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Dear Mr. Johnson: 

HAND DELIVERED 

In compliance with A.R.S. 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”) 2004-201 3 Ten-Year Plan for major transmission facilities, 
along with associated system studies, system ratings, and also the Company’s Reliability 
Must Run Report for 2004-20 13. 

The 2004-201 3 Ten-Year Plan describes planned transmission lines of 1 15 kV 
or higher that APS may construct over the next 10 years. This Ten-Year Plan includes 
approximately 205 miles of new 500 kV transmission lines, 194 miles of new 230 kV 
transmission lines, and 14 new bulk transformers. The total investment needed to 
construct these projects is currently estimated to exceed $1.1 billion. When completed, 
these projects are expected to add approximately 2,000 MW of additional Extra-High 
Voltage scheduling capability, as well as 2,500 MW of import capability into the 
Metropolitan Phoenix Area and 250 MW of import capability into Yuma. 

These new transmission projects, coupled with additional distribution 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 infrastructure 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, other 
state and federal policies affecting transmission, and, of course, APS’ ability to finance 
large investments of this nature on commercially-reasonable terms. 
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Please contact me if you have any questions or desire additional information 
concerning this filing. 

Sincerely, 

Steven M. Wheeler 

SMW:DN 
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cc/encl: Doc,& Contrc- (Original, plus copies) 
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Commissioner Bill Mundell 
Commissioner Jeff Hatch-Miller 
Commissioner Mike Gleason 
Commissioner Kristin Mayes 
Laurie Woodall, Assistant Attorney General 
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ARIZONA PUBLIC SERVICE COMPANY 
2004-201 3 

TEN-YEAR PLAN 

GENERAL INFORMATION 

Pursuant to A.R.S. 0 40-360.02, Arizona Public Service Company (“APS”) submits its 

2004-20 13 Ten-Year Plan. Additionally, pursuant to Arizona Corporation Commission 

(“Commission7’) 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 2004-201 3 Ten-Year Plan describes planned transmission lines of 11 5 kV or higher 

voltage that APS may construct over the next ten-year period. Pursuant to A.R.S. 3 40-360(10), 

underground facilities are not included. There are approximately 205 miles of 500-kV 

transmission line, 194 miles of 230-kV transmission line, and 14 bulk transformers contained in 

the projects in this Ten-Year Plan filing. The total investment for the projects, as they are 

modeled in this filing, is estimated to be in excess of $1.115 billion and the projects will add 

2000 MW of additional EHV scheduling capability, 2500 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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1 Projects in Ten-Year Plan 1 

Total Invystment 
EHV Scheduling Capability 

I 500-kV transmission line 1 205 miles I 

$1.11 5 billion 
+2000 MW (+20 %)' 

1 230-kV transmission line I 194 miles I 

Total Phoenix Area Import 
Yuma Area Import 

Bulk Transformers I 14 I 

+2500 MW (+29 %)' 
+247 MW (+151 %)' 

beyond the upcoming ten-year period are not included. This Ten-Year Plan is tentative 

information only and, pursuant to A.R.S. 5 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 

developments, or for other reasons. A summary of changes from last year's plan is provided 

below. 

For the convenience of the reader, APS has included system maps showing the general 

location and in-service date for all overhead transmission lines planned by APS for Arizona and 

the Phoenix Metropolitan Area. Written descriptions of each proposed transmission line 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 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. 5 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. 
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APS believes that the projects identified in this 2004-2013 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. 

Changes From 2003-2012 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. 

Proiects removed from plan 

The Buckeye loop-in of Gila Bend-Liberty 230-kV line is no longer in the 

plan, along with the Silver King loop-in of Cholla-Saguaro 500-kV and the Gila 

Bend-Pinal West 230-kV line. It was determined that the objectives of these 

projects can be met by other system additions. 

Along with those projects the Rudd loop-in of the Jojoba-Kyrene 500-kV line 

is no longer in the plan. It was determined that this project would reduce system 

performance and the Phoenix area import capability. The technical study can be 

referenced in the Technical Study Report which is also part of this filing. 

Table Mesa replaced bv Racewav 

The Table Mesa substation has been replaced by a 500-kV substation at 

Raceway with a 500/230-kV transformer. The Navajo-Westwing 500-kV line 
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will be looped-in to Raceway instead of Table Mesa and the loop-in will be 

delayed from 2009 to 2010. The TS5-Table Mesa 500-kV line will now be TS5- 

Raceway 500-kV. Also, because of the replacement of Table Mesa with Raceway 

the Table Mesa-Raceway 230-kV lines and the Table Mesa loop-in of Gavilan 

Peak-Prescott 230-kV line have been deleted. 

South East Valley Project 

The project has changed to include a Santa Rosa substation with a 

500/230-kV transformer. As a result, the Pinal West-Santa Rosa 230-kV line has 

been deleted. The Pinal West-Santa Rosa-SEV portion has been delayed from 

2006 to 2007. 

Northern Area Interconnections 

The Flagstaff loop-in of Cholla-Coconino 230-kV line has been replaced with 

a 345/69-kV interconnection at the WAPA Flagstaff substation. 

The Cholla-Second Knoll 230-kV line has been replaced with a 500/69-kV 

interconnection of SRP’s Coronado-Silver King 500-kV line into Second Knoll. 

These changes result in interconnections that are more cost-effective and a 

better use of the existing transmission system. 

Timing Changes - and Name Changes 

The Gavilan Peak loop-in of the Pinnacle Peak-Prescott 230-kV line has been 

delayed from 2004 to 2005. The West Valley South Project will now terminate at 

the TS4 substation instead of the Liberty substation. The Palo Verde-TS5 500-kV 

line has been advanced from 2008 to 2007. Trilby Wash is now named TS1 and 

the TS5-TS1 230-kV portion of West Valley North has been advanced from 2008 

to 2007. The proposed 230-kV substation in Yuma will be named TS8 and the 

Gila Bend-TS8 230-kV line has been delayed from 2010 to 2012. Also, the name 
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of the proposed Misty Willow 230-kV substation has changed to TS6. The 

Westwing-El Sol 230-kV line has been delayed from 2012 to 2013. 
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APS EEV & OUTER DIVISION lI5/230 KV 
TRANSMISSION PLANS 2004 * 2013 

ADAMS TUCSON - EXISTING 500 KV LINES - EXISTING 345 KV LINES 
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NORTH 0 115KV & ABOVE SUBSTATION (EXISTING) 
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Substahons lomhns and line muhngs are approximate 

I ,  ,ur- 

Transmission Planning I 
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BETWEEN APS a SRP 1/12/04 
Transmission Planning -- Substations locations and line mu8ngs are approximate OTHER COMPANY LINES 
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BASELINE RD 

~ p s  EXiSmNG 5 0 0 ~  UNES - 
APS EXISTING 315KV UNES - 
APS EXISTING 230KV UNES - 

ZlKVSUBSTATiON (EXISTING) 
2lKV SUBSTATION (FUTURE) * GENERATING SITE 8 
230KV SUBSTATION 

JOINT OWNSHP 

B E M E N  APS 8 SRP 
OTHER COMPANY LINES 

APS PLANNED UNES --- 23OKV 
345KV --- SERVICE TERRITORY BOUNOARY 
WKV - - - - - - 

Substatrons Iocat l~~S and line roubngs are approximate 

BASELINE RD 

SWltV 

TO SANTA ROSA 

-- 1/12/04 
Transmission Planning 
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Line Designation 

& 
(a) Voltage 

(b) Capacity 

(c) Point of Origin 

(d) Intermediate Point 

(e) Point of Termination 

( f )  Length 

Routing 

Purpose 

Arizona Public Service Company 

Ten -Y ear P Ian 
2004 -201 3 

Planned Transmission Description 
- 2005 

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

230-kV AC. 

150MW 

Pinnacle Peak-Prescott 230-kV line near 12th Street and 
Desert Hills Drive; Sec. 28, T6N, R3E. 

None. 

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. 

Approximately 1 span each of two single-circuit lines. 

Gavilan Peak 230-kV substation will be adjacent to the 
Pinnacle Peak-Prescott 230-kV line so it will just be one or 
two spans. 

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. 

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

A CertiJicate 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 

Purpose 

Date 
(a) Construction Start 

(b) Estimated In Service 

Arizona Public Service Company 

Ten -Y ea r PI an 
Planned Transmission Description 

- 2006 

2004 -201 3 

Rudd - TS3 - TS4 230-kV line. 

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

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

A new TS4 230kV substation located just south of the 
WAPA Liberty substation, Sec. 19, TIN, R2W. 

Approximately 7 miles of double-circuit 230-kV. 
North and east from the existing Rudd-Liberty 230-kV 
transmission line approximately 7 miles to the TS3 
substation and returning south and west to the existing line. 
Then the termination of the line will be moved from the 
Liberty substation to the TS4 substation. 

This 230-kV line will provide a source for the TS3 230169- 
kV substation and 69-kV substations planned in the western 
and southwestern Phoenix Metropolitan 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 2004. 

2006 

Certijkate of Environmental Compatibility issued 2/12/02 (Case No. 11 5, 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. Certi$cate of Environmental Compatibility issued 12/24/03 (Case No. 122, Decision No. 
66646, West Valley South Project). This CEC is for the 230-kV component running from the 
existing Rudd-Liberty line to the TS3 substation and for the TS4 substation. 
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Line Designation , 

(a) Voltage 

(b) Capacity 

(c) Point of Origin 

(d) Intermediate Point 

(e) Point of Termination 

(0 Length 

Routing 

Purpose 

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

Arizona Public Service Company 

Ten -Y ea r P I an 

Planned Transmission Description 

2004 -201 3 

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

345-kV AC. 

150 MW. 

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

None. 

A new 69-kV substation to be built in 2006 adjacent to 
WAPA’s Flagstaff substation; Sec. 24, T21N, R9E. 

Approximately 1 span. 

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

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

2004 
2006 

A CertiJcate 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 

(0 Length 

Routing 

Purpose 

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

Arizona Public Service Company 

Ten-Yea r Plan 
2004 -201 3 

Planned Transmission Description 
- 2006 

Hassayampa - Jojoba - Pinal West 500-kV line. 

525-kV AC. 

To be determined. 

Hassayampa substation or another nearby 500-kV substation; 
Sec. 3, TlS, R6W. 

Jojoba 500-kV substation; Sec. 25, T2S, R4W. 

Pinal West 500/345-kV substation to be constructed in 2006, 
in the vicinity of the town of Mobile; Sec. 18, T5S, WE 

Approximately 60 miles of single-circuit 500-kV 

South and east from Hassayampa, following the existing 
500-kV line to Jojoba, then continuing on 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/Hassayampa area. It is anticipated the line will be a 
joint participation project with SRP as the project manager. 

2005 
2006 

An application for a CertiJicate of Environmental Compatibility was filed by SRP on 124 6/03, 
Case No. 124. 
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Line Designation 

(a) Voltage 

(b) Capacity 

(c) Point of Origin 

(d) Intermediate Point 

(e) Point of Termination 

(0 Length 

Routing 

Purpose 

(a) Construction Start 
(b) Estimated In Service 

Arizona Public Service Company 

Ten-Yea r P Ian 
2004 -201 3 

Planned Transmission Description 
- 2007 

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

525-kV AC. 

To be determined. 

Pinal West 500/345-kV substation to be constructed in 2006, 
in the vicinity of the town of Mobile; Sec. 18, T5S, R2E 

Santa Rosa 500-kV substation to be constructed in 2007 near 
the existing Santa Rosa 230-kV substation; Sec. 30, T5S, 
R4E. 

Browning 500/230-kV substation; Sec. 12, T1 S, R8E. 

Approximately 60 miles of single-circuit 500-kV 

South and east from Pinal West to the 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/Hassayampa area. It is anticipated the line will be a 
joint participation project with SRP as the project manager. 

2005 
Pinal West-Santa Rosa in 2007. 
Santa Rosa-Browning in 201 1 

An application for a Certificate of Environmental Compatibility has not yet been filed. 
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Arizona Public Service Company 

Ten -Y ea r PI an 
2004-201 3 

Planned Transmission Description 
- 2007 

Line Desimation Palo Verde-TS5 500-kV line. 

(a) Voltage 525-kV AC. 

(b) Capacity To be determined. 

(c) Point of Origin 

(d) Intermediate Point None. 

Palo Verde Power Plant or nearby 500-kV substation. 

(e) Point of Termination TS5 500/230-kV substation to be constructed in 2007. 
Location to be determined, approximately in the north 
Buckeye/Sun Valley area. 
Approximately 45 miles of single-circuit line. (f) Length 

Routing 

Purpose 

Generally north from Palo Verde/Hassayampa for 
approximately 45 miles. 

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

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/Hassayampa area. 

An application for  a Certijkate of Environmental Compatibility is expected to be filed during 
2004. 
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Line Designation 

(a) Voltage 

(b) Capacity 

(c) Point of Origin 

(d) Intermediate Point 
(e) Point of Termination 

(f,  Length 

Routing 

Purpose 

Arizona Public Service Company 

Ten-Year Plan 
2004 -201 3 

Planned Transmission Description 
- 2007 

TS5-TS1 230-kV line. 

230-kV AC. 

To be determined. 

TS5 500/230-kV substation to be constructed in 2007. 
Location to be determined, approximately in the north 
Buckeye/Sun Valley area. 

None. 
TSl 230/69-kV substation to be constructed in 2007 
approximately 11 miles west of Westwing substation; Sec. 
23, T4N, R2W. 

Approximately 15 miles of single-circuit line. 

East from TS5 substation to TS 1 substation for 
approximately 15 miles. 

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

This line 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, and Youngtown. 

The TSS-TS1 230-kV line will be sited aspart of the West Valley North project. An application 
for the Certijicate of Environmental Compatibility for the West Valley North project is planned 
for 2004. 
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Line Designation 

- Size 

(a) Voltage 

(b) Capacity 

(c) Point of Origin 

(d) Intermediate Point 

(e) Point of Termination 

(0 Length 

Routing 

Purpose 

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

Arizona Public Service Company 

Ten-Year Plan 
2004 -201 3 

Planned Transmission Description 

TS3-TS2-TSl 230-kV line. 

2 3 0-kV AC . 

To be determined. 

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

TS2 230/69-kV substation to be constructed in 2012; Sec. 25, 
T3N, R2W. 
TSl 230/69-kV substation to be constructed in 2007 
approximately 11 miles west of Westwing substation; Sec. 
23, T4N, R2W. 
Approximately 12 miles of single-circuit line. 

North from the TS3 substation, generally following the Loop 
303, to the TSl substation passing the location of the future 
TS2 substation which is currently projected to be in-service 
in 2012. 

This line 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, and Youngtown. 

2007 
2008 

The TS3-TS2 230-kV line portion was sited as part of the West Valley South project and a 
Certificate of Environmental Compatibility was issued 12/24/03 (Case No. 122, Decision No. 
66646). The TSl -TS2 230-kV line portion will be sited as part of the West Valley North project. 
An application for the CertiJicate of Environmental Compatibility for the West Valley North 
project is planned for 2004. 
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Arizona Public Service Company 
2004-201 3 

Ten-Year Plan 

Planned Transmission Description 
- 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, R1E. 

(d) Intermediate Point None. 

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

(f) Length Approximately 10 miles of double-circuit line. 

Routing 

Purpose 

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. 

Date 
(a) Construction Start 2004 
(b) Estimated In Service 2008 

Certijkate of Environmental Compatibility issued 6/18/03 (Case No. 120, Decision No. 64473, 
North Valley Project). 
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Line Designation 

(a) Voltage 

Arizona Public Service Company 

Ten -Y ear Plan 
2004 -201 3 

Planned Transmission Description 
- 2009 

Pinnacle Peak-TS6-Avery 230-kV lines. 

230-kV AC. 

(b) Capacity 1200 MVA. 

(c) Point of Origin 

(d) Intermediate Point 

(e) Point of Termination 

Pinnacle Peak substation; Sec. 25, T4N, R3E. 

TS6 substation to be constructed in 201 1; Sec. 12, T4N, R3E. 

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

(0 Length Approximately 16 miles of double-circuit line. 

Routing 

Purpose 

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. 

These lines 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, and New River. 

Date 
(a) Construction Start 2004 
(b) Estimated In Service 2009 

Certificate of Environmental Compatibility issued 6/18/03 (Case No. 120, Decision No. 64473, 
North Valley Project). 
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Arizona Public Service Company 

Ten -Y ea r Plan 
2004-201 3 

Planned Transmission Description 
- 2009 

Line Designation Second Knoll loop-in of Coronado-Silver King 500-kV line. 

(a) Voltage 525-kV AC. 

(b) Capacity To be determined. 

(c) Point of Origin 

(d) Intermediate Point None. 

Coronado-Silver King 500-kV line; T15N, R20E. 

(e) Point of Termination Second Knoll 500/69-kV substation to be built in 2009; 
T15N, R20E. 

(f) Length Only 1 span of single-circuit line. 

Routing 

Purpose 

The Second Knoll substation will be built adjacent to the 
Coronado-Silver King 500-kV line, therefore limiting the 
distance to 1 or 2 spans. 

Date 
(a) Construction Start 2008 
(b) Estimated In Service 2009 

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

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

(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 -Y ea r P Ian 
2004 -201 3 

Planned Transmission Description 
201 0 

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

525-kV AC. 

To be determined. 

Navajo-Westwing 500-kV line; Sec. 4, T5N, R1E. 

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

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

One span of double-circuit 500-kV line from the Navajo- 
Westwing 500-kV line to the Raceway 500-kV substation. 
Approximately 1 mile of double-circuit 230-kV lines to the 
Raceway 230-kV substation. 
Navajo-Westwing 500-kV line will be adjacent to the 
Raceway 500-kV substation. From the 500/230-kV 
transformers at the Raceway 500-kV substation, 230-kV 
lines would run south to the Raceway 230-kV substation. 

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

2009 
2010 

An application for a Certificate 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 

Routina 

Purpose 

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

Arizona Public Service Company 

Ten -Year P Ian 
2004-201 3 

Planned Transmission Description 
- 201 0 

TS5 - Raceway 500-kV line. 

525-kV AC. 

To be determined. 

TS5 500/230-kV substation to be constructed in 2007. 
Location to be determined, approximately in the north 
Buckeye/Sun Valley area. 

None. 

Raceway 500-kV substation to be constructed in 20 10 
adjacent to the Navajo-Westwing 500-kV line and 
approximately 1 mile from the existing Raceway 230kV 
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 VerdeMassayampa area. 

2008 
2010 

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 

( f )  Length 

Routing 

Purpose 

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

Arizona Public Service Company 

Ten -Year P Ian 
2004 -201 3 

Planned Transmission Description 
201 0 - 

Westwing - Raceway 230kV Line. 

230-kV AC. 

1200 MVA. 

Westwing substation; Sec 12, T4N, R1W. 

None. 

Raceway 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 line on double-circuit poles. 

Northeast from Westwing substation paralleling existing 
transmission lines to the Raceway substation which will be 
adjacent to the existing transmission lines. 

The 230-kV 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. 

2007 
2010 

CertiJicate of Environmental Compatibility issued 6/18/03 (Case No. 120, Decision No. 64473, 
North Valley Project). 
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Line Designation 

Arizona Public Service Company 

Ten-Year Plan 
2004 -201 3 

Planned Transmission Description 
- 2012 

Gila Bend-TS8 230-kV line. 

(a) Voltage 230-kV AC. 

(b) Capacity To be determined. 

(c) Point of Origin 

(d) Intermediate Point None. 

(e) Point of Termination 

Gila Bend substation; Sec. 36, T2N, R1W. 

TS8 230-kV substation to be built in or near Yuma, Arizona 

(0 Length Approximately 1 15 mile of single-circuit line. 

Routing 

Purpose 

West from Gila Bend to Yuma, generally parallel to 
Interstate 8. 

As a new transmission path to Yuma area, this 230-kV line 
will provide transmission capacity required to supplement 
limited transmission and generation resources in the Yuma 
area. This 230-kV line will also provide another source for 
the Gila Bend area. 

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

Purpose 

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

Arizona Public Service Company 

Ten-Yea r P Ian 
2004-201 3 

Planned Transmission Description 
201 3 

Westwing-El Sol 230-kV line. 

230-kV AC. 

1200 MVA. 

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

None. 

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

Approximately 11 miles of single-circuit line. 

Per Certificate. 

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. 

2012 
2013 

CertiJicate 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 the first 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. 
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Line Designation 

& 
(a) Voltage 

(b) Capacity 

(c) Point of Origin 

(d) Intermediate Point 

(e) Point of Termination 

(0 Length 

Routing 

Purpose 

(a) Construction Start 
(b) Estimated In Service 

Arizona Public Service Company 

Ten -Yea r P I a n 
2004 -201 3 

Planned Transmission Description 
- TBD 

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

345-kV AC. 

To be determined. 

Cholla-Pinnacle Peak 345-kV line; near Sec. 3, T8N, RlOE. 

None. 

Mazatzal345/69-kV substation; approximately Sec. 3, T8N, 
RlOE. 

Approximately 1 span each of two single-circuit lines. 

The Mazatzal substation will be built adjacent to the Cholla- 
Pinnacle Peak 345-kV line so it will be just one or 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. 

TBD 
TBD 

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

(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 
2004-201 3 

Ten -Y ea r PI an 

Planned Transmission Description 
- TBD 

Palo Verde - Pinal West - Saguaro 500-kV line. 

525-kV AC. 

To be determined. 

Palo Verde Power Plant; Sec. 34, TlN, R6W. 

Pinal West substation in the Casa Grande area. Hassayampa 
and Jojoba substations are also possible interconnection 
points. 

Saguaro substation; Sec. 14, TlOS, RlOE. 

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. 

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. 

TBD 
TBD 

Certijkate of Environmental Compatibility issued 01/23/1976 (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 above) 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, which can be found in their entirety on the WECC 

website, are (1) WECC/NERC Reliability Criteria for Transmission System 

Planning (http://www.wecc.biz/WECC-NERC Planninrz%20Standards 9-1 8- 

02.pdf) and (2) Minimum Operating Reliability Criteria 

(http://www.wecc.biz/MORC Pages 9-02.pdf). These Guidelines are for internal 

use by APS and may be changed or modified at any time without notice. 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 at the lowest cost for normal and single 

contingency operating conditions. 

Not result in the loss of load for any single contingency outage. 

Not result in cascading, overloaded equipment, or unacceptable voltage 

conditions for any single contingency outage. 

Work in compliment with local generation in load constrained areas. 0 

1 
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At present, probabilistic computational techniques are not directly used in the 

transmission planning process. However, system reliability performance is 

examined in the solution of switchyard circuit breaker arrangements, transformer 

reserve capacity, and in the choice of using single contingency outages for reserve 

transmission capacity. Further, deterministic guidelines generally provide some 

margin. The WECC is developing and plans to phase in probabilistic 

performance criteria in its planning criteria, which APS generally follows. 

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 the system grows and changes, and as more planning tools become available to 

the transmission planning engineer, revisions or additions to these guidelines will 

be made as appropriate. 

B. 230kV Long-Range System 

APS’ planning process begins with the review of the major long-range 

230kV system requirements. APS’ philosophy regarding long-range 230kV 

transmission planning for the Phoenix Metropolitan Area has been to develop four 

major source points (Westwing, Pinnacle Peak, Kyrene, and Rudd) in the Valley; 

see Figure 1. In the fbture, other major source points may become necessary. 
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FIGURE 1 
APS VALLEY LONG RANGE 

230KV TRANSMISSION PHILOSOPHY 

COUNTRY CLUB / LINCOLN ST. w 
RUDD\ / KYRENE 

LEGEND 
230kV Bulk Load Substation 

0 500kV Bulk Source Substation 
- Multi-circuit 230kV O/H Line 
itt- Single-circuit 230kV UMG Cable 

The Long-Range Substation Development Master Plan for the Phoenix 

Metropolitan Area will be utilized in determining the location of future 230/69kV 

and 69/12.5kV substations. This Master Plan considered future land use plans 

that were developed by government agencies, Landis aerial photo maps, and 

master plans that were provided by private developers. Other factors considered 

in developing the Master Plan included (1) APS’ long-range forecasted load 

densities per square mile for residential, commercial, and industrial loads, (2) the 

12.5kV service areas and associated number of 69/12.5kV substations, and (3) the 

69kV service areas and associated 230/69kV substations for the Phoenix area. 

C. Ten Year System Expansion Plans 

The next step is to conduct detailed 230kV facility studies to develop 

APS’ ten-year 230kV system expansion plans. In developing these plans, the 

230kV and 69kV system requirements are coordinated to minimize hture 

expansion of facilities, while at the same time achieving the long range 230kV 

and 69kV substation expansion plans set forth in the Master Plan. Consideration 

is given to load growth patterns due to master planned developments, new 

housing developments, shopping centers, high/mid rise buildings, and industrial 

parks. Also considered, are other system changes affected by right-of-way, 
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facilities siting constraints, routing of hture transportation corridors, and joint 

planning with neighboring utilities and governmental entities. 

D. Facilities Keyed to GeneratiodResource Additions 

New EHV transmission facilities are also 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). 

If an interconnection or transmission service request is made by an IPP to 

interconnect into or deliver power over the APS system, APS will perform the 

study work and enter into appropriate agreements pursuant to applicable FERC 

regulations and APS’ Open Access Transmission Tariff. At present, FERC is 

reviewing and standardizing the interconnection process and agreements. APS 

may design and construct, at the IPP’s expense, transmission facilities identified 

in the Facilities Study that are needed to accommodate the interconnection or 

transmission service request. 

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. 
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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. Study Period 

Transmission plans are updated on a continuing basis to determine the 

projected facilities needed for each year over a ten-year period. These plans then 

become a basis for the transmission capital budget and future facility construction. 

Each year the plans for the next ten years are developed by first determining the 

requirements for the tenth year, and then defining the additions required for each 

of the preceding nine years. Needs for specific projects are incorporated in these 

ten-year plans. 

G. Regional Coordinated Planning 

1. Western Electricity Coordinating; Council CWECC) 

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: 

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. 
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Establishing an open forum with interested non-project participants to 

review the plan of service for a project. 

2. Joint Studies 

In many instances, EHV projects can serve the needs of several utilities, 

IPPs, or both. 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. 

H. 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 studies. 

I. 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 meets the system performance criteria in each of these three 

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 
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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. 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. 

6. 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. 

7. 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. 

8. Economic Evaluation 

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

cumulative present worth or equivalent annual cost comparison of capital 

costs. 
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111. PLANNING ASSUMPTIONS 

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 A P S  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 angle is held in 

the outage cases. 

7 .  Conductor Sizes 

Existing EHV voltages utilized by APS are 230kV, 345kV, and 500kV. It 

is presently planned that the 345kV transmission system will not be expanded, 
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thus all hture APS EHV lines will be 500kV or 230kV. Planned 500kV lines 

will initially be modeled using tri-bundled 1780 kCM ACSR conductor 

(Chukar) with a flat phase spacing of 32 fU32 ft./64 ft. between phases, unless 

otherwise specified. Preferred construction for 230kV lines consists of 954 

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

three single-phase auto-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. 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. 69112.5kV 

transformers will be rated at 25/33/41 MVA with a 65OC temperature rise, 

unless otherwise specified. 188 MVA transformers are utilized in future 

230/69kV substations up to a 200 MVA load level. Beyond the 200 MVA 

load level, the economic sizes of 230/69kV transformers to serve the load 

are as follows: 
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1) Add the third 188 MVA transformer if the load potential is expected to 

be 400 MVA or less. 

2) If the load potential is expected to exceed 400 MVA then another 

230/69kV substation will be built. 

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 

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%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 

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

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. 
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b. 230kV Substations 

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

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

substation load level in the Phoenix Metropolitan area. Future 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 separated by two breakers 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, and/or 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. 
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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. 

C. Transient Stability Studies 

1. Fault Simulation 

When studying system disturbances caused by faults, two conditions will 

be simulated: 

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

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. 
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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 (XO) is assumed to be 

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

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. 

IV. SYSTEM PERFORMANCE 

A. 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 

230kV bus voltages. 
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(d) Voltage on the 230kV and 115kV 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 1.03 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 11 5kV 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 

Transmission Lines 

Transmission line loading cannot exceed 100% of the continuous 

rating, which is based upon established conductor temperature limit or 

sag limitation. 

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. 

Transformers 

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

nameplate ratings. 

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. 
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d. Distribution of Flow 

Schedules on a new project will be compared to simulated power 

flows to ensure a reasonable level of flowability. 

2. Single Contingency 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 System 

Single contingency outages will not cause overloads upon any 

neighboring transmission system. 
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B. Transient Stabilitv Studies 

Transient stability studies are primarily performed on the 500kV and 345kV 

systems. 

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 Stability 

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. System damping exists as demonstrated by the damping of relative rotor 

angles and the damping of voltage magnitude swings. 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 substation fault current 

interruption capability for three-phase or single-line-to-ground faults. 
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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. 5 40-360.02, 
as amended by House Bill 2040, and Arizona Corporation Commission (“Commission”) 
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 first is for all transmission system elements being in service. All system 
elements must be within its continuous rating. The second scenario is for 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 Analyses 

Power flow cases were created for each year of the 2004-2013 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 single 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 identify sixteen transmission 

1 



lines/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 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. 

Security Needs Table 

Transmission 
Project 

Loop-in of Pinnacle 
Peak-Prescott 
230kV line to 
Gavilan Peak 230kV 
sub station 

line & TS4-TS3 
230kV line. 

Rudd-TS3 230kV 

TS 1 -TS2-TS3 
230kV lines 

Raceway - Avery 
230kV line 
Loop-in of 
Coronado- Silver 
King 500kV line to 
Second Knoll 
Pinnacle Peak-TS6- 
Avery 230kV line 

Gila Bend-Yuma 
230kV line 

In 
Service 
Year 

2005 

2006 

2008 

2008 

2009 

2009 

2010 

Critical Outage 

Jomax-Dove Valley 
69kV line 

White Tanks 230/69kV 
transformer or local 
69kV lines 

Loss of Surprise 
230/69kV transformer 
or loss of Westwing 
230/69kV transformer 
or local 69kV lines 
Raceway transformer & 
local 69kV lines 
Cholla-Zeniff 69kV line 
or Cholla-Showlow 
69kV line 

Raceway-Avery 230kV 
line 

Palo Verde-N. Gila 
500kV line 

Limiting Element 

Voltage deviation @ Dove 
Valley 69kV & load loss @ 
Gavilan Peak 69kV and Dove 
Valley 69kV. 

White Tanks 230/69kV x f m  
#2 & voltage deviation @ 
White Tanks & 69kV system 
busses 
Surprise 2 3 0/69kV 
traisfonner, Westwing 
230/69kV transformer, and 
local 69kV lines 

Voltage deviation @ Avery & 
69kV svstem lines 
Voltage deviations on the sub- 
transmission system in the 
area. 

230/69kV transformers @ 
Deer Valley, Gavilan Peak, 
and Pinnacle Peak and voltage 
deviation @, Avery 
Voltage deviation @ Yuma & 
scheduling capacity 
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Adequacy Needs Table 

Transmission Project 

Hassayampa- Jojoba-Pinal 
West 500kV line. 
Pinal West-Santa Rosa-S.E. 
Vallev 500kV line. 
Loop-in of Cholla-Saguaro 
500kV line into Silver King 
500kV substation. 
Palo Verde-TS5 500kV. 

TS5-TS1 230kV. 

Loop-in of Navajo- 
Westwing 500kV to 
Raceway 500kV 
substation. 
TS5-Raceway 500kV line. 
Westwing-Raceway 230kV 
line #2 

Gila Bend-TS8 230kV line 

Westwing-El Sol 230kV 
line 
Loop-in of Cholla-Pinnacle 
Peak 345kV to Mazatzal 
345kV substation 
Palo Verde-Pinal West- 
Saguaro 

111. Stability Analysis 

In 
Service 
Year 

2006- 
2007 

2007 

2007 

2010 

2010 

2012 

2013 

TBD 

TBD 

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 deliver power. 
Increase transmission system reliability and ability 
to deliver power. Increases import capability for 
the Phoenix metropolitan area. 
Increases import capability for the Phoenix 
metropolitan area, increases the export capability 
from the PV area. Increase system capacity and 
reliability to deliver power to the western part of 
the Phoenix Metropolitan area. 
Increases import capability for the Phoenix 
metropolitan area, increases the export capability 
from the PV area. Increase system reliability and 
ability to deliver power. 

Increase reliability to Raceway and provide a 
backup for outage of Westwing 500/230kV 
transformers. 
Increases import capability for the Yuma area. 
Increases 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. 

Increase transmission system reliability and ability 
to deliver Dower. 

A stability simulation for simulated three-phase faults was performed for 2005 
and 2012 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 
were performed. Additionally, every new proposed generation plant will be required to 
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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 Appendix B. The 
stability simulations performed to date indicate that no stability problems limit the 
transmission system. 
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APPENDIX A 

Power Flow Maps 
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- . . . . . . . . . . . . . . . . . . . . . .  i . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i . . . .  

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

I I I 1 I I I I I 
0.01667 The. sec. 5.00001 
-160.0 0 .w 14931 29.0 Pa-OURDI I I 6 160.C 
-1En.o i ana 1 w 7  18 .0  nn6-m 
-160.0 * mw 14914 22.0 -a: H I 6 160.C 

I I 6 I6O.C 

-160.0 * 1.19 14941 15.5 S ~ & R O I  I I 6 160.C 
-160.0 x ' mns 14951 13.8 UPHX CCI I I6 16o.C 

&W 15981 26.0 NRUPlJO I I 1 6 160.C -160.0 __-_ -3? 

A N  ELECTRICIN COOWINATINB COUNCIL 
LT. U U - h v  l lne out ' 

a m  28. a03  
WG-NAU STAB1 11031 P O  3P FLT W 0 0 : N H  W S  MKP-YAUnAU-UUK, 
NWJ-HKPMUE;U CLR F L T  WMIG-NAU;8C REINi2006. dyd USCC. bat 

S t a b l l l t y \ 2 0 0 6 \ w - n ~ .  chf rrcpuencks 
Tuc Jan 27 12:42:37 2 w 4  

! 

c0.w 1 :  . . . . . . . . . . . . . . . . . . . . . . . . . . .  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I :  

. . .  . .  . .  . . . .  . .  . . .  . . .  . . .  . . . .  . . .  
-.+ I . .  .:. :.:. I . .  . .  : .  .:. .:. , :  I . .  

. . .  .I . . . . .  j . . . . .  ;. . . . .  ; . . . .  .: . . . .  _i . . . . .  ;. . . . .  ;. . . .  ; . . . . .  

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

. . . . . . . . . . .  

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

n. sm I I I I I I I 1 I 
0.01667 Time, sec. 5.00000 
59.500 0 tbUS 14001 500.0 FOURTOW I I 6 60.50C 
59.500 + (bus l'l003 500.0 NAVMO I I 6 60.50C 
59.500 * fbu1 14231 230.0 UESTyIffi I I 6 60.50C 
59.500 * 1 I 6 60.50C 
53.500 ___- x f b u  26048 500.0 nmeLbi I I 6 60.50C 

(bus 26003 500.0 mELpIMD 

1 

WESTERN ELECTRICITY COORDINITING COUNCIL 
UU. FLT. W-Nav llne out 
OCTOBER 28, 2003 
UUE-NIU STAB1 1/03: T-0 3 FLT I ( w G 5 O O l F U l  CAPS I iKP-YNflAU-WE, 
NAU-IiKP/WUB;W CLR FLT WG-NBU;8C REINIZOOK. dyd USK. b a t  

nu. COMENTS FROH 
nosr RECENT VERSION OF THE WF USED. 

TSS WIN ARE m i n .  (\u COMIOTTS FROH THE TSS R E V X U  bRE 
n0ST RECENT UERSION OF THE HDF USED. 



. . . . . . . . . . . . . . . . . . . .  . . .  . . .  . .  . .  -$. ‘ ir I .  ( . . . . . I .  .:.. . ; . . . . I . .  
: i !  f 

r a t o r a n g l e s  

TUC Jan 27 12:’12:59 200.1 IM.ca 

nxw 
0.01667 5.00000 
0.2000 I I 1.2000 
0.2MO - - _ _  __ I I 1.2000 
0.2000 ____________- _. I I 1.2000 
0.2000 4% I I 1.2000 

ISTERN ELECTRICITY COOWINPTING CWNCIL 

St~blllty\2006\vu~pl1.chf 

W. R T .  W-W llnc out 
OCTOBER 28. 2003 

N&U-tIKP/UWE;SC U R  FLT NAiU6-PLLiBC REIN;2006.dyd WSCC. bat 
uffi-ynu STOI 1/03; T-o 3~ FLT WGSOOINH tws IIKP- num mu-WWS, 

n. 5m I I I I I I I I I 
0.01 667 Time, sec. 5.00000 

0 I I 6 60.500 59.5w (bus 1.1001 500.0 FOURCORN I 1 6 60.500 
59.5w + Ob= 1W3 5W.0 HLNVC*TO * I I 6 60.500 
59.500 4% 
59.500 -.__._- x fbus 260.18 500.0 nmLLG5 I I 6 60.500 

59.500 fU1 111231 230.0 u E N I N 6  I I 6 60.500 
+bus 26003 500.0 AOCLANTO 

1m.m . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

x.Ka t i : :  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ; ! : I :  . . .  

. . . . . . .  . . . ,  . . . . :  . . . .  ; . . . . .  j . . . .  I . . .  . . ; .  . . .  

: i  . . . . . . . . .  . 1 . .  . . .  I . . .  . : . .  . ..:. . . .  . 1 .  . .  . . I . .  . .  I . .  . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 ! : : . .  i . . . _  

.x.Ka . . . . . . . . . . . . . . . . . . . . . .  > . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 . .  . .  --I : : 
I i  -1a.m . . . . . . . . . . . . . . . . . . . . .  : . . . .  : .  . . . . . . . . . . . . . . . . . . . . . . .  : .  . . .  t :  

-1ro.m 
0.01667 The, sec. 5.00000 
-160.0 mS 1.1931 29.0 P4LOVRDl I I 6 160.00 
-160.0 UU 111987 18.0 DE-CTI I I 6 lEO.OO 
-160.0 .ng , 1’1914 22.0 FMGN.1E H I 6 16O.W 

1”s 1119111 15.5 SnQUROI I I 6 160.00 
-160.0 __-_ 1nS 1’1951 13.8 WHX CCI I I 6 160.00 
-160.0 UW 15981 26.0 NAUVPJO I I I 6 160.00 - 

ELECTRICITY CMIRDINATINB COUNCIL 
LT. nu-w l i n e  O u t  

rtaall ltyUOo6\wv_pl1. chf Mv--YoIt1Bcs 

TUC Jan 27 12:92:5y 200.1 
1.m 

1 I I I I 1 I 

I I 

. .  .:. . . .  . .  .:. . .  . ;  . . . .  I.. . .  .:. . . . . . . . . . .  ._ . . . .  i . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 -L? i i i :  i i 0 . m  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I I 
. . .  .; . .  

. . . . . .  

. . . . . .  

. . . . . . . .  

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

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

n m  I I I I I I I I I 
0.01667 T i m e ,  sec. 5.00000 

0 I 1 6 1.2000 0.2000 + I I 6 1.2000 (3.2000 * I I 6 1.2000 0.2000 YbuE 26003 500.0 ADDELANTO I I 6  I.2WO 
0.2000 * 

“bus 1.1001 500.0 FOUUCORN 
“bus 1’1003 5DO. 0 “$30 

vbuz 260.18 500.0 ~I~ILLGS 

Y E m R N  ELECTRICITY COORDINOTINS COUNCIL 
M. R T .  M - P U  l l n e  out 
DTOBER 2% 2003 
u u b - y ~ u  m a ;  ~ 0 3 1  T-o 3~ FLT UWGSW;NH cws nw-Ynumu-wf f i ,  
NIU-WPIUUSfSC CUI FLT U/UUG-PnLIOC REIN12006. dyd USCLbat 

ALL COMMENTS FRDn THE TSS RNIW &RE ADDED. 
MOST R E N T  VERSION OF THE VDF USED. 

I TU= Jan n ~ Z : Y ~ : S S  2004 I I 

I I -,+ . . .  .:. . . .  .:. . . .  .:. . . . .  : . . . .  ; . . . .  .:. . . .  .:. . . . .  ; . . . . . . . .  : 4 
C3.m . . . . . . . . . . . . . . . . . . . . . .  : . . . .  :. . . . . . . . . . . . . . . . . . . . . . .  : . . . .  

LelDD . . . . . . . . . . . . . . . . . . . . .  : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I !  !, ! ! i i ! i ! 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

s,.m . . .  - .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - :  i :  i i i : :  i 
.... 

. . .  

. . . .  

. .  

: . . . .  

. . . . .  

.... 

. . .  

. . . . . . . . . . . . . .  . % .  . . .  : .  . . .  

i i  . . . . . . . . . . . . . . . . . . . . . . .  

YESTERN ELECTRICITY COORDINATING CWNEIL 
W. R T .  W-W llne out 
manm 26, 2003 
M-YPU S ~ B ;  ~031 T-o 3~ FLT uuffioamm cnps KP-Y~VIYAV-WE, 

AU connms FROH THE TSS RNIEW n E  ~ D E D .  

N~U-HKP/WWEISC CUI FLT W/UUG-PPLtEC REIN;~OO&. dyd YEC. b i t  

HOST RECEHT V W I O N  OF THE M F  USED. 
PLL connms FROH THE TSS RNIEU ME AUDUI. 
HOST RECENT VERSION OF M nOF USED. 



. . . . . . .  

. . .  .:. . . .  . . .  .:. . . . .  . . . .  . . . .  .:. . . .  .:. . . . .  

-ta.m- 

.!'Q.rn 

. . . . . . . .  

. . . -  

. . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . .  L . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . .  : . . . . . . . . . . . . . . . . .  . . . .  : . . . . . . . . . . . . . . . . . . . . . . .  : . . . . .  

I I I I I I I I I 
0.01667 Time, sec. 5.00000 
'160.0 , ' 0 an.9 'I9931 B.0 P6L.OMu)I I I 6 16O.OC 
-160.0 mn.9 19987 18.0 016-CII I I 6 I60.OC 
-160.0 _ _ _ _  - ana 1'4919 22.0 m w u c  H I 6  . 160.M 
-160.0 * an.9 19941 15.5 SPGWROI 1 I 6 16O.OC 
-160.0 _____ x m g  I9951 13.8 CHX CCI I I 6 16O.OC 
-160.0 * u s  15981 26.0 NIIU4lO I I I 6 16O.OC 

+ * 

. . . . . .  . . .  .:. . . . .  t . . . . . . . . . . . . . . . . . . .  

0.m 

Time, sec. 5.00000 
0.2000 Vbw 15207 230.0 XYRENE 1 1 s  I.2000 
0.2000 vbul 19203 230.0 CbS6RIIPS I I 6 1.2000 
0.2000 _ _ _ _ _ _ _ _ _ _ _ _ _ _  Vbul I9221 230.0 PNPKAPS I I 6  1.2000 
0.2000 * VbYI 142331 230.0 MSTYING I I 6  I.2DOO 

UEiTERN ELECTRICIW COORDINATING COUNCIL 
UW. R T .  YU-YMI l l n c  out 
OCTOBER 28, 2003 
HUG-YOU STPIBI 11031 T'O 3P FLT u u 6 5 O O ) N H  CAPS NKP-YAV/YIU-UUG, 
NAU-f%P/UUGlK CLR FLT W/WUG-YAUI~C REIN12006. dyd USCC. hat 

PILL COMENTS FROM lW T55 RNIEU ARE ADDED. 
NOST RECENT VERSION OF THE NEF LEU). 

1n.m . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I. 1 ;  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i !  i ! i !  i i  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ._ 
-A__ &--+s- --_--.-_ 

. . .  . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : .j .: 

I - 1  . .;. . . .  .I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  f . .  

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

. . . . . . . . . . . . . . . . . . . . . .  . _  

. . .  - .  . . . . . . . . . . . . . .  

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

5.00000 0.01667 
I I 6 1.2000 VbW 1'4001 500.0 FOUKORN 0.2000 

0.2000 YULI 19003 500.0 NAUUO I I 6 1.2000 
"bus 26003 500.0 A l l E u l K l O  I I 6 1.2000 0.2000 

I I 6 1.2000 0.2WO 

Tlmc, sec. 

26WB 500.0 H m h L s s  

H E m R N  RETRICIN COO~DlH*ITING COUNCIL 
UU. FLT. W-YAV I l n c  aut 
OCTOBER 28, 2003 
Uffi-YIU STAB1 1/031 T-0 3P FLT WLIE5001FLSH UPS MKP-YPV/YAU-HU6, 
NAU-iiY.P/UffiIK CUl FLT UMIE-Y&UI~C P.ElN12006.dyd WSCC.ht 

K L  CONNENTS FROM THE TSS RNIEU PdE ADDED. 
NOST RECENT VERSION OF THE W USED. 

n. sm I I I I I I I I I 
0.01667 Time, SCC. 5. ooc 

0 I I s 6n. 59.500 fbU+ I9001 5W.0 FOURCORN 
59.500 + thus 1W03 500.0 NAUUO I I 6 60. * 59.500 tLUI 19231 230.0 MrmIffi I I 6 60. 
59 .5W * (bus 26003 5 x 0  nDunTo I I 6 60. 
59.SW x tbus 260'48 500.0 nrrmLE5 I I 6 60. 

I 
UrnERN ELECTRICITY COORDINNING COUNCIL ' 
MU. FLT. UU-YAU llne out 
OCTOBER 28. 2003 
UUG-YAV'STABl I/O% P O  3P FLT WESCOIFLSH COPS KP-YAWYAV-uu6, 
NAU-f%P/UUGIVC nR FLT WUG-YAUIIC REIN12006.dyd USCLbat 

A L L  LOMENTS FRON THE TS5 RNIEU ARE ADDED. 
n o s  RECENT VERSION OF nc HDF usm. 



1.m 

I . l r n - .  

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

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

” . . . . . . . . . . . . . . . . . . . . . .  - . . . .  

. . . . . . . . . . . . . . . . . . . . . .  : . . . . . . . . . . .  

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

WIZONA-vOItaSC; s t a h 1 1 1 t ~ \ 2 0 0 6 \ ~ p - ~ k .  c h f  
TUC Jan 27 12:’13:25 2W’i 
I I I I I I I 

.- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

a- 
0.01661 Time, sec. s. 00000 
0.2000 V W  15207 230.0 KYREM I I 1.2000 
0.2000 - - vbul 111203 230.0 CBSGRWS I I 1.2000 
0.2WO vbvi 14221 230.0 PNPKPPS I I I.MOO 
o.Xlo0 --____I_ * VhUl 1’1231 230.0 UESTUING I I 1.2000 

ESTERN ELEETRICIM COORDINATING COUNCIL 
YAW. RT. Yay-noen l l n c  out 
M O B E R  28. 2003 
YplV 5TPgl 1/031 T’O 3P FLT U i6500 lNH CAP5 MP-YAV/YW-Uffi, , 
NplU-MP/UIGlSC U A  R T  W/YAU-IINKI~C REINi2006. dyd UStt. bat 

ALL CWENTS FROn THE T55 R N I E U  D A E  ADDED, 
HOST R E N T  VERSION OF TI€ )IDF WED. 

DN-VDltaSe5 

TUC Jan 27 12:93:25 ZOO+ 
1.- 

stabllItY\2006\yp_mk. chl 

lm.mt.. . .:. . . .  .:. . . .  .:. . . .  . ;  . . . .  :. . . .  .:. . . .  .:. . . .  .: . . . .  ; . . . .  i 

0.-- 

0 . m -  

I.-- 

0 . w -  

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

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

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

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

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

. . .  A -129.m . . . . . . . . . . . . . . . . . . . .  : . . . .  :. . . . . . . . . . . . . . . . .  I . . . .  : . . . .  1 ; .: 

r o t a r i n s l e r  

lue J&n 27 12:Y3:25 200’1 
110.02 

.I-.- 

0.01661 Time, sec. 
-160.0 ws 111931 211.0 PnLouRDi I I 6 160.00 
-160.0 _ _ _ _ _  - 1N1 14981 18.0 DPG-CTl I I 6 160.00 
-160.0 mN1 1491’1 22.0 F I H w Y t C  H I 6 160.00 

aN1 149111 15.5 5AWDROl I I 6 160.00 
-160.0 W!3 111951 13.B UPHX CtI I I 6 160.00 
-160.0 _____ u1 15981 26.0 NAVMO I I I 6 160.00 

T N  ELECTRICITY COORDINATING COUNCIL 
FLT. Yav-noen llnc out 

stlhlllty\2006\~p~--.k.Cht 

JER 28, 2003 
IRU man 1/031 T-o 3~ RT WWSOOINH c m  W-YAV/YAV-WG. 
NplV-MPMU614C CUI R T  W A V . M N K I ~ C  RElNIPOO6. dyd U S E .  hat  

. . .  .: . . . .  . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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. . . . . . . . . . . . . . . . . . . . . . . . . . .  

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

0. xm 
0.01661 5.0001 

0 0.2000 I 1 6  1.21 
I I 6 1.21 0.2000 -____ - 

0.2000 I I 6 1.21 
0.2000 * I 1 6  1.21 

WESTDIN ELECTRICITY COORDINATING CPUNCIL 

OCTOBER 28. 2003 
YAW STPIPI 1/031 T-0 3P FLT UUGPOOlNH CAPS MP-YAV/YAV-uuG, 
NPV-#KP/UUGi11C CLR FLT UflAV-MNKlBC REINi2006.dyd IIKC.hat 

6LL COMENTS FROH THE TSS REVIEU M E  PDDED. 
HOST R E W  V W I O N  OF THE )IDF USED. 

Ynu. FLT. rav-~ocn  l i n e  out 

s t & b l l l t y \ 2 0 0 6 \ y p ~ k . c h t  
TUC Jan 27 12:43:26 2004 

‘0.Sca 
I I I I I I 

c0.w . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

10.m . . . . . . . . . . . . . . . . . . . . . .  : . . . . . . . . . . . . . . . . . . . . . . .  : . . . .  : . . . .  I i L i ’ i  i ,  i ,  i : i i 

n.m 
0.01661 Time, sec. 5.00000 

I I 6 60.5W fbU5 111001 500.0 FOURCORN 
I I 6 60.500 thus 14003 500.0 WUMO 
I I 6 60.500 
I I 6 60.500 lbus  26003 500.0 PSELANTO I I 6 60.504 

thus 260118 500.0 m L 6 5  

59.500 
59.500 __  ___ - 
59.500 

59.500 _____ 
mi i w i  230.0 YESIYINS 

UEmRN -1CITY COOWINATING COUNCIL 
IN. RT. Yav-nocn l l n t  o u t  

A U  COMEHTS FROM THE T5S R N I N  ARE ADDED. 
HOST REENT VERSION OF THE HDF USED. 

&L COWENTS FROn THE T55 REVIEU ARE PSDED. 
HOST REcu(T VERSION OF WE HDF USED. 



stab111 ty\2006\S?-ww. Chi f f l I Z O N A - ~ ~ l t i g c ~  
Tue Jan 27 12:93:37 2OoY !.am 
I I I I 1 I I 

a m  

1 1  . . . . . . . . .  . . . . . . . . . .  : . . . .  ;. . . . . . . . . . . . . . . . . . . . . . .  : . . . .  "-t 

I 1 I I I I I I I 
0 . 0 1 6 6 7  Time, SCC. 5.00000 
0.2oW 0 vbus 15207 230.0 KYRME I I 6 1.2000 

0.2000 8 "MI 19221 230.0 PNPKplPs I I 6 l.XIO0 
0.2000 + vbul 19203 230.0 CASSRMS I I 6 1.2000 

0 . 2 0 ~  * vbul 19231 230.0 WENIffi I I 6 1.2000 

a m .  

rnu. RT. YWUW i i ~  Out 
OCTOBER 18, 2003 
YAU S T W  1 / 0 3  T-0 3P FLT WESWIM( U P 5  MP-YAUIYAU-WE, 
NAV-t!XP/ULIEISC U R  FLT WYAVV-YWI~C REIN12006.dyd USCC.bat 

I I I I I I I I I 
5.00000 0 . 0 1 6 6 7  

0 I 1 . 1.2ooc 0.2000 Vbus l9Wl 500.0 FOuRcm 
0.2WO + "bus 1'4003 500.0 NAUAJO I I . l.2OOI 

8 1 1 . 1.2m Ybu+ 26003 5W.0 4DapIKTO 0.2000 
0.2000 * Vbus 26M8 500.0 KIN= I I . 1.2rnI 

Time, SCC. 

0 . m  . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . .  
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MOST KENT VERSION OF THE MGTER D Y W I C S  FILE IS USED, UHIM 
CONTAINS THE NDI  SOMRNOR MOORINS RECEIVED IN RESPONSE TO THE 
N O W E R  7, 2002 DATA REQUEST. 



ARIZONLvoltags 
Tue JLn 27 12:59:35 2004 ,.am 

. . .  -I . . . . . . . . .  I . .  . .  . i .  . . .  : . . . .  .: . . . .  .f . . . .  ~I . .  . . , . .  . .  

stab1 1 Ityuomch-pp.  ckt 

. . .  . . . .  . . . .  . . . . . . . . . .  : :: . . . . . . . . . .  . . . . . . . . . . . . . . .  : .j : ; - .  

. ^  . 

. . . . . . . . . . . . . . . . . . . . . . . . .  - 

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

0 . m  . . . . . . . . . . .  

0.- . . .  - . . . . . . . .  
0.- 1 : :  . . .  - .  . . . . . . .  

. . . . . . . . . . . . . . .  , . . . .  , . . .  .- '1 ... . . . . . . . . . .  
0 . m  . . . . . . . . . . . . .  

o.lc€a 
I :  

I I I I I I I I I 
0.01667 Time, SCC. 5.00000 
0.2000 VbUS 15207 230.0 KVFENE I I I 1.2000 0 

. _. . .  

0.- 

... 

I I I I I I I I I 
0.01667 Tine ,  SCC. 5.00000 

0 0.2wo "bus 14001 500.0 FOUICORN I I I I.20M 
0.- + 
0.2000 V U  26GQ3 500.0 -9a9iHIO I I I 1.2000 
0.2000 ____ =!$ Mur 26ffl8 500.0 n m L L 6 I i  I I I 1.2000 

I I I 1.2wo vbw I'4m3 500.0 wvnm * 

. . . . . .  

l%Sm 

. . . . .  

. . , _ _  

. . . . .  

I I I I I I I I I 
0.01667 Tlnc, SCC. 5.00000 
59.500 0 tbw 14001 500.0 FWRCmN I I I 60.500 
59.500 + crus 111003 500.0 wVM0 I I I 60.m 

. . . . .  

. . .  

. . . . .  

. . _ .  . 

. . . . . .  

. . . . .  

CHOLLA FLT tH-PPK LIE OUT1 
2012 H s l l  AAMVED IPSE CM 
MY 19, 2003 
00-PPK t l  5TmI 011031 T'O 3P FLT tH0345lNH FW-Mo W S I  
YC CUI FLT WIMO-PPY 8 1 1 8 5  REIN CPPS120l2.dydiU5CC.brt 

%L C O ~ W T S  RECEIKD mai THE TSS REVIEW MUE BEEN n o m .  
HOST RECENT VERSION OF TH HpslER DYNAflICS FILE IS USED, UHICH 
COtilPIN5 THE NEU WERNOR WKIDELING RTEIVEO IN RESPONSE TO THE 
NOKnaER 7,  2002 WTA RE-. 

ratorangler S t i b l l I t y W l ~ & p p .  Cht  9 ,  I I  Tue 3an 27 12:59:36 2009 
I I I I I I 

. / .  - .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , . . . . . . . .  .- 

- . . .  

I I I I I I I I I 
D. 01667 The, SCC. 5.00000 
-160.0 0 an3 14931 m.0 P % W I  I 1 I 160.00 
-160.0 + iwm 18.0 UBS-CTI I I I t68.M ~~~~- .._ ...... 
-160.0 * ."S I4914 21.0 FCNBPIII: H I I 160.00 
-160.0 =!$ b M  IW4l  15.5 SAGWWI I I I 160.00 
-160.0 x b M  14351 13.8 YPHX UI 1 I I 160.00 
-160.0 _____ U t  1M 159BI 26.0 W M O  I I I I 160.00 

A R T  tH-PPK L I E  WTI 
2 H 5 I A  mom BASE CM 

MY 19. 2003 
00-PPI  * I  Sr-1 011031 1.0 3P FLT M o 3 Y 5 l M  FCN-UiO W S I  
'IC U R  R T  WMO-PPX * l i s t  REIN W512012.dydlffiCC.bpt 

. . .  : - I  :. . . .  . 1 . .  :. . . . . . . .  f . . . .  I. . . . . . . . . .  .!. . . . .  f . . . . . . . . .  
I :  : . I  

. . . . . . . . . .  1 --I! : . I ! !  ! ! : ! 0.- . . . . . . . . . . . . . . . . . . . . . .  % .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , .  . . .  

- FLT M-PFK LIELUTI 
2012 HSlA W R O E U  PPSE CASE 
MY 19, 2003 
MO-PPX e l  STPJI 011031 1.0 3? FLT W03Y5lMI  FCN-MO CMSI 
'IC CUI FLT WMO-PPI( l l l 8 C  REIN CWSl20l2.dydlffiU.bpt 

(LL m n m n  RECEIVED FRUM THE is5 REVIEW Hnvc BEEN AD=. 
non RECENT MASION OF m WTER nyNanIcs FILE IS USED, WIM 
CONTAINS THE Eli GWEANOR MOORIN6 EEIVEO IN RESPONSE TO THE 
NOUOIBER 7 ,  2002 DPTA REWEST. 

StabIlIty\20l2\&pp.~ht 
Tuc Jan 21 l2:59:36 2Ow 

W.sm 
I I I I I I 

. . . . . . . . .  

I I 

M U  FLT M-PPK L I E  om1 
MI2 H s l A  PPRPUED Bas€ c4sE 
M1 19. 2003 
Mo-ppI( * I  STPBI 011031 T-0 3P FLT M m 4 5 I M I  F W - M O  W S I  
4C 04 FLT W/MO-PPK t118C REIN W512012.dydlffiCC.bpt 



1WIZOwvoltagcs 
Tue a n  ‘27 12:59:55 2004 

I.= 

. . .  i .  . . . . . . . . . . . . . . . .  f . . . .  : . . . .  . 1 . .  . .  .f.. . .  ..it . . .  :. . . .  

stablllty\2012\ch_sg.chr 

-I . . .  i .  . . .  . . .  . i .  . . . .  . . . .  . . . .  .!. . . .  ... . . . .  :. . . . .  i. . . .  

0.- I I I I I I I I I 
0.01661 Tine, sec. 5.00000 
0. moo 0 V U  15207 230.0 K l R M  I I I.2WO 

i vbul 111203 230. o usmap5 I I I.2WO * Vbul 19221 230.0 PMIm 1 I I.2WO 
0.2000 
0. moo -------------_I 

0.2000 I---- ?e Vbul I9231 UD.0 LESTYIWS I I 1.2000 

m.100 

: - I  m . m t  . . .  !. . . .  .:_ . . .  . i  . . . .  i . . . .  i . .  . . . . . . . . . . . . . . .  t . . . .  i . . . .  

st~blllty\2012\ChJg.ch( trequYC”CICS @ ,  I ,  T u  Jan 27 12:59:56 2ow 

i i  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -1 ; 

rDOtor.”91CI 
Tue Jan 27 12:59:56 2004 em.m 

-A . ... . . .  .:_ .:. .:. . . .  . :  . . . . . . . . . . . . . . . . . . . . . .  . : .  . . . . . . .  ‘A ’**- --./-*-----&--*--- 

S t l l l l l t Y \ 2 0 1 2 \ ~ s g . c h r  

I 1 -  8 8 8 8 8 ; , -  8 -=Dm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

-w.w . . .  - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

- m m  . . . . . . . . . . . . . . . . . . . .  . : .  . . .  :. . . . . . . . . . . . . . . . . . . . . .  . : .  . . .  t i  . .  

0.01 667 The ,  sec. 5.00000 
-160.0 .ng 1Y931 2q.o PbLoURDI I I 1  160.00 
-160.0 ------ Brig 14987 18.0 DBG-CTI I t I 160.W 
-160.0 ______________. U!S 111919 22.0 FMQPlCC H I I 160.00 
-160.0 -- * ang 19991 15.5 m R O I  I l l  160.00 
-160.0 1W 11951 13.8 uRo( UI I I 1 160.00 
-160.0 -- (R 15981 26.0 NWJMO 1 I I I 160.00 

A 5M)KU FLT M-56  LINE OUT 
~ HSIA M W E D  BhSE CM 

PLL COMENTS E E I U E D  FRMl THE TSS REVIM MU€ B E a (  ADDED. 
M5l ROCENT W I O N  OF THE MSTER DYNAHICS FILE IS LED, W I M  
CONTAINS THE Mw GOVERNOR HODELIN6 RECEIVED IN RESPONSE TO THE 
NOVMBER 7. 2002 DATA RrmM. 

MU SOOKU RT M-SAG LIE OUT 
2012 H51A M O V E D  BPSf 
M Y  19, 2003 
MO-SAG STAB1 1M31 1‘0 3P FLT cH050014C CLR FLT 
WMO-SAG12012. dydtUSTr.brt 

FLL COIQIENTS RECEIUED FlW THE 155 RNIM HALE BEEN ADDED. 
WST RECCNI KRSION OF THE M E R  DYNAMICS FILE IS USED, WICH 
CONTAINS THE NEU GWERNW HODELING RECEIVED IN RESPONSE TO THE 
NwEnsER 7. 2002 DnTA RE[PIEST. 

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

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

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

. .  

. .  

. .  

. . . .  

. . . .  

. . . .  

. . . . . . . . .  

. . . . . . . .  

. . . . . .  .:.I ‘ 

I I I 

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

. . . . . . . . . . .  

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

. .I.. . . . . . . . . . . . . . . .  1 . .  . .  ;. . . .  .:. . . . . . . . . .  .:. . . . .  ; .  . .  :n : 

ll.100 I I I I I I I I I 
0.01661 Time, sec. 5.000 
59. s00 0 thus 111001 500.0 FWRCORN I I I 60. 
59.500 i nus I W 3  5W. 0 NAWJO I I I 60. 

Y. 59.500 flu1 19231 230.0 Y E n Y l f f i  I I I 60. 
59.500 -- ?e tW 26003 500.0 PS-0 I I I 60. 

I 1 I 60. 59.500 __- x +bur 26W8 500.0 KW6H 

M U  SOOKU FLT 
2012 W1.4 nPlfOvED BASE CASE 

M - S f f i  LINE OUT 

A L L  COIWENTS RmIVED FROH ME E 5  R E V I M  H P E  BEEN WDED. 
HOST VERSION OF ME MSPER DYN4NICS FILE IS USED, W I M  
CONTAINS THE NCA GOVERNW HODQlNG RECEIVED IN RESPONSE TO THE 
N O V D l B n t  7, 2002 DATA R-. 



PRIIZONA-voltageS 
Tuc Jan n 13:00:10 20w 

1.- 

. . .  . . .  . . .  . . . .  . . . .  . . .  . . .  . . . .  . . . . . . . .  .:. .:. : .-I .:. : ;. .:. .:. : 

s t a b I l l t ~ \ 2 0 1 2 \ 1 ~ n ~ . ~ h f  

0.) 

0. * 

0.n 

D. u 

8.9 

0.U 

a.3 

0. I 

fre¶uenc~~ 
Tue Jan 27 13:00:10 2 m  

. .  

- .  . . . . . . . . . . . . . . . . . . . .  . I . .  . .  

- . . . . . . . . . . . . . . . . . . . . . . . .  

Stab1 lI ty\2012\f~mk. chf 

I I I I I I I I I 
0.01667 Time. sec. 5.00000 
0.2000 0 VbUS 15207 230.0 KYRENE I I I 1.2000 
0.2000 + V ~ U I  1~203 230.0 w u n P s  I I I I.20W 
0.2000 * 6 U 1  lY22l 230.0 m @ P 5  I I I 1.2000 
0.2ow -_--_-I * vbul I11231 230.0 YENIffi I I 1  1.mo 

m.Lm-. 

m.5m 

FCN FLTSOO FW-IMX out 
2012 Hsl9 WRWED 1flsc c4sE 

FOURUIRN-IOMOPI STAB] I1031 T'O 3p FLT F p 6 w l l O %  FLT MPINSlRSH 
C W S  FCN-KP~NAV-NKPIS~ CLR FLT WFCN-tlKPlEC K I N  Cpp512012.dydibSCC. bpt 

nny 19,  2003 

. . . . . . . . . . . . . . . . . . . .  .. . . . .  :. . . . . . . . . . . . . . . . . . . . . . .  : .  . .  .- 

I I I I I I I I I 
0.01667 Time, SCC. 5.00000 

0 I I I 60.500 59.500 1 W  14WI 500.0 FOLRCMIN 
59.500 + flur 111003 500.0 WVtdO I I I 60.500 * I I I 60.500 59.500 IbUl 19231 230.0 w m 1 N 6  
59.500 * r h s  26003 5w.o n-o I I I 60.500 
59.500 x 1- 26W8 500.0 W I I I 60.5W 

ALL COMENTS REnIUED FRIX THE TS5 R N 1 D I  HPME BEEN nDDED. 

CONTAINS THE NEU EOVERMR UODELINS REaIMD I N  RESPONSE TO THE 
n m  RETENT VERSION OF TK MSTER DYNMICS FILE IS USED. WHICH 

4w.m 

Tuc Jan 27 13:00:10 m 9  

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

. . . . . . . . . . . . . . . . . . . . .  . I . .  . . . . . . . . . . . . . . . . . . . . . . . . . .  . : .  . . .  

I I I I I I I I I 
0.01661 Time, SCC. 5.00000 
-160.0 0 ana IS931 rl .0 PpLOuRol I I I 160.00 

-L _ _ _ _ _  -*Ar-.--.-:-:-.-: _.___ *-?-------------- . . . . . . . .  
I .  _. 

-160.0 ______ + &w 19987 18.0 D K - C T I  I I I 160.00 

-160.0 ____ * aw I Y Y I I  15.5 s&IMml I I I (60.00 
I I I 16o.w -160.0 x ma 14951 13.8 WHX RI 

-160.0 I____ W- .w 15981 x.0 NmJhlo I I I I 160.00 

-160.0 * .w IS919 22.0 FOQNR H I 1 160.00 

RTSOO FU4-W cut 
1 KIP, n w m  EASE WE 

.I*Y 19, 2003 
FOURCORN-HOEWOPI STAB1 11031 T'O 3P F!-T FD(S0PIIOX FLT WIN6lNH 
CAPS FDI-MP1MU-1.UPiqC OR FLT W - M P I B C  REIN WSf2012.dydl!45TC. bpt 

I 
n u  COMENTS UCEIVED FWHI nif TSS RNIEU PAWE BEEN ADDED. 
HOST REEW VERSION o f  THE MSTER Dmnnics FILE IS USED, WIM 
CONTkIN5 THE WI SOUERNOR HODCLIffi EUEIUED IN RESPONSE TO ME 
NO-= 7. 2002 DATA 

stabII l ty\20l2\f imk.chf W-VOltlgC5 
Tuc Jan 27 13:OO:lO 200Y 

1.- 
I I I 1 I 1 I I I 

. . .  .!. . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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': . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0.- I I I I I I I I 
0.01667 Time, sec. 5.00000 
0.20M 0 *)UT I11Wl 500.0 FOuRuwl I I 1  I.ZOa: + I I I I.2m 
0.2000 * VbW 26003 5W.0 nDEL&!iTo I I I 1.2000 

V l u r  1W03 500.0 NAVVPJO 0.2000 

0.20M * "bus ' 2sWB 'm. 0 )1ccuuw I I I 1.20w 

FCN FLTSOO m-Mu O Y t  

&L COMENTS RECEIVED ma! THE TSS RNIEU nnx BEN m m .  

NOUMBER 7. 2002 D m  REQUEST: 

MOST RECENT VERSION OF T I E  MASTER UiNdHICS FILE IS USED, WItH 
CONTnlNS 1M NEY GOVERNOR WDELINE RECElUEO IN RESPONSE TO THE 

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

. - 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

, . :. . . .  :. . . .  .:. . . .  . ; . . . .  : . . . .  .:. . . .  .:_ . . . .  ; . . . . . . . .  
I I 

. .  . . .  . . .  . . .  . . . .  . . .  . . .  . . .  . . . . . . . . .  
mr+. .:. .:. .:. . : : .-I :. .:. .:. . :  

-.*I.. . ;. . . .  .;. . . .  .j.. . .  . ; .  . . .  ;. . . .  .j.. . .  .;. i . . .  .:. . . .  i . .  . .  

C 6  



0.109 . . . . . . . . . . . . . . . . . .  

0.- 1 : : :  . . . . . . . . . . . . . . . . . .  

e m  

. . . . . .  

. . . . . .  

. . . . . .  

. . . ; . .  

. . . . . .  

. . . . . .  

. . .  I . .  

. . . . . .  

I I I I I I I I I 
0.01661 Time, sec. 5.00000 

0 VLUS 15201 230.0 K Y R M  I I 1.2000 0.- 

. .  

. .  

. .  

. .  

. .  

. -  

, ,  

, .  

ba.m. 

. . . . .  

. . . . .  

. . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . .  

St~lIItY\2012\1J~hIr.ch( 
Tue Jan n l3:00:25 2009 

I I I I I I 

. . . . . . . . .  ..:. . . .  : .  . 

rotoranslcs  
Tue Jan 27 l3:CO:25 2ow t a m  

. . . . . . . . . . . . . . . . .  .- 

. . . . . . . . . . . . . . . . .  .- 

. . . . . . . . . . . . . . . . . . .  - 

. . . . . . . . . . . . . . . . . . .  - 

. . . . . . . . . .  

. . . . . . . .  ., . . . .  ,. . .  .- 

StabllltY\2012\11Lhu. cht 

i i  . . . . . . . . . . . . . . . . . .  

a r m  I I I I I I I I 1 
0.01667 Tlme, SCC. 5.00000 
59.500 0 *us IYOOl 500.0 FOURCORN I I I 60.500 

I I I 60.500 
fbul 19231 230.0 UErmIffi I I I w.500 

1 I I 60.500 

59.500 + f b w  IY003 500.0 NAVhlO 
59.500 ___--_ * * '  
59.500 ---- #= IbUS 26003 500.0 P S W O  
59.500 -- x tbUS 26W8 500.0 m L 6 H  I I I w.500 

: -I mot . . .  :, . . .  .:_ . . .  .:: . . . .  ; . . . .  ; . . . .  ,:. . . .  .:. . . . .  : . . . .  , . . .  

. . .  ;. . . .  . i .  . . .  .;. . . . .  . . . .  . . .  . . .  . i . .  . . .  : . . . .  : . . .  

a m  . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . .  

-3a.m . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

--.am . . .  - .  1 :  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i ; : ; : : ; :  
-%.ma ...................... I . . . .  > . . . . . . . . . . . . . . . . . . . . . . .  , c i '  i 

I I 

1 -l¶&m . . . . . . . . . . . . . . . . . . . .  ..:. . . .  : .  ....................... : .  . . .  t i  
-,CV.m 

LW 19987 18.0 DBB-ClI I I 1 16O.Cv 
ana w w  22.0 mwa H I I 16a.m 
ana IWI 15.5 SnGUml I I I 160.00 
*og 19951 13.8 LIp)(x El I I I 160.00 
an3 15981 26.0 w o  I 

Y R T  JOJOBA-WSY L I E  OUT 
s i n  mom B E  USE 

o.xm-. . .  :. . . . . . . . . . . . . .  

0.rm- . . . . . . . . . . . . . . . . .  

a.m- . . . . . . . . . . . . . . . . .  

D . W -  . . . . . . . . . . . . . . . . . .  

arrm- . . .  - . . . . . . . . . . . . . .  

am- . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : .-j 

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

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

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

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

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

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

. . . . . . . . . . . . . . . . . . . . . .  : . . . .  .. . . . . . . . . . . . . . . . . . . . . . . . . . . .  : . .j 
0.- 

I I I 1.2W0 

1 1 I 1.2000 
I I I 1.2000 

VbUS 19001 500.0 FOIKORN 0. 2wo 

0.2000 
0.2000 -- 
0.2000 UbUS lwxu 500.0 w h l o  I I 1  1.uMO 

vbus a03 500.0 aauurio 
"bus 2 m 8  500.0 Kan.LGn 

JOJOM R T  JOJOBA-HASSY LINE OUT 
2012 HSIA WROUElI B&SE C E  
M Y  19, 2003 
PAS-33 STAB $ 1 1  OI/031 T'D 3P R T  JJSOOIlDx R T  WIffiiM cnP5 
NI IV-~P~P-YnV.PV-DV/Ki l l (C CLR FLT UIWS-XTtBC REINl2012 .dyd l~ .bpt  

ALL CLVl"T5 REOEIMD FROn THE 15.5 REWEY HAM BEEN 11DDED. 
MOST RECENT VERSION OF M MPSTER DYNWICS FILE IS USED. W l M  
CONTlINS THE NM GOVERNOR WDELINE RECEIKD IN RESPONSE TO THE 
NOVDBER I .  2002 MTA REWEST. 
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APPENDIX D 

Loop-in of the 
Jojoba-Kyrene 500-kV line 

into Rudd 500-kV substation 



The interconnection was studied on the 2008 Base Case which includes the South East 
Valley project, the PV-TS5 500kV line, the TS5-TS1 230kV line, and the TS1-TS3 
230kV line. Then it was studied on a case without those same projects, called Case 1. 
Both with and without were from a 2008 powerflow case. The studies were performed at 
both the Simultaneous Import Limit (SIL) and the Maximum Load Serving Capability 
(MLSC) point for each year. The effect of the addition was measured by the impact on 
the critical outages and critical elements which limit the load serving capability for each 
case. 

SIL Critical Outage/ MLSC 
Critical Element 

Voltage Collapse 

Jojoba-Rudd 

2008 Base Case 10494 MW Jojoba-Kyrenel 13952 MW 

w/cut-in 9629MW Palo Verde-Rudd 13340 

612 MW 865MW Drop in Load Serving 
Capability 

Critical Outage/ 
Critical Element 

Lincoln St.-W. Phx/ 
Glendale-Agua Fria 
Palo Verde-Rudd 

Jojoba-Rudd 

2008 Case 1 

w/cut-in 

Drop in Load Serving 
Capability 

From the above tables and the attached nomograms, addition of the Rudd cut-in of the 
Jojoba-Kyrene 500kV line significantly reduces the load serving capability of the system. 
With two 500kV lines feeding Rudd and one 500kV line continuing on from Rudd to 
feed Kyrene the loss of either 500kV line into Rudd will overload the other line, with the 
loss of the Palo Verde-Rudd 500kV line being slightly more detrimental than loss of the 
Jojoba-Rudd 500kV line. Both the 500kV lines into Rudd were studied with a 3000A 
rating. 

SIL Critical Outage/ MLSC Critical Outage/ 
Critical Element Critical Element 

9762MW Jojoba-Kyrenel 13332 MW Palo Verde-Rudd 
Voltage Collapse Westwing-Surprise 

8420 MW Palo Verde-Rudd 12419 MW Palo Verde-Rudd 
Jojoba-Rudd Jojoba-Rudd 

1342 MW 913 MW 

1 
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APS Reliability Must-Run Analysis 2004-2013 

I. EXECUTIVE SUMMARY 

This report documents the study methodology, results, and conclusions of Arizona Public 
Service Company’s (APS) Reliability Must-Run (RMR) Analysis for the ten years from 2004 to 
2013. This analysis was conducted in response to the Arizona Corporation Commission’s (ACC) 
Second Biennial Transmission Assessment (Assessment) and Decision No. 65476 (December 19, 
2002). The 2004 RMR Analysis covers a ten-year period and includes detailed analysis of the 
years 2005,2008, and 2012. 

If a city or load pocket must be served by local generating units at certain peak times, then those 
units are designated as “reliability must-run” or RMR units. In APS’ service territory there are 
two major areas where load cannot be served totally by power imported over transmission lines - 
the Phoenix metropolitan area which is served by a combination of APS and SRP facilities, and 
the APS service territory in the Yuma area. 

While ninety-nine percent of the Phoenix area energy requirements can be met by remote 
generation, local generation is critically important for the reliability of the local power system. 
The November 2003 U.S.-Canada Power System Outage Task Force Interim Report: Causes of 
the August 14th Blackout in the United States and Canada pointed out the importance of the 
reactive capability of voltage support from local generation. Local generation can provide 
critical support for transmission contingencies and other power system disturbances and can 
prevent customer outages including blackout conditions such as those experienced in the 
Northeast on August 14,2003. 

Comments during the workshop for the 2003 RMR analysis held in February 2003 indicated that 
electric power system industry participants desired to have a more participative role in the 2004 
RMR analysis. To facilitate this participation, APS and the other Arizona transmission providers 
utilized the Central Arizona Transmission Study forum to publicly determine the 2004 RMR 
study plan, had extensive discussion on study models and preliminary results, and ultimately 
conducted a workshop on January 15, 2004 to present the study results for comment. This 
process led to the decision to study the Phoenix area as a combined APS and Salt River Project 
(SW) network, the determination of the specific years to study; 2005, 2008, and 2012, and the 
specific loads to include in the Phoenix area for the three study years. 

The year 2005 was selected to provide a benchmark for the 2003 RMR study. The years 2008 
and 2012 were selected as representative years during the ten-year window and because 
databases for these years were being used to perform studies in other study forums such as the 
Southwest Transmission Expansion Plan (STEP) planning group and the Seams Steering Group- 
Western Interconnection (SSG-WI). 

This study found that the results for the 2005 study were similar to those from last year’s study 
for 2005. The results for 2008 indicate lower RMR requirements than for 2005. In 2012, the 
RMR requirements are similar to those for 2005. However, in 2012 available Phoenix area 
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generation reserves are presently projected to be less than the reserve requirements. Although 
the reserve margin deficiency is not itself related to RMR, it is a load-serving issue that should 
be addressed. To mitigate the 2012 deficiency in Phoenix area reserves, APS and SRP are 
presently evaluating both transmission alternatives to increase import capability and alternatives 
to increase Phoenix area generation. 

The cost of using must-run units can be measured by the difference between generation costs 
with the transmission limit and costs without the limit. This report looks at and compares the cost 
of serving these two areas with and without the existing transmission constraints. 

This report concludes that for the Phoenix metropolitan area, the cost of RMR with the 
transmission limit is less than $100,000 annually and does not at present outweigh the cost of 
transmission improvements beyond those already included in the APS and SRP ten-year plans. 
Costs to relieve import limitations were documented in the 2003 RMR study to be in excess of 
$16 million. For Yuma, the report shows that the new North Gila 500/69-kV transformer and the 
new 230-kV line from Gila Bend-to-Yuma included in the present APS ten-year plan is sufficient 
to cost-effectively address RMR conditions. Environmental effects for both areas with and 
without transmission constraints are also documented in this report. Because there is such a 
small RMR requirement for both areas in all three years studied, the environmental effects of 
RMR are minimal. 

A. Study Overview 

The existence of transmission import limited areas is not uncommon in the United States, and 
particularly in the West where load centers are generally separated by long distances. APS has 
transmission import-limited areas in Phoenix and Yuma. An import area is transmission limited 
when all load cannot be served solely by importing resources over local transmission lines, thus 
requiring some use of local generating units to reliably meet peak load. 

The two transmission import-limited areas in APS’ system were studied to determine: 

The system simultaneous import limit (SIL), which is the maximum amount of capacity 
that can be reliably imported into an area with no local generation; 

The maximum load serving capability (MLSC), which is the total load that can be 
reliably served from imports and from local generation; 

Annual RMR conditions, including magnitude of load in excess of the SIL and number of 
hours the load exceeds the SIL; and 

Estimated economic and environmental impacts of the import limits. 

The Phoenix area is a tight network of APS and SRP load, resources, and transmission facilities. 
Because the Phoenix system is highly integrated, the import limits must be determined for the 
combined area. This analysis was coordinated with SRP personnel, who had significant 
involvement in the study and were helpful in the overall analysis. The Western Area Power 
Administration (WAPA) coordinated with APS and SRP in the study because their transmission 
facilities interface with the Phoenix network. 

6 



APS RMR Analysis 
2004-2013 

Year 

2005 

2008 

After the combined import limit (SIL) for the Phoenix area was determined, RMR conditions 
were evaluated for the Phoenix area based on the Phoenix area import limits, the Phoenix area 
load, and Phoenix area local generation, which includes generation owned by APS, SRP and 
Pinnacle West Energy Corporation (PWEC). 

RMR RMR 
Cost5 
($K) 

8,617 11,141 2,524 678 550 1.2 0.0 

10,511 12,425 1,914 338 222 0.4 0.0 

Energy Peak Max RMR3 RMR 

(Yo of Energy4 

(GWH) to tal) 
Hours Demand RMR2 

(MW) (MW) (MW) 

S I L ~  

The Yuma area, which has a forecast 2005 summer peak demand of approximately 344 MW, is 
served by an internal APS 69-kV sub-transmission network containing all of the load in the 
import-limited area. There are external ties to WAPA and the Imperial Irrigation District (IID), 
as well as a bulk power interface with the Hassayampa-to-North Gila transmission system. This 
analysis was coordinated with the WAPA Phoenix office to ensure accurate modeling. 

B. Summary of Results 

Results of the analysis for the three years of the study, 2005,2008, and 2012, assume that present 
plans for system improvements in place when the study was conducted are completed on 
schedule. 

The following table summarizes the estimated RMR conditions and costs for the Phoenix area. 

Table ES1 
Phoenix area RMR Conditions and Costs 

Table Key: 

'SIL - System Simultaneous Import Limit is the maximum amount of capacity that can be reliably imported into the 
area with no local generation operating. 

Max RMR - The amount of local generation required to meet the area peak demand (Peak Demand minus SIL). 

3RMR Hours - The number of hours that the area's demand exceeds the SIL, thus requiring the use of local 
generation to meet load, even if otherwise economically dispatched. 

4RMR Energy - The annual energy required to be met by local generation (in excess of the SIL). 

'RMR Cost - The difference in annual generation cost with and without the transmission limitation. 

2 
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Peak 
Demand 

(MW) 

The following table summarizes the estimated RMR conditions and costs for the Yuma area. 

RMR RMR 
Cost5 
($K) 

Energy Max RMR3 RMR 
RMR2 
(MW) (GWH) to tal) 

(Yo of Energy4 Hours 

Table ES2 
Yuma Area RMR Conditions and Costs 

1 2012 1 410 

500.0 

42 5 0.0 0.0 

Table Key: 

'SIL - System Simultaneous Import Limit is the maximum amount of capacity that can be reliably imported into the 
area with no local generation operating. 

Max RMR - The amount of local generation required to meet the area peak demand (Peak Demand minus SIL). 

3RMR Hours - The number of hours that the area's demand exceeds the SIL, thus requiring the use of local 
generation to meet load, even if otherwise economically dispatched. 

RMR Energy - The annual energy required to be met by local generation (in excess of the SIL). 

'RMR Cost - The difference in annual generation cost with and without the transmission limitation. 

2 

4 

The following table shows the Phoenix area Maximum Load-Serving Capability (MLSC) for the 
three years studied and compares the MLSC to the forecasted peak demand. This includes the 
new generation of Santan 5 in the 2005 study and Santan 6 in the 2008 study. The MLSC is 
determined by adding the SIL and the local generation minus the local reserve requirement. APS 
determined the Phoenix area reserve requirements by performing a probabilistic analysis that 
considered the size and forced outage rates of the local generating units and resulted in 99 
percent reliability of serving all load. This analysis resulted in reserve requirements of 809 MW, 
865 MW, and 865 MW for the Phoenix area for the years 2005,2008, and 2012 respectively. 

8 



APS RMR Analysis 
2004-2013 

Generation I Year Reserves 

2005 8,617 

2008 

3,374 809 

2012 

Year 

2005 

2008 

2012 

Table ES3 
Phoenix Area Maximum Load Serving Capability 

Peak 
Demand Projected 

Reserves 

Local Required MLSC 

(MW) 
Generation Reserves (SIL+LG.RR) 

SIL 

265 267 138 394 344 188 

292 267 138 42 1 3 80 179 

410 267 138 539 425 252 

I Local 1 Reauired 

10,511 I 3,649 1 865 

11,103 1 3,649 I 865 

MLSC 

(SIL+LG-RR) 

11,182 

13,295 

13,887 

Peak 
Demand Projected 

Reserves 

12,425 I 1735 

14,406 1 346 

The following table summarizes the Yuma area MLSC. The reserve requirements for the Yuma 
area were determined to be 138 MW for all years studied. 

Table ES4 
Yuma Area Maximum Load Serving Capability 

Local generating units are dispatched based on cost. Thus, most of the RMR hours shown above 
are dispatched in merit order. However, the presence of a transmission constraint may require 
local generation to be dispatched out of merit order or “out of the money.” This report 
considered all Phoenix area and Yuma area transmission limitations and generation resources in 
determining the overall RMR situation. The economic impact of RMR can be seen from the 
following tables. 

The following table summarizes the estimated total number of hours that local Phoenix 
generation must run out of economic dispatch, the amount of energy that is produced out of 
economic dispatch and the associated cost. 
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Year 

Table ES5 

Phoenix area RMR Outside Economic Dispatch 

RMR Cost Energy outside 
economic dispatch 

(GWH) 

Hours outside 
economic dispatch ($K) 

Year 

18 1 6 I 0 I 2005 1 1 

RMR Cost Energy outside 
economic dispatch 

(GWH) 

Hours outside 
economic dispatch ($K) 

I 2008 1 0 I 0 I 0 I 

2005 

1 2012 14 1 84 I I I 

336 8 500 

The following table summarizes the estimated total number of hours that APS local Yuma 
generation must run out of economic dispatch, the amount of energy that is produced out of 
economic dispatch and the associated cost. 

Table ES6 
APS Yuma Area RMR Outside Economic Dispatch 

I 2008 I 2 I 0 I 0 I 
I 2012 1 0 0 0 I I I 

C. Report Conclusions 

Phoenrjc area Conclusions 

1. All Phoenix area transmission and local generation are necessary to reliably serve 
Phoenix area peak load in 2005 with the local generation reserve margin just exceeding 
the required reserve margin. In 2008, the local generation reserve margin significantly 
exceeds the required reserve margin. However, in 2012 the reserve margin is 346 MW 
which is 519 MW less than the required reserve margin of 865 MW. To mitigate this 
reserve deficiency APS and SRP are presently evaluating both transmission alternatives 
to increase import capability and alternatives to increase Phoenix area generation. 
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Pollutant 

voc 
NO, 

co 

2. 

3. 

4. 

5. 

Reduction' 
(tondyear) 

Reduction of Phoenix Area Emissions 
(% of total emissions from all sources) 

0.0 0.000 

4.0 0.007 

1 .o 0.000 

During the summer, Phoenix area load is expected to exceed the available transmission 
import capability for approximately 680 hours in 2005,340 hours in 2008, and 760 hours 
in 2012. These hours represent only approximately one percent of the annual energy 
requirements for the Phoenix area. 

From a total Phoenix load, transmission, and resources viewpoint, import limits are 
expected to cause a minimal amount of local generation to be dispatched out of economic 
dispatch order in 2005 and 2012, and no impact in 2008. 

The estimated annual economic cost of Phoenix area RMR generation is negligible, 
therefore advancement of transmission projects to increase import capability are presently 
not cost justified. 

Removing the transmission constraint could reduce total Phoenix area air emissions by 
the following annual amount for 2005. There is a minimal impact for years 2008 and 
2012 due to the increased import capabilities and resources resulting in fewer hours of 
operating local generation. 

Table ES7 
Phoenix area Air Emissions Reduction 

0.000 

'2005 results, impact for 2008 and 2012 are lower 

6. Removing the import restriction into the Phoenix area has no impact on local generation 
capacity factor. The capacity factor ranges from approximately 11% in 2005 to 26% in 
2012. 

Yuma Area Conclusions 

7. All existing Yuma area transmission and generation resources are necessary to reliably 
serve the Yuma area load. 

8. The Yuma area load is expected to exceed the available transmission import capability 
for 714 hours in 2005, 676 hours in 2008 and 12 hours in 2012 although the amount of 
total load in the Yuma area is approximately 350-425 MW. 
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Reduction' 
(tondyear) Pollutant 1 I 

9. From a total Yuma load, transmission, and resources viewpoint, the import constraint 
could cause APS Yuma generation to be dispatched out of economic dispatch order for 
336 hours in 2005,2 hours in 2008, and 0 hours in 2012. 

Reduction of Yuma Area Emissions 
(% of total emissions from all sources) 

10. The estimated annual economic cost of Yuma area generation required to run out of 
economic dispatch order is relatively small, therefore advancement of transmission 
projects to increase import capability are presently not cost justified. 

NO, 

co 
PMlO 

11. Removing the transmission constraint could reduce total Yuma area air emissions by the 
following annual amount for 2005. There is a minimal impact for years 2008 and 2012 
due to the increased import capabilities resulting in fewer hours of operating local 
generation. 

20 Unavailable 

5 Unavailable 

1 .o 0.001 

Table ES8 
Yuma Area Air Emissions Reduction 

1 .o Unavailable I I voc I I 

12. Removing the import restriction into the Yuma area could reduce the APS Yuma 
generation capacity factor from 1.6 percent to 1.2 percent in 2005. 

D. Report Organization 

This report is organized in eight sections. Section I provides an executive summary of the report. 
Section I1 provides general background information of the study requirements, an overview of 
RMR, and describes the study methodology. Section I11 describes the Phoenix area, the nature of 
the import limit, the resulting import limits for 2005, 2008, and 2012, and the impact of various 
generators in and around the Phoenix area on the import limit. Section IV provides a similar 
discussion of the Yuma area. Section V describes the RMR conditions such as number of hours, 
maximum capacity, and annual energy for the Phoenix and Yuma areas. Section VI provides 
results of the economic analysis of the Phoenix and Yuma area RMR conditions performed 
utilizing a regional planning model (GE MAPS) and emissions impact. Finally, Section VI1 lists 
the conclusions of the analysis. 
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11. INTRODUCTION 

A. Background of Study Requirement 

Like all large electric utilities, Arizona utilities have historically relied on both transmission, to 
deliver remote generation into its load centers, as well as local generation to reliably serve its 
customers. Due in part to environmental, economic, and fuel availability considerations, large 
base-load thermal generators have typically been located away from the load centers while 
smaller but less efficient intermediate and peaking units - with lower capacity factors - were 
located within the load centers. Although this local generation is relied on for a relatively small 
amount of energy, this local generation is critically important for the reliability of the local 
power system. The November 2003 U.S.-Canada Power System Outage Task Force Interim 
Report: Causes of the August 14* Blackout in the United States and Canada pointed out the 
importance of the reactive capability of voltage support from local generation. Local generation 
can provide critical support for transmission contingencies and other power system disturbances 
and can prevent customer outages including blackout conditions such as those experienced in the 
Northeast on August 14, 2003. Local generation also results in lower power system losses and 
lower capital expenses for transmission infrastructure. 

In the past, vertically-integrated utilities, such as APS, managed the siting and construction of 
both generation and transmission resources needed to serve their customers. Electric systems 
were designed based on a detailed integrated resource planning process used to evaluate the 
appropriate balance of generation, transmission, and demand-side resources. Interconnections 
with neighboring systems were primarily intended to improve system reliability and lower the 
costs of reserves by allowing for sharing of capacity reserves by multiple systems. Each utility’s 
system was primarily designed to accommodate that utility’s resources and that utility’s load. 

The Commission’s Second Biennial Transmission Assessment requires “any [Utility Distribution 
Company] that currently relies on local generation, or foresees a future time period when 
utilization of local generation may be required to assure reliable service for a local area, [to] 
perform and report the findings of an RMR study as a feature of their ten year plan filing with 
the Commission in January 2003 and 2004.” The Assessment required that the RMR study filed 
in January 2003 evaluate RMR conditions through the 2005 summer peak. The January 2004 
RMR study covers the 1 0-year period from 2004 to 20 13. 

B. Overview of RMR 

Local “load pockets” are areas that do not have enough transmission import capability to serve 
all load in the area solely by importing remote generation over local transmission facilities. For 
these areas, during peak hours of the year, local generation is required to serve that portion of the 
load that cannot reliably be served by transmission imports. This local generation requirement is 
often referred to as Reliability Must-Run or RMR generation. In these areas, during peak 
conditions, load is served by a combination of importing remote generation over transmission 
lines and operating local generation. 
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The maximum load that can be served in a load pocket with no local generation operating - in 
other words, the maximum load that can be served solely by importing remote generation - is 
referred to as the system Simultaneous Import Limit (SIL). The SIL is established through 
technical studies by ensuring that: 

With the local load at the SIL and no local generation operating there are no 
transmission system normal operating (N-0) limit violations of thermal loading or 
voltages, and 
Under all single contingency outage events (N-1) there are no emergency operating 
limit violations of thermal loading or voltages, and no system instability. 

C. Study Methodology 

Import limit analysis was performed for the Phoenix and Yuma areas. See Appendix A for power 
flow results. The import limit area or load pocket is defined as that load which, when increased, 
would increase the severity of the limiting contingency. For example, load in Flagstaff has no 
impact on the severity of the limiting contingency for the Phoenix import limited area, and 
therefore Flagstaff is not included in the Phoenix load pocket. In contrast, downtown Phoenix 
load does impact the severity of the limiting contingency and therefore is included in the load 
pocket. All area contingencies known to result in system stress were evaluated to determine the 
critical contingency for the area. Import limits were determined by contingency conditions of 
thermal loading at the emergency rating of a facility, steady state voltages at the emergency 
voltage limit, and system instability including voltage instability. 

Import limits were determined for the Phoenix and Yuma areas with no local generation 
operating, with maximum local generation operating, and sufficient points in between to 
determine curves which define import limits at all load levels. This methodology was applied to 
studies of the Phoenix area, which for 2005 and 2008 is constrained by both voltage instability 
and thermal loadings, depending on the local load level. In 2012 the Phoenix area is constrained 
solely by thermal loadings. For the Yuma studies, the limitations are primarily post-disturbance 
thermal constraints and voltage drop limits. Generator sensitivities were performed to determine 
the relative impact of various generators on the import limits for the Phoenix and Yuma areas. 

From each year’s forecasted peak load and historical daily load cycles, the annual RMR 
conditions were determined including magnitude of local load, both demand and energy, 
expected to exceed the SIL and the annual hours for which local load is expected to exceed the 
SIL. 

An economic analysis was performed in each area for each year using the GE MAPS production- 
costing model to determine the cost of the import limits. GE MAPS is a regional generation and 
transmission simulation model and is discussed in more detail in Appendix B to this report. 

Additional transmission alternatives to mitigate the import limits of the Phoenix and Yuma area 
were not studied due to the minimal amounts of RMR conditions that were identified in the 
study. The cost for any transmission alternative would significantly exceed the costs associated 
with any RMR conditions. This report concludes that for the Phoenix metropolitan area, the cost 
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of RMR with the transmission limit is less than $100,000 annually and costs to relieve import 
limitations were documented in the 2003 RMR study to be in excess of $16 million. 

D. Determination of SIL and RMR Conditions 

In this analysis, assessments of the SIL and RMR conditions for the Phoenix area and the Yuma 
area were performed for the years 2005, 2008, and 2012. The year 2005 was selected to provide 
a benchmark for the 2003 RMR study. The years 2008 and 2012 were selected as representative 
years during the ten-year window and because databases for these years were being used to 
perform studies in other study forums such as the Southwest Transmission Expansion Plan 
(STEP) planning group and the Seams Steering Group-Westem Interconnection (SSG-WI). Base 
case and contingency power flow, stability, and voltage stability analyses were performed to 
determine import limitations. The initial starting cases were based on WECC heavy summer full 
loop base cases in GE Power Flow format for the corresponding year. Those base cases model 
the entire Western Interconnection’s transmission system and were reviewed and then updated to 
represent expected loads and system configuration for 2005, 2008 and 2012. All cases were 
coordinated between APS, SRP, Tucson Electric Power Company (TEP), Southwest 
Transmission Cooperative (SWTC), and WAPA to capture the most accurate expected operating 
conditions for the Arizona transmission system, Also, the 2012 case is consistent with the 2012 
case used in the CATS Phase I11 study. 
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111. PHOENIX LOAD POCKET 

A. Description of Phoenix Area 

During summer 2005, the Phoenix area - which consists of both APS’ and SRP’s integrated 
network - will be served from the following major Extra High Voltage (EHV) substations: 
Westwing, Pinnacle Peak, Kyrene, Rudd, Browning, and Silverking. These EHV stations form 
the “cornerstones” of an extensive internal network of 230-kV transmission lines that constitute 
the high voltage energy delivery system within the Phoenix load area. By summer 2008, two new 
EHV substations will be added to the existing major EHV substations serving the Phoenix area. 
They are the TS5 substation and the South East Valley (SEV) substation. And, in 2012 the 
Raceway substation is added. 

Since the summer of 2002, APS has served some northwest Phoenix area load from the Raceway 
substation, which has been built as an interconnection to the WAPA Westwing-to-Waddell 230- 
kV line. Because this line has no interconnections with other Phoenix area 230-kV lines, this 
load does not significantly impact the contingency response of the Phoenix area and is therefore 
not included in the Phoenix area load determination, until the 201 2 case when Raceway becomes 
interconnected to Pinnacle Peak and the new 500-kV substation. 

Because the City of Mesa load is served by dedicated resources external to Phoenix, the 
economic RMR analysis is performed with this load excluded. 

Energy flows into the EHV delivery points from the EHV transmission lines and then is stepped 
down to 230-kV and transmitted into the load center via the 230-kV transmission lines. These 
loads, with area losses, are measured by determining the flows from the EHV substations into the 
load area to include all of these load stations. The specific loads to be included in the Phoenix 
area load for each of the three years was determined by sensitivity analysis performed early in 
the study effort to determine the impact of various loads on the severity of the critical 
contingency. Table 1 shows the results of the sensitivity analysis which was performed on a 
preliminary 2008 case. 
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Table 1 
Phoenix Area Load Sensitivity 

Base Case 
Surprise 

White Tanks 
West Phoenix 

Country Club 
Ocotillo 

TS3 
Buckeye 

Kyrene 

Thunderstone 

Santan 
TS 1 

Mooshine (EMA) 
Pinnacle Peak 

Gavilan Peak 

Browning 
Jojoba 

Moonshine 
Case Grande 
Gila Bend 

Y ava pai 

Avery 
Raceway 

Palo Verde-Rudd Outaqe 
Westwinq-Surprise 230kV line 
Overload % INCREASE 

100.0% xxx 
107.2% 7.2% 

102.6% 2.6% 
102.1% 2.1 % 

101.8% 1.8% 
101.4% 1.4% 

101.3% 1.3% 
101 .O% 1 .O% 

101 .O% 1 .O% 

101.0% 1 .O% 
101 .O% 1 .O% 

101.0% 1 .O% 
101 .O% 1 .O% 

100.9% 0.9% 

100.8% 0.8% 
100.7% 0.7% 
100.7% 0.7% 

100.7% 0.7% 
100.4% 0.4% 

100.4% 0.4% 
1 00.1 Yo 0.1% 

99.8% -0.2% 
99.6% -0.4% 

Base Case 
Browning 

Santan 
Kyrene 
Thunderstane 
Ocotillo 
Country Club 

Pinnacle Peak 
Moonshine 

Gavilan Peak 
West Phoenix 

White Tanks 
Buckeye 

Surprise 
Raceway 

Yavapai 
Casa Grande 

( E W  

Joioba-Kyrene Outaqe 
Kyrene 230kV Voltaqe 
dv % INCREASE 

4.72 xxx 
5.83 1.11 
5.43 0.71 
5.35 0.63 
5.35 0.63 

5.20 0.5 
5.15 0.43 
5.10 0.38 

5.08 0.36 

5.08 0.36 

5.04 0.32 
4.99 0.27 

4.93 0.21 
4.93 0.21 

4.90 0.18 

4.82 0.1 
4.75 0.03 

The sensitivity analysis confirmed that all of the Phoenix area load included in last year’s study 
was appropriate, but that load at Buckeye, Gila Bend, the Eastern Mining Area, and Gavilan 
Peak should also be included. Figure 1 shows all of these loads included for the 2005 study. 
Figure 2 shows, in 2008, the Phoenix area load is expanded to include loads supplied by the new 
bulk power substations TS5 and South East Valley (SEV). Figure 3 shows, in 2012, the Phoenix 
area load is expanded to include loads supplied from the bulk substation at Raceway. 
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In performing the Phoenix area studies several planned projects were added to reflect 
transmission system upgrades for the next ten years. They are listed below under one of the 
three study years they will first appear: 

Projects in service by 2005 

Gavilan Peak substation connected to Pinnacle Peak-Prescott 230-kV line 
Reach 2"d 230/69-kV transformer addition 
Browning 230/69-kV, 280 MVA transformer addition 
Cactus 3rd 230/69-kV transformer addition 
North Gila 2"d 500/69-kV transformer addition 
Surprise 2"d 230/69-kV transformer addition 
West Phoenix 3rd 230/69-kV transformer addition 
Thunderstone 2 new 230/69-kV, 280 MVA transformer additions 
Alexander 69-kV 46mvar capacitors addition 
Santan CC5 550 MW generation addition 

Projects in service bv 2008 

Silver King substation connected to Cholla-Saguaro 500-kV line 
South East Valley project 
A new Avery 230/69-kV substation with a 230/69-kV transformer and a 230-kV line 

A new TS5 500/230-kV substation with two 500/230-kV transformers, a 500-kV line to 

A new TS1 230/69-kV substation with a 230/69-kV transformer, a 230-kV line to TS5 

A new TS3 230/69-kV substation with a 230169-kV transformer, a 230-kV line to TSI 

Lincoln Street 2"d 230/69-kV transformer addition 
Rudd 4* 500/230-kV transformer addition 
A new Jojoba 230/69-kV substation with a 230/69-kV transformer and connected to Gila 

Santan CC6 275 MW generation addition 

from Raceway substation 

Palo Verde area 

substation 

substation, and connected to Rudd-TS4 230-kV line 

River-Liberty 230-kV line 

Projects in service by 2012 

A new Raceway 500-kV substation connected to Navajo-Westwing 500-kV line and a 

A new TS2 230-kV substation with a 230/69-kV transformer and connected to TSI-TS3 

A new TS6 230/69-kV substation with a 230/69-kV transformer and connected to a new 

Meadowbrook 2"d 230/69-kV transformer addition 
Alexander 2"d 230/69-kV transformer addition 

500-kV line to TS5 substation 

230-kV line 

Avery-Pinnacle Peak 230-kV line 
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B. Phoenix Area Critical Outages 

The analysis determined that the critical single contingency for the Phoenix load area with 
less than 1400 MW of local Phoenix area generation is the loss of the Jojoba-to-Kyrene 500- 
kV transmission line. The loss of this major 500-kV line to the Phoenix area results in 
significantly higher flows on the remaining transmission lines and causes a large increase in 
reactive power (Var) losses in the transmission network. The increase in Var consumption 
results in insufficient Vars for voltage support in the load area. Consequently, this condition 
creates low voltages in the system and makes the area deficient in reactive power. The 
system is constrained by voltage instability, with local Phoenix area generation below 1400 
MW. With local Phoenix area generation above 1400 MW, the critical single contingency 
for the Phoenix load area is also the loss of the Jojoba-to-Kyrene 500-kV transmission line. 
But, with at least 1400 MW of local generation on-line, the loss of the line results in a 
thermal overload of the Rudd-to-Orme 230-kV transmission line. Thus, the system is 
constrained by this thermal overload when local Phoenix area generation is above 1400 MW. 

The analysis determined that the critical single contingency for the Phoenix load area with 
less than 1600 MW of local Phoenix area generation is the loss of the Jojoba-to-Kyrene 500- 
kV transmission line. The loss of this major 500-kV line to the Phoenix area results in 
significantly higher flows on the remaining transmission lines and causes a large increase in 
reactive power (Var) losses in the transmission network. The increase in Var consumption 
results in insufficient Vars for voltage support in the load area. Consequently, this condition 
creates low voltages in the system and makes the area deficient in reactive power. The 
system is constrained by voltage instability, with local Phoenix area generation below 1600 
MW. With local Phoenix area generation above 1600 MW, the critical single contingency 
for the Phoenix load area is the loss of the Agua Fria-to-Glendale 230-kV transmission line. 
With at least 1600 MW of local generation on-line, the loss of the Agua Fria-to-Glendale 
230-kV transmission line results in a thermal overload of the West Phoenix-to-Lincoln Street 
230-kV transmission line. Thus, the system is constrained by this thermal overload when 
local Phoenix area generation is above 1600 MW. 

3. 

The analysis determined that the critical single contingency for the Phoenix load area at all 
load and generation levels is the loss of the Palo Verde-to-Rudd 500-kV transmission line. 
The loss of this major 500-kV line results in significantly higher flows on the underlying 
230-kV transmission system and causes a thermal overload on the Westwing-to-Surprise 
230-kV transmission line. Thus, the system is constrained by this thermal overload for the 
loss of the Palo Verde-to-Rudd 500-kV transmission line. 
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Year SIL (MW) 
2005 8.6 17 

The voltage stability analysis was performed using Q-V analysis on the most reactive deficient 
buses in the Phoenix area. These buses were the Kyrene 5O0-kV7 Kyrene 23O-kV7 Browning 
23O-kV7 Westwing 230-kV, and the Pinnacle Peak 230-kV buses. 

2008 

Q-V analysis is performed by adding reactive load at the critical bus until the voltage reaches a 
minimum value which indicates potential voltage instability. The import limit is determined as 
the lesser of 95% of the import with zero reactive margin or 100% of the import with a 5% 
voltage drop following the worst single-contingency per WECC planning criteria. 

1031 1 

C. Phoenix Area - SIL for 2005,2008, and 2012 

Analysis of the Phoenix area transmission network resulted in area import limits based on the 
limits discussed above. Operation of the Phoenix system within these limits ensures that the area 
does not experience voltage instability or thermal overloading of a system element after a critical 
contingency. Voltage instability is characterized by a progressive fall in voltage magnitude at a 
particular location of the power system that may spread throughout the network causing a 
complete area voltage collapse and blackout. A thermal overload occurs when more power 
flows through an element than the emergency rating of that element. The Phoenix area SIL for 
the years 2005,2008, and 2012 are outlined in Table 2. 

The maximum Phoenix area load-serving capability for various generation levels is shown in 
Figures 4, 5 ,  and 6. 

Figure 4 
2005 Load Serving Capability 
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Figure 5 

2008 Load Serving Capability 
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Figure 6 

2012 Load Serving Capability 
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Generation Source 2005 2008 
Increase by 100 MW Load Serving Load Serving 

Capability Capability 
Increase (MW) Increase (MW) 

Agua Fria Generation 25 0 

Kyrene Generation 170 56 

D. Generation Sensitivities 

2012 
Load Serving 

Capability 
Increase (MW) 

115 

58 

Sensitivity analyses of generation impact on load-serving capability were also conducted. These 
sensitivities were done with the maximum level of local generation. The following tables 
provide the results of these analyses for units that are both within and outside the Phoenix area. 

Ocotillo Generation 62 257 

Generation sensitivities inside the Phoenix area are listed in Table 3. 

83 

Santan Generation 

West Phoenix Generation 

144 50 61 

12 0 117 

Generation Source 2005 2008 
Increase by 100 MW Load Serving Load Serving 

Capability Cap ability 
Increase (MW) Increase (MW) 

Sundance Generation 94 26 

Generation sensitivities outside of the Phoenix Metro area are listed in Table 4. 

2012 
Load Serving 

Capability 
Increase (MW) 

54 

Desert Basin Generation I 114 28 32 

Hassayampa Area 
Generation 

0 0 0 

The results indicate that the effectiveness of a generator is dependant upon the critical outage, 
whether the limitation is thermal or voltage, the critical element, and the location of the generator 
in respect to the direction the power is flowing through the critical element. For example, in 
2005 with the critical outage being the Jojoba-Kyrene 500-kV line and the critical element being 

Panda Gila River 
Generation 

25 

0 0 11 
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the Rudd-Onne 230-kV line, the generators that will allow the load-serving capability to increase 
the greatest are those that inject their power to the east of the Orme substation. And, in 2008, 
with the critical outage being the Agua Fria-Glendale 230-kV line and the critical element being 
the West Phoenix-Lincoln Street 230-kV line, because they inject power east of Lincoln Street 
the Ocotillo generators are most effective in increasing the load-serving capability. In contrast, 
with the West Phoenix generators injecting power immediately upstream of the critical element, 
they will be least effective in increasing the load-serving capability. 
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T Riverside 

IV. YUMAAREA 

lvaion 

A. Description of Yuma Area 

Currently the Yuma area is served from three transmission sources: 

APS' North Gila 500/69-kV substation, which is located east of Yuma. Two 69-kV 
lines extend west and southwest from this substation into Yuma to serve Yuma area 
load. A third 69-kV line interconnects into WAPA's Gila substation. 
WAPA's Gila 161/69-kV station, which is also located east of Yuma. From this 
station, APS has one 69-kV line into the Yuma load area and one 69-kV tie to APS' 
North Gila substation. 
APS' Yucca 69-kV station, which is located on the west side of Yuma near the 
Colorado River. APS' local generation is located at this station, along with three 69- 
kV lines into the load area and an interconnection to IID's 161-kV system through 
two 161/69-kV transformers. The IID 75 MW steam-generating unit is also located at 
this substation. 

Figure 7 shows the transmission system in 2005 and the metering points for the Yuma area load 
pocket. The second North Gila 500/69-kV transformer is planned in 2005 as a result of the 2003 
RMR study. 

Figure 7 
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The Welton-Mohawk interconnection facilities and generators, which are planned for 2006, were 
modeled in the 2008 case. The interconnection facilities will consist of a 161 -kV line and a third 
161/69-kV transformer to WAPA's Gila substation, along with a 161-kV line and 161/69-kV to 
APS' North Gila 69-kV substation. These facilities can be seen below in Figure 8. 

Figure 8 
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The only change in the model of the Yuma area for 2012 was the addition of the 230-kV line 
from Gila Bend to the Yuma area. The specific Yuma termination for this line has not yet been 
determined and for the 2012 analysis it was assumed to be interconnected to the 32nd Street 
substation. This can be seen in Figure 9. 
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Figure 9 

2012 Yuma 
Transmission System w/ WMGF 
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B. Yuma Area Critical Outages 

Several critical contingencies exist affecting the determination of the system import limit for the 
Yuma area during the 2004-2013 time frame. For the 2004-2011 time frame, these include the 
Hassayampa-N.Gila 500-kV line, the Yucca-Laguna tap 69-kV line, and the N. Gila-Gila 69-kV 
line. In 2012 and beyond, the loss of the new TS8-Gila Bend 230-kV line also becomes a critical 
contingency. 

A loss of the Hassayampa-N.Gila 500-kV line typically overloads the Yucca 161/69-kV 
transformers, while the N.Gila-Gila 69-kV outage results in overloading the N.Gila-Mittry 69-kV 
line or the Mittry-Quechan 69-kV line. An outage of the Yucca-Laguna tap 69-kV line causes an 
overload on the Riverside-loth Street 69-kV line. In 2012, a loss of the Gila Bend-TS8 230-kV 
line causes the flows on the Mittry-Quechan 69-kV line and Yucca-Laguna tap 69-kV line to 
overload. 

C. Yuma Area - SIL for 2005,2008 and 2012 

With planned system additions for the Yuma area, along with some accelerated projects (see 
Table 2), the SIL for the Yuma area will increase each study period. For 2005, 2008, and 2012 
the SIL will be 265 MW, 292 MW and 410 MW, respectively. Results of these studies are 
shown in Figures 10 through 12. 
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Figure 10 
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Figure 11 
Yuma Area 2008 
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2008 base case 

Figure 12 
Yuma Area 2012 
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Also, the load listed along the vertical axis is the sum of the entire load within the Yuma area. In 
performing this analysis, all previously planned projects were included in the model as well as 
some additional projects that were added to the sub-transmission plans. Also, several previously 
planned shunt capacitor banks were accelerated and several new banks were added to maximize 
the capability of the transmission system by ensuring that the area was not severely voltage 
limited. These projects are listed in Table 5. 

Studv Case 

2005 base case 

2008 base case 

2012 base case 

Table 5 
Yuma Projects 

Case Descrbtion 
Proiects Added I 

Existing 

2005 base case 

Foothills 69-kV, 32Mvar cap banks 
Gila cap bank 

Laguna cap bank 
2"d N.Gila 500169-kV transformer 

32"d Street-lOth Street 69-kV reconductor 
N.Gila-Mittry 69-kV reconductor 

32"d Street-Ivalon 69-kV reconductor 
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D. Generation Sensitivities 

Welton-Mohawk is a planned generating facility located east of Yuma that is scheduled for 
commercial operation during 2006. The net capacity of this planned facility is 3 10 MW. Figures 
11 and 12 show import limits for the Yuma area for 2008 and 2012 with and without the Welton 
Mohawk plant modeled. For each of these years the case with Welton-Mohawk includes the 
generation modeled at full output. From Figure 12 it is seen that Yuma area import increases 
approximately 10 MW for each 100 MW of Welton-Mohawk generation. However, the effect of 
the Welton-Mohawk on Yuma import capability is somewhat less in the 2008 timeframe, as seen 
in Figure 1 1. With the Welton-Mohawk generation off-line, the interconnection facilities by 
themselves bring no additional import capability. The remaining generation in the Yuma area is 
located at or near the Yucca power plant and has equal impact on the import limit into the Yuma 
area. 
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V. ANALYSIS OF RMR CONDITIONS 

A. Phoenix Area 

1. Annual RMR Conditions 

An RMR condition exists when the local load is greater than the SIL. In such cases, the RMR 
condition is the amount of generation that must be located inside of the constrained load area to 
meet the utility’s peak load. RMR conditions for the Phoenix area are shown in Table 6 and are 
represented in the load-duration curves in Figures 13, 14, and 15. 

Table 6 

Phoenix RMR Conditions Without Valley Generation 

(MW) 

PHOENIX 

201 2 - 2005 2008 - 
Peak Load 11,141 12,425 14,406 

Generation 

Reserves 

Net Valley Generation 

Import Capability 

Net Gen + Import 

Must-Run Generation 

Hours Load Exceeds Gen + Imp 

Energy - GWH 

Energy Percent of Valley Load 

8,617 

8,617 

2,524 

678 

550 

1.2% 

10,511 

10,511 

1,914 

338 

222 

0.4% 

11,103 

11,103 

3,303 

758 

805 

1.3% 
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Figure 13 

PHOENIX LOAD DURATION & RMR CONDITION (2005) 

Figure 14 
PHOENIX LOAD DURATION & RMR CONDITION (2008) 

13000 

12000 

11ooo 

10000 

9000 

8000 

6000 

5000 

4000 

3000 

2000 

1000 

0 
0 1,000 2,000 3,000 4,000 5,000 6.000 7,000 8,000 9,000 

HOURS 

34 



APS RMR Analysis 
2004-201 3 

Figure 15 

PHOENIX LOAD DURATION & RMR CONDITION (2012) 

Table 6 shows that Phoenix is expected to require from 2,524 MW to 3,303 MW of local 
generation resources over and above its import capability to meet peak load. These resources can 
be located inside the Phoenix area constraint. For Phoenix, generation is estimated to be in a 
must-run condition for between 678 to 758 hours per year. However, because RMR occurs only 
at peak, the amount of associated energy is only approximately one percent of the total Phoenix 
area energy requirements, as shown in Figures 13, 14, and 15 above. 

2. Maximum Load Serving Capability (MLSC) 

MLSC is the maximum load that can be reliably served in the load pocket. It is the import 
capability plus the generation capability located inside the load pocket, minus a reserve margin 
allowance for generation reliability. Based on the load forecast and SIL presented in this 
analysis, and existing and planned local generation, the following MLSCs for Phoenix were 
developed. The approach used also shows how much generation or transmission may be needed 
to reliably meet load. 
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These results along with the generation and transmission assumptions are depicted in Table 7 .  
As shown on this table, additional resources are not required in years 2005 and 2008, but in 
2012, 519 MW of either additional transmission import capability or local generation is 
necessary to serve the Phoenix area load reliably. However, the energy associated with this 

Table 7 

Phoenix Area Maximum Load Serving Capability 

(MW) 

PHOENIX 

capacity need is very small - 6 GWH. 

3. Area Load Forecast 

201 2 - 2005 - 2008 - 
Peak Load 11,141 12,425 14,406 

Valley Generation 3,374 3,649 3,649 

Required Reserves (809) (865) (865) 

Net Valley Generation 2,565 2,784 2,784 

SIL 8,617 10,511 11,103 

MLSC 11,182 13,295 13,887 

Projected Reserves 850 1735 346 

Hours Load Exceeds MLSC 26 

Energy - GWH 6 

Energy Percent of Valley Load 0.0% 0.0% 0.0% 

The actual peak load within the Phoenix area constraint is shown in Table 8 for 1999-2003, 
along with projected peak load for 2005, 2008 and 2012. This peak load represents load growth 
as well as the expanding boundaries of the Phoenix area, as discussed in Section 111, part A and 
shown in Figures 1, 2, and 3. Projected peak load is based on the same assumptions embodied in 
APS’ total system load forecast used for budgeting and planning. This peak load is the load 
measured just inside the defined Phoenix area constraint. The peak load is net of EHV 
transmission losses of about 3.8 percent. 
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Table 8 

Phoenix a n d 6 n a  Load and Energy Forecast 
(MW I GWH) 

FORECAS 
2008 

ISTORICA 
201 2 - - 1999 - 2000 - 2001 - 2002 - 2003 _c. 2005 - 

PHOENIX 
LOAD 7,854 8,688 9,179 9,290 9,663 11,141 12,425 14,406 
ENERGY 35,232 38,711 39,654 40,426 42,140 47,833 54,310 63,037 
Load Factor 51.2% 50.7% 49.3% 49.7% 49.8% 49.0% 49.8% 49.8% 

APS YUMA 
LOAD 270 273 296 292 321 
ENERGY 1,197 1,262 1,330 1,332 . ,394 

425 
869 

Load Factor 50.6% 52.6% 51.2% 52.0% 49.6% 50.4% 49.8% 50.0% 

344 380 
51 7 1,663 

The Phoenix area has historically had about a 50 percent load factor. Phoenix area APS load 
forecasts were developed by estimating a multiple regression model using historic hourly load 
data, weather, and number of retail customers. These historic relationships (correlations) were 
used against the metro area customer forecast, and a forecast of Phoenix weather to produce the 
APS Phoenix area load. The same process was followed to develop the hourly forecast load for 
SRP. The SRP forecast was then added to the APS forecast to obtain a total valley load forecast. 

4. Generation 

There are currently three owners of generation electrically located inside the Phoenix area - 
APS with 660 MW, SRP with 1,523 MW, and PWEC with 641 MW. Load serving entities @e., 
APS and SRP) own a combined total of 2,183 MW of local generation that is currently in 
service. Table 9 shows operational data associated with each unit. 
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APS owns West Phoenix CC 1-2-3, West Phoenix CT 1-2, Ocotillo ST 1-2, and Ocotillo CT 1-2. 
These units collectively have a 660 MW summer rating. These units have historically operated at 
capacity factors in the 3-30 percent range, and are expected to operate at lower capacity factors 
for the next few years as new high-efficiency plants come on line in Arizona and the Southwest. 

SRP owns the Agua Fria, Kyrene and Santan generating stations inside the Phoenix area, totaling 
1,523 MW of generation. These units were mostly built in the late 1950s to the mid-1970s. The 
new Kyrene CC unit went into service in 2002. SRP plans to construct another 825 MW of 
combined-cycle generation at the Santan plant. For this study, it is assumed the new Santan units 
will go into service in 2005 (Santan 5) and 2006 (Santan 6). 

PWEC has constructed West Phoenix CC 4 (112 MW), which went into service in June 2001, 
and the West Phoenix CC 5 (529 MW) unit, which came on-line in July 2003. These units 
improve reliability to the Phoenix area. 

5. Reserves 

Reliability within a load pocket such as Phoenix must be evaluated differently than for an 
unconstrained system. For example, although a 15 percent reserve margin or a largest hazard 
margin may be adequate for unconstrained total system loads, it does not provide adequate 
reliability to load pockets that cannot access all reserves present in the WECC interconnected 
system. A P S  performs an analysis that considers the size, forced outage rate, and effective forced 
outage rate of each unit in the load pocket to determine the probability that enough generation 
will be available when needed. The required reserve values used for this study were based on a 
99% reliability criteria. This criteria results in a reserve requirement for Phoenix of 809 MW in 
2005. It means that at least 2565 MW (3374 MW Phx generation less 809 MW reserves) will be 
available to meet load 99% of the time. This means that if the GE MAPS simulation was run for 
100 simulated years, all load would be served in 99 of them. The reserve requirement will 
change as resources are installed andor retired. The reserve requirement is 865 MW once the 
Santan unit 6 is in-service. 

The reserve values are used in calculating the load serving capability for the Phoenix load area. 
In addition, the loads used in this analysis are based on Phoenix experiencing average weather. 
If the Phoenix area has a hot summer, the load would be higher than projected, and the gas 
turbine and combined-cycle units’ output would be reduced due to the hotter weather. 

B. YumaArea 

1. Annual M R  Conditions 

RMR conditions for the Yuma constrained area are shown in Table 10 and pictorially 
represented in a load-duration curve in Figures 16, 17, and 18. Table 10 shows that APS requires 
88 MW (2008) of resources over and above its transmission import capability to meet peak load 
in Yuma. These resources can be APS-owned generation or non-APS owned generation located 
inside the constrained area. APS is in a must-run condition for between 714 to 12 hours per year 
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in Yuma and the amount of associated energy is approximately 1.0 percent of APS’ total Yuma 
energy requirement. 

Table 10 

Yuma RMR Conditions Without Generation 
t MW) 

YUMA 

Peak Load 

Generation 

Reserves 

Net Generation 

Import Capability 

Net Gen + Import 
Must-Run Generation 

Hours Load Exceeds Gen + Imp 

Energy - GWH 

- 

- 2005 2008 
344 380 

265 292 

265 292 

79 88 

71 4 676 

20 21 

= I  425 
I $1 41 0 

15 

12 

0 

Energy Percent of Yuma Load 1.3% 1.2% 0.0% 

Figure 16 

YUMA LOAD DURATION 8 RMR CONDITION (2005) 

250 f- 
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Figure 17 

YUMA LOAD DURATION 8 RMR CONDITION (2008) 
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Figure 18 

YUMA LOAD DURATION 8 RMR CONDITION (2012) 
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2. Maximum Load Serving Capability (MLSC) 

Based on the load forecast and SIL presented in this report, and the 267 MW of local generation, 
the following MLSCs were developed. This approach also shows how much generation or 
transmission may be needed to reliably meet load. As shown in Table 11, from 2005 to 2012 
APS could serve 394 to 539 MW of load without additional resources. With a load forecast of 
between 344 MW to 425 MW, this resource need can be met from non-APS owned generation 
(Yucca steam and YCA units) within the load pocket. Also, when the Yucca steam and YCA 
units are running, APS’ requirement for generation inside the load pocket is reduced on a one- 
for-one basis. 

Table 11 

Yuma Area Maximum Load Serving Capability 

(MW) 

YUMA 

2012 

Peak Load 344 380 425 

Local Generation 267 267 267 

Required Reserves (1 38) (1 38) (1 38) 

Net Local Generation 129 129 129 

SIL 265 292 41 0 

MLSC 394 42 1 539 

Projected Reserves 188 179 252 

Hours Load Exceeds MLSC 

Energy - GWH 

- 2008 - 2005 - 

Energy Percent of Yuma Load 0.0% 0.0% 0.0% 

3. Area Load Forecast 

Table 8 shows APS’ Yuma peak load for 1999-2003, and projected peak for 2005, 2008 and 
2012. Projected peak is based on the same assumptions used in APS’ total system load forecast 
used for budgeting and planning. This peak is the load measured just inside the Yuma area. It is 
net of EHV transmission losses of about 3.8 percent. Yuma load represents approximately 5 
percent of APS’ total system load. Yuma has historically had a slightly higher load factor than 
that of the Phoenix area - 52 percent compared to 50 percent. Yuma area APS load forecasts 
were developed by estimating a multiple regression model using historic hourly load data, 
weather, and number of retail customers. These historic relationships (correlations) were used 
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against the Yuma area customer forecast, and a forecast of Yuma weather to produce the Yuma 
area load. 

4. Generation 

A P S ,  IID and YCA own generation inside the Yuma load pocket. These plants have a summer 
capacity rating of 267 MW. Five of the six units run on natural gas while the other plant (Yucca 
CT 4) runs on oil. Additional power plant data for this generation is provided in Table 12. Of 
these plants, only the combustion turbines are owned by APS. 

Although operated by APS, IID dispatches its steam plant to meet its load and spinning reserve 
needs. YCA is a cogeneration plant that has a contract with San Diego Gas & Electric (SDG&E). 
Although APS has no dispatch rights to these units, whenever the units are running they provide 
internal generation in the Yuma area for purposes of using the import nomogram. 

Table 12 

OPERATOR 

APS 
APS 
APS 
APS 

APS SUBTOTAL 

IID 

YCA 
YCA 

YCA SUBTOTAL 

YUMA TOTAL 

PLANT 

YUMA AREA GENERATION 

MINIMUM 
SUMMER MINIMUM MINIMUM 

CAPABILITY' ' LOAD UPTIME 

Yucca GTI GT i a  2 I 
Yucca GT2 GT i a  2 1 
Yucca GT3 GT 52 5 I 
Yucca GT4 GT 51 5 I 

139 

YumaAxis 1 ST 75 l a  a 

YumaCogen I cc 36 14 NIA 
YumaCogen 2 cc 17 7 NIA 

53 

DOWN FUEL 
TIME FOR EFOR NPE - 

2 10% 10% NG 
2 10% 10% NG 
2 10% 10% NG 
2 10% 10% F02 

NG 

NIA 3.5% 7% NG 
NIA 3.5% 7% NG 

4% 6% a 

NOTES: 1) Based on WECC data as of 1/1/2003 

5. Reserves 

Using a probabilistic generation analysis, the reserve margin for Yuma was calculated to be 138 
MW. 
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VI. ECONOMIC ANALYSIS OF RMR 

A. Introduction 

To consider potential economic effects resulting from using local generation or arising from 
RMR conditions, an economic analysis was performed using a regional dispatch model. For this 
economic analysis, the production cost of meeting Phoenix loads was determined with the 
existing transmission import limitations in place. Next, a second hypothetical case was built in 
which the transmission import limits were removed. Comparing the two cases shows the 
economic costs of the transmission constraint. 

These two cases were simulated with GE MAPS and their outputs were compared to determine 
the cost of transmission constraints. GE MAPS is a detailed regional production-costing model 
that includes the generation and transmission system of the entire WECC. GE MAPS dispatches 
all generators on an economic basis to meet the overall WECC system load within constraints for 
individual system control area’s reserve requirements and within transmission constraints. The 
GE MAPS model also shows sales of economic generation to, and economic purchases from, 
other utilities in the region subject to regional transmission constraints. 

Much of the data used in modeling comes from public sources, however some of GE MAPS 
assumptions have been developed by APS and can be found in Appendix A. The GE MAPS 
database on existing generation was initially developed by several utilities in the West in the 
early 1990s to evaluate the economics of interregional transmission projects. It has been 
enhanced by the WECC in the mid-1990s and, like many other users of the model, APS 
continues to enhance it to reflect system improvements and resources. This model includes all 
new generation expected to be built in the West, including the plants under construction or in 
operation near Hassayampa. 

The transmission modelings in GE MAPS are based on the WECC’s bulk power flow cases, and 
were updated to reflect expected system enhancements for 2005, 2008, and 2012. Transmission 
modeling of Yuma was enhanced by APS to accurately model the transmission constraints in that 
load pocket, based on APS’ operational experience. The transmission model is an electrical flow 
model as opposed to a transport model. That means that transmission flows are subject to 
physical electrical constraints as well as scheduling constraints. Electrical constraints of the 
system are based on the WECC’s path rating catalog, with additional local constraints such as the 
Phoenix import constraints. A description of GE MAPS (Appendix B) as well as some of its 
output is provided in Appendices C and D to this report. 

The following items were quantified based on the GE MAPS simulations: 

0 Number of hours per year the Phoenix and Yuma area transmission system is expected to 
be constrained by the import limits; 
Phoenix and Yuma generation capacity factors; 
Cost to serve the Phoenix system, including fuel, variable O&M, purchase power cost 
and wholesale interchange sales margins; and 

45 



APS RMR Analysis 
2004-2013 

Phoenix and Yuma generation emissions. 

West Phoenix CC 4 and 5 and Santan CC 5 and 6 were included in the simulation. When the 
new combined cycles are operating, whether they are producing power for APS, SRP, or another 
entity, they mitigate must-run conditions in the Phoenix area because the plants are electrically 
located inside the Phoenix area constraint. Thus, if these units are scheduled outside the Phoenix 
area, a like-amount of power can be counter-scheduled back into the Phoenix area without 
affecting the transmission import limits. Due to the high efficiency of new combined cycle units, 
it is anticipated that older existing generation within the Phoenix area will operate less than it has 
historically. This older existing generation, however, remains particularly valuable as 
inexpensive capacity reserves. 

B. Phoenix 

1. Phoenix Imports 

Table 13 shows that under economic dispatch conditions for Phoenix area generation, Phoenix 
approached its transmission import limits less than 0.5% of the hours in a year. 

Table 13 

IMPACT OF ELIMINATING PHOENIX IMPORT LIMITS 

With Import Limits - 
- 2005 2008 2012 

Difference 

With minus Without Without Import Limits 
2012 - 2005 2008 - 

14 I Hours Limiting 18 0 14 0 0 0 18 0 

Phx Plant Generation 
3,330 4,808 8,164 3,323 4,808 8,163 6 0 

Phx Plant Capacity 
Factor 11.3% 15.0% 25.5% 11.3% 15.0% 25.5% 0.0% 0.0% 0.0% 

Cost of Constraints ($K) 0 0 84 

2. Operation of Phoenix area Generating Units 

Historically the Phoenix area’s combined-cycle power plant capacity factors have ranged from 
10 to 46 percent, with an average of about 24 percent. Capacity factors for steam-fired plants 
ranged from 6 to 42 percent, averaging about 15 percent. Capacity factors for simple-cycle 
combustion turbines ranged 0 to 22 percent, averaging about 4 percent. Historical capacity 
factors are shown in Table 14 by plant type for the period 1993 to 2002. 
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Operation of these units in 1999-2002 was higher than the historical average because the 
Western Interconnection and the Phoenix area both experienced high price volatility, high load 
growth, and few new generation resources had been added since the 1980s. With new higher- 
efficiency power plants coming on line, as well as the presence of the new Palo Verde-Rudd 500 
kV transmission line, the older Phoenix area units are expected to run at lower capacity factors. 
As noted above, however, these units remain critical to maintaining Phoenix area reliability. 

Even if the Phoenix area transmission import limits were totally eliminated, these older units 
would still be needed to economically meet summer peak loads. Elimination of the constraints 
has a minor impact on the capacity factors of all Phoenix area plants. Removing the transmission 
constraint reduces local generation by less than 6 GWH per year. Table 13 summarizes the 
results of the simulation analysis. 

Table 14 

PHOENIX AREA POWER PLANT HISTORICAL CAPACITY FACTOR 
P o )  

TOTAL PHOENIX 
STEAM 

1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 

6.6 6.3 6.5 6.7 7.1 10.0 21.2 26.5 42.0 14.2 

---------- 

COMBINED CYCLE 16.5 19.3 17.2 12.9 10.6 17.0 27.7 36.3 46.0 34.3 

COMBUSTION TURBINE 0.6 0.9 0.4 0.5 1.0 1.8 2.6 5.8 21.9 4.2 

3. Cost Impacts 

An estimate of the cost of the transmission import constraints can be determined by comparing 
the system cost to serve Phoenix customers with and without constraints. Costs included in the 
analysis are fuel, variable O&M, purchased power and wholesale sale margin credits. The results 
of this analysis showed no significant costs as a result of the constraint. See Table 13. 

4. Emissions Impact 

In addition to economic modeling, the GE MAPS analysis evaluated the change in plant air 
emissions that would result from removing the transmission constraint. Specifically, the emission 
impact to the Phoenix area from removing transmission constraints and “moving” generation 
outside the Phoenix area was calculated. Four criteria pollutants are routinely tracked for power 
plants: NOx, CO, VOCs and PMlo. Maricopa County is a non-attainment area for CO and PMlo. 
NOx and VOCs are precursors for ozone and therefore are included. 

The emissions impact from power plant emissions in the Phoenix area was estimated by using 
the average emission rates of normal operation (such as starts-and-stops, short run times) of APS 
Phoenix area units along with the modeled change in energy production. Emissions were also 
estimated for the other non-APS Phoenix area units. Changes in emissions resulting from entirely 
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Pollutant 

voc 
NO, 

co 
PMlO 

eliminating the transmission import constraint into Phoenix are shown in Table 15. For 
comparison purposes, total emissions in Maricopa County were estimated by Maricopa County 
Environmental Services Department for 1999. Their emissions estimates include all stationary 
point sources, area sources, non-road mobile sources and on-road mobile and biogenic sources. 
To put the results into perspective, changes in Phoenix area power plant emissions are shown as 
a percentage of total Maricopa County emissions. 

Reduction' 
(tondyear) 

Reduction of Phoenix Area Emissions 
(YO of total emissions from all sources) 

0.0 0.000 

4.0 0.007 

1 .o 0.000 

0.0 o.ooo2 

Table 15 
Phoenix Area Air Emissions Reduction 

& 85 124 214 a5 124 214 0 0 0 

~ voc 31 45 79 31 45 79 0 0 0 

Table 16 shows APS and Phoenix area emissions by type. 

Table 16 

PHOENIX POWER PLANT EMISSIONS (TONS) 
Difference 

2005 2008 2012 
With Import Limits Without Import Limits (With minus Without) 

- - -  2005 2008 2012 _L_ 2005 - 2008 - 2012 - - -  
- NOx 245 339 698 241 339 696 4 0 2 

- co 68 101 187 67 101 186 1 0 1 

I 
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C. Yuma 

1. Yuma Imports 

Transmission imports to the Yuma load pocket are provided in Appendix D. Unlike the Phoenix 
area, these imports do approach their limits at various times throughout the year. These plots are 
included in Appendix D for the cases in which the limits were removed. 

Table 17 shows that APS could approach its import limits for 336 hours per year. The energy 
associated with these hours amounts to 8 GWH. During these hours, it would have been more 
economical to import cheaper power either generated on APS own units outside the Yuma area 
or purchased from the wholesale market if the import limits were increased. 

Table 17 

IMPACT OF ELIMINATING YUMA IMPORT L 

With Import Limits 
2005 2008 2012 - -  2005 2008 2012 

Without Import Limits 
- - -  

Hours Limiting 336 2 0 0 0 0 

Yuma Generation 
/GWH) 
APS 8 0 0 0 0 0 
Yuma 30 25 23 22 25 23 

Yuma Plant Capacity 
Factor 
APS 0.6% 0.0% 0.1% 0.0% 0.0% 0.1% 
Yuma 1.6% 1.3% 1.2% 1.2% 1.3% 1.2% 

Cost of Constraints 
0 

M ITS 

Difference 
(With minus Without) 
2005 2008 2012 - - -  
336 2 0 

8 0 0 
8 0 0 

0.6% 0.0% 0.0% 
0.4% 0.0% 0.0% 

I APS 500 0 0 

2. Operation of Yuma Units 

Historically, the Yucca CTs have operated at capacity factors of between 0.5 up to 18 percent, as 
shown in Table 18. On average they are in the 1 to 2 percent range. 
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Table 18 

YUMA POWER PLANTS HISTORICAL CAPACITY FACTOR 
I 

(W 
I 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 - 
I YUCCA 

CTI 0.3 0.6 0.4 0.4 1.1 1.5 1.4 5.0 23.4 4.0 
CT2 0.4 0.4 0.5 0.4 1.2 1.5 1.4 6.9 21.8 4.6 
CT3 1.5 1.4 1.0 1.4 2.8 3.6 3.5 12.2 22.0 14.4 
CT4 0.0 0.2 0.0 0.2 0.2 0.7 0.3 4.8 11.9 0.3 

Total Yucca 0.7 0.7 0.5 0.7 1.4 2.0 1.8 7.9 18.4 6.6 

YUMA AXIS 18.4 15.9 15.3 33.3 45.2 45.4 53.7 41.3 53.0 48.0 
I 

I TOTALYUMA 6.7 5.9 5.5 11.7 16.2 16.7 19.3 19.2 30.1 20.6 

3. Cost Impacts 

The GE MAPS analysis indicates that the Yuma import limit will be constraining from 336 hours 
in 2005 and zero hours in 2012. The cost of this constraint in 2005 is approximately $500,000. 
See Table 17. 

4. Emission Impacts 

The emission impact on the Yuma area due to a potential relieving of transmission constraints 
and “moving” generation outside of the Yuma area was determined by GE MAPS similarly to 
the Phoenix analysis. Unlike Phoenix, however, Yuma County is a non-attainment area for PMlo 
only. Impacts on power plant emissions in Yuma were estimated by using average emission rates 
of normal operation (such as starts-and-stops, short run times) of APS units along with the 
change in energy production. Emissions were also estimated for the other non-APS units. By 
entirely eliminating the import limits into Yuma, emissions produced by power plants located 
inside the Yuma load pocket would change as shown in Table 19. 

NOx 

co 
- 
- 
E&I 
voc - 

Table 19 
YUMA POWER PLANT EMISSIONS (TONS) 

(Includes Yucca 1-4 and Yuma Axis) 
Difference 

With Import Limits Without Import Limits (With minus Without) 
- - -  2005 2008 2012 - 2005 - 2008 - 2012 - - -  2005 2008 2012 

37 19 19 17 19 19 20 0 0 

10 5 5 5 5 5 5 0 0 

2 2 2 1 2 2 1 0 0 

2 0 0 0 0 0 1 0 0 
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Pollutant 

voc 
NO, 

co 
PMlO 

VII. CONCLUSIONS 

Phoenix area Conclusions 

Reduction' 
(tondyear) 

Reduction of Phoenix Area Emissions 
(% of total emissions from all sources) 

0.0 0.000 

4.0 0.007 

1 .o 0.000 

0.0 0.000 

1. 

2. 

3. 

4. 

5. 

All Phoenix area transmission and local generation are necessary to reliably serve 
Phoenix area peak load in 2005 with the local generation reserve margin just exceeding 
the required reserve margin. In 2008, the local generation reserve margin significantly 
exceeds the required reserve margin. However, in 2012 the reserve margin is 346 MW 
which is 519 MW less than the required reserve margin of 865 MW. Although the 
reserve margin deficiency is not itself related to RMR, it is a load-serving issue that 
should be addressed. To mitigate this deficiency APS and SRP are presently evaluating 
both transmission alternatives to increase import capability and alternatives to increase 
Phoenix area generation. 

During the summer, Phoenix area load is expected to exceed the available transmission 
import capability for approximately 680 hours in 2005, 340 hours in 2008, and 760 hours 
in 2012. These hours represent only approximately one percent of the annual energy 
requirements for the Phoenix area. 

From a total Phoenix load, transmission, and resources viewpoint, import limits are 
expected to cause a minimal amount of local generation to be dispatched out of economic 
dispatch order in 2005 and 2012, and no impact in 2008. 

The estimated annual economic cost of Phoenix area RMR generation is negligible, 
therefore advancement of transmission projects to increase import capability are presently 
not cost justified. 

Removing the transmission constraint could reduce total Phoenix area air emissions by 
the following annual amount for 2005. There is a minimal impact for years 2008 and 
2012 due to the increased import capabilities and resources resulting in fewer hours of 
operating local generation. 

Table C1 
Phoenix area Air Emissions Reduction 
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Pollutant 

voc 
NO, 

co 
PMlO 

6. Removing the import restriction into the Phoenix area has no impact on local generation 
capacity factor. The capacity factor ranges from approximately 11% in 2005 to 26% in 
2012. 

Reduction' 
(tondyear) 

Reduction of Yuma Area Emissions 
(% of total emissions from all sources) 

1 .o Unavailable 

20 Unavailable 

5 Unavailable 

1 .o 0.001 

Yuma Area Conclusions 

7. All existing Yuma area transmission and generation resources are necessary to reliably 
serve the Yuma area load. 

8. The Yuma area load is expected to exceed the available transmission import capability 
for 714 hours in 2005, 676 hours in 2008 and 12 hours in 2012 although the amount of 
total load in the Yuma area is approximately 350-425 MW. 

9. From a total Yuma load, transmission, and resources viewpoint, the import constraint 
could cause APS Yuma generation to be dispatched out of economic dispatch order for 
336 hours in 2005,2 hours in 2008, and 0 hours in 2012. 

10. The estimated annual economic cost of Yurna area generation required to run out of 
economic dispatch order is relatively small, therefore advancement of transmission 
projects to increase import capability are presently not cost justified. 

1 1. Removing the transmission constraint could reduce total Yuma area air emissions by the 
following annual amount for 2005. There is a minimal impact for years 2008 and 2012 
due to the increased import capabilities resulting in fewer hours of operating local 
generation. 

Table C2 
Yuma Area Air Emissions Reduction 

~ 

'2005 results, impact for 2008 and 2012 is negligible 

12. Removing the import restriction into the Yuma area could reduce the APS Yuma 
generation capacity factor from 1.6 percent to 1.2 percent in 2005. 
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Appendix A 

I 

Regional Production 

Cost Modeling Assumptions 
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Repional Production Cost Modeling Assumptions 

Regional load forecasts were based on the WECC’s Estimated Loads and Resources report dated 
April, 2003. 

Hydro modeling assumed average hydro conditions. 

Generation additions were based on the WECC’s Estimated Loads and Resources report dated 
April, 2003. The following amounts of new generation were added in the Arizona-New Mexico- 
Southern Nevada region: 

2003-2005 8,800 MW 
2006-2008 2,100 MW 
2009-2012 600 MW 

Generation retirements included Mohave 1 &2 in 2006 in the AZ-NM-S Nev subregion, and a 
few more in the California subregion. 

G 

Natural gas price forecast was based on the average of several industry forecasts, delivered to 
Arizona. 

2005 - 4.73 $/MMBtu 
2008 - 4.35 $/MMBtu 
2012 - 4.93 $/MMBtu 
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