double-circuit 230-kV. 

Routing North from the existing Rudd-Liberty 230-kV transmission 
line approximately 7 miles to the TS3 substation and 
returning south, back to the existing line. Also, the 
termination of the line will be moved from the Liberty 
substation to the TS4 substation. 

Purpose This project will provide a source for the TS3 230169-kV 
substation and 69-kV substations planned in the western and 
southwestern Phoenix Metropolitan area to accommodate the 
growing need for electric energy in the area. Increased 
reliability and quality of service will result for customers 
served by the 230/69-kV substation. 

2002 (The component that was already certificated in Case 
No. 115, Decision No. 64473, Rudd-Liberty was in-service 
for the summer of 2003.) Construction for the double-circuit 
to TS3 will start in 2005. 

(a) Construction Start 

(b) Estimated In Service 2006 

CertlJicate of Environmental Compatibility issued 2/12/02 (Case No. 115, Decision No. 64473, 
Southwest Valley Project). Revised on 4/9/02, Decision No. 64704. This CEC is for the 230-kV 
line, Rudd-Liberty, running east and west on the same poles as the Palo Verde-Rudd 500-kV line. 
The portion of line running from the existing Rudd-Liberty line to the TS3 substation and for the 
TS4 substation was sited as part of the West Valley South Project and a CertiJicate of 
Environmental CompatibiliG was issued 12/24/03 (Case No. 122, Decision No. 66646, West 
Valley South Project). 

I 1  



Line Designation 

Size 
(a) Voltage 

(b) Capacity 

(c) Point of Origin 

(d) Intermediate Point 

(e) Point of Termination 

( f )  Length 

Routing 

Purpose 

Date 
(a) Construction Start 
(b) Estimated In Service 

Arizona Public Service Company 

Ten-Year Plan 
Planned Transmission Description 

2005 - 2014 

- 2007 

Hassayampa - Pinal West 500-kV line 1 & 2. 

525-kV AC. 

To be determined. 

Hassayampa 500-kV substation; Sec. 15, TIS, R6W. 

None. 

Pinal West 500/345-kV substation to be constructed in 2007, 
in the vicinity of the town of Mobile; Sec. 6,  T5S, RlE. 

Approximately 5 5 miles of single-circuit 500-kV. 

South and east from Hassayampa, per the Certificate of 
Environmental Compatibility, to the proposed Pinal West 
500-kV substation in the vicinity of the town of Mobile. 

This project is a result of the CATS study. When combined 
with the rest of the Southeast Valley project the line will 
increase import capability to the Phoenix Metropolitan area 
as well as increase the export capability from the Palo Verde 
hub. A second circuit was certificated as part of the project 
for future needs. This project is a joint participation project 
with SRP as the project manager. 

2004 
2007 

Certijkate of Environmental Compatibility issued 5/24/04 (Case No. 124, Decision No. 6701 2, 
Southeast Valley Project). SRP, as project manager, holds the CEC. 
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Arizona Public Service Company 

Te n -Year P I a n 
Planned Transmission Description 

2005 - 2014 

2007 & 201 1 

Line Designation Pinal West - Santa Rosa - Browning 500-kV line. 

Size 
(a) Voltage 525-kV AC. 

(b) Capacity To be determined. 

(c) Point of Origin 

(d) Intermediate Point 

Pinal West 500/345-kV substation to be constructed in 2006, 
in the vicinity of the town of Mobile; Sec. 6, T5S, RlE. 
Santa Rosa 500-kV substation to be constructed in 2007 near 
the existing Santa Rosa 230-kV substation; Sec. 30, T5S, 
R4E. 

(e) Point of Termination Browning 500/230-kV substation; Sec. 12, TIS, R8E. 

(f) Length Approximately 55 to 70 miles of single-circuit 500-kV. 

Routing 

Purpose 

South and east from Pinal West to the proposed Santa Rosa 
500-kV substation. Then east and north to the Browning 
500/230-kV substation. 

This project is a result of the CATS study. The line will 
increase import capability to the Phoenix Metropolitan area 
as well as increase the export capability from the Palo Verde 
hub. This project is a joint participation project with SRP as 
the project manager. 

(a) Construction Start 2005 
(b) Estimated In Service Pinal West-Santa Rosa in 2007. 

Santa Rosa-Browning in 20 1 1. 

As project manager, SRP has filed a CEC application on 10/15/04(Case No. 126) on behalfof 
the project participants. 
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Arizona Public Service Company 

Ten-Year Plan 
Planned Transmission Description 

2005 - 2014 

Line Desimation Palo Verde-TS5 500-kV line. 

- Size 
(a) Voltage 525-kV AC. 

(b) Capacity To be determined. 

(c) Point of Origin 

(d) Intermediate Point None. 

Palo Verde switchyard or vicinity. 

(e) Point of Termination TS5 500/230-kV substation to be constructed in 2007. 
Location proposed to be on the south side of the CAP near 
the Hassayampa Pump Station; approximately T4N, R4W. 

Approximately 45 miles of single-circuit line. ( f )  Length 

Routing 

Purpose 

Generally north from Palo Verde vicinity for approximately 
45 miles. 

This line will serve projected need for electric energy in the 
area immediately north and west of the Phoenix Metropolitan 
area. It will increase the import capability to the Phoenix 
Metropolitan area as well as increase the export capability 
from the Palo Verde hub. This is a joint participation project 
with APS as the project manager. 

Date 
(a) Construction Start 2006 
(b) Estimated In Service 2007 

APS, on behalf of the project participants, is expected to file an application for a Certijicate of 
Environmental Compatibility during 2005. 
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Arizona Public Service Company 

Te n-Y ear PI an 
Planned Transmission Description 

2005 - 2014 

2007 

Line Designation TS5-TS1 230-kV line. 

- Size 
(a) Voltage 

(b) Capacity 

230-kV AC. 

To be determined. 

(c) Point of Origin TS5 500/230-kV substation to be constructed in 2007. 
Location proposed to be on the south side of the CAP near 
the Hassayampa Pump Station; approximately T4N, R4W. 

(d) Intermediate Point None. 

(e) Point of Termination TS 1 230/69-kV substation to be constructed in 2007 
proposed to be located west of the Northwest Regional 
Landfill and north of the existing 500-kV transmission line 
corridor; approximately T4N, R2W. 

(f) Length a 
Routing 

, Purpose 

Approximately 15 miles of double-circuit 230-kV line. 

East from TS5 substation to TS1 substation for 
approximately 15 miles. 

This project is required to serve the increasing need for 
electric energy in the western Phoenix Metropolitan area, 
providing more capability to import power into the Phoenix 
Metropolitan area along with improved reliability and 
continuity of service for growing communities such as El 
Mirage, Surprise, Youngtown, and Buckeye. The first circuit 
is scheduled to be in-service for the summer of 2007 and the 
in-service date for the second circuit will be evaluated in 
future planning studies. 

(a) Construction Start 2006 
(b) Estimated In Service 2007 

The TS.5-TSI 230-kV line will be sited as part of the West Valley North project. An application 
for the Certificate of Environmental Compatibility for the West Valley North project wasJiled on 
11/23/04 (Case No. 127). 0 
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Line Designation 
- Size 

(a) Voltage 

(b) Capacity 

(c) Point of Origin 

(d) Intermediate Point 

Arizona Public Service Company 

Ten-Year Plan 
Planned Transmission Description 

2005 - 2014 

2008 

TS3-TS2-TSl 230-kV line. 

230-kV AC. 

To be determined. 

TS3 230/69-kV substation to be constructed in 2006 near the 
corner of Camelback Rd. and Cotton Ln.; Sec. 24, T2N, 
R2W. 

TS2 230/69-kV substation to be constructed in 2012; Sec. 25, 
T3N, R2W. 

(e) Point of Termination TS1 230/69-kV substation to be constructed in 2007 
proposed to be located west of the Northwest Regional 
Landfill and north of the existing 500-kV transmission line 
corridor; approximately T4N, R2W. 
Approximately 12 miles of double-circuit 230-kV line. 

North from the TS3 substation, generally following the Loop 
303, to the TS1 substation passing the location of the future 
TS2 substation which is currently projected to be in-service 
in 2012. 
This project is required to serve the increasing need for 
electric energy in the western Phoenix Metropolitan area, 
providing more capability to import power into the Phoenix 
Metropolitan area along with improved reliability and 
continuity of service for growing communities such as El 
Mirage, Surprise, Youngtown, and Buckeye. The first circuit 
is scheduled to be in-service for the summer of 2008 and the 
in-service date for the second circuit will be evaluated in 
future planning studies. 

( f )  Length 

Routing 

Purpose 

Date 
(a) Construction Start 2007 
(b) Estimated In Service 2008 

The TS3-TS2 230-kV line portion was sited as part of the West Valley South project and a 
CertlJcate of Environmental Compatibility was issued 12/24/03 (Case No. 122, Decision No. 
66646). The TSl-TS2 230-kV line portion will be sited aspart of the West Valley North project. 
An application for the Certijkate of Environmental Compatibility for the West Valley North 
project wasjled on 11/23/04 (Case No. 127). 

16 



Arizona Public Service Company 

Ten -Y ea r PI an 
Planned Transmission Description 

2005 - 2014 

- 2008 

Line Designation Raceway-Avery 230-kV line. 

(a) Voltage 230-kV AC. 

(b) Capacity 1200 MVA. 

(c) Point of Origin Raceway substation located along the Westwing-New 
Waddell 230-kV line, approximately 3 miles south of the 
New Waddell Dam; Sec. 4, T5N, RlE. 

(d) Intermediate Point None. 

(e) Point of Termination A new Avery substation near Dove Valley Road and 39th 
Avenue; Sec. 10, T5N, R2E. 

(0 Length 

Routing 

Purpose 

Approximately 10 miles of double-circuit line. 

South from Raceway substation approximately 1 mile, 
paralleling existing transmission lines, then east 
approximately 9 miles to the new Avery substation. 

This line will serve projected need for electric energy in the 
area immediately north of the Phoenix Metropolitan area. 
Additionally, improved reliability and continuity of service 
will result for the area’s growing communities such as 
Anthem, Desert Hills and New River. The first circuit is 
scheduled to be in-service for the summer of 2008 and the in- 
service date for the second circuit will be evaluated in future 
planning studies by SRP as part of their planned Westwing- 
Pinnacle Peak 230-kV project. 

(a) Construction Start 2006 
(b) Estimated In Service 2008 

CertGcate of Environmental Compatibility issued 6/I 8/03 (Case No. 120, Decision No. 64473, 
North Valley Project). 
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Line Designation 

Size 
(a) Voltage 

(b) Capacity 

(c) Point of Origin 

(d) Intermediate Pollit 

(e) Point of Termination 

(f) Length 

Routing; 

Purpose 

(a) Construction Start 
(b) Estimated In Service 

Arizona Public Service Company 

Ten-Yea r Plan 
Planned Transmission Description 

2005 - 2014 

- 2009 

Pinnacle Peak-TS6-Avery 230-kV line. 

230-kV AC. 

1200 MVA. 

Pinnacle Peak substation; Sec. 10, T4N, R4E. 

TS6 substation to be constructed in 201 1; Sec. 8, T4P R3E. 

Avery substation near Dove Valley Road and 39'h Avenue; 
Sec. 10, T5N, R2E. 

Approximately 16 miles of double-circuit line. 

Along the existing 230-kV right-of-way, west 10 miles from 
Pinnacle Peak substation to approximately Interstate 17, 
generally parallel to and south of Happy Valley Road; then 
north 5 miles, generally parallel to Interstate 17, to Dove 
Valley Road, then west to the new Avery substation. 

This project will serve projected need for electric energy in 
the area immediately north of the Phoenix Metropolitan area. 
Additionally, improved reliability and continuity of service 
will result for the growing communities in the areas of 
Anthem, Desert Hills, New River, and north Phoenix. The 
first circuit is scheduled to be in-service for the summer of 
2008 and the in-service date for the second circuit will be 
evaluated in future planning studies by SRP as part of their 
planned Westwing-Pinnacle Peak 230-kV project. 

2004 
2009 

CertiJicate ofEnvironmenta1 Compatibility issued 6/I 8/03 (Case No. I20, Decision No. 644 73, 
North Valley Project). 
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Line Designation 

- Size 
(a) Voltage 

(b) Capacity 

(c) Point of Origin 

(d) Intermediate Point 

(e) Point of Termination 

Routing a 
Purpose 

(a) Construction Start 
(b) Estimated In Service 

Arizona Public Service Company 

Ten-Year Plan 
Planned Transmission Description 

2005 - 2014 

2009 

Second Knoll loop-in of Coronado-Cholla 500-kV line. 

525-kV AC. 

To be determined. 

Coronado-Cholla 500-kV line; Sec. 9, T14N, R21E. 

None. 

Second Knoll 500/69-kV substation to be built in 2009; Sec. 
9, T14N, R21E. 

Two single-circuit lines, not to exceed two spans, from the 
existing line corridor to the Second Knoll substation. 

The Second Knoll substation will be built adjacent to the 
Coronado-Cholla 500-kV line, therefore limiting the distance 
to not exceed two spans. 

This project will be needed to serve projected need for 
electric energy in Show Low and the surrounding 
communities. 

2008 
2009 

19 

A CertiJicate of Environmental Compatibility is not needed for this project. 



Line Designation 

- Size 
(a) Voltage 

(b) Capacity 

(c) Point of Origin 

(d) Intermediate Point 

(e) Point of Termination 

Routing a 
Purpose 

(a) Construction Start 
(b) Estimated In Service 

Arizona Public Service Company 

Ten -Y ea r PI an 
Planned Transmission Description 

2005 - 2014 

2009 

345/69-kV interconnection at WAPA’s Flagstaff 345-kV 
bus. 

345-kV AC. 

188 MVA. 

WAPA’s Flagstaff 345-kV substation; Sec. 24, T21N, R9E. 

None. 

A new 69-kV substation to be built in 2009 adjacent to 
WAPA’s Flagstaff substation; Sec. 24, T21N, R9E. 

Not to exceed two spans. 

A 345/69-kV transformer will interconnect into WAPA’s 
Flagstaff substation. 

This project will serve projected need for electric energy in 
APS’ northern service area. The project will improve 
reliability and continuity of service for the growing 
communities in northern Arizona. 

2008 
2009 

A Certificate of Environmental Compatibility is not needed for this project. 
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Line Designation 

(a) Voltage 

Arizona Public Service Company 

Ten-Year Plan 
Planned Transmission Description 

2005 - 2014 

- 201 0 

Raceway loop-in of Navajo-Westwing 500-kV line. 

525-kV AC. 

(b) Capacity To be determined. 

(c) Point of Origin Navajo-Westwing 500-kV line; Sec. 4, T5N, R1E. 

(d) Intermediate Point None. 

(e) Point of Termination Raceway 500-kV substation to be constructed in 2010 
adjacent to the Navajo-Westwing 500-kV line and 
approximately 1 mile from the existing Raceway 230-kV 
substation; Sec. 4, T5N, RlE. 

Two single-circuit lines, not to exceed two spans, from the 
existing line corridor to the Raceway 500-kV substation. 

Routing 

Purpose 

The Raceway 500-kV substation will be built adjacent to the 
Navajo-Westwing 500-kV line, therefore limiting the 
distance to not exceed two spans. 

The loop-in of the Raceway 500-kV substation will be 
needed to provide contingency support to Raceway, increase 
system reliability, and increase the import capability to the 
Phoenix Metropolitan area. 

(a) Construction Start 2009 
(b) Estimated In Service 2010 

An application for a Certijkate of Environmental Compatibility is not needed for this project. 
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Line Designation 

Size 
(a) Voltage 

(b) Capacity 

(c) Point of Origin 

(d) Intermediate Point 

(e) Point of Termination 

(f) Length 

Routing 

(a) Construction Start 
(b) Estimated In Service 

Arizona Public Service Company 

Ten-Year Plan 
Planned Transmission Description 

2005 - 2014 

201 0 

Raceway 500-kV to Raceway 230-kV line. 

230-kV AC. 

To be determined. 

Raceway 500-kV substation; Sec. 4, T5N, RlE. 

None. 

Raceway 230-kV substation; Sec. 4, T5N, R1E. 

Approximately 1 mile of double-circuit 230-kV lines from 
the 500/230kV transformers at the Raceway 500-kV 
substation to the Raceway 230-kV substation. 

The 230-kV lines would run south from the Raceway 500-kV 
substation to the Raceway 230-kV substation. 

22 

The Raceway 500-kV substation will be located north of the 
existing Raceway 230-kV substation due to 
physicaVgeographic constraints. The 500/230-kV 
transformers will be located at the Raceway 500-kV 
substation, therefore 230-kV lines are needed between the 
500/230kV transformers and the Raceway 230-kV 
substation. 

2009 
2010 

An application for a CertlJicate of Environmental Compatibility has not yet been$led. 



Line Designation 

(a) Voltage 

(b) Capacity 

(c) Point of Origin 

(d) Intermediate Point 

(e) Point of Termination 

(f) Length 

Routing 

Purpose 

(a) Construction Start 
(b) Estimated In Service 

Arizona Public Service Company 

Ten-Year Plan 
Planned Transmission Description 

2005 - 2014 

- 201 0 

TS5 - Raceway 500-kV line. 

525-kV AC. 

To be determined. 

TS5 500/230-kV substation to be constructed in 2007. 
Location proposed to be on the south side of the CAP near 
the Hassayampa Pump Station; approximately T4N, R4W. 

None. 

Raceway 500-kV substation to be constructed in 2010 
adjacent to the Navajo-Westwing 500-kV line and 
approximately 1 mile from the existing Raceway 230-kV 
substation; Sec. 4, T5N, RlE. 

Approximately 40 miles of single-circuit line. 

North from TS5 substation and then in a northeasterly 
direction to the Raceway substation. 

This line will be needed to serve projected need for electric 
energy in the area immediately north and west of the Phoenix 
Metropolitan area. It will increase the import capability to 
the Phoenix Metropolitan area as well as increase the export 
capability from the Palo Verde hub and provide support for 
multiple Westwing 500/230kV transformer outages. This 
will be a joint participation project with APS as the project 
manager. 

2008 
2010 

An application for a Certijicate of Environmental Compatibility has not yet been filed. 
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Line Designation 

Size 
(a) Voltage 

(b) Capacity 

(c) Point of Origin 

(d) Intermediate Point 

(e) Point of Termination 

Purpose 

(a) Construction Start 
(b) Estimated In Service 

Arizona Public Service Company 

Te n-Y ear Plan 
Planned Transmission Description 

2005 - 201 4 

- 201 0 

Westwing - Raceway 230-kV Line. 

230-kV AC. 

1200 MVA. 

Westwing substation; Sec 12, T4N, R l  W. 

None. 

Raceway 230-kV substation located along the Westwing- 
New Waddell 230-kV line, approximately 3 miles south of 
the Waddell Dam; Sec. 4, T5N, R1E. 

Approximately 7 miles of 230-kV line on double-circuit 
poles. 

Northeast from Westwing substation paralleling existing 
transmission lines to the Raceway 230-kV substation. 

This line will serve increasing loads in the far north and 
northwest parts of the Phoenix Metropolitan area and provide 
contingency support for multiple Westwing 500/230-kV 
transformer outages. The first circuit is scheduled to be in- 
service for the summer of 2008 and the in-service date for 
the second circuit will be evaluated in future planning studies 
by SRP. 

2007 
2010 

Certijkate of Environmental Compatibility issued 6/18/03 (Case No. 120, Decision No. 644 73, 
North Valley Project). 
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Line Designation 

- Size 
(a) Voltage 

Arizona Public Service Company 

Te n-Y ear P Ian 
Planned Transmission Description 

2005 - 2014 

NE3 loop-in of Cholla-Pinnacle Peak 345-kV line. 

345-kV AC. 

(b) Capacity 188 MVA. 

(c) Point of Origin 

(d) Intermediate Point None. 

(e) Point of Termination 

Cholla-Pinnacle Peak 345-kV line, somewhere between 
Pinnacle Peak substation and 1 36'h street. 

NE3 345/69-kV substation to be built in 2010 somewhere 
between Pinnacle Peak substation and 136th street adjacent to 
the existing 345-kV corridor. 

Routing 

Purpose 

Two single-circuit lines, not to exceed two spans, from the 
existing line corridor to the NE3 substation. 

The NE3 substation will be built adjacent to the Cholla- 
Pinnacle Peak 345-kV line, therefore limiting the distance to 
not exceed two spans. 

This project will serve projected electrical needs in the 
northeastern Phoenix Metropolitan area including Scottsdale, 
Phoenix, and Carefree. 

(a) Construction Start 2009 
(b) Estimated In Service 2010 

A CertlJicate of Environmental Compatibility is not needed for this project. 
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Arizona Public Service Company 

Ten-Year Plan 
Planned Transmission Description 

2005 - 2014 

Line Designation - 

(a) Voltage 

(b) Capacity 

(c) Point of Origin 

(d) Intermediate Point 

(e) Point of Termination 

Routing 

Purpose 

(a) Construction Start 
(b) Estimated In Service 

201 1 

Jojoba loop-in of TS4-Gila River 230-kV line. 

230-kV AC. 

188 MVA. 

TS4-Gila River 230-kV line near the existing Jojoba 500-kV 
switchyard; Sec. 25, T2S, R4W. 

None. 

Jojoba 230/69-kV substation to be built in 201 1, adjacent to 
the existing Jojoba 500-kV switchyard; Sec. 25, T2S, R4W. 

Two single-circuit lines, not to exceed two spans, from the 
existing line corridor to the Jojoba 230/69-kV substation. 
Jojoba 230/69-kV substation will be adjacent to the TS4-Gila 
River 230-kV line so it will not exceed two spans. 

This substation will be needed to serve projected need for 
electric energy for the growing communities in the areas of 
Buckeye, Goodyear, and Gila Bend. 

2010 
201 1 

An application for a Cert2Jicate of Environmental Compatibility has not yet been filed. 



Line Designation 

(a) Voltage 

Arizona Public Service Company 

Ten-Year Plan 
Planned Transmission Description 

2005 - 2014 

201 2 

Raceway - Pinnacle Peak 500-kV line. 

525-kV AC. 

(b) Capacity To be determined. 

(c) Point of Origin Raceway 500-kV substation to be constructed in 2010 
adjacent to the Navajo-Westwing 500-kV line and 
approximately 1 mile from the existing Raceway 230-kV 
substation; Sec. 4, T5N, R1E. 

(d) Intermediate Point None. 

(e) Point of Termination Pinnacle Peak 500-kV substation to be constructed in 2012 
near the location of the existing Pinnacle Peak 345/230-kV 
substation; Sec. 10, T4N, R4E. 

Purpose 

Approximately 26 miles of single-circuit line. 

East from Raceway 500-kV substation to a new Pinnacle 
Peak 500-kV substation. 

This line is a result of joint planning through the SWAT 
forum. The project is needed to increase the import 
capability to the Phoenix Metropolitan area and strengthen 
the transmission system on the east side of the Phoenix 
Metropolitan valley. This will be a joint participation project 
with APS as the project manager. 

(a) Construction Start 2010 
(b) Estimated In Service 2012 

An application for a CertlJcate of Environmental Compatibility has not yet been3led. 
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Line Designation 

- Size 
(a) Voltage 

(b) Capacity 

(c) Point of Origin 

(d) Intermediate Point 

(e) Point of Termination 

Routing 

Purpose 

(a) Construction Start 
(b) Estimated In Service 

Arizona Public Service Company 

Te n -Year P I an 
Planned Transmission Description 

2005 - 2014 

- 201 2 

Palo Verde switchyard (or vicinity)-North Gila 500-kV line 
or Palo Verde vicinity - North Gila 230-kV line. 

525-kV or 230-kV AC. 

To be determined. 

Palo Verde switchyard or vicinity. 

None. 

North Gila 500/69-kV substation or another substation 
adjacent to the North Gila location; Sec. 11, T8S, R22N. 

Approximately 1 15 miles of single-circuit line. 

West from Palo Verde area to the Yuma area. 

This line is expected to be a joint project. As a new 
transmission path to Yuma area, this 500-kV or 230-kV line 
will provide transmission capacity required to supplement 
limited transmission and generation resources in the Yuma 
area. 

2008 
2012 

An application for a Certijicate of Environmental Compatibility has not yet been filed. 
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Line Designation 

(a) Voltage 

(b) Capacity 

(c) Point of Origin 

(d) Intermediate Point 

(e) Point of Termination 

(0 Length 

Routing 

Arizona Public Service Company 

Ten-Year Plan 
Planned Transmission Description 

2005 - 2014 

- TBD 

Westwing-El Sol 230-kV line. 

230-kV AC. 

1200 MVA. 

Westwing substation; Sec. 12, T4N, R1 W. 

None. 

El Sol substation; Sec. 30, T3N, RlE. 

Approximately 1 I miles of single-circuit line. 

Per Certificate. 

0 Purpose This line will increase system capacity to serve growing 
demand for electric energy in the Phoenix Metropolitan area, 
while maintaining system reliability and integrity for 
delivery of bulk power from Westwing south into the APS 
Phoenix Metropolitan area 230-kV transmission system. 

&& 
(a) Construction Start 
(b) Estimated In Service 

TBD 
TBD 

Certijkate of Environmental Compatibility issued 7/26/73 (Case No. 9, docket No. U-1345). 
Note that this Certijkate authorizes two double-circuit lines. Construction of thejirst double- 
circuit line was completed in March 1975. Construction of the second line, planned to be built 
with double-circuit capability but initially operated with a single circuit, is described above. 



Arizona Public Service Company 

Ten-Year Plan 
Planned Transmission Description 

2005 - 2014 

Line Designation Mazatzal loop-in of Cholla-Pinnacle Peak 345-kV line. 

Size 
(a) Voltage 

(b) Capacity 

345-kV AC. 

To be determined. 

(c) Point of Origin Cholla-Pinnacle Peak 345-kV line; near Sec. 3, T8N, RZOE. 

(d) Intermediate Point None. 

(e) Point of Termination Mazatzal345/69-kV substation; approximately Sec. 3, T8N, 
RlOE. 

Routing a 
Purpose 

Two single-circuit lines, not to exceed two spans, from the 
existing line corridor to the Mazatzal substation. 
The Mazatzal substation will be built adjacent to the Cholla- 
Pinnacle Peak 345-kV line so it will not exceed two spans. 

This substation will serve projected need for electric energy 
in the area of Payson and the surrounding communities. 
Additionally, improved reliability and continuity of service 
will result for the growing communities in the Payson area. 

(a) Construction Start TBD 
(b) Estimated In Service TBD 

A Certijkate of Environmental Compatibility is not needed for this project. 
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Arizona Public Service Company 

Ten -Y ear P Ian 
Planned Transmission Description 

2005 - 2014 

Line Desimation Palo Verde - Saguaro 500-kV line. 

Size 
(a) Voltage 525-kV AC. 

(b) Capacity To be determined. 

(c) Point of Origin 

(d) Intermediate Point None. 

Palo Verde Switchyard; Sec. 34, TIN, R6W. 

(e) Point of Termination Saguaro substation; Sec. 14, TlOS, RlOE. 

(0 Length 

I Routing 

Approximately 130 miles of new line to be built on single- 
circuit poles or towers. Some sections may be built on 
double-circuit structures. 

South and east from the Palo Verde switchyard, paralleling 
existing transmission lines for part of the route. The 
approved corridor is defined in the CEC identified below. 

Purpose This line is the result of the joint participation CATS study. 
The line will be needed to increase the adequacy of the 
existing EHV transmission system and permit increased 
power delivery throughout the state. It is anticipated the line 
will be a joint participation project. 

(a) Construction Start TBD 
(b) Estimated In Service TBD 

CertlJcate of Environmental Compatibility issued 01/23/19 76 (Case No. 24, Decision No. 
46802). 
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I. INTRODUCTION AND PURPOSE 

The Transmission Planning Process and Guidelines (Guidelines) are used 

by Arizona Public Service Company (APS) to assist in planning its Extra High 

Voltage (EHV) transmission system (345kV and 500kV) and High Voltage 

transmission system (230kV and 115kV). In addition to these Guidelines, APS 

follows the Western Electricity Coordinating Council’s (WECC) regional 

planning reliability criteria for system disturbance and performance levels. These 

WECC Reliability Criteria are (1) WECC/NERC Reliability Criteria for 

Transmission System Planning and (2) Minimum Operating Reliability Criteria, 

which can be found in their entirety on the WECC website; 

(http://www.wecc.biz/documents/libra~/procedures/WECC Reliability Criteria 

04-23-04.pdf). These Guidelines are for internal use by APS and may be changed 

or modified. Thus, others should not use these Guidelines without consultation 

with APS. 

11. PLANNING METHODOLOGY 

A. General 

APS uses a deterministic approach for transmission system planning. 

Under this approach, system performance should meet certain specific criteria 

under normal conditions (all lines in-service) and for any single contingency 

condition (any one element out-of-service). In general, an adequately planned 

transmission system will: 

0 Provide an acceptable level of service that is cost-effective for normal and 

single contingency operating conditions. 

Maintain service to all firm loads for any single contingency outage; 

except for radial loads. 

Not result in overloaded equipment or unacceptable voltage conditions for 

single contingency outages. 

Not result in cascading for single or double contingency outages. 

Provide for the proper balance between the transmission import capability 

and local generation requirements for an import limited load area. 

0 

0 

0 
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Although APS uses a deterministic approach for transmission system 

planning, the WECC reliability planning criteria provides for exceptions based 

upon a probalistic approach. APS uses these probabilistic criteria whedwhere 

appropriate in the transmission planning process. Historical system reliability 

performance is analyzed on a periodic basis and the results are used in the design 

of planned facilities. 

These planning methodologies, assumptions, and guidelines are used as 

the basis for the development of future transmission facilities. Additionally, 

consideration of potential alternatives to transmission facilities (such as 

distributed generation or new technologies) is evaluated on a case-specific basis. 

As new planning tools and/or information become available revisions or 

additions to these guidelines will be made as appropriate. 

B. Transmission Planning Process 

APS’ transmission planning process consists of an assessment of the 

following needs: 

0 Provide adequate transmission to access sufficient resources in-order 

to reliably and economically serve loads. 

Support APS’ local transmission and sub-transmission systems. 

Provide for interconnection for new resources. 

Accommodate requests for long-term transmission access. 

0 

0 

0 

During this process, consideration is given to load growth patterns, other 

system changes affected by right-of-way, facilities siting constraints, routing of 

future transportation corridors, and joint planning with neighboring utilities and 

governmental entities. 

1. EHV Transmission Planning Process 

APS’ EHV transmission system, which consists of 500kV and 345kV, has 

primarily been developed to provide transmission to bring the output of large 

base-loaded generators to load centers, such as Phoenix. Need for new EHV 

facilities may result from any of the bullet items described above. APS’ 

annual planning process includes an assessment of APS’ transmission 
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capability to ensure that sufficient resources can be accessed to reliably and 

economically serve loads. In addition, biennial RMR studies are performed to 

ensure that proper balance between the transmission import capability and 

local generation requirements for an import limited load area are maintained. 

2. 230kV Transmission Planning Process 

APS’ 23 OkV transmission system has primarily been developed to provide 

transmission to distribute power from the EHV bulk power substations and 

local generators to the distribution system and loads throughout the load areas. 

Planning for the 230kV system assesses the need for new 230/69kV 

substations to support local sub-transmission and distribution system growth 

and the reliability performance of the existing 230kV system. This process 

takes into account the hture land use plans that were developed by 

government agencies, Landis aerial photo maps, master plans that were 

provided by private developers, and APS’ long-range forecasted load densities 

per square mile for residential, commercial, and industrial loads. 

3. Transmission Facilities Required for Generation/Resource Additions 

New transmission facilities may also be required in conjunction with 

generation resources due to (1) a “merchant” request by an Independent 

Power Producer (IPP) for generator interconnection to the APS system, (2) a 

“merchant” request for point-to-point transmission service from the generator 

(receipt point) to the designated delivery point, or (3) designation of new 

resources or re-designation of existing units to serve APS network load 

(including removal of an older units’ native load designation). These 

studies/processes are performed pursuant to the APS Open Access 

Transmission Tariff (OATT). 

C .  Ten Year Transmission System Plans 

Each year APS uses the planning process described in section B to update 

the Ten-Year Transmission System Plan. The APS Ten Year Transmission 

System Plan identifies all new transmission facilities, 1 15kV and above, and all 



e 

facility replacementshpgrades required over the next ten years to reliably and 

economically serve the load. 

D. Regional Coordinated Planning 

1. Western Electricity Coordinating Council (WECC) 

APS is a member of the Western Electricity Coordinating Council. The 

focus of the WECC is on promoting the reliability of the interconnected bulk 

electric system. The WECC provides the means for: 

0 

Coordinating future plans. 

Developing regional planning and operating criteria. 

Compiling regional data banks for use by the member systems and the 

WECC in conducting technical studies. 

Assessing and coordinating operating procedures and solutions to regional 

problems. 

Establishing an open forum with interested non-project participants to 

review the plan of service for a project. 

0 

0 

APS works with WECC to adhere to these planning practices. 

2. Sub-Regional PlanninP Groups 

Southwest Area Transmission Planning (SWAT), Southwest Transmission 

Expansion Plan (STEP), Seams Steering Group - Western Interconnection 

(SSG-WI), and other sub-regional planning groups provide a forum for 

entities within a region, and any other interested parties, to determine and 

study the needs of the region as a whole. It also provides a forum for specific 

projects to be exposed to potential partners and allows for joint studies and 

participation from interested parties. 

3. Joint Studies 

In many instances, transmission projects can serve the needs of several 

utilities and/or IPPs. To this end, joint study efforts may be undertaken. Such 

joint study efforts endeavor to develop a plan that will meet the needs and 

desires of all individual companies involved. 



E. Generation Schedules 

For planning purposes, economic dispatches of network resources are 

determined for APS’ system peak load in the following manner: 

a. Determine base generation available and schedule these units at maximum 

output. 

b. Determine resources purchased from other utilities, IPPs, or power 

marketing agencies . 

c. Determine APS’ spinning reserve requirements. 

d. Schedule intermediate generation (oil/gas steam units) such that the 

spinning reserve requirements, in section (c) above, are met. 

e. Determine the amount of peaking generation (combustion turbine units) 

required to supply the remaining system peak load. 

Phoenix area network resources are dispatched based on economics and 

any existing import limitations. When possible, spinning reserve will be carried 

on higher cost Phoenix area network generating units. 

Generation output schedules for interconnected utilities and IPPs are based 

upon consultation with the neighboring utilities and IPPs or as modeled in the 

latest data in WECC coordinated study cases. 

F. Load Projections 

APS substation load projections are based on the APS Corporate Load 

Forecast. Substation load projections for neighboring interconnected utilities or 

power agencies operating in the WECC area are based on the latest data in WECC 

coordinated study cases. Heavy summer loads are used for the Ten-Year 

Transmission System Plans. 

G. Alternative Evaluations 

1. General 

In evaluating several alternative plans, comparisons of power flows, 

transient stability tests, and fault levels are made first. After the alternatives 

are found that meet the system performance criteria in each of these three 
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areas comparisons may be made of the losses, transfer capability, impact on 

system operations, and reliability of each of the plans. Finally, the costs of 

facility additions (capital cost items), costs of losses, and relative costs of 

transfer capabilities are determined. A brief discussion of each of these 

considerations follows. 

2. Power Flow Analyses 

Power flows of base case (all lines in-service) and single contingency 

conditions are tested and should conform to the system performance criteria 

set forth in Section IV of these Guidelines. Double or multiple contingencies 

are examined, but in general, no facilities are planned for such conditions. 

Normal system voltages, voltage deviations, and voltage extreme limitations 

are based upon operating experience resulting in acceptable voltage levels to 

the consumer. Power flow limits are based upon the thermal ratings andor 

sag limitations of conductors or equipment, as applicable. 

3. Transient Stability Studies 

Stability guidelines are established to maintain system stability for single 

contingency, three-phase fault conditions. Double or multiple contingencies 

are examined, but in general, no facilities are planned for such conditions. 

4. Short Circuit Studies 

Three-phase and single-phase-to-ground fault studies are performed to 

ensure the adequacy of system protection equipment to clear and isolate faults. 

5. Reactive Power Margin Analyses 

Reactive Power Margin analyses are performed when steady-state 

analyses indicate possible insufficient voltage stability margins. V-Q curve 

analyses are used to determine post-transient voltage stability. 

6. Losses Analyses 

A comparison of individual element and overall transmission system 

losses are made for each alternative plan being studied. The losses computed 

in the power flow program consist of the 12R losses of lines and transformers 

and the core losses in transformers, where represented. 
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7. Transfer Capability Studies 

In evaluating the relative merits of one or more EHV transmission plans, 

both simultaneous and non-simultaneous transfer capability studies are 

performed to determine the magnitude of transfer capabilities between areas 

or load centers. 

8. Subsynchronous Resonance (SSR) 

SSR phenomenon result from the use of series capacitors in the network 

where the tuned electrical network exchanges energy with a turbine generator 

at one or more of the natural frequencies of the mechanical system. SSR 

countermeasures are applied to prevent damage to machines as a result of 

transient current or sustained oscillations following a system disturbance. 

SSR studies are not used directly in the planning process. SSR 

countermeasures are determined after the transmission plans are finalized. 

9. FACTS (Flexible AC Transmission System) 

FACTS essentially involves the controlling of series capacitor 

impedances. A series capacitor bank can be controlled by thyristors to do the 

following: 

a) change its effective impedance to control the power flow 

b) to make dynamic changes in its impedance in-order to provide 

damping of oscillations 

FACTS will be evaluated as a means of power flow control and/or to 

provide damping to dynamic oscillations where a need is identified and it is 

economically justified. 

10. Economic Evaluation 

In general, an economic evaluation of alternative plans consists of a 

cumulative present worth or equivalent annual cost comparison of capital 

costs. 



111. PLANNING ASSUMPTIONS 
0 

A. General 

1. Loads 

Loads used for the APS system originate from the latest APS Corporate 

Load Forecast. In most cases, the corrected power factor of APS loads is 

99.5% at 69kV substations. 

2. Generation and Other Resources 

Generation dispatch is based on firm power andor transmission wheeling 

contracts including network resources designations. 

3. Normal Voltage Levels 

a. Nominal EHV design voltages are 500kV, 345kV, 230kV, and 115kV. 

b. Nominal EHV operating voltages are 535kV, 348kV, 239kV, and 119kV. 

4. Sources of Databases 

WECC Heavy Summer base cases are the sources of the databases. Loop 

flow (unscheduled flow), of a reasonable amount and direction, will be 

allowed for use in planning studies. 

5. Voltage Control Devices 

Devices which can control voltages are shunt capacitors, shunt reactors, 

tap-changing-under-load (TCUL) and fixed-tap transformers, static VAR 

compensators, and machine VAR capabilities. If future voltage control 

devices are necessary, these devices will be evaluated based upon economics 

and the equipment’s ability to obtain an adequate voltage profile on the EHV 

and HV systems. 

6. Phase Shifters 

In general, where phase shifters are used, schedules are held across the 

phase shifter in base case power flows and the phase shifter tap remains fixed 

in the outage cases. 

7. Conductor Sizes 

Existing transmission voltages utilized by APS are 230kV, 345kV, and 

500kV. It is presently planned that the 345kV transmission system will not be 

expanded, thus all future APS EHV lines will be 500kV or 230kV. Planned 
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500kV lines will initially be modeled using tri-bundled 1780 kCM ACSR 

conductor (Chukar). Preferred construction for 230kV lines consists of 2 156 

kCM ACSS conductor on steel poles. 

8. 69kV System Modeling 

230kV facility outages may result in problems to the underlying 69kV 

system due to the interconnection of those systems. For this reason, power 

flow cases include a detailed 69kV system representation. Solutions to any 

problems encountered on the 69kV system are coordinated with the 

subtransmission planning engineers. 

9. Substation Transformers 

a. 500kV and 345kV Substations 

Bulk substation transformer banks may be made up of one three-phase 

or three single-phase transformers, depending upon bank size and 

economics. For larger banks where single-phase transformers are used, a 

fourth (spare) single-phase transformer will be used in a jack-bus 

arrangement to improve reliability and facilitate connection of the spare in 

the event of an outage of one of the single-phase transformers. TCUL will 

be considered in the high voltage windings, generally with a range of plus 

or minus 10%. High voltage ratings will be 500kV or 345kV class and 

low voltage windings will be 230kV, 115kV, or 69kV class. 

b. 230kV Substations 

For high-density load areas, both 230/69kV and 69/12.5kV 

transformers can be utilized. 230/69kV transformers will be rated at 

113/150/188 MVA with a 65OC temperature rise, unless otherwise 

specified. 69/12.5kV transformers will be rated at 25/33/41 MVA with a 

65OC temperature rise, unless otherwise specified. 

With all elements in service, a transformer may be loaded up to its top 

Forced Oil Air (FOA) rating without sustaining any loss of service life. 

For a single contingency outage (loss of one transformer) the remaining 

transformer or transformers may be loaded up to 20% above their top FOA 

rating, unless heat test data indicate a different overload capability. The 
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loss of service life sustained will depend on the transformer pre-loading 

and the outage duration. Tap setting adjustment capabilities on 230/69kV 

transformers will be +5% from the nominal voltage setting (230/69kV) at 

2%% increments. 

10. Switchyard Arrangements 

a. 500kV and 345kV Substations 

Existing 345kV switchyard arrangements use breaker-and-one-half, 

main-and-transfer, or modified paired-element circuit breaker switching 

schemes. Because of the large amounts of power transferred via 500kV 

switchyards and the necessity of having adequate reliability, all 500kV 

circuit breaker arrangements are planned for an ultimate breaker-and-one- 

half scheme. If only three or four elements are initially required, the 

circuit breakers are connected in a ring bus arrangement, but physically 

positioned for a breaker-and-one-half scheme. The maximum desired 

number of elements to be connected in the ring bus arrangement is four. 

System elements such as generators, transformers, and lines will be 

arranged in breaker-and-one-half schemes such that a failure of a center 

breaker will not result in the loss of two lines routed in the same general 

direction and will minimize the impact of losing two elements. 

b. 230kV Substations 

Future 230/69kV substations should be capable of serving up to 452 

MVA of load. 400 MVA has historically been the most common 

substation load level in the Phoenix Metropolitan area. Future, typical 

230/69kV substations should accommodate up to four 230kV line 

terminations and up to three 230/69kV transformer bays. Based upon 

costs, as well as reliability and operating flexibility considerations, a 

breaker-and-one-half layout should be utilized for all future 230/69kV 

Metropolitan Phoenix Area substations, with provision for initial 

development to be a ring bus. Any two 230/69kV transformers are to be 
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separated by two breakers, whenever feasible, so that a stuck breaker will 

not result in an outage of both transformers. 

1 1. Series Capacitor Application 

Series capacitors may be used on EHV lines to increase system stability, 

for increased transfer capability, andor for control of power flow. The series 

capacitors may be lumped at one end of a line because of lower cost; however, 

the capacitors are generally divided into two banks, one at either end of a line, 

for improved voltage profile. 

12. Shunt and Tertiary Reactor Application 

Shunt and/or tertiary reactors may be installed to prevent open end line 

voltages from being excessive, in addition to voltage control. The open end 

line voltage must not be more than 0.05 per unit voltage greater than the 

sending end voltage. Tertiary reactors may also be used for voltage and VAR 

control as discussed above. 

B. Power Flow Studies 

1. System Stressing 

Realistic generation capabilities and schedules should be used to stress the 

transmission system in order to maximize the transfer of resources during the 

maximum load condition. 

2. Displacement 

In cases where displacements (due to power flow opposite normal 

generation schedules) may have an appreciable effect on transmission line 

loading, a reasonable amount of displacement (Generation Units) may be 

removed in-order to stress a given transmission path. 

C. Transient Stability Studies 

1. Fault Simulation 

When studying system distur,ances caused by faLLLs, two con 

be simulated: 

a. Three-phase-to-ground faults, and 

1 1  
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b. Single-line-to-ground faults with a stuck circuit breaker in one phase with 

back-up delayed clearing. 

2. Margin 

a. Generation margin may be applied for the contingencies primarily affected 

by generation, or 

b. Power flow margin may be applied for the contingencies primarily 

affected by power flow. 

3. Unit Tripping 

Generator unit tripping may be allowed in-order to increase system 

stability performance. 

4. Machine Reactance Representation 

For transient stability studies, the unsaturated transient reactance of 

machines with full representation will be used. 

5. Fault Damping 

Fault damping will be applied to the generating units adjacent to faults. 

Fault damping will be determined from studies that account for the effect of 

generator amortisseur windings and the SSR filters. 

6.  Series Capacitor Switching 

Series capacitors, locations to be determined from short circuit studies, 

will be flashed and reinserted as appropriate. 

D. Short Circuit Studies 

Three-phase and single-phase-to-ground faults will be evaluated. 

1. Generation Representation 

All generation will be represented. 

2.  Machine Reactance Representation 

The saturated subtransient reactance (X’d) values will be used. 

3. Line Representation 

The transmission line zero sequence impedance (X,) is assumed to be 

equal to three times the positive sequence impedance (XI). 



E. 

IV. 

A. 

4. Transformer Representation 

The transformer zero sequence impedance (XO) is assumed to be equal to 

the positive sequence impedance (XI). Bulk substation transformers are 

modeled as auto-transformers. The two-winding model is that of a grounded- 

wye transformer. The three-winding model is that of a wye-delta-wye with a 

solid ground. 

Reactive Power Margin Studies 

Using Q-V curve analyses, APS assesses the interconnected transmission 

system to ensure there are sufficient reactive resources located throughout the 

electric system to maintain post-transient voltage stability for system normal 

conditions and certain contingencies. 

SYSTEM PERFORMANCE 

Power Flow Studies 

1. Normal (Base Case Conditions) 

a. Voltage - Levels 

1) General 
(a) 500kV bus voltages will be maintained between 1.05 and 1.08 p.u. 

on a 500kV base. 

(b) 345kV bus voltages will range between .99 and 1.04 p.u. on the 

345kV system. 

(c) 500kV and 345kV system voltages are used to maintain proper 

2 3 OkV bus voltages. 

(d) Voltage on the 230kV and 11 5kV system should be between 1.01 

p.u. and 1.05 p.u. 

(e) Tap settings for 230/69kV and 345/69kV transformers should be 

used to maintain low side (69kV) voltages of I .03 to 1.04 p.u. 

Seasonal tap changes may be required. 



2) Specific Buses 

(a) APS Pinnacle Peak 230kV bus voltage should be between 1.025 

p.u. and 1.035 p.u. 

(b) APS Westwing 230kV bus voltage should be between 1.04 p.u. 

and 1.05 p.u. 

(c) Saguaro 1 15kV bus voltage will be approximately 1.035 p.u. 

(d) Voltage at the Prescott (DOE) 230kV bus should be approximately 

1.02 p.u. 

b. Facility Loading Limits 

1) Transmission Lines 

Transmission line loading cannot exceed 100% of the continuous 

rating, which is based upon established conductor temperature limit or 

sag limitation. 

2) Underground Cable 

Underground cable loading should not exceed 100% of the 

continuous rating with all elements in service. This rating is based on 

a cable temperature of 85°C with no loss of cable life. 

3) Transformers 

Transformers cannot exceed 100% of top FOA, 65°C rise, 

nameplate ratings. 

4) Series Capacitors 

Series Capacitors cannot exceed 100% of continuous rating. 

c. Interchange of VARs 

Interchange of VARs between companies at interconnections will be 

reduced to a minimum and maintained near zero. 

d. Distribution of Flow 

Schedules on a new project will be compared to simulated power 

flows to ensure a reasonable level of flowability. 
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2. Single Continpency Outages 

a. Voltage Levels 

Maximum voltage deviation on APS’ major buses cannot exceed 5%. 

This deviation level yields a close approximation to the post-transient 

VAR margin requirements of WECC. 

b. Facilities Loading Limits 

1) Transmission Lines 

Transmission line loading cannot exceed 100% of the lesser of the 

sag limit or the emergency rating (30-minute rating) which is based 

upon established conductor temperature limits. 

2) Underground Cable 

Underground cable loading should not exceed the emergency 

rating during a single-contingency outage. This rating is based on a 

cable temperature of 105°C for two hours of emergency operation with 

no loss of cable life. 

3) Transformers 

Transformers cannot exceed 120% of top FOA, 65°C rise, 

nameplate ratings. 

4) Series Capacitors 

Series Capacitors cannot exceed 100% of emergency rating. 

c. Generator Units 

Generator units used for controlling remote voltages will be modified 

to hold their base case terminal voltages. 

d. Impact on Interconnected Svstem 

Single contingency outages will not cause overloads upon any 

neighboring transmission system. 

B. Transient Stability Studies 

Transient stability studies are primarily performed on the 500kV and 

345kV systems. 
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1. 

2. 

3. 

4. 

Fault Simulation 

Three-phase-to-ground faults and single-line-to-ground faults, simulating 

a stuck circuit breaker in one phase with back-up delayed clearing will be 

simulated. Fault clearing times of four cycles after fault inception (5 cycles 

for a 230kV fault) and a back-up clearing time of twelve cycles after fault 

inception is utilized. System elements are switched out at the appropriate 

clearing times, as applicable. Fault damping will be applied when applicable 

at fault inception. 

Series Capacitor Switching 

Series capacitors, at locations determined from short-circuit studies, will 

be flashed at fault inception and will be reinserted depending on their 

reinsertion types. 

System Stabilitv 

The system will be considered stable if the following conditions are met: 

a. All machines in the system remain synchronized as demonstrated by the 

relative rotor angles. 

b. Positive system damping exists as demonstrated by the damping of 

relative rotor angles and the damping of voltage magnitude swings. For 

N-1 disturbances, voltages for the first swing after fault clearing should 

not drop below 75% of pre-fault value with maximum time duration of 20 

cycles for voltage dip exceeding 20%. 

Re-closing 

Automatic re-closing of circuit breakers controlling EHV facilities is not 

utilized. 

C. Short Circuit Studies 

Fault current shall not exceed 100% of the applicable breaker fault current 

interruption capability for three-phase or single-line-to-ground faults. 
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D. Reactive Power Margin Studies 

For system normal conditions or single contingency conditions, post- 

transient voltage stability is required with a path or load area modeled at a 

minimum of 105% of the path rating or maximum planned load limit for the area 

under study, whichever is applicable. For multiple contingencies, post-transient 

voltage stability is required with a path or load area modeled at a minimum of 

102.5% of the path rating or maximum planned load limit for the area under 

study, whichever is applicable. 



2004 
SYSTEM 
RATING 

MAPS 



7;  

. . .  -. . , 

2004 SYSTEM RATING M A P S  I - . -  . .. : . 

. .. 

. .  . .  

Prepared By 

Transmission Operations 
August, 2004 



LEGEND 
SYSTEM RATING MAPS 

SYMBOL DESCRIPTION 

### CURRENT LIMIT IN AMPS 

### CONDUCTOR LIMIT IN AMPS 
- ###- LIMITING ELEMENT 

TRANSFORMER LIMITS ARE IN MVA 

OVERHEAD TRANSMISSION LINE 

------ UNDERGROUND CABLE 

M 

V 

H 

MOTOR OPERATED SWITCH 

VACCUM SWITCH 

HYDRAULIC SWITCH 

BREAKER NUMBER 

1 



. . . . . . . . . . . . . . . .  . . . . . . . . . . . . , . . . . .  . . . , . . . . . .. . 

TABLE OF CONTENTS 

4 

METRO 230kV CONTINUOUS- - - - - - - - - - - - - - - 6 

METRO 230kV EMERGENCY - - - - - - - - - - - - - - - 7 

NORTHERN 230kV CONTINUOUS - - - - - - - - - - - - - 8 

NORTHERN 230kV EMERGENCY - - - - - - - - - - - - - - 9 

SOUTHERN 230kV CONTINUOUS - - - - - - - - - - - - - 10 

SOUTHERN 230kV EMERGENCY - - - - - - - - - - - - - - 11 

EHV EMERGENCY- - - - - - - - - - - - - - - - - - - 

i 
H\TODFILES\CANVAS\WSFILES\RAThUPS\TBLRTG.CVS 



. .  . . . . . .  . . . . . . .  . . . .  
I 
I . .  . . . . .  . . .  . . . . . . . . .  . . . . . . . . . . . . .  . ,  . , .  

~ 



j . : .  . . .  

i a 

3 



. .:I 

~ .. . 
. ._ 

> 
Y 
0 

B 

0 m 

I 
> 
0 
:: 
m 



. . . .. - . . .. , . . .. ~ . . 

. _I . .  

.- . . .  
-. 

5 



... . 

. 1.. J 



I, . ..,,. . -  

I. 



8 .  . 
. .  
... 

K 
0 
u) 
u) w 
K a 

z a 
(3 
5 

-1 
w 
tn 

I .. 

U > r s  

0 

W U 
4. 

. .  . .  

. .  . .  

. .  . . I  

. .  . .  

. . .  



0 z 

Y 
0 

0 0  

a 
+2 

W 

4 w z 

e? 

> 
Y 

- +  
P 

" 4 



f r -  - 

10 



. .  
.. . - 

. _  . -. 

. Y  

. .  - .. . 

. -  

* .  . .  - ,. . 

. .  . ,. . 

. .. 
- .  . I. 

.'. 
c 1. 

. .. . . . . .  

0 z 
W 
c3 
U 
W 
I 
W 

#.tal . * . . ,.- 
f.. , . 

L 

.. . 

-+ I , 
c 

p' 

u) 

B 

11 



TECHNICAL 
STUDY 

REPORT 



ARIZONA PUBLIC SERVICE COMPANY 

TEN-YEAR PLAN 

2005 - 2014 

TECHNICAL STUDY REPORT 

FOR 

THE ARIZONA CORPORATION COMMISSION 

JANUARY 2005 



Table of Contents 
Page 

I . Introduction ............................................. 1 

I1 . Power Flow Analyses ...................................... 1 

I11 . Stability Analysis ......................................... 3 

Appendices 

A . Power Flow Maps ................................... Al-A40 

B . 2007 Stability Plots .................................. Bl-B33 

C . 2014 Stability Plots .................................. Cl-C40 



ARIZONA PUBLIC SERVICE COMPANY 
2004-2013 

TEN-YEAR PLAN 
TECHNICAL STUDY REPORT 

I. Introduction 
This technical study report is filed with the ACC pursuant to A.R.S. 0 40-360.02, 

as amended by House Bill 2040, and Arizona Corporation Commission (“Comrnissi~n~~) 
Decision No. 63876 (July 25,2001) regarding the Biennial Transmission Assessment 
prepared by Commission Utilities Division Staff. 

Two aspects of technical studies were performed and reported here. They are 
power flow analyses and stability analyses. Power flow analysis was performed for two 
scenarios. The fnst is for all transmission system elements being in service. All system 
elements must be within its continuous rating. The second scenario is for the outage of a 
single element. All remaining system elements must remain within its emergency ratings. 
Voltage deviations for these scenarios must also be within established guidelines. These 
voltage deviation guidelines closely approximate post-transient var margin requirements 
of the Western Electricity Coordinating Council. More detail is provided in APS’ 
Transmission Planning Process and Guidelines, which is also included in this filing. 

The stability analyses were performed to simulate electrical disturbances on the 
transmission system and evaluate the system response. The desired result is that all 
generators will remain on line, no additional lines will open, and the system oscillations 
will damp out. 

Results of the power flow and stability analyses aid in determining when and 
where new electrical facilities are needed because of reliability or security reasons. 
Additionally, some facilities are planned to address adequacy concerns. These include the 
interconnection of generation to the transmission system or efforts to increase import 
capability to load-constrained or other areas. 

11. Power Flow Analvses 
Power flow cases were created for each year of the 2005-2014 study time frame. 

These cases represent the latest transmission and sub-transmission plans, load 
projections, and resource plans of utilities and independent power producers. Base case 
and single contingency conditions are evaluated to determine system needs and timing. 
Various iterations of possible solutions lead to the final plans for transmission additions. 

The contingency analysis involves simulations for every non-radial 1 15kV or 
above line that APS owns, partially owns, or operates. Transformer outages are also 
evaluated. Results of the power flow studies are tabulated in a Security Needs Table and 
an Adequacy Needs Table, below. These tables identifl twenty two transmission projects 
that are included in this Ten-Year Plan filing. Some of the projects were classified as 
Adequacy Needs because of the uncertainty of generation location, size, and availability 
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in the later years. As projects near the five-year planning time frame, they may be 
redefined as Security Needs projects. Selected maps of the power flow simulations are 
contained in the appendix. Some projects reference study work that was performed in 
Regional Planning Groups and will not have any power flow maps associated with them 
in this filing. 

Security Needs Table 

In Transmission Senice Critical Outage 
Project I Year I 

Gavilan Peak 
230/69kV 
substation. 

2005 A Pinnacle Peak 
230/69kV transformer 

Rudd-TS3 -TS4 2006 White Tanks 
230kV lines. 230/69kV transformer. 

PV-TS5 500kV line 2007 Loss of Surprise 
& TS5-TS123OkV 230/69kV transformer, 
line. Westwing 230/69kV 

transformer, or El Sol 
230/69kV transformer. 

Raceway- Avery 2008 Raceway transformer 
230kV line. & local 69kV lines. 
Second Knoll 2009 Cholla-Zeniff 69kV 
500kV substation. line or Cholla- 

Showlow 69kV line. 
Pinnacle Peak-TS6- 2009 A Pinnacle Peak 
Avery 230kV lines. 230/69kV transformer. 
Loop-in of Navajo- 2010 All lines in-service 

Raceway 500kV 
substation and 
Raceway 500kV to 

Westwing 500kV to (N-0). 

230kV substation. 
Loop-in of Cholla- 2010 A Pinnacle Peak 
Pinnacle Peak 230/69kV transformer. 
345kV line to NE3 
345kV substation 
Loop-in of TS4- 201 1 Buckeye 230/69kV #6 
Gila-River 230kV 
line to Jojoba 
230kV substation 

transformer 

Limiting Element Map 

The remaining two 230/69kV 
transformers at Pinnacle Peak. 

Al- 
A4 

White Tanks 230/69kV xfmr #2 & A5 - 
voltage deviation at White Tanks & 
69kV system busses. 

any of the three substations overloads 
the remaining transformer at that 
substation. 

Voltage deviation at Avery & 69kV A19- 
system lines. A22 
Voltage deviations and line overloads A23- 
on the sub-transmission system in the A24 
area resulting in load shedding. 

transformers at Pinnacle Peak. A26 

A6 

Loss of a 230/69kV transformer at A7- 
A18 

The remaining two 230/69kV A25- 

Westwing-Raceway 230kV h e .  A27- 
A28 

The remaining two 230/69kV 
transformers at Pinnacle Peak. 

A32 



Adequacy Needs Table 

System Benefits 

Increases import capability for the Phoenix metropolitan 
area, increases the export capability from the PV area. 
Increases transmission system reliability and ability to 

Transmission Project 

Hassayampa-Pinal West 
500kV line. 
Pinal West-Santa Rosa- 
S.E. Valley 500kV line. 

line. 
TS3-TS2-TS123OkV 

Map 

No Map. 
See SWAT 
study report. 

Flagstaff 345/69kV 
interconnection. 

deliver power. 
Provides a second source for TS1 so TS1 is not served as 

Loop-in of Navajo- 
Westwing 500kV to 
Raceway 500kV 
substation, Raceway 
500kV to 230kV 
substation, and 
Westwing-Raceway 
230kV line #2. 

No Map. 

TS5-Raceway 500kV 
line. 

a radial substation, thereby increasing system reliability. 
Also provides the transmission sources for the TS2 
substation in 20 12. 
Maintains system voltages and increases the reliability of 
service in the FlagstaffNerde area for the loss of 230kV 
sources at Coconino. 

transformers. Increases import capability for the Phoenix 
metropolitan area, increases the export capability from 

Provide a backup for outage of Westwing 500/230kV 

Raceway-Pinnacle Peak 
500kV line. 

A33-A34 

A35-A3 6 

Palo Verde vicinity to 
North Gila 500kV or 

Provides a second source for TS5. Increases import 
capability for the Phoenix Metropolitan area, increases 
the export capability from the PV area. 
Increases import capability for the Phoenix Metropolitan 
area. Increases transmission system reliability and 
ability to deliver power. 
Increases import capability for the Yuma area allowing 
APS to serve the growing load. Increases transmission 
system reliability. 
Increase transmission system reliability and ability to 
deliver power. 
Increase transmission system reliability and ability to 
deliver power. 
Increase transmission system reliability and ability to 
deliver power. 

230kV line. 
Westwing-El Sol 230kV 

No Map. 
See SWAT 
study report. 
No Map. 
See SWAT 
study report. 
A37-A38 

No Map 

No Map 

No Map. 
See SWAT 
study report. 

line. 
Mazatzal345kV 
substation. 
Palo Verde-Saguaro 
500kV line. 

In 
Service 
Year 

2006- 
2007 

2008 

2009 

2010 

2010 

2012 

2012 

TBD 

TBD 

TBD 

111. Stabilitv Analysis 

and 2014 for every 345kV or 500kV line that APS owns (totally or partially) or operates. 
It has been APS’ experience that stability concerns do not manifest on the 230kV system, 
which is primarily designed to deliver power to load. Therefore, no 230kV simulations 

A stability simulation for simulated three-phase faults was performed for 2007 



were performed. Additionally, every new proposed generation plant will be required to 
perform stability evaluations prior to receiving permission to interconnect to the 
transmission system. 

Each simulation modeled a 3-phase bus fault, appropriate series capacitor flashing 
and reinsertion, and fault removal and transmission line removal. System performance 
was evaluated by monitoring representative generator rotor angles, bus voltages and 
system frequency. Plots of these system parameters are included in Appendices B and C. 
The stability simulations performed to date indicate that no stability problems limit the 
transmission system. 



APPENDIX A 
POWER 
FLOW 
MAPS 



APPENDIX A 

Power Flow Maps 



I ,  , -  



3 
I 

> 
x W I- 

I3 

a 

a f 

d 



- .  
: . 

. .  
I * ... 

a 

I I I I  

n 
1 5  

t k t 
I .  

I -  

t .. . . 

P 

r 
8 
H 3 

e 



1 . : .  ... 

. .. 

. .  . .. . 

. .. 

I .  

~ . . -  ... 

, .- , 

e 

l." - 
1 .  - 

. .. . 
, .  r 

3 
a 

I 

L L 



l r l  

Y W 
W 
U 
U 
W 
1 PI 

w m 
a 

f/$q ib 

i 
e 

1.:. . I. . , . 



l r '  

I k 
P 



- .  I . .. ~ 

I ,.. 

I I 

I 



11 

t 
P 

B 
3 a 



I I 

t r I 



I I I 

8 1  

I 

1 tl 



. i. 

- ,  

P 

I 

I P I  

I I 



I I I 

1 Y 

I A I  

J I  I t 
I 

E 



! a 
4 

n 

I 
t; 



d . . z x  . . 1, 

rl 



I ’  I I m 

I I 



1 1  

I 

1 

I I 

I I 



... . .  _ . .  

. .  

. d  



1 1  

t E 
I 

T ' I  

r k I  

I I 



.I . . ., .I 
li. ," . a _  

I L 

. . .  . .  . 
. . . . .  . . . . .  . . ,  

3 
I 

3 
I 

f 

0 e 



a 

m 

P 

I ' I  

1 I 
L 

z 
I 
P 



3 3 
I; I; 

L’ 
e i  

L E 



. .  

. .  
- .. 

^ .  _ .  . ".  . 

s i  
e e  

i [  a 

I ' I  

c 

I f 

* 

B E 
P 





e 

a 

e 



I . .  . , .  * . .  

. .  

- 1  

n i  p & r-g 

I . : I -- I 

I 

c E 

d 



n i  

P 

x 

4 

I -  



x u 
I- 
VI 
t 
VI 

> 
Y 
0 

cu rn 

d 



t -  . j .:. 
I 

r,. . 

,.. . .  
2 3 -  

. .  

. .. 

. .. 

. .. 

. .. - 

1 
w 
k 

1: 
3 
Y 
0 

(u 
rn 



A 

. . . . . .  . . . . . . .  . . . . . . . . . . .  . . . . .  . . . . . . . . . . . .  . . . . .  

J I  

n 
E r 
ff 

I I -- 

I I W I  I 



e 

n 

! 

P 

F F F  F F F  F 

I 
f 









. 1, 

, . .  . - <, . 
,I .. . 

z 
E 



E u 
I- 
m > 
m 
> 
Y 
0 

(u 

W 
12: 

X 

rn 

a 

a 

n 





61 

--I=- 
$ I 7 

I I 

I I 
t 

d 



e 

I! 

1 

7 = l  



APPENDIX B 
2007 

STABILITY 
PLOTS 



APPENDIX B 

2007 
Stability Plots 



Table of Contents 
Simulation Page 

Cholla 500 & 345kv 
Cholla-Coronado outage .............................................................................................................. 1 
Cholla-Four Corners outage ........................................................................................................ 2 
Cholla-Pinnacle Peak outage ....................................................................................................... 3 
Cholla-Saguaro outage ................................................................................................................. 4 

Four Corners-Cholla outage ........................................................................................................ 5 
Four Corners 500 & 345kv 

Four Corners-Moenkopi outage .................................................................................................. 6 
Hassayampa 500kv 

Hassayampa-Jojoba outage ......................................................................................................... 7 
Hassayampa-North Gila outage .................................................................................................. 8 

Jojoba-Gila River outage ............................................................................................................. 9 
Jojoba-Hassayampa outage ......................................................................................................... 10 
Jojoba-Kyrene outage .................................................................................................................. 11 

Jojoba 500kv 

Kyrene 500kv 
Kyrene-Browning outage ............................................................................................................. 12 
Kyrene-Jojoba outage .................................................................................................................. 13 

Moenkopi 500kv 
Moenkopi-Eldorado outage ......................................................................................................... 14 
Moenkopi-Yavapai outage ........................................................................................................... 15 

North Gila-Hassayampa outage .................................................................................................. 16 
North Gila-Imperial Valley outage ............................................................................................. 17 

North Gila 500kv 

Navajo 500kv 
Navajo-Crystal outage .................................................................................................................. 18 
Navajo-Moenkopi outage ............................................................................................................. 19 
Navajo-Westwing outage ............................................................................................................. 20 

Perkins-Mead outage .................................................................................................................... 21 
Perkins 500kv 

Palo Verde 500kv 
Palo Verde-Devers outage ............................................................................................................ 22 

Palo Verde-TSS outage ................................................................................................................. 24 
Palo Verde-Westwing outage ....................................................................................................... 25 

Palo Verde-Rudd outage .............................................................................................................. 23 

Pinnacle Peak 345kv 

Rudd 500kv 

Saguaro 500kv 

Westwing 500kv 

Pinnacle Peak-Cholla outage ....................................................................................................... 26 

Rudd-Palo Verde outage .............................................................................................................. 27 

Saguaro-Cholla outage ................................................................................................................. 28 

Westwing-Navajo outage ............................................................................................................. 29 

Westwing-Yavapai outage ........................................................................................................... 31 

Yavapai-Moenkopi outage ........................................................................................................... 32 
Yavapai-Westwing outage ........................................................................................................... 33 

Westwing-Palo Verde outage ....................................................................................................... 30 

Yavapai 500kv 



L 

1 

I. 

-3 

-t 1 

* "L.1 lu3l a . 0  rcslNl* la- 

Appendix B 
Page 1 



I I 

e m  I I I I I I I I I 
0.01667 Tlae. sec. 5. WOM) 
0.m 0 *bus I ~ 1 5 m O m r c r *  I I F  I.= 
0.2030 --- + *bus I W m m o . O W  I i r  I.= 
0.2030 - - - - - - -_ -  * *bus loD)mo.oLcLyIlo I 1 1  I.= 
0.2030 -._-__-__ * v ) n  ~ ~ 0 u I u . m  I l r  1.m 

I. 

"1' 1 

I I I I I I I I 1 
0.01667 T l U .  XC. 5. ow00 

c m u  ru  ti-rt LIW (UTI 
XUlwyBw 

---*------- 

.In I I I I I 1 I I I 
O.Ol667 T l U .  xc. 5. ow0 

I -160.0 0 I I r 1m.1 

Appendix B 
Page 2 



v 

1. 

L 

IL*o I I I I I I I I I 
0.04667 nu, YC. 5. m 
a- 0 .ius lpm230.0lndc I I F 1.a 
a m  _ _ _  + hl I-lza3zJo.0- I I r 1.3 
a m  _ _ _  - - - _ _ _  * .hl l W l n a O * P s  I I r 1.a 

+I IWI 230.0 Itslnl*. I I r 1.3 0 . m  * 

h 

-t 

-1- I I I I I I I I I 
0.01667 T I Y .  rC. 5. rn 

0 I I 1  160. 

Appendix B 
Page 3 



u i 

. .  

I"." --- X I I L (0.5001 

Appendix B 
Page 4 



II 
II 

1 

-I- 1 
-$ 
S b  I I I I 1 I I I I 

0.01 667 TI*. IH. 5. worn 
I I C  m.5m 0 5% m 

-I- -I 

-- I I I I I I I I I 
0.01667 5. worn 

I I C  1m.m 
0- Y I c 1m.m 

Appendix 6 
Page 5 



't 

I I1 I I I I I I I 
0.01667 T l Y ,  XC. 5.00000 

0 

L I I I I I I I I I 
0.01667 T l Y ,  KC. 5. 00000 

0 I I 60.500 

Appendix B 
Page 6 



h I I I I I I I I I 
0.01667 TI*. 5ec. 5. Mmo 
0.m 0 I I 1  1.m 

" 

"t 

9h.l I I I I I I i I I 
0.01667 TI*, KC. 5. Mw 
59.500 0 I I1 w.0 

. . .  

Appendix B 
Page 7 



I. 

I. 

I. 

I I I I 1 I 1 I I 
0.01667 T I Y .  SeC. 5. m 
0.- 0 "La t m r s D a o m r c r *  I I 6  1 . P  

I. 

I I I I I I I I I 
0.01667 T I Y .  KC. 5. m 

0 I I 1 . P  

-t 

Appendix B 
Page 8 



D 

-1 

I 

Lo 

't 
I I I I I I I I I 

0.01667 nu. XC. 5. ww 
0 4 q  Irnl a r . O r r a w 1  I I a I=. + .* IWl9 P . O m € J f l t t  R 1 a 160. 

. m . o  
X .* Irnl 15.5-I I I 8 160. 

.im.o - - - 

.1m.o - - - - - - - - -  

.tm.o * .ma lvsl ILIlFIunI I I D  , (Lo. 
x I I D 1m. .* ISPI % . O w U o l  . m . o  _ _ _  

Appendix B 
Page 9 



I . + .  . 

Appendix B 
Page 10 



t 
13 . . . .  

1 

I I I I I I I I I 
0.01667 TI*. IN. 5. OOOM) 
ax-  0 

- 
a m  g - a m  g - 

1 
I I 

.=..a- 

.I. =!- 

Appendix B 
Page 11 



h I I I I I I I 1 I 
TI*. XC. 5. Moa0 

0 I I 1.m 

.m. 1 

Appendix B 
Page 12 



1. 

I. 

I I I I I I I I I 
0.01667 Tlrc, KC. 5 . m  
0.3oOo 0 

m tnc lor IO-veal  Plan 5tablllty 

. .  . .  . . .  

I I I 1 I I I I 1 
LOl661 Tl re .  5eC. 5.oM)c 
.ILO.O .g tual Ir.0-I 0 

+ 1 I 160. 
I 4  I 160. 



I. 

:? e 

h 1 I I I 1 I i 1 I 
0.01667 TI=. ICC. 5. MM 
Ram 0 1 I 1.x 

I '  

-+ r; 

-t 

m . l  I I I I I I I I 1 
0.01667 T I U .  XC. 5. M)o(l 

59. sm 0 )*a l * m l 5 0 0 . O r c u C a c  I I O  m.5 + I I O  60.9 59.500 - -- - l . D m 5 0 0 . O * U u O  * 

Appendix B 
Page 14 



L I I I I I I 1 I I 
0.01667 TI*. +W. 5 . m  

-I 

- .  . 

. .  . 

Amendix B 
'Page 15 



1. 

L 1 I I I i I I I I 
0.01667 T l r C ,  +CE. 5. MxI(I 

L 

U 

P :I 

IYI 

la., 

c* 

-.a 

h. 

L I  

...a 

.-.a 

.L@ 

4-1 

. .  

. .  

. .  . .  . . .  . .  

. . .  

Appendix B 
Page 16 



't 

-t 1 
1 

-t 

1 

Appendix €3 
Page 17 



.NIL !I 

I 

!I 

I I I I I I I I 
Tlae, sec. 5.Mmo 

0 I I l.amu 

KlUlCil 13. Z& 

-t 

Appendix B 
Page 18 



hrn 1 I I I 1 I I I 
0.01667 TI=. KC. 5. oww 
0.m 0 I I .  1.m 

I. 

Appendix B 
Page 19 



4. 

-+ 

li 
I I I I I I I 1 1 

0.01667 TI*, XC. 5. wm 
0.- 0 I I 1.n 

Y 

J I I I I 1 I 
5. WaOD 

OD1 Lm.0 I I n  a.5m 

Amendix B 

. . .  

Page 20 



--t 

0.01661 TI*. XC. S. owl 
0 l U  I r m l 5 m . O ~  I I O  60.5 sY.5m 

"t 

-I- 

Appendix B 
Page 21 



-t 

a m .  

1 

I i I I i I I I I 
0.01667 TIaC. W .  5. Mom 
a m  0 rbus I ~ r n . O X n d C  I I 1.m 
a m  _ _ _  + *Lrl lWo3230.0- 1 I 1.m 
a m  - - - - - - - - - x "L.1 IWI 230.0 **R I !  1.m 
a m  _________ * vkl lW3l 230.0 )651)(1)6 I 1  1.m 

-t 

Appendix B 
Page 22 



i 

R I I 1 I I I I I I 
0.01667 T I V .  5 s .  5 . m  

I 

Appendix B 
Page 23 



Zmr Case tor IO-1c.r PI.. Stablllty 

. . .  

Appendix B 
Page 24 



i 

L 

L I  I I I I I 1 I I I 
0.01667 T l Y ,  KC. 5. OMX 
59.54m 0 rLn 1.g01sm.o- I 1 8  60.5 

! 

I 

."* -1 

Appendix B 
Page 25 



h I I 1 I I I I I I 
0.01667 Tl-. scc. 5. woo 
0. m I I 1.m 

I. 

I I I I I I 

I 't 

RR )ryu ni R-M LIY M 
m w M s E E u T  

Appendix B 
Page 26 



-t 

Appendix B 
Page 27 



I 
'4 

't **t 

Appendix B 
Page 28 



-t 1 

'7 

- -+- - / -  

c- A. Y .. I e 

Appendix B 
Page 29 



4 

n. 

.yo.= 1 I I 1 I I I I I 
0.01667 TI*, 5cc. 5. MOM 

0 I I 7 t a m  . I L a O  a 4  rmr * .04 ( IWl  + 

Appendix B 
Page 30 



.lo 
. . .  

i 

-I 

W. I ti I I I I I I I 
0.01667 Tlac. +Ct. 5. waoo 
a m  0 

I I I I I I i I I 
0.01667 T I Y .  KE. 5. MM 

I I 7  60.5 0 

I ! 

. . .  . .  . .  

Appendix B 
Page 31 



L I I I I I 1 I I I 
0.01667 TI=, set. 5. MMOO 

I. 

I I I I I I I I I 
0.04667 TlMe. +ec. 5. woo0 
a m  0 I I 1.- 

-+ 

I I I I I I I I I 
7 l Y .  5.x. 5. WWI 

0 ern 1W3l a.0-I I I 7  164.1 

Appendix B 
Page 32 



I 1 1 I I I I I I 
TI-. XE. 5. wo( 

D I I .  1.a 

I. 

L I I I 1 I I I I I 
0.01667 T h e .  KC. 5. M)(KIo 

Appendix B 
Page 33 



APPENDIX C 
2014 

STABILITY 
PLOTS 



APPENDIX C 

2014 
Stability Plots 



Table of Contents 
Simulation Pape 

I 

Cholla 500 & 345kv 
Cholla-Coronado outage .............................................................................................................. 1 
Cholla-Four Corners outage ........................................................................................................ 2 
Cholla-Pinnacle Peak outage ....................................................................................................... 3 
Cholla-Saguaro outage ................................................................................................................. 4 

Four Corners-Cholla outage ........................................................................................................ 5 
Four Corners 500 & 345kv 

Four Corners-Moenkopi outage .................................................................................................. 6 
Hassayampa 5OOkv 

Hassayampa-Jojoba outage ......................................................................................................... 7 
Hassayampa-North Gila outage .................................................................................................. 8 

Jojoba-Gila River outage ............................................................................................................. 9 
Jojoba-Hassayampa outage ......................................................................................................... 10 

Jojoba 500kv 

Jojoba-Kyrene outage .................................................................................................................. 11 

Kyrene-Browning outage ............................................................................................................. 12 
Kyrene 500kv 

Kyrene-Jojoba outage .................................................................................................................. 13 

Moenkopi-Eldorado outage ......................................................................................................... 14 
Moenkopi-Yavapai outage ........................................................................................................... 15 

North Gila-Hassayampa outage .................................................................................................. 16 
North Gila-Imperial Valley outage ............................................................................................. 17 

Moenkopi 500kv 

North Gila 5OOkv 

Navajo 5OOkv 
Navajo-Crystal outage .................................................................................................................. 18 

Navajo-Raceway outage ............................................................................................................... 20 
Navajo-Moenkopi outage ............................................................................................................. 19 

Perkins 5OOkv 

Palo Verde 5OOkv 
Perkins-Mead outage .................................................................................................................... 21 

Palo Verde-Devers outage ............................................................................................................ 22 
Palo Verde-Rudd outage .............................................................................................................. 23 
Palo Verde-TSS outage ................................................................................................................. 24 
Palo Verde-Westwing outage ....................................................................................................... 25 

Pinnacle Peak-Cholla outage ....................................................................................................... 26 
Pinnacle Peak-Raceway outage ................................................................................................... 27 

Pinnacle Peak 500 & 345kv 

Rudd 500kv 

Raceway 5OOkv 
Rudd-Palo Verde outage .............................................................................................................. 28 

Raceway-Navajo outage ............................................................................................................... 29 
Raceway-Pinnacle Peak outage ................................................................................................... 30 
Raceway-TS5 outage .................................................................................................................... 31 
Raceway-Westwing outage .......................................................................................................... 32 

Saguaro-Cholla outage ................................................................................................................. 33 

TS5-Palo Verde outage ................................................................................................................. 34 
TS5-Raceway outage .................................................................................................................... 35 

Westwing-Palo Verde outage ....................................................................................................... 36 

Saguaro 500kv 

TS5 5OOkv 

Westwing 500kv 



Westwing-Raceway outage .......................................................................................................... 37 
Westwing-Yavapai outage ........................................................................................................... 38 

Yavapai-Moenkopi outage ........................................................................................................... 39 
Yavapai-Westwing outage ........................................................................................................... 40 

Yavapai 500kv 



Lm- 
I 
1 

.mi I I I I I I I I I 
5. a m  0.01667 T l r ,  YC. 

0.- 0 VM t * m ~ u o . o r o m n ~  I I L 1.3 
0 . m  --- + r*n l%&XI3SO&O#lUo I I L 1.a 
a m  - - - - - -  - - -  X VM X O J 3 S o a 0 4 U t 4 l O  I I L 1.3 * .&us a c u l 8 5 m . o l b l L w  I I L 1.3 I a- --------- 

I. 

I 7 

I I I I I 1 I I I 
5. WM 

Lam 
0.01667 TlK. XC. 

1 L I O C  I I t I I I I I I 
5. oow 

,59.w 0 nus I a o l 5 c a . o r ~  1 I L  6O.s 
0.01667 T I U .  +K. 

.E.-- 

*.- - 1 

I I I I I I I I I I 
5. OwOD 

I I L  IL0.W 

. a m '  
3 0.01667 TI*. XC. 

0 IW.0 

Appendix C 
Page 1 



-t II 

.Lm. 
I *3 I I I I I I I I I 

0.01667 TI=. KC. 5. OOM 
5 9 . m  0 )*n tmlYX.orolCIR I I c w.. 

&I. I I I I I I I I I 
0.01667 T I Y .  IH. 5. oow 
a m  0 r M  lmlYX.Omcrr* I I C  1.a 

I 7 



I. 

LID. - 1 I I I I I I I I 
0.01667 Tlre. XC. 5 . m  
0 . m  0 "LW iuoDim.oroladc I I n  1.m 
0 . m  - _ _  + **If k c a  500.0 wuuo 1 i n  LP 
0 . m  ------_-L * " k S  y m 5 0 0 . o a n w r o  I I n  LP 
0 . m  -._-__--- * vbus M . 5 0 0 . o l m u o l  I i n  LP 

Y 

u. 

Appendix C 
Page 3 



I. 

. I I I I I I I I I 
0.01667 T I l e ,  IK. 5. WM 

0 **n I Y m I l O . O l ~  I I 1 . 1  
0.m --- + **I1 r u o 3 2 m . o ~  I I 1.z 
0 . m  - - - - - - - - -  X **I1 I W 1  m.0dp.m 1 1 1 . 1  

I I 1 . 1  0 . m  * V*II lu31 2m.0 mini16 I 

11o.M 

Appendix C 
Page 4 



I. 

U.W 

i 

I I I I I I I I I 
0.01667 l lme. 5ec. 20. ow 
s9. sm PW timi sm.0 maw I I w.5 
5 9 . w  - - - t*rr c r m 3 w . 0 ~ ~ 0  I I w.5 
5 9 . w  - - - - - - - - - I W I  l*WI 230.0 KSrnl* I I w.5 

x tw M 0 3 U D . O h I C L P ) ( I O  I I 60.5 
IUS ~ w . o y t L l ~  I t b0.s 

59 .m 
5 9 . w  - - - 

0 + 
X 

X 

e.= 3 

5% 

R li 

.. . . 

.m I I I I I I I 1 I 
0.01667 TI*, 5K. 20. woo 
-160.0 0 1 I 1w.m 

Appendix C 
Page 5 



1 
&Io I I I I I I I I I 

0.01667 Tlm. KC. 5. wwo 
I I 1.m a m  vw tum2m.olndE a m  _ _ _  + v h l  lm32m.O- I I i.m 

0.m - - - _  - - - - -  = v h l  1-1 am.0 RIIm I I 1.m 
a m  __  * *I l ~ l m o ~ l n l ~  I I 1.m 

0 

Y 

'-t 1 
1 

I I I I I I I I I 
O.O1F&7 TI*, M. 5. awM) 
59. 500 0 I I C  (0.- 

Appendix C 
Page 6 



. .  

I I I I I I I I I 
0.01667 T I U ,  5x. 5. Mm 
0. m 0 "M t r m l s m . O m R I m  I I 1  1.m + 

I 

.la I I I I I I I I I 
(0.01667 Tl l le ,  KC. 5. WM 
I .IW.0 0 I I I IW. 

Appendix C 
Page 7 



I. 

. I I I I I I I I I 
0.01661 TI*, XC. 5. wu 
a m  0 vw ~ * D I E Z O . O ~ -  1 I # 1.I 

1. 

I 

L I  I I I I I I I I I 
0.01667 T1.C. set. 5. WM 
0.2000 0 V b  mm2m.orndC I 1 1 . 1  
0.m --- + "hl  lGu32m.oc- I I (.I 
a2000 - - - -  - - _ _ _  X V h I  IIVOI 230.0 Dnpr I I l .I  
a m  __ ______. * "*I1 ha31 m o  rclr)(lC 1 1 1.I 

p. I I I I I I I I 1 
0.01667 Tlw, +CC. 5. MKI(I0 
59. m 0 I I 8  w.m 

-t 

Appendix C 
Page 8 



'I .c 

't 

Y 

U 1 , .  
U 

(0. 

T I V .  set. 
0 r w  
+ 

5. ooao 
I I t  w.9 
I I t w.a 
I I C  aa.9 

Appendix C 
Page 9 



-I- 

0.- 

~ o.- 

I I I I I I I I I 
0.01667 T I M .  YC. IO. woo 
0.m 0 VM m . o r ( ~ ~ ~ 0 4  I I 1.m 
0 . m  - -_  + “M I * O m s m . O ~ O  I I 1.m 
a m  - _ _ _ _ _ _  - - x **Is 2sm3 sm.OdDELlYR0 I I 1.m 
0.m * .bur 3601e 5m.o ICtuLm I I 1.m 

:i 

o . B  I I I I I I I I I 
0.01667 TI*. KC. 1o.woo 
0. m 0 **Is lUm 230.0 I ~ K  I I 1.m 
0.- _ _ _  + **I1 In103 230.0 Cb5m-5 I I 1.m 
0 . m  _ _ _ _ _ _ _ _ _  * “Lul I Y n I  230.0 RRdps I I 1.m 
0 . m  * Y ~ I  lr23l 20.0  Ilisinnt I I 1.m 

I 

L 

Appendix C 
Page 10 



I 

nu- ni a n - t n  LIY CUI 
a019 I611 -n IdsE 
SIplUrn 21. 200, 

Appendix C 
Page 11 



I. 

i 

I 
L I I I I I I I I I 

0.01667 TI-, KC. 5. OMM 
a m  0 I I 1.m 

"7 

Appendix C 
Page 12 



-t 

L 1 

Appendix C 
Page 13 



I. 

u 

I. 

I I I I I I I I I 
0.01667 T I Y .  W. 5. cool 
0.m 0 vw 1 ~ o 1 r n . o ~ -  I I 1.8 
a m  _ _ _  + *I f*ao3moca3mWs I I 1.P 

**I ImlmoRII*PI  I I 1.P 0.zaou - - _ - - _ _ - _  
a m  t *I 1'1231 m o  ynnlt6 I I 1.P 

* 

Y 

-t 

-t 

Appendix C 
Page 14 



I. 

-I- 

-1 

I I I I I I I I I 
0.01667 nu. KC. 5. ooca 
-160.0 .no 1-1 *.O#GCIOI t l a  f a t  0 + I I .  ILPI 

Appendix C 
Page 15 



1 

.-- 

i 

Appendix C 
Page 16 



h I I I I I I I I I 
0.01667 lllc, rC. 5. ww 

I. 

't 

Y 

1 I I I I I I I I 
0.01667 TI*, WC, 5. wmo 

0 

.. . 

Appendix C 
Page 17 



L I  I I I I I I I 1 I 
0.01667 1l.e. +ec. 5. oom 
almp 0 "cn I u m n a O l n C E  1 I 1.100 .+ 1 I 1.m 

I 

-I- 

.m I I 1 I I I I I I 
l0.01667 nu, XC. 5. wo(I 

Appendix C 
Page 18 



L I I I I I I I I 
0.01667 Tme, XC. 5. oam 
a m  0 I l a  1.n 

I 
)I*WO ni. w-m. I I ~  Ost 

Appendix C 
Page 19 



L I  I I I I I I I I i 
0.01667 T I Y .  xe. 5. Moo 
Rmm M t n m a l a o c ~  I I 1.m 0 

+ 

-+ 

Appendix C 
Page 20 



b r n  I I 1 I I I I I I I 
0.01667 T I Y ,  m. 5. Mx)( 
a= 0 v*n t .mtm.Dr(I IEl* l  I I Y I.% 

+ I I "  1.P 

-I- 

L I I I 1 I I I I I 
0.01667 T I Y ,  XC. 5.oM)o 

0 

Appendix C 
Page 21 



I. 

'J 
** *t 

1. 

'1 

-I- 
-I- n 

Appendix C 
Page 22 



L 

1 

-t n 

Appendix C 
Page 23 



I I I I I I I I I 
Tire, YC. 5. m 

0 I I I 1.1 

1 

Appendix C 
Page 24 



.I- 

I. 

-1 

Appendix C 
Page 25 



1. 

't 

'-5 

-t 
.m 

0.01667 TI=. sec. 5. OOM 
0 -1GD.o M 1-1 111.0-1 I I IW. 

Appendix C 
Page 26 



't N 
-t 

Appendix C 
Page 27 



i 
’ 1 

:i 
i 

I I I I I I I I I 
lllt, +CC. 5 . m  

0 I I .  1.m 

i 
.=t 

c 

I 
1 I I I I I I I I 

0.01667 Tllt. XC. 5. WMY 

Appendix C 
Page 28 



-t 1 
i 

-t 1 

I I I I I I 1 I I 
0.01667 T I Y .  s m  5. Moar 

0 

J 
.*La 1 I I I I I I I I 

0.01667 T l r .  Kt. 5. woo0 
I 1 1  160.~0 .IM.O .4 lW1 2 U . O ~ a w B I  0 + .I t r r r  1m.o L e . C ? I  

Appendix C 
Page 29 



3 
-t i 

. t Y  I I I I I I I I 1 
0.01667 TI*e. XC. 5. worn 
dw.a 0 I I 1LO.m 

Appendix C 
Page 30 



I. 

N 

n 

Y 

Appendix C 
Page 31 



'*-I- 

? 

Appendix C 
Page 32 



a- I I i i I I I 1 I 
0.01667 nu, SCE. 5. mu 
0.m 0 

I. 

6- I I I I I I I I I 
0.01667 TI*. sec. 5. woc 
0.m 0 h t u m a . o s r a Y  I I 1 . 1  + I I 1.a 

w, I I I I I I i I I 
0.01667 TI-. KC. 5. om 

0 

In 

-I- 

Appendix C 
Page 33 



-t 

1 

-I- t i  

-+ 

=-I- 

-la I I I I I i I I I 
0.04667 T l Y .  XC. 5.00000 

Appendix C 
Page 34 



'*-I- -I 

-@ i 

I. 

I. + -I 

i 

am- 

- - LU) 

a 

1 

Appendix C 
Page 35 



't 1 am, 

m.m 

I 

Appendix C 
Page 36 



I. 

L 

Y 

*W. I I I I I I I I I 
0.01667 TIW. sec. 5. woo 

0 I I r a n  

I I I I I I I I 1 
0.01667 T I Y .  see. 5. woo 
-lw.o 0 am I . l W  m.0 YLOUDI I I IL0.I 

Appendix C 
Page 37 



L I D l  

I. 

. I 1 I I I I I I I 
0.01667 nu. W. 5. moo0 
a m  0 r*rr I . m l s m . O r m u m  I I 1.m 
0.m --- + h I ~ 5 0 8 . O y M l D  I I l.m 
a m  - - - -  - - --- X **n acomm0.owlucro I I 1.- 
a m  * * r*rr ~ s m . O I c n u S u  I I 1.m 

n 

Appendix C 
Page 38 



.+ . '. 

't 

I I I I I I I I I 
0.01667 T l r .  XC. 5. om00 

0 M I W l ~ . O r m r a  I I (.am0 

1. 

' 

. I I I 1 I I I I I 
0.01667 TI=. 5Ct. 5. MXK) 

. . . .  - .  

-1 ni. w-Y I l n t  wt 
ZOlv MI. -8 .bsc 

Appendix C 
Page 39 



I. 

h.I I I I I I I I I 1 
0.01667 T 1 Y .  ZN. 5. OWQ 
a m  V k  I r m I r m O r a r m r *  I I 1.10 0 

~*IWLI nr. w-m 11.c ot 
2OIOtr 616 -D W tlp 

I. 

I. 

-t 

nm . I I I I I 1 I I I 
0.01667 11Y. xc. 5. Moo0 
59.- 0 

. .  

Appendix C 
Page 40 


	G EN E RAL I N FORM AT I 0 N
	Changes from 2004-2013 Ten-Year Plan
	New Projects in the 2005-2014 Ten-Year Plan
	Arizona EHV and Outer Divisions
	Phoenix Metropolitan (West) area
	Phoenix Metropolitan (East) area
	Gavilan Peak loop-in of Pinnacle Peak-Prescott 230-kV line
	Rudd-TS3-TS4 230-kV line
	Hassayampa-Pinal West 500-kV line 1 &
	Pinal West-Santa Rosa-Browning 500-kV line (2007 & 201 1 )
	Palo Verde-TS5 500-kV line
	TS5-TS1 230-kV line
	TS3-TS2-TSI 230-kV line
	Raceway-Avery 230-kV line
	Pinnacle Peak-TS6-Avery 230-kV line
	Second Knoll loop-in of Coronado-Cholla 500-kV line
	Flagstaff 345169-kV Interconnection
	Raceway loop-in of Navajo-Westwing 500-kV line
	Raceway 500-kV to 230-kV substation 230-kV line
	TS5-Raceway 500-kV line
	Westwing-Raceway 230-kV line
	NE3 loop-in of Cholla-Pinnacle Peak 345-kV line
	Jojoba loop-in of TS4-Gila River 230-kV line
	Raceway-Pinnacle Peak 500-kV line
	Palo Verde-North Gila 500-kV or 230-kV line
	Westwing-El Sol 230-kV line (TBD)
	Mazatzal loop-in of Cholla-Pinnacle Peak 345-kV line (TBD)
	Palo Verde-Saguaro 500-kV line (TBD)
	INTRODUCTION and PURPOSE
	A General
	B Transmission Planning Process
	EHV Transmission Planning Process
	230kV Transmission Planning Process
	Transmission Facilities Required for GeneratiodResource Additions

	C Ten Year Transmission System Plans
	D Regional Coordination Planning
	Western Electricity Coordinating Council
	Sub-Regional Planning Groups
	Joint Studies

	Generation Schedules
	Load Projections
	G Alternative Evaluations
	1 General
	Power Flow Analyses
	Transient Stability Studies
	Short Circuit Studies
	Reactive Power Margin Analyses
	Losses Analyses
	Transfer Capability Studies
	Subsynchronous Resonance (SSR)
	9 FACTS
	10 Economic Evaluation


	Loads
	Generation and Other Resources
	Nominal Voltage Levels
	Sources of Databases
	Voltage Control Devices
	Phase Shifters
	Conductor Sizes
	69kV System Modeling
	Substation Transformers
	500kV & 345kV Substations
	230kV Substations
	10 Switchyard Arrangements
	500kV & 345kV Substations
	230kV Substations

	11 Series Capacitor Application
	12 Shunt and Tertiary Reactor Application
	System Stressing
	2 Displacement
	Fault Simulation
	2 Margin
	3 Unit Tripping
	4 Machine Reactance Representation
	5 Fault Damping
	6 Series Capacitor Switching
	Generation Representation
	Machine Reactance Representation

	Short Circuit Studies
	D Reactive Power Margin Studies
	EHV EMERGENCY- - - - - - - - - - - - - - - - - - -
	METRO 230kV CONTINUOUS- - - - - - - - - - - - - - -
	METRO 230kV EMERGENCY - - - - - - - - - - - - - - -
	NORTHERN 230kV CONTINUOUS - - - - - - - - - - - - -
	NORTHERN 230kV EMERGENCY - - - - - - - - - - - - - -
	SOUTHERN 230kV CONTINUOUS - - - - - - - - - - - - -
	SOUTHERN 230kV EMERGENCY - - - - - - - - - - - - - -
	Cholla-Coronado outage
	Cholla-Four Corners outage
	Cholla-Pinnacle Peak outage
	Cholla-Saguaro outage
	Four Corners-Cholla outage
	Four Corners-Moenkopi outage
	Hassayampa-Jojoba outage
	Hassayampa-North Gila outage
	Jojoba-Gila River outage
	Jojoba-Hassayampa outage
	Jojoba-Kyrene outage
	Kyrene-Browning outage
	Kyrene-Jojoba outage
	Moenkopi-Eldorado outage
	Moenkopi-Yavapai outage
	North Gila-Hassayampa outage
	North Gila-Imperial Valley outage
	Navajo-Crystal outage
	Navajo-Moenkopi outage
	Navajo-Westwing outage
	Perkins-Mead outage
	Palo Verde-Devers outage
	Palo Verde-Rudd outage
	Palo Verde-TSS outage
	Palo Verde-Westwing outage
	Pinnacle Peak-Cholla outage
	Rudd-Palo Verde outage
	Saguaro-Cholla outage
	Westwing-Navajo outage
	Westwing-Palo Verde outage
	Westwing-Yavapai outage
	Yavapai-Moenkopi outage
	Yavapai-Westwing outage
	Cholla-Coronado outage
	Cholla-Four Corners outage
	Cholla-Pinnacle Peak outage
	Cholla-Saguaro outage
	Four Corners-Cholla outage
	Four Corners-Moenkopi outage
	Hassayampa-Jojoba outage
	Hassayampa-North Gila outage
	Jojoba-Gila River outage
	Jojoba-Hassayampa outage
	Jojoba-Kyrene outage
	Kyrene-Browning outage
	Kyrene-Jojoba outage
	Moenkopi-Eldorado outage
	Moenkopi-Yavapai outage
	North Gila-Hassayampa outage
	North Gila-Imperial Valley outage
	Navajo-Crystal outage
	Navajo-Moenkopi outage
	Navajo-Raceway outage
	Perkins-Mead outage
	Palo Verde-Devers outage
	Palo Verde-Rudd outage



	Palo Verde-TSS outage
	Palo Verde-Westwing outage
	Pinnacle Peak-Cholla outage
	Pinnacle Peak-Raceway outage
	Rudd-Palo Verde outage
	Raceway-Navajo outage
	Raceway-Pinnacle Peak outage
	Raceway-TS5 outage
	Raceway-Westwing outage
	Saguaro-Cholla outage
	TS5-Palo Verde outage


