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Dear Mr. Johnson:

In compliance with A.R.S. § 40-360.02 and pursuant to Arizona Corporation Commission ("Commission")
Decision No. 63876 (July 25, 2001), enclosed please find Arizona Public Service Company's ("APS" or
"Company") 2008-2017 Ten-Year Plan for major transmission facilities, along with associated system ratings.

The 2008-2017 Ten-Year Plan describes planned transmission lines of 115 kV or higher that APS may construct
over the next 10 years. This Ten-Year Plan includes approximately 181 miles of new 500 kV transmission lines,
96 miles of new 230 kV transmission lines, and 19 new bulk transformers. The APS investment needed to
construct these projects is currently estimated to exceed $900 million. When completed, these projects are
expected to add approximately 2000 MW of additional Extra-High Voltage scheduling capacity, as well as 3837
MW of import capability into the Metropolitan Phoenix Area and 272 MW of import capability into Yuma.

These new transmission projects, coupled with additional distribution and sub-transmission investments, will
support reliable power delivery in APS' service area, Arizona, and in the western United States. The Ten-Year
Plan as well as other APS reliability-related infrastructure investments, however, are premised on a number of
assumptions including the regulatory treatment of such investments by the Commission and the Federal Energy
Regulatory Commission ("FERC"), other state and federal policies affecting transmission, and, of course, APS'
ability to finance large investments of this nature on commercially-reasonable terns.

.nr

In addition, ACC Decision No. 69389 (March 22, 2007) ordered that in the next Biennial Transmission
Assessment, Commission regulated electric utilities, in consultation with the stakeholders, should prepare an
assessment of Available Transmission Capacity for renewable energy and prepare a plan, including a description
of the location, amount and transmission needs of renewable resources in Arizona, to bring available renewable
resources to load. This assessment is currently being developed and discussed with Southwest Area
Transmission ("SWAT") and other stakeholders and will be filed in this docket in the near future.
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Please  contact Jeff Johnson a t 602-250-2661 if you have any questions or desire  additional information
conce rning this  filing.

S incere ly,

I5M4./M
Barbara  A. Klemstine

Docket Control (Original, plus 13 copies)
Jennifer A. Boucek, Assistant Attorney General
Brian Bono, Compliance & Enforcement
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ARIZONA PUBLIC SERVICE COMPANY
2008-2017

TEN-YEAR PLAN

GENERAL INFORMATION

2008-2017 Ten-Year Plan. Additiona lly, pursuant to Arizona  Corpora tion Commission

("Commission") Decis ion No. 63876 (July 25, 2001) concerning the  firs t Biennia l Transmiss ion

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  genera lly APS' internal planning for its  high voltage  and extra-

high voltage  transmission system, including a  discussion ofAPS' planning methodology,

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

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

Northern, and Southern 230kV systems.

This 2008-2017 Ten-Year Plan describes planned transmission lines of 115kV or higher

voltage  that APS may construct, or participate  in, over the  next ten-year period. Pursuant to

of 500kV transmission lines, 96 miles  of 230kV transmission lines, and 19 bulk transfonners

conta ined in the  projects  in this  Ten-Year Plan filing. The  tota l investment for the  APS projects

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

estimated to be  approximate ly $900 Million and the  projects  will add an expected 2000 MW of

additiona l EHV scheduling capability. Also, over the  next ten years  the  import capability into the

Phoenix a rea  will increase  by 3837 MW, while  the  import capability into the  Yuma area  will

3



Projec ts  in Ten-Year Plan

500kV trans mis s ion lines 181 miles

230kV transmission lines 96 mile s

Bulk Trans formers 19

Total Investment $900 Million

EHV Scheduling  Capability +2000 MW (+28 %)1

Tota l Phoenix Area  Import +3837 Mw (+28 %)'

Yuma  Are a  Import +272 MW (+65 %)1

increase  by 272 MW. The  following table  shows a  breakdown of the  projects  conta ined in this

Ten-Year Plan.

Based on 2007 values.

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

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

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

identified, but a re  e ither s till outs ide  of the  ten-year planning window or the ir in-service  da tes

have  not ye t been established. They have  been included in this  filing for informational purposes.

A summary of changes from last year's  plan is  provided below, a long with a  lis t of projects  tha t

have been added to this  year's  Ten-Year Plan. Also, a  section is  included that briefly describes

any projects  tha t a re  s till in the  feasibility planning phase .

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

connections and in-sewice dates for a ll overhead transmission projects planned by APS for

Arizona, the  Phoenix Metropolitan Area , and the  Yuma Area . Written descriptions of each

proposed transmission project are provided on subsequent pages in the currently expected

chronological order of each project. The line  routings shown on the  system maps and the

descriptions of each transmission line  are  intended to be general, showing electrical connections

and not specific routings, and are  subj e t to revis ion. Specific routing is  recommended by the

Arizona  Power Plant and Transmission Line  Siting Committee  and ultimate ly approved by the

1.
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Commission when issuing a  Certifica te  of Environmenta l Compatibility and through subsequent

study results  for the  projects  identified. The technical s tudy results  show project needs which are

generally based on either security (contingency performance), adequacy (generator

inte rconnection or increasing transfer capability) or both.

APS participates in numerous regional planning organizations and in the WestConnect

organization. Through membership and participation in these  organizations the  needs of

multiple  entities , and the  region as  a  whole , can be  identified and studied. This  a llows for the

potentia l of maximizing the  e ffectiveness  and utiliza tion of new projects . Regiona l organiza tions

tha t APS is  a  member of include  the  Western Electricity Coordina ting Council (WECC), the

Southwest Area Transmission Planning (SWAT), and WestConnect which established a  formal

sub-regional transmission planning process during 2007. The  plans included in this  filing are  the

result of these  coordina ted planning efforts . APS is  open to other entities  participa ting in any

existing or future  planned projects .

APS believes tha t the  projects  identified in this  2008-2017 Ten-Year Plan, with the ir

associated in-service  dates, will ensure  that APS' transmission system meets a ll applicable

re liability crite ria . Changes in regula tory requirements  or underlying assumptions such as  load

forecasts, generation or transmission expansions, economic issues, and other utilities ' plans, may

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

dates or project scopes. Additionally, future  federa l and regional mandates may impact this  Ten-

Year Plan specifica lly and the  transmission planning process in general. This Ten-Year Plan is

notice  at the discretion ofAPS, based on land usage, growth pattern changes, regulatory or legal

developments, or for other reasons.
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Ch a n g e s  fro m  2007-2016 Te n -Ye a r P la n s

The following is  a  lis t of projects  tha t were  changed or removed from the  Ten-Year plan

file d la s t ye a r, a long with a  brie f de scription of why the  cha nge  wa s  ma de .

• P a lo Ve rde  - S un Va lle y 500kV line  & S un Va lle y - TS 9 500kV line

The  2007-2016 Te n-Ye a r P la n showe d the  TS 5 500kV subs ta tion a s  one  of the

te rmina tions  of e a ch of the se  line s . In the  2008-2017 Te n-Ye a r P la n, the  TS 5 500kV

subs ta tion ha s  be e n re na me d a nd re fe rre d to a s  the  S un Va lle y 500kV subs ta tion.

Also, the  la s t Te n-Ye a r P la ns  showe d the  in-s e rvice  da te  for P a lo Ve rde -S un Va lle y

500 kV & Sun Va lley - TSl 230 kV projects  a s  2009. The  la te s t planning s tudies

show that the  in-service  date  for the  project can be delayed until 2010.

• TS9-Racewav-Avew-TS6-Pimacle  Peak 230 kV line

The  2007-2016 Te n-Ye a r P la ns  showe d the  in-se rvice  da te  for the  propose d

Ra ce wa y-Ave ry 230 kV line  a s  2009. Als o, the  2007-2016 Te n-Ye a r P la ns  s howe d

the  in-se rvice  da te  for the  propose d Ave ry-TS 6-P inna cle  P e a k 230kV line  a s  2010.

The  la te s t pla nning s tudie s  show tha t the  in-se rvice  da te  for the  230kV line  be twe e n

Ra ce wa y a nd P inna cle  P e a k ca n be  de la ye d until 2010, with the  in-se rvice  da te  for

the  Ave ry subs ta tion be ing in 2013 a nd the  in-se rvice  da te  for the  TS 6 subs ta tion

be ing in 2012. Also, the  in-s e rvice  da te  for the  500/230kV tra ns forme r a nd 230kV

line  from TS 9 to Ra ce wa y would be  2012.

• S uga rloa f loop-in of Corona do-Cholla  500 kV line

The  2007-2016 Te n-Ye a r pla n ha s  the  S e cond Knoll loop-in of the  500 kV Corona do-

Cholla  line . In the  2008-2017 Te n ye a r pla n, S e cond Knoll subs ta tion ha s  be e n

renamed and re fe rred to a s  the  S uga rloa f subs ta tion.
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• 345/69 kV Interconnection a t Western's  Flagstaff 345 k V bus

The 2007-2016 Ten-Year Plans showed the in-service date  for this interconnection as

2009. The la test planning studies show that the  in-service  date  for the  interconnection

can be delayed until 2010.

• Jojoba  loop-in of TS4-Panda  230 kV line .

The 2007-2016 Ten-Year Plans showed the in- service date  for the proposed Jojoba loop-

in of TS4- Panda 230 kV projects as 2011. The la test planning studies show that the  in-

service date  for the  project can be delayed until 2013.

• Sundance-Pinal South 230 kV line

The 2007-2016 Ten-Year Plans showed a  single  circuit for the  230 kV Sundance-

Pinal South line. The la test planning studies show that a  second circuit between the

two substa tions  will a llow APS to re liably and economica lly de liver energy to APS

transmission system. The in-service  date  for the  second circuit will be  evaluated in

future  planning studies.

• Sun Va llev - TSI 1 - Buckeve  230 kV line .

The 2007-2016 Ten-year plans showed a  230 kV line  between APS' Sun Valley and

Buckeye substations. The 2008-2017 Ten-year plans show that a  new TS11 substation

will now be  inte rconnected to the  origina l 230 kV line .

New Projects in the 2008-2017 Ten-Year Plan

• Sun Va lley-TS9 230 kV line .

This  project will be  a  230 kV line  built be tween future  APS ' future  Sun Valley and

TSP substa tion. This  230 kV line  origina tes  from the  Sun Valley 500/230 kV
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substa tion and is  proposed to be  the  230 kV portion of a  double  circuit with the  Sun

Valley- TS9 500 kV line . The  timing of this  project is  to be  de te rmined.

• North Gila - Yucca  230 kV line

This  project will be  a  230 kV line  be tween APS' North Gila  and Yucca  Substa tions .

The  timing of this  project is  s till to be  de te rmined.

• Sun Va lle v-TS l0-TSI 1 230 kV line

This  project will be  a  230 kV line  from APS ' Sun Va lley substa tion to TS1 l

substa tion, with the  future  Tsl0 substa tion to be  interconnected to the  line . The

timing of this  project is  s till to be  de te rmined.

Conceptual Projects in the Feasibility Planning Phase

The following projects , described be low for informationa l purposes , a re  s till in a

pre liminary planning phase , and are  dependent on future  resource  a ltera tive  se lection.

• TransWest Express Project

In August 2007, APS entered into an agreement with PacifiCorp, National Grid and

the  Wyoming Infrastructure  Authority to co-develop the  TransWest Express  project

and PacifiCorp's  recently announced Gateway South Transmission project. The Trans

West Express Proj act involves construction of a  500 kV DC transmission line  from

Wyoming to Arizona  with a  capacity of 3000 MW. This  project provides  multiple

benefits , which include  the  ability to mee t the  growing demand for e lectricity,

improved re liability of the  entire  western grid, expanded access to renewable  energy

resources, lower environmental impact through combined use  of transmission

corridors and greater economies of scale . The proposed in-service date  for this project

is  2015.

• Cholla  -- Phoenix Metropolitan Area  500kV line
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This  proje ct will be  a  500kV line  tha t will be  built be twe e n AP S ' Cholla  500kV

subs ta tion a nd the  P hoe nix Me tropolita n a re a  a nd is  be ing s tudie d a s  a  me a ns  to

provide  acce ss  to Chole ra  a rea  re source s  for AP S . The  scope  and timing for this

proje ct is  s till unde r s tudy.
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The Sugarloaf substation will be constructed adjacent to the existing Coronado-Cholla s00kv line.

This project is needed to provide the electrical source and support to the sub-transmission system to serve the increasing
need for electric energy in Show Low and the surrounding communities. The project will improve reliability and continuity
of service for the growing communities in the area. The Sugarloaf substation will interconnect into SRP's Coronado-Cholla
500kV line, therefore SRP will construct, own, and operate the new Sugarloaf 500kV substation.

It is not anticipated that a Certificate of Environmen tal Compatibility will be needed for this project.

Tra n s m is s io n  P la n s 2008-2017

Project Name: Sugarloaf loop-in of Coronado - Cholla 500kV line

Planned In-Service Date: 2009

Project Sponsor: Arizona Public Service

Other Participants: SRP

Voltage Class: 525kvAc

Facility Rating: 240 MVA

Point of Origin: Coronado - Cholla 500kV line; Sec. 9, T14N, R21 E

Point of Termination: Sugarloaf 500/69kV substation to be in-service in 2009; Sec. 9, T14N, R21 E

Intermediate Points of
Interconnection:

Length of Line (in miles): Less than 1 mile

General Route:

Purpose of Project:

S¢hedule:

Construction Start: 2008

In-Service Date: 2009

Permitting /Siting Status:

Page 13 o f  3 7



The Milligan 230/69kV substation will be constructed adjacent to the Saguaro-Casa Grande 230kV line.

This project is needed to provide the electrical source and support to the sub-transmission system to serve the increasing
need for electric energy in southern Pinal County, in the Eloy area. The project will also increase the reliability and
continuity of service for those areas.

It is not anticipated that a Certificate ofEnvironmental Compatibility will be needed for this project.

Trans mis s ion  P lans 2008-2017

Project Name: Milligan loop-in of Saguaro-Casa Grande 230kV line

Planned In-Service Date: 2009

Project Sponsor: Arizona Public Service

Other Participants: None

Voltage Class: 230kV AC

Facility Rating: 188 MVA

Point of Origin: Saguaro-Casa Grande 230kV line; Sec. 18, Tag, R8E

Point of Termination: Milligan substation to be in-service by 2009; Sec. 18, T8S, R8E

Intermediate Points of
Interconnection:

Length of Line (in miles): Less than 1 mile

General Route:

P u rp o s e  o f P ro je c t :

Schedule:

Construction Start: 2008

In-Service Date: 2009

Permitting /Siring Status:

P a g e  1 4 of 37



The W01 substation will be constructed adjacent to the Navajo-Westwing line.

This project is needed to provide the electrical source and support to the sub-transmission system to serve the increasing
electrical needs in the Verde Valley and Prescott areas. Also, the project will result in increased reliability and continuity of
service for the Verde Valley and Prescott areas.

It is not anticipated that a Certificate ofEnvironmental Compatibility will be needed for this project.

Trans mis s ion  P lans 2008 _ 2017

Project Name: W01 loop-in of Navajo - Westwing 500kV line

Planned In-Service Date: 2009

Project Sponsor: Arizona Public Service

Other Participants: None

Voltage Class: S25kVAC

Facility Rating: 240 MVA

Point of Origin: Navajo-Westwing 500kV line; approximately Sec. 24, T12N, R2E

Point of Termination: W01 substation to be in~service by 2009; approximately Sec. 24, T12N, R2E

Intermediate Points of
Interconnections

Length of Line (in miles): Less than 1 mile

General Route:

Purpose of Project:

Schedule:

Construction Start: 2008

In-Service Date: 2009

Permitting / Siring Status:
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A 345/69kV transformer will interconnect into Western's Flagstaff substation.

This project is needed to provide the electrical source and support to the sub-transmission system to serve the increasing
need for electric energy in APS's northern service area. The project will also improve reliability and continuity of service for
the growing communities in northern Arizona.

It is not anticipated that a Certificate ofEnvironmen tal Compatibility will be needed for this project.

Trans mis s ion  P lans 2008-2017

Project Name: 345/69kV Interconnection at Western's Flagstaff 345kV bus

Planned In-Service Date: 2010

Project Sponsor: Arizona Public Service

Other Participants: None

Voltage Class: 345kV AC

Facility Rating: 200 MVA

Point of Origin: Western's Flagstaff 345kV substation; Sec. 24, T21 n, R9E

Point of Termination: A new Flagstaff 69kV substation to be in-service by 2010; Sec. 24, T21 n, R9E

Intermediate Points of
Interconnection :

Length of Line (in miles): Less than 1 mile

General Route:

Purpose of Project:

Schedule:

Construction Start: 2009

In-Sewice Date: 2010

Permitting / Siring Status:
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Generally leaving the Palo Verde Hub vicinity following the Palo Verde-Devers #1 and the Hassayampa-Harquahala 500kV
lines until crossing the CAP canal. Then easterly, generally following the CAP canal, on the north side of the canal to the
new Sun Valley substation.

This project is needed to serve projected need for electric energy in the area immediately north and west of the Phoenix
Metropolitan area. It will increase the import capability to the Phoenix Metropolitan area as well as increase the export
capability from the Palo Verde hub. This is a joint participation project with APS as the project manager. The initial plan of
service for the project will be a 500kV line between the Harquahala Junction switchyard and the Sun Valley substation. The
need for the 500kV line portion between the Harquahala Junction switchyard and the Palo Verde (or Arlington) switchyard
will be continuously evaluated in future studies. The Harquahala Junction switchyard will interconnect into the existing
Hassayampa-Harquahala 500kV line.

Certii9ca te of Environmental Compatibility issued8/17/05 (Case No. 128, Decision No. 68063, Palo Verde Hub to TS5500kV
Transmission project). Aps, as project manager, holds the CEC.

Tra n s m is s io n  P la n s 2008-2017

Project Name: Palo Verde Hub - Sun Valley 500kV line

Planned In-Service Date: 2010

Project Sponsor: Arizona Public Service

Other Participants: SRP, CAWCD

Voltage Class: 52SkVAC

Facility Rating: To be determined

Point of Origin: Palo Verde Switchyard or a new switchyard at Arlington Valley Energy Facility.

Point of Termination: Sun Valley substation to be in-sewice by 2010; Sec. 29, T4N, R4W

Intermediate Points of
Interconnection : Proposed Harquahala Junction substation; approximately Sec. 25, T2N, R8W

Length of Line (in miles): Approximately 45 miles

General Route:

P u rp o s e  o f P ro je c t :

Schedule:

Construction Start: 2008

In-Sewice Date: 2010

Permitting /Siting Status:
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East from the Sun Valley substation along the CAP canal to approximately 243rd Ave., south to the existing 500kV
transmission line corridor, and then east along the corridor to the TSP substation.

This project is required to serve the increasing need for electric energy in the western Phoenix Metropolitan area. Also, the
project will provide more capability to import power into the Phoenix Metropolitan area along with improved reliability
and continuity of service for growing communities in the area; such as El Mirage, Surprise, Youngtown, Buckeye, and
unincorporated Maricopa county. The first circuit is scheduled to be in-service for the summer of 2009 and the in-service
date for the second circuit will be evaluated in future planning studies.

Certificate ofEnvironmental Compatibility issued5/5/05 (Case No. 127, Decision No. 67828, West Valley North 230kV
Transmission Line project).

Trans mis s ion  P lans 2008 _ 2017

Project Name: Sun Valley - TS1 230kV line

Planned In-Service Date: 2010

Project Sponsor: Arizona Public Service

Other Participants: None

Voltage Class: 230kvAc

Facility Rating: 3000 A

Point of Origin: Sun Valley substation to be in-service by2010; Sec. 29, T4N, R4W

Point of Termination: TSP substation to be in-sewice by2010; Sec. 20, T4N, R2W

Intermediate Points of
Interconnection:

Length of Line (in miles): Approximately 15 miles

General Route:

Purpose of Project:

Schedule:

Construction Start: 2008

In-Service Date: 2010

Permitting / Siring Status:
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North from the Palm Valley substation, generally following the Loop 303 to Cactus road, west on Cactus road to
approximately 191 st Avenue, and then north on 191 st Avenue to the TS1 substation. The future TS2 substation is currently
projected to be in-service in 2011.

This project is required to serve the increasing need for electric energy in the western Phoenix Metropolitan area, providing
more capability to import power into the Phoenix Metropolitan area along with improved reliability and continuity of
service for growing communities in the area; such as El Mirage, Surprise, Youngtown, Goodyear, and Buckeye. The first
circuit is scheduled to be in-service for the summer of 2010 and the in-service date for the second circuit will be evaluated
in future planning studies.

The Palm Valley-TS2230kVline portion was sited as part of the West Valley South 230kV Transmission Line project and a
Certificate ofEnvironmental Compatibility was issued 12/24/03 (Case No. 122, Decision No. 66646). The TSI-TS2230kVline
portion was sited as part of the West Valley North 230kV Transmission Line project and a Certificate of Environmental
Compatibility was issued 5/5/05 (CaseNo. 127, Decision No. 67828).

Trans mis s ion  P lans 2008 - 2017

Project Name: Palm Valley - TS2 - TS1 230kV line

Planned In-Sewice Date: 2010

Project Sponsor: Arizona Public Service

Other Participants: None

Voltage Class: 230kvAc

Facility Rating: 3000 A

Point of Origin: Palm Valley substation; Sec. 24, T2N, R2W

Point of Termination: TS1 substation to be in-service by2010; Sec. 20, T4N, R2W

Intermediate Points of
Interconnection: TS2 substation to be in-service by 201 1; Sec. 25, T3N, R2W

Length of Line (in miles): Approximately 12 miles

General Route:

P u rp o s e  o f P ro je c t :

Schedule:

Construction Start: 2008

In-Service Date: 2010

Permitting / Siting Status:
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South from TS9 substation approximately 2 miles, generally paralleling the Navajo-Westwing 500kV lines, then turning east
at approximately Dove Valley road to approximately Interstate 17. At Interstate 17 the line heads south to Happy Valley
road where it turns east to the Pinnacle Peak substation, paralleling the existing 230kV transmission line corridor.

This project is a result of joint planning through the SWAT forum. The project is needed to increase the import capability to
the Phoenix Metropolitan area and strengthen the transmission system on the east side of the Phoenix Metropolitan valley.
This is anticipated to be a joint participation project with APS as the project manager. The loop-in of the Navajo-Westwing
500kV line into the TS9 substation will be a part of the project. Also, the line will be constructed as 500/230kV double-
circuit capable, with the TS9-Raceway-Avery-TS6-Pinnacle Peak 230kV line as the 230kV circuit.

Certificate ofEnvironmental Compatibility issued on 2/13/07 (Case No. 131, Decision No. 69343, T59-Pinnacle Peak 500/230kV
Project).

Trans mis s ion  P lans 2008 _ 2017

Project Name: TS9 - Pinnacle Peak 500kV line

Planned In-Service Date: 2010

Project Sponsor: Arizona Public Service

Other Participants: SRP

Voltage Class: S25kVAC

Facility Rating: To be determined

Point of Origin: TS9 substation to be in-service by 2010; Sec. 33, T6N, RE E

Point of Termination: Pinnacle Peak substation; Sec. 10, T4N, R4E

Intermediate Points of
Interconnection :

Length of Line (in miles): Approximately 26 miles

General Route:

Purpose of P roje ct:

Schedule:

Construction Start: 2008

In-Sewice Date: 2010

Permitting /Siting Status:
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South from the TSP substation to the existing Raceway substation, then south from Raceway approximately 1 mile,
paralleling existing transmission lines. Then east approximately 9 miles, paralleling Dove Valley Road to the location of the
future Avery substation. From Avery the line will continue east along Dove Valley Road to Interstate 17. At Interstate 17 the
route will head south 5 miles, generally paralleling the west side of Interstate 17 until Happy Valley Road. The line will turn
east, generally parallel to the existing 230kV transmission line corridor, for approximately 10 miles to the existing Pinnacle
Peak substation.

This project is needed to serve the increasing need for electric energy in the area immediately north of the Phoenix
Metropolitan area and the northern portions of the Phoenix Metropolitan area. Additionally, improved reliability and
continuity of service will result for the growing communities in the area; such as Anthem, Desert Hills, New River, and north
Phoenix. The in-service date for the 500/230kV transformer at TS9 is currently scheduled for 2012. The in-service dates for
the Avery and TS6 substations are currently scheduled for 2013 and 2012, respectively. The in-service dates for the
substations and 500/230kV transformer at TS9 will be continuously evaluated in future planning studies.

Certificate of Environmental Compatibility was issued2/73/07 (Case No. 131, Decision No.69343,TS9-Pinnacle Peak500/230kV
Project).

Trans mis s ion  P lans 2008 - 2017

Project Name: TS9 - Raceway - Avery - TS6 - Pinnacle Peak 230kV line

Planned In-Service Date: 2010

Project Sponsor: Arizona Public Service

Other Participants: None

Voltage Class: 230kvAc

Facility Rating: 3000 A

Point of Origin: TS9 230kV substation to be in-service by2012; Sec. 33, T6N, RE E

Point of Termination: PinnaclePeaksubstation; Sec. 10, T4N, R4E

Intermediate Points of
Interconnection:

Raceway substation; Sec. 4, T5N, RE E
Avery substation to be in-service by 2013; Sec. 15, T5N, R2E
TS6 substation to be in-service by 2012: Sec. 8, T4N, R3E

Length of Line (in miles): Approximately 27 miles

General Route:

Purpose of Project:

Schedule:

Construction Start: 2008

In-Service Date: 2010

Permitting /Siting Status:
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The Mazatzal 345/69kV substation will be constructed adjacent to the Cholla-Pinnacle Peak 345kV line corridor.

This project is needed to provided the electric source and support to the sub-transmission system to serve the increasing
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.

/r is not anticipated that a Certificate ofEnvironmental Compatibility will be needed for this project.

Trans mis s ion  P lans 2008 - 2017

Project Name: Mazatzal loop-in of Cholla-Pinnacle Peak 345kV line

Planned In-Service Date: 2011

Project Sponsor: Arizona Public Service

Other Participants: None

Voltage Class: 34skv AC

Facility Rating: 200 MVA

Point of Origin: Cholla-pinnacle Peak or Preacher Canyon-Pinnacle Peak 345kV line; near Sec. 3, T8N, R10E

Point of Termination: Mazatzal substation to be in-service by2011; Sec. 3, T8N, R10E

Intermediate Points of
Interconnection :

Length of Line (in miles): Less than 1 mile

General Route:

Purpose of Project:

Schedule:

Construction Start: 2010

In-Service Date: 2011

Permitting / Siting Status:
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The SE10 230/69kV substation will be constructed adjacent to the Saguaro-Casa Grande 230kV line. Approximately 2 miles
west of the Saguaro Generating Facility.

This project is needed to provide the electrical source and support to the sub-transmission system to serve the increasing
need for electric energy in southern Pinal County. The project will also increase the reliability and continuity of service for
those areas.

Lr is not anticipated that a Certificate ofEnvironmental Compatibility will be needed for this project.

Trans mis s ion  P lans 2008 _ 2017

Project Name: SE10 loop-in of Saguaro-Casa Grande 230kV line

Planned In-Service Date: 2011

Project Sponsor: Arizona Public Service

Other Participants: None

Voltage Class: 230kV AC

Facility Rating: 188 MVA

Point of Origin: Saguaro-Casa Grande 230kV line; approximately Sec. 17, T10S, R10E

Point of Termination: SE10 substation to be in-service by 201 1; Sec. 17, T1 OS, R10E

Intermediate Points of
Interconnection:

Length of Line (in miles): Less than 1 mile

General Route:

P u rp o s e  o f P ro je c t :

Schedule:

Construction Start: 2010

In-Service Date: 201 1

Permitting / Siring Status:
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From the Desert Basin Generation Station, in Casa Grande near Burris and Kortsen Roads, approximately 6 miles generally
south and east to a point on the certificated SEV S00kv line near Corr man and Thornton Roads (vicinity of the proposed
CATSHV03 Substation). Then the 230kV line will be attached to the 500kV structures for approximately 15 miles to the
proposed Pinal South Substation south of Coolidge, AZ.

The project will improve the reliability of the 230kV system in the region by reducing the loading on existing lines in the
area; increase local area system capacity; create one of the 230kV components of the CATS-HV proposed transmission
system for the central Arizona area. Also, APS participation in the project, along with APS's Sundance-Pinal South 230kV
line, will allow APS to increase the reliability to deliver the output of the Sundance Generation Facility.

Authority for the portion of the 230kV line to be attached to the 500kVstructures is provided for in the CEC granted in Case No.
126, awarded in 2005 (ACC Decision No. 68093 and No. 68297), and subsequently confirmed in Decision No. 69183, which
approved SRPS compliance filing for Condition 23 of the CEC. SRP was granted a CEC for Case No. 132 in 2007 (ACC Decision No.
69647) for the approximately six mile portion of the project not previously permitted from Desert Basin Generating Station to the
vicinity of Cornman and Thornton Roads south of Casa Grande.

Trans mis s ion  P lans 2008 _ 2017

Projec t Name: Desert Basin - Pinal South 230kV line

Planned In-Service Date: 2011

Project Sponsor: Salt River Project

Other Participants: Arizona Public Service

Voltage Class: 230kvAc

Facility Rating: To be determined

Point of Origin: Desert Basin Power Plant Switchyard; Sec. 13, T6S, R5E

Point of Termination: Pinal South substation to be in-service by 201 1 ; Sec. 30, T6S, R8E

Intermediate Points of
Interconnection :

Length of Line (in miles): Approximately 21 miles

General Route:

Purpose of Project:

Schedule:

Construction Start: 2009

In-Service Date: 2011

Permitting / Siring Status:
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The route has not yet been approved by the ACC, but will generally head south from the Sundance facility to to a point
south of State Route 287/Florence Boulevard and then head east into the Pinal South substation.

This project will serve increasing loads in Pinal County and will improve reliability and continuity of service for the rapidly
growing communities in the area. Also, the project will increase the reliability of the Sundance Generation facility by
providing a transmission line in a separate corridor than the existing lines that exit the plant. This project, in conjunction
with the Desert Basin-Pinal South 230kV project, will allow APS to reliably and economically deliver energy from the
Sundance Generation facility over APS's transmission system. The project will be constructed as a 230kV double-circuit
capable line, but initially operated as a single-circuit. The in-service date for the second circuit will be evaluated in future
planning studies.

An application for a Certificate ofEnvironmen tal Compatibility was Hled in December,2007(Case No. 136). A decision from the
ACC is expected in2008.

Trans mis s ion  P lans 2008 _ 2017

Project Name: Sundance - Pinal South 230kV line

Planned In-Service Date: 2o11

Project Sponsor: Arizona Public Service

Other Participants: ED-2

Voltage Class: 230kvAc

Facility Rating: 3000 A

Point of Origin: Sundance substation, Sec. 2, T6S, R7E

Point of Termination: Pinal South substation to be in-service by 2011 ; Sec. 30, T6S, R8E

Intermediate Points of
Interconnection:

Length of Line (in miles): Approximately 6 miles

General Route:

P u rp o s e  o f P ro je c t :

Schedule:

Construction Start: 2009

In-Service Date: 2011

Permitting / Siting Status:
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The route for this project has not yet been determined. Generally the line will head north-northeast out of the Sun Valley
substation and then east to the TS9 substation.

This project is needed to serve the increasing need for electric energy in the Phoenix Metropolitan area. It will increase the
import capability to the Phoenix Metropolitan area, as well as increase the export capability from the Palo Verde hub. The
line will also increase the reliability of the EHV system by completing a 500kV loop that connects the Palo Verde
Transmission system, the Southern Navajo Transmission system, and the Southern Four Corners system. This project is
anticipated to be S00/230kV double-circuit capable. It is anticipated that the project will be constructed as S00/230kV
double-circuit capable.

An application for a Certificate of Environmen tal Compatibility has not yet been filed. An application in expected to be filed in the
second quarter of2008.

Tra n s m is s io n  P la n s 2008-z017

Project Name: Sun Valley - TS9 500kV line

Planned In-Service Date: 2012

Project Sponsor: Arizona Public Service

Other Participants: SRP, CAWCD

Voltage Class: 525kvAc

Facility Rating: To be determined

Point of Origin: Sun Valley substation to be in-service in 2009; Sec. 29, T4N, R4W

Point of Termination: TS9 substation to be in-service in 2010; Sec. 33, T6N, RE E

Intermediate Points of
Interconnection:

Length of Line (in miles): To be determined

General Route:

Purpose of Project:

Schedule:

Construction Start: 2010

In-Service Date: 2012

Permitting /Siring Status:
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This line will generally follow the route of the existing Hassayampa - North Gila 500kV #1 line.

As a new transmission path to the Yuma area, this 500kV line will provide transmission capacity required to supplement
limited transmission and generation resources in the Yuma area. This is a joint participation project with APS as the project
manager.

An application for a Certificate of Environmen tal Compatibility was filed 10/3/07 (CaseNo. 135). The CEC application was
approved by the Arizona Power Plant and Transmission Line Siting Committee on November 20th. A final vote by the Arizona
Corporation Commission is expected to take place in early2008.

Tra n s m is s io n  P la n s 2008-2017

Project Name: Palo Verde Hub - North Gila 500kV #2 line

Planned In-Service Date: 2012

Project Sponsor: Arizona Public Service

Other Participants: SRP, HD, WMIDD

Voltage Class: 525kvAc

Facility Rating: To be determined

Point of Origin: Hassayampa switchyard, Arlington Valley Power Plant, or Redhawk Power Plant

Point of Termination: North Gila substation; Sec. 11, T8S, R22W

Intermediate Points of
Interconnection :

Length of Line (in miles): Approximately 110 miles

General Route:

Purpose of Project:

Schedule:

Construction Start: 2009

In-Service Date: 2012

Permitting /Siting Status:
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The routing for this line has not yet been determined.

This project is needed to serve the increasing need for electric energy in the city of Yuma. Additionally, improved reliability
and continuity of service will result for the fast growing Yuma County.

An application for a Certificate of Environmental Compatibility has not yet been filed. An application is expected to be Med in
2008.

Trans mis s ion  P lans 2008 - 2017

Project Name: North Gila - TS8 230kV line

Planned In-Service Date: 2012

Project Sponsor: Arizona Public Service

Other Participants: None

Voltage Class: 230kvAc

Facility Rating: 3000 A

Point of Origin: North Gila substation; Sec. 1 1, T8S, R22W

Point of Termination: TS8 substation to be in-service by2012; Sec. 25, T9S, R23W

Intermediate Points of
Interconnection :

Length of Line (in miles): Approximately 15 miles

General Route:

Purpose of Project:

Schedule:

Construction Start: 2010

In-Service Date: 2012

Permitting /Siting Status:
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The Jojoba 230/69kV substation will be constructed adjacent to the TS4-Panda 230kV line.

This project is needed to provide the electrical source and support to the sub-transmission system to serve the increasing
need for electric energy for the growing communities in the area; such as Buckeye, Goodyear, and Gila Bend. The project
will also increase the reliability and continuity of service for those areas.

Certificate ofEnvironmentaI Compatibility issued 10/16/00 (Case No. 102, Decision No. 62960, Gila River Transmission Project) for
the Gila River Transmission Project included the interconnection of the 230kV substation.

Trans mis s ion  P lans 2008 - 2017

Project Name: Jojoba loop-in of TS4-Panda 230kV line

Planned In-Service Date: 2013

Project Sponsor: Arizona Public Service

Other Participants: None

Voltage Class: 230kV AC

Facility Rating: 188 MVA

Point of Origin: TS4-panda 230kV line; Sec. 25, T2S, R4W

Point of Termination: Jojoba 230/69 substation to be in~service by2013; Sec. 25, T2S, R4W

Intermediate Points of
Interconnection:

Length of Line (in miles): Less than 1 mile

General Route:

Purpose of Project:

Schedule:

Construction Start: 2012

In-Service Date: 2013

Permitting / Siring Status:
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The routing for this line has not yet been determined.

This project is needed to serve the increasing need for electric energy in the largely undeveloped areas west of the White
Tank Mountains. This project will provide the first portion of the transmission infrastructure in this largely undeveloped
area and provides a transmission connection between the northern and southern transmission sources that will serve the
area. Improved reliability and continuity of service will result for this fast growing portion of Maricopa County. It is
anticipated that this project will be constructed with double-circuit capability, but initially operated as a single circuit. The
in-service date and location of the Ts11 230/69kV substation will be determined in future planning studies based upon the
development of the area.

An application for a Certificate ofEnvironmen tal Compatibility has not yet been filed.

Trans mis s ion  P lans 2008-2017

Project Name: Sun Valley - TS11 - Buckeye 230kV line

Planned In-Service Date: To be determined

Project Sponsor: Arizona Public Service

Other Participants: None

Voltage Class: 230kvAc

Facility Rating: To be determined

Point of Origin: Sun Valley substation to be in~service by 2010; Sec. 29, T4N, R4W

Point of Termination: Buckeye substation; Sec. 7, TI n, R3W

Intermediate Points of
Interconnection : TS1 1 substation; location to be determined

Length of Line (in miles): To be determined

General Route:

Purpose of Project:

Schedule:

Construction Start: TBD

In~Service Date: TBD

Permitting / Siring Status:
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The route for this project has not yet been determined.

This project will be needed to provide a transmission source to serve future load that emerges in the currently undeveloped
areas northwest of the White Tank Mountains. This line is anticipated to be a 230kV line emanating from the Sun Valley
substation, with the future TS10 230/69kV substation to be interconnected into the 230kV line.

An application for a Certificate ofEnvironmental Compatibility has not yet been filed.

..~ - 1 w-~»-- .:~ . we .

Trans mis s ion  P lans 2008 _ 2017

Project Name: Sun Valley - TS10 - TS11 230kV line

Planned In-Service Date: To be determined

Project Sponsor: Arizona Public Service

Other Participants: None

Voltage Class: 230kvAc

Facility Rating: To be determined

Point of Origin: Sun Valley substation to be in-service by 2010; Sec. 29, T4N, R4W

Point of Termination: A future TS10 substation; location to be determined

Intermediate Points of
Interconnection : A future TS11 substation; location to be determined

Length of Line (in miles): To be determined

General Route:

P u rp o s e  o f P ro je c t :

Schedule:

Construction Start: TBD

In-Sewice Date: TBD

Permitting /Siring Status:
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The route for this project has not yet been determined. Generally the line will head north-northeast out of the Sun Valley
substation and then east to the TS9 substation.

This project will be needed to provide a transmission source to serve future load that emerges in the currently undeveloped
areas south and west of Lake Pleasant. This line is anticipated to be the 230kV circuit on the Sun Valley-TS9 500/230kV
double-circuit line.

An application for a Certificate ofEnvironmental Compatibility has not yet been Hled. An application is expected to be Hled in the
second quarter of2008.

Trans mis s ion  P lans 2008-2017

Project Name: Sun Valley - TS9 230kV line

Planned In-Service Date: To be determined

Project Sponsor: Arizona Public Service

Other Participants: None

Voltage Class: 230kV AC

Facility Rating: To be determined

Point of Origin: Sun Valley substation to be in-service in 2010; Sec. 29, T4N, R4W

Point of Termination: TS9 substation to be in-service in 2010; Sec. 33, T6N, R1 E

Intermediate Points of
Interconnection : To be determined

Length of Line (in miles): To be determined

General Route:

Purpose of Project:

Schedule:

Construction Start: TBD

In-Sewice Date: TBD

Permitting / Siring Status:

P a g e  3 2 of 37



The routing for this line has not yet been determined.

This project is needed to serve the increasing need for electric energy in the city of Yuma. Additionally, improved reliability
and continuity of service will result for the fast growing Yuma County.

An application for a Certificate ofEnvironmental Compatibility has not yet been Hled.

Tra n s m is s io n  P la n s 2008 - 2017

Project Name: North Gila - Yucca 230kV line

Planned In-Service Date: To be determined

Project Sponsor: Arizona Public Service

Other Participants: None

Voltage Class: 230kV AC

Facility Rating: To be determined

Point of Origin: North Gila substation; Sec. 1 1, TSS, R22W

Point of Termination: Yucca substation; Sec. 36, T7S, R24W

Intermediate Points of
Interconnection :

Length of Line (in miles): To be determined

General Route:

Purpose of Project:

Schedule:

Construction Start: TBD

In-Service Date: TBD

Permitting /Siring Status:
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The routing for this line has not yet been determined.

This project is needed to serve the increasing need for electric energy in the city of Yuma. Additionally, improved reliability
and continuity of service will result for the fast growing Yuma County.

An application for a Certificate ofEnvironmen tal Compatibility has not yet been Hled.

Tra n s m is s io n  P la n s 2008 - 2017

Project Name: Yucca - TS8 230kV line

Planned In-Service Date: To be determined

Project Sponsor: Arizona Public Service

Other Participants: None

Voltage Class: 230kvAc

Facility Rating: To be determined

Point of Origin: Yucca substation; Sec. 36 , T7S, R24W

Point of Termination: TS8 substation to be in-service in 2012; Sec. 25, T9S, R23W

Intermediate Points of
Interconnection :

Length of Line (in miles): To be determined

General Route:

Purpose of Project:

Schedule:

Construction Start: TBD

In-Sewice Date: TBD

Permitting / Siring Status:
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Per certificate. Generally following the existing Westwing-Surprise-EI Sol 230kV corridor.

This project 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 230kV transmission system.

Certificate ofEnvironmental Compatibility issued 7/26/73 (Case No. 9, Docket No. u- 1345). Note that this CertifiCate authorizes
two double-circuit lines. Construction of the first double-circuit line was completed in March 1975. Construction of the second
line, planned ro be built with double-circuit capability, but initially operated with a single circuit; is described above.

Trans mis s ion  P lans 2008 - 2017

Project Name: Westwing - EI Sol 230kV line

Planned In-Service Date: To be determined

Project Sponsor: Arizona Public Service

Other Participants: None

Voltage Class: 230kvAc

Facility Rating: To be determined

Point of Origin: Westwing substation; Sec. 12, T4N, RE W

Point of Termination: EI Sol substation; Sec. 30, T3N, R1 E

Intermediate Points of
Interconnection :

Length of Line (in miles): Approximately 11 miles

General Route:

Purpose of Project:

Schedule:

Construction Start: TBD

In-Service Date: TBD

Permitting /Siring Status:
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Northeast from Westwing substation paralleling existing transmission lines to the Raceway 230kV substation.

This project will serve increasing loads in the far north and northwest parts of the Phoenix Metropolitan area and provide
contingency support for multiple Westwing 500/230kV transformer outages. The in-service date will continue to be
evaluated in future planning studies.

Certificate of Environmental Compatibility is5ued6/18/03 (Case No. 120, Decision No. 64473, North Valley 230kV Transmission
Line Project).

Trans mis s ion  P lans 2008 _ 2017

Project Name: Westwing - Raceway 230kV line

Planned In-Service Date: To be determined

Project Sponsor: Arizona Public Service

Other Participants: None

Voltage Class: 230kvAc

Facility Rating: To be determined

Point of Origin: Westwing substation; Sec. 12, T4N, RE W

Point of Termination: Raceway substation; Sec. 4, T5N, RE E

Intermediate Points of
Interconnection:

Length of Line (in miles): Approximately 7 miles

General Route:

Purpose of Project:

Schedule:

Construction Start: TBD

In-Service Date: TBD

Permitting / Siring Status:
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Generally south and east from the Palo Verde area to a point near Gillespie Dam, then generally easterly until the point at
which the Palo Verde-Kyrene 500kV line diverges to the north and east. The corridor then is generally south and east again,
adjacent to a gas line corridor, until meeting up with the Tucson Electric Power Company's Westwing-South 345kV line. The
corridor follows the 345kV line until a point due west of the Saguaro Generating Station. The corridor then follows a lower
voltage line into the 500kV yard just south and east of the Saguaro Generating Station.

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.

Certificate of Environmen tal Compatibility issued 1/23/1976 (Case No. 24, Decision No.46802).

Tra n s m is s io n  P la n s 2008-2017

Project Name: Palo Verde - Saguaro 500kV line

Planned In-Service Date: To be determined

Project Sponsor: CATS Sub-Regional Planning Group Participants

Other Participants: To be determined

Voltage Class: 525kvAc

Facility Rating: To be determined

Point of Origin: Palo Verde switchyard; Sec. 34, TI N, R6W

Point of Termination: Saguaro substation; Sec. 14, TI OS, R10E

Intermediate Points of
Interconnection : To be determined

Length of Line (in miles): Approximately 130 miles

General Route:

P u rp o s e  o f P ro je c t :

Schedule:

Construction Start: TBD

In-Service Date: TBD

Permitting /Siring Status:
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1 . INTRODUCTION AND PURPOSE

The Transmission Planning Process and Guidelines (Guidelines) are used

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

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

transmission system (230kV and ll5kv). In addition to these Guidelines, APS

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

planning reliability criteria for system disturbance and performance levels. These

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

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

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

(http://www.wecc.biz/documents/library/procedures/CriteriaMaster.pdf). These

Guidelines are for internal use by APS and may be changed or modified. Thus,

others should not use these Guidelines without consultation with APS.

H. 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:

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

single contingency operating conditions.

Maintain service to a ll  firm loads for  any single contingency outage,

except for radial loads.

Not result in overloaded equipment or unacceptable voltage conditions for

single contingency outages.

Not result in cascading for single or double contingency outages.

Provide for the proper balance between the transmission import capability

and local generation requirements for an import limited load area.
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Although AP S  us e s  a  de te rminis tic  a pproa ch for tra ns mis s ion s ys te m

pla nning, the  WECC re lia bility pla nning crite ria  provide s  for e xce ptions  ba s e d

upon a  proba lis tic  a pproa ch. AP S  us e s  the s e  proba bilis tic  crite ria  whe n/whe re

a ppropria te  in the  tra ns mis s ion pla nning proce s s . His torica l s ys te m re lia bility

pe rformance  is  ana lyzed on a  pe riodic bas is  and the  re s ults  a re  us ed in the  des ign

of pla nne d fa cilitie s .

The s e  pla nning me thodologie s , a s s umptions , a nd guide line s  a re  us e d a s

the  ba s is  for the  de ve lopme nt of future  tra ns mis s ion fa c ilitie s . Additiona lly,

c o n s id e ra tio n  o f p o te n tia l a lte rn a tive s  to  tra n s m is s io n  fa c ilitie s  (s u c h  a s

dis tributed genera tion or new technologies ) is  eva lua ted on a  case -specific bas is .

As  ne w pla nning tools  a nd/or informa tion be come  a va ila ble  re vis ions  or

additions  to thes e  guide lines  will be  made  as  appropria te .

B. Transmis s ion P lanning Proces s

AP S ' tra ns mis s ion pla nning proce s s  cons is ts  of a n a s s e s s me nt of the

•

•

•

following ne e ds :

Provide  adequa te  transmis s ion to acces s  des igna ted ne twork resources

in-orde r to re lia bly a nd e conomica lly s e rve  a ll ne twork loa ds .

S upport AP S ' a nd othe r ne twork cus tome rs ' loca l tra ns mis s ion a nd

sub-transmiss ion sys tems .

P rovide  for inte rconnection for new re s ources .

Accommodate  reques ts  for long-te rm transmis s ion acces s .

During this  proce s s , cons ide ra tion is  give n to loa d growth pa tte rns , othe r

s ys te m cha nge s  a ffe cte d by right-of-wa y, fa cilitie s  s iring cons tra ints , routing of

fu ture  tra ns porta tion  corridors , a nd  jo in t p la nning  with  ne ighboring  u tilitie s ,

gove rnme n ta l e n titie s ,  a nd  o the r in te re s te d  s ta ke ho lde rs  (s e e  AP S  OATT

Atta chme nt (E)-

1.

•

EHV Trans mis s ion P lanning P roces s

AP S ' EHV tra ns mis s ion s ys te m, which cons is ts  of 500kV a nd 345kV, ha s

prima rily be e n de ve lope d to provide  tra ns mis s ion to bring the  output of la rge

ba s e -loa de d ge ne ra tors  to loa d ce nte rs , s uch a s  P hoe nix. Ne e d for ne w EHV
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fa c ilitie s  ma y re s ult from a ny of the  bulle t ite ms  de s cribe d a bove . AP S '

a nnua l p la nn ing  p roce s s  inc lude s  a n  a s s e s s me nt o f AP S ' tra ns mis s ion

ca pa bility to e ns ure  tha t de s igna te d ne twork re s ource s  ca n be  a cce s s e d to

re lia bly a nd e conomica lly s e rve  a ll ne twork loa ds . In a ddition, bie nnia l RMR

s tudie s  a re  pe rformed to ens ure  dra t prope r ba lance  be tween the  trans mis s ion

import ca pa bility a nd loca l ge ne ra tion re quire me nts  for a n import limite d loa d

area  are  mainta ined.

2. 230kV Transmis s ion P lanning P roces s

AP S ' 230kV trans mis s ion s ys tem has  primarily been deve loped to provide

tra ns mis s ion to dis tribute  powe r from the  EHV bulk powe r s ubs ta tions  a nd

loca l genera tors  to the  dis tribution sys tem and loads  throughout the  load a reas .

P la nning  for the  230kV s ys te m a s s e s s e s  the  ne e d  for ne w 230/69kV

s ubs ta tions  to s upport loca l s ub-tra ns mis s ion a nd dis tribution s ys te m growth

a nd the  re lia bility pe rforma nce  of the  e xis ting 230kV s ys te m. This  proce s s

ta ke s  in to  a c c o u n t th e  fu tu re  la n d  u s e  p la n s  th a t we re  d e ve lo p e d  b y

gove rnme nt a ge nc ie s , La ndis  a e ria l photo  ma ps , ma s te r p la ns  tha t we re

provided by priva te  deve lope rs , and APS ' long-range  forecas ted load dens itie s

pe r s qua re  mile  for re s identia l, commercia l, and indus tria l loads .

3. Trans mis s ion Facilitie s  Required for Gene ra tion/Res ource  Additions

Ne w tra ns mis s ion  fa c ilitie s  ma y a ls o  be  re qu ire d  in  con junc tion  with

ge ne ra tion re s ource s  due  to  (1) a  "me rcha nt" re que s t by a n Inde pe nde nt

P owe r P roduce r (AP P ) for ge ne ra tor inte rconne ction to the  AP S  s ys te m, (2) a

"me rcha nt" re que s t for point-to-point tra ns mis s ion s e rvice  from the  ge ne ra tor

(re ce ipt point) to  the  de s igna te d de live ry point, or (3) de s igna tion of ne w

re s ource s  or re -de s igna tion  of e xis ting  un its  to  s e rve  AP S  ne twork loa d

(inc lud ing  re m ova l o f a n  o lde r un its ' n a tive  loa d  de s igna tion ). These

studies/processes a re  p e rfo rm e d  p u rs u a n t  to  th e  AP S Ope n  Ac c e s s

Tra ns mis s ion Ta riff (OATT).
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C. Ten Year Transmiss ion S ystem P lans

Each yea r AP S  use s  the  planning process  de scribed in section B to upda te

the  Te n-Ye a r Tra ns m is s ion S ys te m  P la n. The  AP S  Te n  Ye a r Tra ns m is s ion

S ys te m P la n ide ntifie s  a ll ne w tra ns mis s ion fa cilitie s , ll5kv a nd a bove , a nd a ll

fa cility re pla ce me nts /upgra de s  re quire d ove r the  ne xt te n ye a rs  to re lia bly a nd

economica lly se rve  the  load.

•

•

•

D. Re giona l Coordina te d P la nning

1. We s te rn Ele ctricity Coordina ting Council (WECC)

AP S  is  a  m e m be r of the  We s te rn Ele ctric ity Coordina ting Council.  The

focus  of the  WECC is  on promoting the  re lia bility of the  inte rconne cte d bulk

e le ctric sys te m. The  WECC provide s  the  me a ns  for:

De ve loping re giona l pla nning a nd ope ra ting crite ria .

Coordina ting future  pla ns .

Com piling re giona l da ta  ba nks  for us e  by the  m e m be r s ys te m s  a nd the

WECC in conducting te chnica l s tudie s .

Asse ss ing a nd coordina ting ope ra ting proce dure s  a nd solutions  to re giona l

proble ms .

• Es ta blis hing a n ope n forum  with  in te re s te d non-proje c t pa rtic ipa nts  to

re vie w the  pla n of se rvice  for a  proje ct.

Through the WECC Tra nsmiss ion Expa ns ion P olicy Committe e ,

pe rforming e conomic tra nsmiss ion conge s tion a na lys is .

AP S  works  with WECC to a dhe re  to the se  pla nning pra ctice s .

2. S ub-Re giona l P la nning Groups

S outhwe s t Are a  Tra ns mis s ion P la nning (S WAT) a nd othe r s ub-re giona l

pla nning groups  provide  a  forum  for e ntitie s  within a  re gion, a nd a ny othe r

inte re s te d pa rtie s , to de te rmine  a nd s tudy the  ne e ds  of the  re gion a s  a  whole .

It a ls o  p rov ide s  a  fo rum  fo r s pe c ific  p ro je c ts  to  be  e xpos e d  to  po te n tia l

pa rtne rs  and a llows for joint s tudie s  and pa rticipa tion from inte re s ted pa rtie s .

•
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3. We stConne ct

AP S  a nd the  othe r We stConne ct me mbe rs  e xe cute d the  We stConne ct P roje ct

Agre e m e nt for S ubre giona l Tra ns m is s ion P la nning in  Ma y of 2007. This

a gre e me nt promote s  coordina tion of re giona l tra ns mis s ion pla nning for the

W e s tC o n n e c t  p la n n in g  a re a  b y fo rm a liz in g  a  re la t io n s h ip  a m o n g  th e

We s tConne c t m e m be rs  a nd the  We s tConne c t a re a  s ub-re giona l p la nning

groups  including S WAT. The  a gre e me nt provide s  for re s ource s  a nd funding

for the  deve lopment of a  ten yea r integra ted regiona l transmiss ion plan for the

W e s tConne c t p la nn ing  a re a . The a gre e m e nt a ls o e n s u re s  th a t  th e

WestConnect transmiss ion planning process  will be  coordina ted and

inte gra te d with othe r pla nning proce s se s  within the  We s te rn Inte rconne ction

a nd with the  WECC pla nning proce ss .

4. J oint S tudie s

In ma ny ins ta nce s , tra ns mis s ion proje cts  ca n s e rve  the  ne e ds  of s e ve ra l

utilitie s  a nd/or ImP s . To this  e nd, joint s tudy e fforts  ma y be  unde rta ke n. S uch

joint s tudy e fforts  e nde a vor to de ve lop a  pla n tha t will m e e t the  ne e ds  a nd

de s ire s  of a ll individua l compa nie s  involve d.

E . Genera tion Schedules

For pla nning purpos e s ,  e conom ic  dis pa tche s  of ne twork re s ource s  a re

de te rmine d for AP S ' sys te m pe a k loa d in the  following ma nne r:

a . De te rmine  ba se  ge ne ra tion a va ila ble  a nd sche dule  the se  units  a t ma ximum

output.

b .  De te rm in e  re s o u rc e s  p u rc h a s e d  fro m  o th e r u tilit ie s ,  Im P s ,  o r p o we r

marke ting agencie s .

c. De te rmine  AP S ' spinning re se rve  re quire me nts .

d .  S c he du le  in te rm e dia te  ge ne ra tion  (o il/ga s  s te a m  un its ) s uc h  tha t the

spinning rese rve  requirements , in section (c) above , a re  met.

e .  De te rm ine  the  a m ount of pe a king ge ne ra tion (com bus tion turbine  units )

required to supply the  rema ining sys tem peak load.
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P hoe nix a re a  ne twork re source s  a re  dispa tche d ba se d on e conomics  a nd

a ny e xis ting import lim ita tions . Whe n pos s ible , s pinning re s e rve  will be  ca rrie d

on highe r cos t P hoenix a rea  ne twork gene ra ting units .

Genera tion output schedules  for inte rconnected utilitie s  and ImPs a re  based

upon cons ulta tion with the  ne ighboring utilitie s  a nd Im P s  or a s  m ode le d in the

la te s t da ta  in WECC coordina ted s tudy cases .

F . Loa d P roje ctions

AP S  s ubs ta tion loa d proje ctions  a re  ba s e d on the  AP S  Corpora te  Loa d

Fore ca s t. S ubs ta tion loa d proje ctions  for ne ighboring inte rconne cte d utilitie s  or

power agencies  ope ra ting in the  WECC a rea  a re  based on the  la te s t da ta  in WECC

coordina te d s tudy ca s e s . He a v y s u m m e r lo a d s  a re  u s e d  fo r th e  Te n -Ye a r

Transmission System P lans.

G . Alte rna tive  Eva lua tions

1. Gene ra l

In  e va lua ting  s e ve ra l a lte rna tive  p la ns ,  com pa ris ons  o f powe r Hows ,

tra ns ie nt s ta bility te s ts , a nd fa ult le ve ls  a re  ma de  firs t. Afte r the  a lte rna tive s

a re  found tha t me e t the  s ys te m pe rforma nce  crite ria  in e a ch of the s e  thre e

a re a s  compa risons  ma y be  ma de  of the  losse s , tra ns fe r ca pa bility, impa ct on

s ys te m ope ra tions , a nd re lia bility of e a ch of the  pla ns . F ina lly, the  cos ts  of

fa c ility a dditions  (ca pita l cos t ite m s ), cos ts  of los s e s , a nd re la tive  cos ts  of

tra ns fe r ca pa bilitie s  a re  de te rmine d. A b rie f d is c us s ion  o f e a c h  o f the s e

cons ide ra tions  follows .

2. P owe r Flow Ana lvse s

P owe r flows  of ba s e  ca s e  (a ll line s  in-s e rvice ) a nd s ingle  continge ncy

conditions  a re  te s te d a nd should conform to the  sys te m pe rforma nce  crite ria

se t forth in S e ction IV of the se  Guide line s . Double  or multiple  continge ncie s

a re  e xa m ine d, but in ge ne ra l, no fa cilitie s  a re  pla nne d for s uch conditions .

Norma l sys te m volta ge s , volta ge  de via tions , a nd volta ge  e xtre me  limita tions

a re  ba se d upon ope ra ting e xpe rie nce  re sulting in a cce pta ble  volta ge  le ve ls  to
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the  cons ume r. P owe r flow lim its  a re  ba s e d upon die  the rma l ra tings  a nd/or

sag limita tions  of conductors  or equipment, a s  applicable .

3. Tra ns ie nt S ta bility S tudie s

S ta bility guide line s  a re  e s ta blishe d to ma inta in sys te m s ta bility for s ingle

continge ncy, thre e -pha s e  fa ult conditions . Double  or multiple  continge ncie s

a re  examined, but in gene ra l, no facilitie s  a re  planned for such conditions .

4. S hort Circuit S tudie s

Thre e -pha s e  a nd s ingle -pha s e -to-ground fa ult s tudie s  a re  pe rforme d to

ensure  the  adequacy of system protection equipment to clea r and isola te  faults .

5. Re a ctive  P owe r Ma rgin Ana lvse s

R e a c tiv e  P o we r Ma rg in  a n a lys e s  a re  p e rfo rm e d  wh e n  s te a d y-s ta te

a na lys e s  indica te  pos s ible  ins uffic ie nt volta ge  s ta bility ma rgins . V-Q curve

ana lyses  a re  used to de te rmine  post-transient voltage  s tability.

6. Losse s  Ana lvses

A com pa ris on  of ind iv idua l e le m e nt a nd  ove ra ll tra ns m is s ion  s ys te m

losse s  a re  ma de  for e a ch a lte rna tive  pla n be ing s tudie d. The  losse s  compute d

in the  powe r flow progra m cons is t of the  P R los se s  of line s  a nd tra ns forme rs

and the  core  losses in transformers, where  represented.

7. Tra nsfe r Ca pa bility S tudie s

In e va lua ting the  re la tive  me rits  of one  or more  EHV tra nsmis s ion pla ns ,

bo th  s im ulta ne ous  a nd  non-s im ulta ne ous  tra ns fe r c a pa b ility s tud ie s  a re

pe rforme d to de te rmine  the  ma gnitude  of tra ns fe r ca pa bilitie s  be twe e n a re a s

or load cente rs .

8 . Subsvnchronous Resonance  (SSR)

S S R phe nome non re sult from the  use  of s e rie s  ca pa citors  in the  ne twork

whe re  the  tune d e le ctrica l ne twork e xcha nge s  e ne rgy with a  turbine  ge ne ra tor

a t one  or m ore  of the  na tura l fre que ncie s  of the  m e cha nica l s ys te m . S S R

counte rme a s ure s  a re  a pplie d to pre ve nt da ma ge  to ma chine s  a s  a  re s ult of

tra ns ie nt curre nt or s us ta ine d os c illa tions  following a  s ys te m  dis turba nce .

S S R  s tu d ie s  a re  n o t  u s e d  d ire c t ly  in  t h e  p la n n in g  p ro c e s s . SSR

counte rmeasures  a re  de te rmined a fte r the  transmission plans  a re  fina lized.
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9. FACTS  (Fle xible  AC Tra nsmiss ion S ys te m)

F AC TS  d e v ic e s  a re  a  re c e n t  a p p lic a t io n  o f P o we r E le c t ro n ic s  to  th e

tra nsmiss ion sys te m. The se  de vice s  ma ke  it poss ible  to use  circuit re a cta nce ,

voltage  magnitude  and phase  angle  a s  control pa ramete rs  to redis tribute  power

flows and regula te  bus  voltages , the reby improving power sys tem ope ra tion.

FACTS  de vice s  ca n provide  se rie s  or shunt compe nsa tion. The se  de vice s  ca n

be  use d a s  a  controlla ble  volta ge  source  in se rie s  or a s  a  controlla ble  curre nt

source  in shunt mode  to improve  the  power transmiss ion system ope ra tions .

FACTS  will be  e va lua te d a s  a  me a ns  of powe r flow control a nd/or to provide

d a m p in g  to  d yn a m ic  o s c illa t io n s  wh e re  a  n e e d  is  id e n t ifie d  a n d  it  is

e conomica lly jus tifie d.

10. Economic Eva lua tion

In  g e n e ra l,  a n  e c o n o m ic  e v a lu a t io n  o f a lte rn a t iv e  p la n s  c o n s is ts  o f a

cum ula tive  pre s e nt worth  or e quiva le nt a nnua l cos t com pa ris on of ca pita l

costs .

111. P LANNING As s U1v1ip T1o n s

A. Ge ne ra l

1. Loa ds

Loa ds  us e d for the  AP S  s ys te m origina te  from the  la te s t AP S  Corpora te

Loa d Fore ca s t. In m os t ca s e s ,  the  corre c te d powe r fa c tor of AP S  loa ds  is

99.5% a t 69kV subs ta tions .

2. Genera tion and Other Resources

Ge ne ra tion dispa tch is  ba se d on firm powe r a nd/or tra nsmiss ion whe e ling

contracts  including ne twork re source s  de s igna tions .

3 . Norm a l Vo ltag e Le ve ls

a .  Nom ina l EHV de s ign volta ge s  a re  500kV, 345kV, 230kV, a nd ll5kv.

b. Nomina l EHV ope ra ting volta ge s  a re  535kV, 348kV, 239kV, a nd l l 9kv.

8



4. Sources of Databases

WECC Heavy S ummer base  ca se s  a re  the  source s  of the  da tabase s . Loop

flow (uns c he du le d  flow),  o f a  re a s ona b le  a m oun t a nd  d ire c tion ,  will be

a llowe d for use  in pla nning s tudie s .

5. Volta ge  Control De vice s

De vice s  which ca n control volta ge s  a re  shunt ca pa citors , shunt re a ctors ,

ta p-cha nging-unde r-loa d  (TCUL) a nd  fixe d-ta p  tra ns form e rs ,  s ta tic  VAR

com pe ns a tors ,  a nd m a chine  VAR ca pa bilitie s . If fu tu re  vo lta ge  c on tro l

devices  a re  necessa ry, the se  devices  will be  eva lua ted based upon economics

a nd the  e quipme nt's  a bility to obta in a n a de qua te  volta ge  profile  on the  EHV

a nd HV sys te ms .

6. Phase  Shifte rs

In ge ne ra l, whe re  pha se  shifte rs  a re  use d, s che dule s  a re  he ld a cros s  the

pha se  shifte r in ba se  ca se  powe r flows  a nd the  pha se  shifte r ta p re ma ins  fixe d

in the  outage  cases.

7 . Conductor S ize s

Exis ting tra ns m is s ion volta ge s  utilize d by AP S  a re  230kV, 345kV, a nd

500kV. It is  pre se ntly pla nne d tha t the  345kV tra nsmiss ion sys te m will not be

e xpa nde d, thus  a ll na ture  AP S  EHV line s  will be  500kV or 230kV. P la nne d

500kV line s  will in itia lly be  m ode le d  us ing  tri-bundle d  1780 C M AC S R

conductor (Chuka r). P re fe rre d cons truction for 230kV line s  cons is ts  of 2156

CM ACS S  conductor on s te e l pole s .

8. 69kV S vs te m Mode ling

230kV fa c ility ou ta ge s  m a y re s u lt in  p rob le m s  tithe  unde rlying  69kV

s ys te m due  to the  inte rconne ction of thos e  s ys te ms . For this  re a s on, powe r

flow ca s e s  include  a  de ta ile d 69kV s ys te m re pre s e nta tion. S olutions  to a ny

p ro b le m s  e n c o u n te re d  o n  th e  6 9 kV s ys te m  a re  c o o rd in a te d  with  th e

subtransmiss ion planning enginee rs .
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9. S ubsta tion Transformers

a . 500kV a nd 345kV S ubs ta tions

Bulk subs ta tion transformer banks  may be  made  up of one  three -phase

o r th re e  s in g le -p h a s e  tra n s fo rm e rs ,  d e p e n d in g  u p o n  b a n k s iz e  a n d

e conomics . For la rge r ba nks  whe re  s ingle -pha se  tra ns forme rs  a re  use d, a

fo u rth  (s p a re ) s in g le -p h a s e  tra n s fo rm e r will b e  u s e d  in  a  ja c k-b u s

a rra nge me nt to improve  re lia bility a nd fa cilita te  conne ction of the  spa re  in

the  e ve nt of a n outa ge  of one  of the  s ingle -pha se  tra ns forme rs . TCUL will

be  cons ide re d in the  high volta ge  windings , ge ne ra lly with a  ra nge  of plus

or m inus  10%. High volta ge  ra tings  will be  500kV or 345kV c la s s  a nd

low volta ge  windings  will be  230kV, l l 5kv, or 69kV cla s s .

b . 230kV S ubs ta tions

For high-de ns ity loa d areas, both 230/69kV a nd 69/12.5kV

tra ns form e rs  ca n be  utilize d. 230/69kV tra ns form e rs  will be  ra te d  a t

s pe cifie d. 69/l2 .5kV tra ns form e rs  will be  ra te d a t 25/33/41 MVA with a

With a ll e le m e nts  in s e rvice , a  tra ns form e r m a y be  loa de d up to its  top

Force d Oil Air (P OA) ra ting without s us ta ining a ny los s  of s e rvice  life .

For a  s ingle  continge ncy outa ge  (los s  of one  tra ns forme r) the  re ma ining

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

ra ting, unle s s  he a t te s t da ta  indica te  a  diffe re nt ove rloa d ca pa bility. The

los s  of s e rvice  life  s us ta ine d will de pe nd on the  tra ns forme r pre -loa ding

a nd the  outa ge  dura tion. Ta p se tting a djus tme nt ca pa bilitie s  on 230/69kV

tra ns forme rs  will be  i5% from the  nomina l volta ge  s e tting (230/69kV) a t

2%% increments .

10. S witchva rd Arra nge me nts

a . 500kV a nd 345kV S ubs ta tions

Exis ting 345kV s witchya rd a rra nge m e nts  us e  bre a ke r-a nd-one -ha lf,

ma in-a nd-tra ns fe r, or modifie d pa ire d-e le me nt c ircuit bre a ke r s witching
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s che me s . Be ca us e  of the  la rge  a mounts  of powe r tra ns fe rre d via  500kV

s witchya rds  a nd the  ne ce s s ity of ha ving a de qua te  re lia bility, a ll 500kV

circuit bre a ke r a rra nge me nts  a re  pla nne d for a n ultima te  bre a ke r-a nd-one -

ha lf s che me . If on ly th re e  or four e le m e nts  a re  in itia lly re quire d ,  the

circuit bre a ke rs  a re  conne cte d in a  ring bus  a rra nge me nt, but phys ica lly

pos itione d for a  bre a ke r-a nd-one -ha lf s che me . The  m a xim um  de s ire d

numbe r of e le me nts  to be  conne cte d in the  ring bus  a rra nge me nt is  four.

S ys te m  e le m e nts  s uch  a s  ge ne ra tors ,  tra ns form e rs ,  a nd  line s  will be

a rra nge d in bre a ke r-a nd-one -ha lf s che me s  such tha t a  fa ilure  of a  ce nte r

bre a ke r will not re s ult in the  los s  of two line s  route d in the  s a me  ge ne ra l

dire ction a nd will minimize  the  impa ct of los ing two e le me nts .

b . 230kV S ubs ta tions

Future  230/69kV s ubs ta tions  s hould be  ca pa ble  of s e rving up to 452

MVA o f  lo a d . 4 0 0  MVA h a s  h is to ric a lly b e e n  th e  m o s t  c o m m o n

s ubs ta tion loa d le ve l in the  P hoe nix Me tropolita n a re a . Future , typica l

2 3 0 /6 9 kV s u b s ta t io n s  s h o u ld  a c c o m m o d a te  u p  to  fo u r 2 3 0 kV lin e

te rm ina tions  a nd up to  thre e  230/69kV tra ns form e r ba ys . Ba s e d upon

cos ts ,  a s  we ll a s  re lia b ility a nd  ope ra ting  fle xib ility cons ide ra tions ,  a

bre a ke r-a nd-one -ha lf la yout s hould  be  u tilize d  for a ll fu ture  230/69kV

Me tro p o lita n  P h o e n ix  Are a  s u b s ta t io n s ,  with  p ro v is io n  fo r  in it ia l

de ve lopme nt to be  a  ring bus . Any two 230/69kV tra ns forme rs  a re  to be

se pa ra te d by two bre a ke rs , whe ne ve r fe a s ible , so tha t a  s tuck bre a ke r will

not re sult in an outage  of both transformers .

l l . S e rie s  Ca pa citor Applica tion

S e rie s  ca pa citors  ma y be  use d on EHV line s  to incre a se  sys te m s ta bility,

for incre a se d tra ns fe r ca pa bility, a nd/or for control of powe r flow. The  se rie s

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

the  capacitors  a re  gene ra lly divided into two banks , one  a t e ithe r end of a  line ,

for improve d volta ge  profile .
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12. S hunt a nd Te rtia ry Re a ctor Applica tion

S hunt a nd/or te rtia ry re a ctors  ma y be  ins ta lle d to pre ve nt ope n e nd line

volta ge s  from be ing e xce s s ive , in a ddition to volta ge  control. The  ope n e nd

line  volta ge  m us t not be  m ore  tha n 0 .05 pe r unit volta ge  gre a te r tha n the

se nding e nd volta ge . Te rtia ry re a ctors  ma y a lso be  use d for volta ge  a nd VAR

control a s  discussed above .

B. P owe r Flow S tudie s

1. S ystem S tre ss ing

Rea lis tic gene ra tion capabilitie s  and schedules  should be  used to s tre ss  the

tra nsmiss ion sys te m in orde r to ma ximize  the  tra ns fe r of re source s  during the

ma ximum loa d condition.

2. Displa ce me nt

In  c a s e s  wh e re  d is p la c e m e n ts  (d u e  to  p o we r flo w o p p o s ite  n o rm a l

ge ne ra tion s che dule s ) ma y ha ve  a n a ppre cia ble  e ffe ct on tra ns mis s ion line

loa ding, a  re a s ona ble  a m ount of dis pla ce m e nt (Ge ne ra tion Units ) m a y be

removed in-orde r to s tre ss  a  given transmiss ion pa th.

C . Trans ient S tabilitv S tudie s

1. Fa ult S imula tion

Whe n s tudying sys te m dis turba nce s  ca use d by fa ults , two conditions  will

be  s imula te d:

a . Thre e -pha se -to-ground fa ults , a nd

b. S ingle -line -to-ground fa ults  with a  s tuck circuit bre dce r in one  pha s e  with

ba ck-up de la ye d cle a ring.

2. Ma rg in

a . Ge ne ra tion ma rgin ma y be  a pplie d for the  continge ncie s  prima rily a ffe cte d

by gene ra tion, or

b .  P o we r flo w m a rg in  m a y b e  a p p lie d  fo r th e  c o n t in g e n c ie s  p rim a rily

a ffe cte d by powe r flow.
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3. Unit Tripping

Gen er a tor  un i t  t r i pp in g  may be a l l owed in -or der  t o i n cr ease sys t em

stability performance.

4 . Machine Reactance Representation

For  t r an sien t  stabi l i ty studies,  th e un sa tur a ted t r an sien t  r eactan ce 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

Ser ies capacitors,  locations to be determined from shor t  circuit  studies,

will be flashed and reinserted as appropriate.

D. Short Circuit Studies

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

1. Generation Representation

All generation will be represented.

2. Machine Reactance Representation

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

3.

4.

Line Representation

The t r ansmission  l ine zero sequence impedance (X0) is assumed to be

equal to three times the positive sequence impedance (Xl)-

Transformer Representation

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

the posi t ive sequence impedance (XI) . Bulk substat ion  t ransformers 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.
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Reactive Power Margin Studies

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

system to ensure there are sufficient reactive resources located throughout the

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

conditions and certain contingencies.

Iv.
A. P owe r Flow S tudie s

1. Norma l (Ba se  Ca se  Conditions )

a . Volta ge  Le ve ls

1) Gene ra l

(a ) 500kV bus  volta ge s  will be  ma inta ine d be twe e n 1.05 a nd 1.08 p.u.

on a  500kV ba se .

(b) 345kV bus  volta ge s  will ra nge  be twe e n .99 a nd 1.04 p.u. on the

345kV sys te m.

(c ) 500kV a nd 345kV s ys te m  volta ge s  a re  us e d to  m a inta in  prope r

230kV bus  volta ge s .

(d) Volta ge  on the  230kV a nd 1l5kv s ys te m s hould be  be twe e n 1.01

p.u. and 1.05 p.u.

(e ) Ta p s e ttings  for 230/69kV a nd 345/69kV tra ns form e rs  s hould be

us e d  to  m a in ta in  low s ide  (69kV) vo lta ge s  of 1 .03  to  1 .04  p .u .

Seasonal tap changes may be  required.

2) S pecific Buses

(a ) AP S  P inna cle  P e a k 230kV bus  volta ge  s hould be  be twe e n 1.025

p.u. and 1.035 p.u.

(b) AP S  We s twing 230kV bus  volta ge  s hould be  be twe e n 1 .04 p .u .

and 1.05 p.u.

(c) S a gua ro 115kV bus  volta ge  will be  a pproxima te ly 1.035 p.u.

(d) Volta ge  a t the  P re scott (DOE) 230kV bus  should be  a pproxima te ly

1.02 p.u.

SYSTEM PERFORMANCE

E.
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b. Fa cility Loa ding Lim its

1) Tra nsmiss ion Line s

Tra nsmis s ion line  loa ding ca nnot e xce e d 100% of the  continuous

ra ting, which is  ba se d upon e s ta blishe d conductor te mpe ra ture  limit or

sa g limita tion.

2 ) Unde rground Ca ble

Un d e rg ro u n d  c a b le  lo a d in g  s h o u ld  n o t  e xc e e d  1 0 0 %  o f th e

continuous  ra ting with a ll e le me nts  in s e rvice . This  ra ting is  ba se d on

3) Tra nsforme rs

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

nameplate ratings.

4) Series Capacitors

Series Capacitors cannot exceed 100% of continuous rating.

c. Inte rcha nge  of VARs

Inte rcha nge  of VAR s be twe e n compa nie s  a t inte rconne ctions  will be

reduced to a  minimum and ma inta ined nea r ze ro.

d. Dis tribution of F low

S che dule s  on  a  ne w pro je c t will be  com pa re d  to  s im ula te d  powe r

flows  to e nsure  a  re a sona ble  le ve l of lova bility.

2. S ingle  Contingency Outages

a . Volta ge  Le ve ls

Maximum voltage  devia tion on APS' major buses  cannot exceed 5%.

This  de via tion le ve l yie lds  a  close  a pproxima tion to the  pos t-tra ns ie nt

VAR margin requirements  of WECC.

b. Facilitie s  Loading Limits

1) Transmission Lines

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

sag limit or the  emergency ra ting (30-minute  ra ting) which is  ba sed

upon established conductor temperature limits.
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2) Unde rground Ca ble

Unde rground  ca b le  loa d ing  s hou ld  no t e xce e d  the  e m e rge ncy

ra ting during a  s ingle -continge ncy outa ge . This  ra ting is  ba s e d on a

no loss  of ca ble  life .

3 ) Tra nsforme rs

namepla te  ra tings .

4) Series  Capacitors

Serie s  Capacitors  cannot exceed 100% of emergency ra ting.

c . Ge ne ra tor Units

Ge ne ra tor units  use d for controlling re mote  volta ge s  will be  modifie d

to hold the ir base  case  te rmina l voltages .

d. Impact on Inte rconnected S ys tem

S in g le  c o n tin g e n c y o u ta g e s  will n o t  c a u s e  o v e rlo a d s  u p o n  a n y

ne ighboring tra nsmiss ion sys te m.

B. Transient Stabilitv Studies

Tra ns ie nt s ta bility s tudie s  a re  prima rily pe rforme d on the  500kV a nd

345kV systems.

1. Fault S imula tion

Three-phase-to-ground faults  and s ingle-line-to-ground faults , s imula ting

a  s tuck circuit bre a ke r in one  pha se  with ba ck-up de la ye d cle a ring will be

s imula ted. Fault clea ring times  of four cycle s  a fte r fault inception (5 cycle s

for a  230kV fa ult) a nd a  ba ck-up cle a ring time  of twe lve  cycle s  a fte r fa ult

ince ption is  utilize d. Sys te m e le me nts  a re  switche d out a t the  a ppropria te

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

a t fault inception.
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2. Series Capacitor Switching

Series  capacitors , a t loca tions  de te rmined from short-circuit s tudies , will

be  fla s he d a t fa ult ince ption a nd will be  re ins e rte d de pe nding on the ir

re insertion types.

3. Svstem Stability

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

a . All machines  in the  sys tem remain synchronized as  demonstra ted by the

re la tive  rotor angles.

b. P os itive  s ys te m da mping e xis ts  a s  de mons tra te d by the  da mping of

re la tive  rotor angles  and the  damping of voltage  magnitude  swings . For

N-l dis turba nce s , volta ge s  for the  firs t swing a fte r fa ult cle a ring should

not drop be low 75% of pre -fault va lue  with maximum time  dura tion of 20

cycles for voltage dip exceeding 20%.

4. Re-clos ing

Automa tic re -clos ing of circuit bre a ke rs  controlling EHV fa cilitie s  is  not

utilize d.

c. Short Circuit Studies

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

interruption capability for three-phase  or s ingle-line-to-ground faults .

D. Reactive Power Margin Studies

For s ys te m norma l conditions  or s ingle  continge ncy conditions , pos t-

tra ns ie nt volta ge  s ta bility is  re quire d with a  pa th or loa d a re a  mode le d a t a

minimum of 105% of the  pa th ra ting or maximum planned load limit for the  a rea

under s tudy, whichever is  applicable . For multiple  contingencies , pos t-trans ient

volta ge  s ta bility is  re quire d with a  pa th or loa d a re a  mode le d a t a  minimum of

102.5% of the  pa th ra ting or ma ximum pla nne d loa d limit for the  a re a  unde r

study, whichever is  applicable .
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LEGEND
SYSTEM RATING MAPS
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SYMBOL DESCRIPTION
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ARIZONA PUBLIC SERVICE COMPANY
2008-2017

TEN-YEAR PLAN
TECHNICAL STUDY REPORT

I. Introduction
This  te chnica l s tudy report is  filed with the  Arizona  Corpora tion Commiss ion

("Commiss ion") pursuant to ARS 40-360.02 and Commiss ion Decis ion No. 63876 (July
25, 2001). This  report summarizes  the  re sults  of power flow ana lyses  and s tability
ana lyses  for the  APS sys tem. Power flow ana lyses  were  pe rformed for two scena rios : (i)
assumption tha t a ll transmission system e lements  a re  in se rvice  and within continuous
ra tings , and (ii) a ssumption of an outage  on a  s ingle  e lement, with a ll remaining sys tem
elements  remaining within emergency ra tings . Voltage  devia tions  for these  scenarios
must a lso be  within es tablished guide lines . These  voltage  devia tion guide lines  close ly
approxima te  pos t-trans ient VAR margin requirements  of the  Weste rn Electricity
Coordina ting Council. More  de ta il is  provided in APS ' Transmiss ion P lanning P rocess
and Guide line s , which is  a lso included in this  tiling.

The  s tability ana lyses  were  performed to s imula te  e lectrica l dis turbances  on the
transmission system and evaluate  the  system response . The  desired result is  tha t a ll
gene ra tors  will rema in on line , no additiona l lines  will open, and the  sys tem oscilla tions
will da mp out.

Results  of the  power flow and s tability ana lyses  a id in de te rmining when and
where  new e lectrica l facilities  a re  needed because  of re liability or security reasons.
Additiona lly, some facilities  a re  planned to address  adequacy concerns . These  include
the  inte rconnection of genera tion to the  transmission system or e fforts  to increase  import
capability to load-constra ined or other a reas .

II. Power Flow Analvs es
Power flow cases were  crea ted for each year of the  2008-2017 study time frame.

These cases represent the la test transmission and sub-transmission plans, load
projections, and resource  plans of utilities  and independent power producers . Base  case
and single  contingency conditions are  evalua ted to de termine  system needs and timing.
Various  ite ra tions  of poss ible  solutions  lead to the  fina l plans  for transmiss ion additions .

The  contingency ana lys is  involves  s imula tions  for eve ry non-radia l l15kV or
above  line  tha t APS owns, partia lly owns, or opera tes . Transformer outages  a re  a lso
eva lua ted. Results  of the  power flow studies  a re  tabula ted in a  Security Needs Table  and
an Adequacy Needs Table , be low. These  tables  identify seventeen transmission projects
tha t a re  included in this  Ten-Year P lan filing. Some  of the  projects  were  cla ss ified a s
Adequacy Needs because  of the  uncerta inty of genera tion loca tion, s ize , and ava ilability
in the  la te r yea rs . As  projects  nea r the  live -yea r planning time  frame , they may be
redefined as  Security Needs projects . For the  projects  included in the  Security Needs
Table , se lected maps of the  power flow simula tions a re  conta ined in the  appendix.
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Trans mis s ion
P ro je c t

In

Service
Year

Critical Outage Limitin g  Ele me n t Ma p

Sugarloaf 500kV
substation

2009 Cholla -Woodruff
69kV line

Voltage  devia tions  and line  overloads
on the  sub-transmission system in the
area  resulting in load shedding

A1-
A2

Milliga n loop-ln  of
Saguaro-Casa
Grande  230kV line

2009 Casa Grande-Toltec
69kV line  or Casa
Grande  230/69kV
transformer

Overloads Santa  Rosa-Asarco 69kV
line

A3-
A4

VVl 500kV
substation

2009 Ve rde -Cottonwood
69kV line

Voltage  devia tions  and line  overloads
on the  sub-transmission system in the
area  resulting in load shedding

A5-
A6

Flags ta ff 345/69kV
inte rconnection

2010 230/69kV
transformers  a t
Coconino

Voltage  devia tions  on the  sub-
transmlsslon system in the  area
resulting in load shedding

A7-
A8

P V-S un Va lle y
500kV line  & S un
Va lle y-TS 1 230kV
line

2010 El S ol 230/69kV
transformer

The  remaining 230/69kV transformer
at El S01

A9-
A10

Ma za tza l 345kV
substa tion

2011 Preacher Canyon-
Tonto 69kV line

Voltage  devia tions  on the  sub-
transmission system in the  area
resulting in load shedding

A11-
A12

TS 6 230kV
substa tion

2012 Cie lo Gra nde -North
Va lle y 69kV line

Overloads  Deer Valley-Rose  Garden
69kV line

A13-
A16

Loop-in of TS 4-
Panda  230kV line
to Jojoba  230kV
substa tion

2013 Buckeye  230/69kV #6
transformer

Buckeye  230/69kV #2 transformer A17-
A18

S e c u r ity  Ne e d s  Ta b le
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Trans mis s ion Projec t
In

Service
Year

System Benefits

Pa lm Va lley-TS2-TS 1
230kV line

2010 Provides a  second source  for TS1 so TSI is  not served as
a  radia l subs ta tion, the reby increas ing sys tem re liability.
Also provides the  transmission sources for the  TSP
substa tion in 201 l.

Loop-in ofNa va jo-
We s twing 500kV into
TS9 500kV subs ta tion
and TS9-Pinnacle  Peak
500kV line

2010 Increase s  import capability for the  Phoenix Me tropolitan
area  and export capability from the  PV area . Increases
transmiss ion sys tem re liability and ability to de live r
powe r.

Loop-ln of Saguaro-Casa
Gra nde  230kV line  into
SE 10 230kV substa tion

2011 Provides a  transmission source  to serve  the  increasing
regiona l growth and demand for e lectric ene rgy.

Desert Basle -P ina l South
230kV line  and P inar
South-Sundance 230kV
line

2011 Provides  another transmiss ion pa th in the  regiona l
sys tem, the reby increas ing the  sys tem re liability and
capacity in orde r to continue  to se rve  the  growing
e lectrica l demand in an economica l and re liable  manner.
Increases  the  re liability of the  Sundance  genera ting
facility and provides  a  transmiss ion pa th for APS to
de liver the  full output of the  Sundance  genera ting
fa cility.

TSP 230kV substa tion
including a  500/230kV
transformer, and TS9-
Ra ce wa y 230kV line

2012 Provides  a  backup for outage  of Westwing 500/230kV
transformers and adds another source for the  Raceway
and TS6 230kV subs ta tions . Increases  import capability
for the  Phoenix metropolitan a rea .

Sun Va lle y-TS9 500kV
line .

2012 Provides  a  second source  for Sun Valley. Increases
import capability for the  Phoenix Me tropolitan a rea ,
increases  the  export capability from the  PV area .

P a lo Ve rde  vicinity to
NoIlth Gila  500kV.

2012 Increases  import capability for the  Yuma  a rea  a llowing
APS to se rve  the  growing load. Increases  transmiss ion
sys te m re lia bility. Incre a se s  the  e xport ca pa bility from
the PV area .

North Gila -TS 8 230kV
line .

2012 Increase  transmiss ion sys tem re liability and ability to
de live r power within the  Yuma  a rea .

Avery 2013 Provides a  transmission source  to serve  the  increasing
regiona l growth and demand for e lectricity in the  a rea .

Ad e q u a c y  Ne e d s  Ta b le

III. S tabilitv Ana lvs es
A s tability s imula tion for s imula ted three -phase  faults  was  pe rformed for 201 l

and 2016 for eve ry 345kV or 500kV line  tha t APS owns  (tota lly or pa rtia lly) or ope ra te s .
It has  been APS' experience  tha t s tability concerns  do not manifes t on the  230kV system,
which is  primarily de s igned to de live r power to load. The re fore , no 230kV s imula tions

3



were  pe rformed. Additiona lly, eve ry new proposed gene ra tion plant will be  required to
pe rform s tability eva lua tions  prior to rece iving pe rmiss ion to inte rconnect to the
transmission system.

Each s imula tion modeled a  3-phase  bus fault, appropria te  series  capacitor flashing
and re inse rtion, and fault remova l and transmiss ion line  remova l. System performance
was evaluated by monitoring representa tive  genera tor rotor angles, bus voltages and
system frequency. Plots  of these  system parameters  a re  included in Appendices  B and C.
The  s tability s imula tions  pe rformed to da te  indica te  tha t no s tability problems limit the
transmission system.
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Ta b le  o f Co n te n ts
S im u la t io n P a g e

I

I

I

r

I

l
2
3
4
5
6

7

8
9
10

11

1 2

1 3

14

Cholla 500 & 345kv
Cholla-Coronado outage ..
Cholla-Four Corners outage..
Cholla-Pinnacle Peak outage ..
Cholla-Preacher Canyon outage ..
Cholla-Saguaro outage..
Cholla-Secnol outage ..

Coronado 500kv
Coronado-Secnol outage ..

Four Corners 500 & 345kv
Four Corners-Cholla outage..
Four Corners-FCW outage..
Four Corners-Moenkopi outage..

FCW 500kv
FCW-Four Corners outage..
FCW-RME outage..

Gila River 500kv
Gila River-Jojoba outage..

Hlarquahala 500kv
Harquahala -Harquahala Junction outage ..

Harquahala Junction 500kv
Harquahala Junction - Harquahala outage .,
Harquahala Junction - Hassayampa outage ..
Harquahala Junction -TS5 outage ..

Hlassayampa 500kv

15

1 6

1 7

18
19
20
21

.Hz

.23

.24

25
26

.27

.28

.29

.30

.31

.32

.33

Hassayampa-Harquahala Junction outage ..
Hassayampa-Jojoba outage ..
Hassayampa-North Gila outage ..
Hassayampa-Redhawk outage...

Jojoba 500kv
Jojoba-Gila River outage..
Jojoba-Hassayampa outage ..
Jojoba-Kyrene outage ..

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

Moenkopi 500kv
Moenkopi-Eldorado outage ..
Moenkopi-Four Corners outage..
Moenkopi-RME outage..
Moenkopi-Yavapai outage..

Navajo 500kv
Navajo-Crystal outage..
Navajo-RME outage..
Navajo-VVl outage ..

North Gila 500kv
North Gila-Hassayampa outage ..
North Gila-Imperial Valley outage ..

Palo Verde 500kv
Palo Verde-Devers outage..
Palo Verde-Rudd outage..
Palo Verde-Westwing outage..

,36
.37
.38



, 39

.40
,41
.42

43
44

45

I 46

47
48
49

50

51
52

53

54
55
56

57
58

.59
,60
.61

Perkins 500kv
Perkins-Mead outage..~

Pinnacle Peak 345kv
Pinnacle Peak-Cholla outage..
Pinnacle Peak-Preacher Canyon outage..
Pinnacle Peak-TS9 outage..

Preacher Canyon 345kv
Preacher Canyon-Cholla outage ..
Preacher Canyon-Pinnacle Peak outage...

Redhawk 500kv
Redhawk-Hassayampa outage.-

Rudd 500kv
Rudd-Palo Verde outage..

RME 500kv
RME-FCW outage..
RME-Moenkopi outage..
RME-Navajo outage..

Saguaro 500kv
Saguaro-Cholla outage ..

Secnol 500kv
Secnol-Cholla outage..
Secnol-Coronado outage ..

TS5 500kv
TS5-Harquahala Junction outage ..

TS9 500kv
TS9-Pinnacle Peak outage..
TS9-Westwing outage..
TS9-VVl outage..

vv 500kv
VVl-Navajo..
VVl-TS9 s

Westwing 500kv
Westwing-Palo Verde outage..
Westwing-TS9 outage..
Westwing-Yavapai outage ..

Yavapai 500kv
Yavapai-Moenkopi outage..
Yavapai-Westwing outage .,

62
63
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20 ll_ch_cnx. ch 1
year p1an\201l stability

Thu Jan 10 08:12:35 2008

2011 Heavy Summer WECC Power Flow

1 .20
ARI ZONA_volt:age s (230 kg) : we(black) , Pp(red), CG(green), Kyd(blue), RUx(magent:a)

y

0 . 20
0 5

Time( sec )

20 EHV voltages (500 kg) : Fc(black) r Nv(red), PLx(green), Mccullough(blue), Kyx(magenta), we(cyan)
1. -

0 .20
0 . 0 5 . 0

Time( sec )

Rotorangles: cH#4 (black) , FC#4 (red) , NV#1 (green)
120 .00 r PLX#1 (blue) , sG#1 (magenta)r we_cc ( cyan )

M

v

-120 . 00
0 . 0 5 . 0

Time( sec )

Frequencies (500 kg) : FC(black)
60.50

r Rx/(red) , PLx(green) , McCullough(blue) , Kyd(magenta) , Ww(cyan)

59 . 50
0 . 0 5 . 0

Time( sec )
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ws 2011 ch_f c .chf 2
year plan\2011 stability

Thu Jan 10 08:13:53 2008

2011 Heavy Summer WECC Power Flow

KYx(blue) , RUx(magenta)CG(green)ARIZONA voltages (230 kg) : We(black), pp(red)
1.20 -

•

0.20
0 5

Time( sec )

NV(red) we(cyan)PLx(green) McCullough(blue) Kyd(magenta)1 20 EHv_voltages (500 kg) : FC(b1ack)

0.20
0.0 5.0

Time( sec )

Nv#1(green) pLx#1(blue) SG#1(magenta)FC#4(red) wp_CC1(cyan)Rotor angles: CH#4(black)
120.00

•
-120.00

0.0 5.0
Time( sec )

Nv(red) McCullough(blue) Kyx(magenta)PLx(green) Ww(cyan)Frequencies (500 kg) . FC(black)
60.50

59.50
0.0 5.0

Time( sec )
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2011 Heavy Summer WECC Power Flow

ARIZONA voltages (230 kg) : Ww(black), Pp(red), CG(green), Kyx(blue), RUx(magenta)
1.20 -

0 . 20
0 5

Time( sec )

EHV voltages (500 kg) : FC(black) , no(red) , PLc(green) , McCullough(blue) , Kyx(magent:a) , we(cyan)
1.20 -

0 .20
0 . 0 5 . 0

Time( sec )
I

I

0 Rotorangles: Cl-I#4(black) , F'C#4 (red) , Nv#1(green)
120. 0 I pLx#1 (blue) , SG#1 (magenta) , WP_CC1 (cyan)

I

-120 . 00
0 . 0 5 . 0

Time( sec )

Frequencies (500 kg) : FC(black), Nv(red), pLc(green), McCullough(blue), Kyx(magenta) , WW(cyan)
60.50

59.50
0 . 0 5 . 0

Time( sec )

WESTERN ELECTRICITY COORDINATING COUNCIL
2011 HSlB APPROVED BASE CASE
Updated by APS 1/2008
2008-2017 Ten-year Plan
2011.dyd
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2011 Heavy Summer WECC Power Flow

ARIZONA voltages (230 kg) : We(black), PP(red), CG(green), KyX(blue), RUX(magent:a)
1.20 .-

I

0 .20
0 5

Time( sec )

EHV voltages (500 kg) : FC(b1ack), no(red), PLx(green), Mccullough(blue), Kyx(magenta), w(cyan)
1.20 -

0 .20
0 . 0 5 . 0

Time( sec )

Rotorangles: cH#4 (black) , Fc#4 (red) , NV#1 (green)
120 .00 r pLx#1 (blue) , sG#1 (magenta)r WP_CCl (cyan)

-120 . 00
0 . 0 5 . 0

Time( sec )

Frequencies (500 kg) . FC(black)
60.50 I Nv(red) , PLX(green) , McCullough(blue) , Kyx(magenta) , Ww(cyan)

59.50
0 . 0 I

5 . 0
Time( sec )

WESTERN ELECTRICITY COORDINATING COUNCIL
2011 HSlB APPROVED BASE CASE
Updated by APS 1/2008
2008-2017 Ten-year Plan
2011.dYd
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2011 Heavy Summer WECC Power Flow

1  .2 0
ARI ZOnA_vol rages (230 kV): Ww(black), Pp(red), CG(green), Kyx(blue) , RUx(magenta)

0 .20
0 5

Time( sec )

EHV voltages (500 kg) : FC(black), Nv(red), PLx(green), McCullough(blue), Kyx(magent:a), we(cyan)
1.20 -

0 .20
0 . 0 5 . 0

Time( sec )

0 Rotorangles: CH#4 (black) , Fc#4 (red) , NV#1 (green)
120. 0 1 PLX#1 (blue) , SG#1 (magenta) , WP_CCl (cyan)

-120 . 00
0 . 0 5 . 0

Tim e ( s e c  )

60 Frequencies (500 kg) : FC(black), Nv(red), PLx(green), Mccullough(blue) , Kyx(magenta), We(cyan)
.50

59 . 50
0 . 0 5 . 0

Time( sec )
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2011 Heavy Summer WECC Power Flow

ARIZONA voltages (230 kg) : We(black), Pp(red) , CG(green), Kyx(blue) , RUx(magenta)
1.20 -

0 .20
0 5

Time( sec )

EHV voltages (500 kg) : FC(blac:k) , Nv(red), PLc(green) , McCu1lough(blue), Kyx(magent:a), we(cyan)
1.20 --

0 .20
0 . 0 5 . 0

Time( sec )

Rotorangles: CH#4 (black) , FC#4 (red) , NV#1 (green) , PLX#l (blue) , SG#l (magenta)
120 .00 I WP_CC1 (cyan)

-120 . 00
0 . 0 5 . 0

Time( sec )

Frequencies (500 kg) :
60.50

FC(black) , no(red) , PLx(green) , McCullough(blue) , Kyx(magenta) , we(cyan)

59.50
0 . 0 5 . 0

Time( sec )

WESTERN ELECTRICITY COORDINATING COUNCIL
2011 HSlB APPROVED BASE CASE

Updated by APS 1/2008

2008-2017 Ten-year Plan

2011.dyd
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2011 Heavy Summer WECC Power Flow

ARI ZONA_vo l t age s (230 kV): We(black), Pp(red), CG(green), Kyx(blue), RUn(magenta)
1 .20 l

0 .20
0 5

Time( sec )

1 20 El-iv_voltages (500 kg) : Fc(black), Nv(red), PLx(green), McCul1ough(blue), Kyx(magenta), we(cyan)

0 .20
0 . 0 5 . 0

Time( sec )

Rotorangles: CH#4 (black) , F'C#4 (red) , Nv#l (green)
120 .00 I pLx#1 (blue) , SG#1 (magenta) , WP_CC1 (cyan)

-120 . 00
0 . 0 5 . 0

Time( sec )

60 Frequencies (500 kg) : FC(bla<:k), Nv(red), PLX(green), McCullough(blue), Kyd(magenta), We(cyan)
.50

l

\

59 . 50
0 . 0 5 . 0

Time( sec )

WESTERN ELECTRICITY COORDINATING COUNCIL
2011 HSlB APPROVED BASE CASE
Updated by APS 1/2008
2008-2017 Ten-year Plan
2011.dyd
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2011 Heavy Summer WECC Power Flow

1.20
ARIzOnA_voltages (230 kV): we(black) , Pp(red), CG(green), KYX(blL1e), RUx(magenta)

0 .20
0 5

Time( sec )

EHV voltages (500 kg) : FC(black) , Nv(red) , pLc(green) , McCullough(blue) , KyX(magenta) , we(cyan)
1.20 -

0 .20
0 . 0 5 . 0

Time( sec )

Rotorangles: cH#4 (black) , FC#4 (red) , NV#1 (green) , PLX#1 (blue) , SG#1 (magenta)
120 .00 I up_cc (cyan )

-120 . 00
0 . 0 5 . 0

Time( sec )

Frequencies (500 kg) :
60.50

FC(black) , Nv(red), PLc(green) , Mccullough(blue) r Kyx(magent:a) , We(cyan)

59 . 50
0 . 0 5 . 0

Time( sec )

WESTERN ELECTRICITY COORDINATING COUNCIL
2011 HS1B APPROVED BASE CASE
Updated by APS 1/2008
2008-2017 Ten-year Plan
2011.dyd
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2011 Heavy Summer WECC Power Flow

1 .20
ARIzOnA_voltages (230 kg) : Ww(black) , Pp(red) , CG(green) , Kyd(blue), RUx(magenta)

0 . 20
0 5

Time( sec )

EHV voltages (500 kg) : FC(black), Nv(red), PLx(green), Mccullough(blue), Kyx(magenta), we(cyan)
1.20 -

0 .20
0 . 0 5 . 0

Time( sec )

0 Rotorangles: CH#4 (black) , 1=lc#4 (red) , Nv#l (green) , pI..x#l (blue) , sG#1 (magenta)
120 . 0 r

wp_cc1(cyan)

-120 . 00
0 . 0 5 . 0

Time( sec )

Frequencies (500 kg) :
60.50

FC(black) , Nv(red) , PLc(green) , McCullough(blue) , Kyx(magenta) , We(cyan)

r

59.50
0 . 0 5 . 0

Time( sec )

WESTERN ELECTRICITY COORDINATING COUNCIL
2011 HSlB APPROVED BASE CASE
Updated by APS 1/2008
2008-2017 Ten-year plan
201l.dyd
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2011 Heavy Summer WECC Power Flow

ARIZONA voltages (230 kg) : We(black), Pp(red), CG(green)
1.20 - I KYX (blue) , RUX (magenta)

0 .20
0 5

Time( sec )

EHV voltages (500 kg) : Fc(black), Nv(red), PLc(green), Mccullough(blue), Kyd(magenta), Ww(cyan)
1.20 -

0 .20
0 . 0 5 . 0

Time( sec )

Rotorangles: CH#4 (black) , Fc#4 (red) , nv#l (green) , pLx#1 (blue) , SG#1 (magenta)
120 .00 I we_cc (cyan )

-120 . 00
0 . 0 5 . 0

Time( sec )

Frequencies (500 kg) : F`c(black)
60.50 r no(red) , PLx(green) , Mccullough(blue) , Kyx(magent:a) , we(cyan)

59 . 50
0 . 0 5 . 0

Time( sec )
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2011 Heavy Summer WECC Power Flow 4
1 . 20

ARIZONA__VOlt ages (230 kg) : We(black) , Pp(red) , CG(green) , Kyx(blue) , RUx(magenta)

K
I

0 .20
0 5

Time( sec )

EHV voltages (500 kg) : FC(black), Nv(red) , PLc(green), McCullough(blue), Kyx(magenta), Ww(cyan)
1.20 -

0 . 20
0 . 0 5 . 0

Time( sec )

0 Rotor angles: CH#4 (black) , FC#4 (red) , NV#1 (green), PLX#1 (blue) , sG#1 (magenta)
12 .00 r WP_CC1 (cyan )

1

-120 . 00
0 . 0 5 . 0

Time( sec )

Frequencies (500 kg) :
60.50

FC(black) , Nv(red) , PLc(green) , Mccullough(blue) , Kyd(magenta) , we(cyan)

59 . 50
0 . 0 5 . 0

Time( sec )

WESTERN ELECTRICITY COORDINATING COUNCIL
2011 HS1B APPROVED BASE CASE
Updated by APS 1/2008
2008-2017 Ten-year Plan
2011.dyd
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2011 Heavy Summer WECC Power Flow

ARIZONA voltages (230 kg) : we(black) , Pp(red) , CG(green), KYX(blue) , RUx(magenta)
1.20 -

0 .20
0 5

Tim e ( s e c  )

l . 20
EHv_voltages (500 kg) : FC(black), Nv(red), PLx(green), McCullough(blue) , Kyx(magenta) f we(cyan)

I

0 .20
0 . 0 5 . 0

Tim e ( s e c  )

Rotorangles: cH#4 (black) , FC#4 (red) , NV#1 (green) , pLx#1 (blue) , SG#1 (magenta)
120. 00 r we_cc (cya n )

-120 . 00
0 . 0 5 . 0

Tim e ( s e c  )

Frequencies (500 kg) :
60.50

FC(black) , Nv(red) , PLx(green) , McCullough(blue) , Kyd(magenta) , we(cyan)

59 . 50
0 . 0 5 . 0

Time( sec )
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2011 Heavy Summer WECC Power Flow

0 ARIZONA voltages (230 kg) : We(black) , Pp(red) , CG(green) , Kyx(blue) , RUx(magent:a)
1.2

0 .20
0 5

Time( sec )

EHV voltages (500 kg) : FC(black) , Nv(red) , PLx(green) , McCullough(blue) , KYX(magenta) , we(cyan)
1.20 -

0 .20
0 . 0 5 . 0

Time( sec ) I

00 Rotor angles: cH#4 (black) , Fc#4 (red) , NV#1 (green)
120 . I PLX#1 (blue) , SG#1 (magenta) , WP_CC1 (cyan)

-120 . 00
0 . 0 5 . 0

Time( sec )

Frequencies (500 kg) :
60.50

FC(black) , Nv(red) , pLc(green) , McCullough(blue) , Kyd(magent:a) , WW(cyan)

59 . so
0 . 0 5 . 0

Time( sec )

WESTERN ELECTRICITY COORDINATING COUNCIL
2011 HS1B APPROVED BASE CASE
Updated by APS 1/200a
2008-2017 Ten-year Plan
2011.dyd
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Tue Jan 08 14:25:29 2008

2011 Heavy Summer WECC Power Flow

1 .20
ARI ZONA_vol toge s (230 kg) : we(black) , Pp(red) , CG(green) , Kyx(blue) , RUx(magenta)

0 . 20
0 5

Time( sec )

EHV voltages (500 kg) : Fc(black) , Nv(red) , PLx(green) , McCullough(blue) , Kyd(magenta) , we(cyan)
1.20 -

0 .20
0 . 0 5 . 0

Time( sec )

Rotor angles: CH#4(black), FC#4(red), Nv#1(green)
120.00 I PLX#1 (blue) , sG#1 (magenta) , WP_CC1 (cyan)

-120 . 00
0 . 0 5 . 0

Tim e ( s e c  )

Frequencies (500 kg) : Fc(black), no(red), PLx(green), McCullough(blue), KYX(magent:a), Ww(cyan)
60.50

59 .50
0 . 0 5 . 0

Tim e ( s e c  )

IJ
201l_ho_hqj .ch 14
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2011 Heavy Summer WECC Power Flow

1 .20
ARIZOnA_voltages (230 kg) : we(black) f Pp(red), CG(green), KYX(blue) , RUx(magenta)

0 .20
0 5

Time( sec )

EHV voltages (500 kg) : Fc(black), Nv(red) , PLx(green) , McCullough(blue) , Kyx(magenta) , We(cyan)
1.20 -

0 .20
0 . 0 5 . 0

Time( sec )

Rotorangles: CH#4 (black) , FC#4 (red) , NV#1 (green)
120 .00 I pLx#1 (blue) , sG#1 (magenta) , WP_CC1 (cyan)

I
I
I

-120 . 00
0 . 0 5 . 0

Time( sec )

Frequencies (500 kg) : Fc(black), no(red), PLx(green), McCullough(blue), Kyx(magenta), WW(cyan)
60.50

59.50
0 . 0 5 . 0

Time( sec )

WESTERN ELECTRICITY COORDINATING COUNCIL
2011 HS1B APPROVED BASE CASE
Updated by APS 1/2008
2008-2017 Ten-year Plan
2011.dyd
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2011 Heavy Summer WECC Power Flow

1 .20
ARIzOnA_voltages (230 kV): Ww(black) , Pp(red) , CG(green), KYX(blue), RUx(magenta)

0 .20
0 5

Time( sec )

EHV voltages (500 kg) : FC(black) , Nv(red), PLc(green), McCullough(b1ue) , Kyx(magenta), We(cyan)
1.20 -

0 .20
0 . 0 5 . 0

Time( sec )

Rotorangles: CH#4 (black) , FC#4 (red) , NV#1 (green)
120 . 00

r PLX#l (blue) , SG#l (magenta) , WP_CC1 (cyan)

-120 . 00
0 . 0 5 . 0

Time( sec )

Frequencies (500 kg) : FC(black), Nv(red) , PLx(green) , McCu1lough(blue), Kyx(magenta), Ww(cyan)
60.50

59.50
0 . 0 5 . 0

Time( sec )

WESTERN ELECTRICITY COORDINATING COUNCIL
2011 HS1B APPROVED BASE CASE
Updated by APS 1/2008
2008-2017 Ten-Year Plan
20l1.dYd
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2011 Heavy Summer WECC Power Flow

1 _ 20
ARI ZOnA_vol t age s (230 kV): WW(black), Pp(red), CG(green), Kyx(b1ue) , RUx(magent:a)

0 .20
0 5

Time( sec )

EHV voltages (500 kg) : FC(black) , Nv(red) , PLx(green) , McCullough(b1ue) , Kyd(magenta) , We(cyan)
1.20 -

0 . 20
0 . 0 5 . 0

Time( sec )

Rotorangles: CH#4 (black) , FC#4 (red) , NV#1 (green) , PLX#1 (blue) , sG#1 (magenta)
120.00 l WP_CCl (c ya n)

-120 . 00
0 . 0 5 . 0

Time( sec )

Frequencies (500 kg) : FC(black)
60.50 I Nv(red), PLc(green), McCullough(blue), Kyd(magenta), we(cyan)

59 . 50
0 . 0 5 . 0

Time( s ec )
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2011 Heavy Summer WECC Power Flow

ARIZONA voltages (230 kg) : Ww(black) , Pp(red) , CG(green) , Kyx(blue), RUx(magent:a)
1.20 -

0 . 20
0 5

Time( sec )

1 . 20
EHv_voltages (500 kV): FC(black), Nv(red), pLc(green), McCullough(blue), Kyx(magent:a), we(cyan)

0 . 20
0 . 0 5 . 0

Time( sec )

Rotorangles: CH#4(black), FC#4(red), Nv#1(green)
120.00

r pLx#1 (blue) , SG#1 (magenta) , WP_CC1 (cyan)

-120 . 00
0 . 0 5 . 0

Time( sec )

Frequencies (500 kg) : FC(black), Nv(red), PLc(green), McCullough(blue), Kyx(magenta), we(cyan)
60.50

59 . 50
0 . 0 5 . 0

Time( sec )

WESTERN ELECTRICITY COORDINATING COUNCIL
2011 HSIB APPROVED BASE CASE
Updated by APS 1/2008
2008-2017 Ten-year Plan
201l,dyd

Page 1



2011 Heavy Summer WECC Power Flow

Pp(red) Kyx(blue)CG(green) RUx(magenta)(230 kg). we(black)ARIzOnA_voltages
1.20

C

0.20
0 5

Time( sec )

PLx(green)Nv(red) McCullough(blue) , KyX(magenta), Ww(cyan)EHV voltages (500 kg) : Fc(black)
1.20 -

0.20
0.0 5.0

Time( sec )

PLx#l(blu€)Fc#4(redl nv#1(green) SG#1(magenta) WP_CC1(cyan)Rotorangles: CH#4(black)
120.00

-120.00
0.0 5.0

Time( sec )

We(cyan)Nv(red) Kyx(magenta)McCullough(blue)PLx(green)Frequencies (500 kg) : Fc(black)
60.50

5.0
59.50

0.0
Time( sec )

WESTERN ELECTRICITY COORDINATING COUNCIL
2011 HS1B APPROVED BASE CASE
Updated by APS 1/2008
2008-2017 Ten-year Plan
2011.dyd
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2011 Heavy Summer WECC Power Flow

PP(red) KYX(blue)CG(green) RUX(magenta)ARIZONA voltages (230 kg) . We(black)
1.20 -

•

1 0

0.20
0

Time( sec )

Nv(red) McCullough(blue)PLc(green) Kyd(magenta) We(cyan)1 20 EHv_voltages (500 kg) : FC(b1ack)

0.20
0.0 10.0

Time( sec )

Fc#4(red) nv#1(green) pLx#1(blue) SG#l(magenta) Wp_CCl(cyan)Rotor angles: CH#4 (black)
120.00

•
120.00

0.0 10.0
Time( sec )

no(red) PLx(green) Kyx(magenta)McCullough(blue) Ww(cyan)Frequencies (500 kg) . FC(black)
60.50

59.50
0.0 10.0

Time( sec )

WESTERN ELECTRICITY COORDINATING COUNCIL
2011 Hs1B APPROVED BASE CASE
Updated by APS 1/2008
2008-2017 Ten-year Plan
2011.dyd
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2011 Heavy Summer WECC Power Flow

RUx(magenta)Pp(red) Kyx(blu€)CG(green)0 ARIZONA voltages (230 kg) : we(black)
1.2 -

•

0.20
0 5

Time( sec )

pLc(green) McCullough(blue) Kyx(magenta) , we(cyan)Nv(red)1 20 EHv_voltages (500 kg) : FC(black)

0.20
0.0 5.0

Time( sec )

pLx#1(blue)nv#1(green) SG#1(magenta)FC#4(red) Wp_CCl(cyan)Rotorangles: CH#4(black)
120.00

C

120.00
0.0 5.0

Time( sec )

we(cyan)no(red) PLx(green) Kyx(magenta)McCullough(blue)Frequencies (500 kg) . FC(black)
60.50

5.0
59.50

0.0
Time( sec )
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2011 Heavy Summer WECC Power Flow

Pp(red) Kyd(blue)CG(green) RUn(magenta)ARIZONA voltages (230 kg) : We(black)
1.20 -

•

0.20
0 5

Time( sec )

Nv(red) Kyx(magenta) Ww(cyan)PLx(green) McCullough(blue)1 20 EHv_voltages (500 kg) ' ac(black)

0.20
0.0 5.0

Time( sec )

pLx#1(blue)nv#1(green) SG#1(magenta)FC#4(red) W p_CC1(cyan)Rotoranglesz CH#4(black)
120.00

•
-120.00

0.0 5.0
Time( sec )

Ww(cyan)Nv(red) PLx(green) Kyx(magenta)McCullough(blue)Frequencies (500 kg) : FC(black)
60.50

59.50
0.0 5.0

Time( sec )

WESTERN ELECTRICITY COORDINATING COUNCIL
2011 HS1B APPROVED BASE CASE
Updated by APS 1/2008
2008-2017 Ten-year Plan
2011.dyd
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2011 Heavy Summer WECC Power Flow

1 .2 0
ARIzOnA_voltages (230 kV): Ww(black), pp(red), CG(green), Kyx(blue), RUx(magenta)

0 . 20
0 5

Time( sec )

1 . 20
EHv_voltages (500 kg) : Fc(black) , no(red) , PLc(green) , McCullough(blue) , Kyx(magent:a) , WW(cyan)

0 .20
0 . 0 5 . 0

Tim e ( s e c  )

Rotorangles: CH#4 (black) , FC#4 (red) , NV#1 (green)
120 .00 r PLX#1 (blue) , sG#1 (magenta) , WP_CC1 (cyan)

-120 . 00
0 . 0 5 . 0

Time( sec )

Frequencies (500 kg) : Fc(black), no(red), PLc(green), McCullough(blue), Kyx(magent;a), Ww(cyan)
60.50

59 .50
0 . 0 5 . 0

I

Time( sec )
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2011 Heavy Summer WECC Power Flow

1 .20
ARI ZonA_voltages (230 kg) : we(black) , PP(red), CG(green) , KYX(blue) , RUx(magenta)

0 .20
0 5

Time( sec )

EHV voltages (500 kg) : F'C(black) , NV(red)
1.20 - I pLc(green) , McCu1lough(blue) , Kyd(magenta) , we(cyan)

I

I

0 .20
0 . 0 5 . 0

Time( sec )

Rotorangles: cH#4 (black) , FC#4 (red) , NV#1 (green) , pLx#1 (blue) , sG#1 (magenta)
120 . 00 r WP_CC1 (cyan)

-120 . 00
0 . 0 5 . 0

Time( sec )

Frequencies (500 kg) : FC(black), Nv(red), PLx(green), McCullough(blue), Kyx(magenta) , we(cyan)
60.50

59 . 50
0 . 0 5 . 0

Time( sec )

WESTERN ELECTRICITY COORDINATING COUNCIL

2011 HS1B APPROVED BASE CASE

Updated by APS 1/2008

2008-2017 Ten-year Plan
2011.dyd
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2011 Heavy Summer WECC Power Flow

1 .20
ARIzOnA_volta ge s (230 kV): we(black), Pp(red), CG(green), Kyx(blue) , RUX(magenta)

0 . 20
0 5

Time ( se c )

EHV voltages (500 kg) : FC(black), Nv(red) , PLc(green) , McCullough(blue), Kyx(magenta), Ww(cyan)
1.20 -

t

0 . 20
0 . 0 5 . 0

Time( sec )

Rotorangles: CH#4 (black) , FC#4 (red) , NV#1 (green)
120 .00 r pLx#1 (blue) , sG#1 (magenta) , WP_CC1 (cyan)

-120 . 00
0 . 0 5 . 0

Time ( se c )

Frequencies (500 kg) : FC(bla<:k)
60.50 r Nv(red) , PLx(green) , McCul1ough(blue) , Kyx(magenta) , Ww(cyan)

59 . 50
0 . 0 5 . 0

Tim e ( s e c  )
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2011 Heavy Summer WECC Power Flow

ARIZONA voltages (230 kg) : We(black), Pp(red), CG(green)
1.20

I KYX (blue) , RUX (magenta)

0 .20
0 5

Time( sec )

0 EHV voltages (500 kg) : Fc(black)
1.2

r Nv(red) , PLX(green) , McCullough(blue) , Kyx(magenta) , Ww(cyan)

0 .20
0 . 0 5 . 0

Time( sec )

120 00 Rotorangles: CH#4(black), FC#4(red), Nv#1(green) r pLx#1 (blue) , SG#1 (magenta) I wp_cc1(cyan)

-120 . 00
0 . 0 5 . 0

Time( sec )

Frequencies (500 kg) : Fc(black)
60.50

I no(red) , pLc(green) , McCullough(blue) , Kyx(magent:a) , We(cyan)

59 .50
0 . 0 5 . 0

Time( sec )
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2011 Heavy Summer WECC Power Flow

1 . 20
ARI ZOnA_vol rages (230 kV): Ww(black), Pp(red), CG(green), Kyx(blue), RUx(magenta)

0 .20
0 5

Time( sec )

1 20 El-Iv_volt;ages (500 kg) : FC(black)r Nv(red) , PLx(green) , Mccullough(blue) , KYX(magent:a) , We(cyan)

0 .20
0 . 0 5 . 0

Time( sec )

Rotorangles: CH#4 (black) , FC#4 (red) , NV#1 (green) , PLX#1 (blue) , SG#1 (magenta)
120 . 00

r wp_CC1(cyan)

-120 . 00
0 . 0 5 . 0

Time( sec )

Frequencies (500 kg) : FC(black)
60.50 r no(red) , PLx(green) , McCullough(blue) , Kyx(magenta) , we(cyan)

59 . 50
0 . 0 5 . 0

Time( sec )

WESTERN ELECTRICITY COORDINATING COUNCIL
2011 HSlB APPROVED BASE CASE
Updated by APS 1/2008
2008-2017 Ten-year Plan
2011.dyd
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2 0 1 1  He a vy S u m m e r  W E C C  P o we r  F lo w

ARIZONA voltages (230 kg) : we(black)
1.20 - r Pp(red) , CG(green) , Kyx(b1ue) , RUx(magent;a)

0 .20
0 5

Tim e ( s e c  )

1 20 EHv__voltages (500 kg) : Fc(black) 1 no(red) , PLx(green) , McCullough(blue) , Kyx(magenta) , we(cyan)

0 .20
0 . 0 5 . 0

Time( sec )

Rotor angles: CI-I#4 (black) , F'C#4 (red) , NV#1 (green)
120.00 I pLx#1 (blue) , sG#1 (magenta) , WP_CC1 (cyan)

-120 . 00
0 . 0 5 . 0

Time( sec )

Frequencies (500 kg) : Fc(black)
60.50 r Nv(red) , PLx(green) , Mccullough(blue) , Kyx(magenta) , WW(cyan)

59 . 50
0 . 0 5 . 0

Time( sec )

ws



*z

I

.m l 1¢=~

=I - .

' i

..

%\_
' -

WESTERN ELECTRICITY COORDINATING COUNCIL
2011 HS1B APPROVED BASE CASE
Updated by ANS 1/2008
2008-2017 Ten-Year Plan
2011.dyd

Page 1

292011_mk_rme.chf
c:\upslf161\mypslf

Thu Jan 10 08.44:03 2008

2011 Heavy Summer WECC Power Flow

1 .20
ARI ZONA__volt:ages (230 kg) : we(black), pp(red) , CG(green) , Kyx(blue) , RUx(magent;a)

0 .20
0 5

Time( sec )

20 EHV voltages (500 kg) : FC(b1ack) , no(red) , PLx(green) , McCullough(blue)
1. -- I Kyx(magenta) , we(eyan)

L

0 . 20
0 . 0 5 . 0

Tim e ( s e c  )

Rotzorangles: CI-I#4 (black) , 1=c#4 (red) , NV#1 (green)
120 . 00 r pLx#1 (blue) , SG#1 (magenta) , WP_CC1 (cyan)

-120 . 00
0 . 0 5 . 0

Tim e ( s e c  )

Frequencies (500 kg) :
60.50

FC(black) , no(red) , pLc(green) , McCullough(blue) , Kyx(magenta) , we(cyan)

59 . 50
0 . 0 5 . 0

Time( sec )
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2 0 1 1  He a vy S u m m e r  W E C C  P o we r  F lo w

1 . 2 0
ARI ZONA_vo l t age s (230 kV): Ww(black), Pp(red), CG(green), Kyx(blue), RUn(magenta)

0 . 20
0 5

Time( sec )

EHV voltages (500 kg) :
1.20~ -

FC(black) , Nv(red) , PLx(green) , McCullough(blue) , Kyx(magenta) , we(cyan)

0 .20
0 . 0 5 . 0

Time( sec )

Rotorangles: CH#4 (black) , FC#4 (red) , nv#1 (green) , PLX#1 (blue) , sG#1 (magenta)
120 .00

r WP_CC1 (cyan)

I
i

-120 . 00
0 . 0 5 . 0

Time( sec )

Frequencies (500 kg) : FC(black), Nv(red), PLX(green), McCullough(blue), Kyx(magenta), WW(cyan)
60.50

59 . 50
0 . 0 5 . 0

Tim e ( s e c  )

ws



2011 Heavy Summer WECC Power Flow

Pp(red) CG(green) Kyx(b1ue) , RUx(magenta)ARIZONA voltages (230 kg) : Ww(black)
1.20 -

•

0.20
0 5

Time( sec )

we(cyan)PLx(green) McCullough(b1ue) Kyd(magenta)Nv(red)1 20 EHv_voltages (500 kg) : FC(black)

-'_-L-= .|..|_-- '.._

5.0
0.20

0.0
Time( sec )

PLx#1(blue)FC#4(red) nv#1(green) SG#1(magenta) Wp_CC1(cyan)Rotorangles: CH#4(black)
120.00

•

-120.00
0.0 5.0

Time( sec )

Ww(cyan)PLx(green)Nv(red) McCullough(blue) , Kyx(magenta)Frequencies (500 kg) . FC(black)
60.50

59.50
0.0 5.0

Time( sec )
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2011 Heavy Summer WECC Power Flow

ARIZONA voltages (230 kg) : we(black)
1.20

I pp(red) , CG(green) , Kyx(blue) , RUx(magent:a)

0 .20-
0 5

Time( sec )

EHV voltages (500 kg) : Fc(black) , NV(red) , PLx(green) , McCullough(blue) , KYX(magenta) , we(cyan)
1.20 -

0 . 20
0 . 0 5 . 0

Time( sec )

Rotorangles: CI-I#4 (black) , FC#4 (red) , NV#1 (green) , pLx#1 (blue) , SG#1 (magenta)
120.00 r we_cc (cyan )

I

\

I
I

120 . 00
0 . 0 5 . 0

Time( sec )

Frequencies (500 kg) : FC(black)
60.50,

r Nv(red) , PLX(green) , Mccullough(blue) , Kyd(magenta) , WW(cyan)

59.50
0 . 0 5 . 0

Time( sec )

WESTERN ELECTRICITY COORDINATING COUNCIL
2011 HS1B APPROVED BASE CASE
Updated by APS 1/2008
2008-2017 Ten-year Plan
2011.dyd
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2011 Heavy Summer WECC Power Flow

ARIZONA voltages (230 kg) : ww(b1ack), PP(red), CG(green), Kyx(blue), RUx(magent;a)
1.20 -

0 . 20
0 5

Time( sec )

1 .20
EHv_voltages (500 kg): FC(black), No(red), PLx(green), McCullough(blue), Kyx(magenta), we(cyan)

0 .20
0 . 0 5 . 0

Time( sec )

I

lRotorangles: Cl-I#4(black) , Fc#4 (red) , nv#l (green) , PLX#l (blue) , sG#1 (magenta)
120.00 I WP_CC1 (cyan)

-120 . 00
0 . 0 5 . 0

Time( sec )

Frequencies (500 kg) : F'C(black)
60.50

I NV(red) , PLx(green) , McCullough(blue) , Kyx(magenta) , Ww(cyan)

59.50
0 . 0 5 . 0

Time( sec )

WESTERN ELECTRICITY COORDINATING COUNCIL

2011 HS1B APPROVED BASE CASE
Updated by APS 1/2008

2008-2017 Ten-year Plan

20ll.dyd
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2011 Heavy Summer WECC Power Flow

ARIZONA voltages (230 kg) : we(black), Pp(red), CG(green)
1.20 - I KYX (blue), RUX (magenta)

0 .20
0 5

Time( sec )

EHV voltages (500 kg) : FC(black) , Nv(red) , PLc(green) , McCullough(blue) , Kyd(magent:a) , Ww(cyan)
1.20 -

0 . 20
0 . 0 5 . 0

Time( sec )

Rotorangles: c1-I#4 (black) , FC#4 (red) , nv#1 (green) , PLX#l (blue) , SG#1 (magenta)
120 .00 I up_cc (cyan )

V
-120 . 00

0 . 0 5 . 0
Time( sec )

Frequencies (500 kg) : Fc(black), Nv(red), PLc(green), McCullough(blue), Kyx(magenta), w(cyan)
60.50

1
I

59 . 50
0 . 0 5 . 0

Time( sec )

WESTERN ELECTRICITY COORDINATING COUNCIL
2011 HSIB APPROVED BASE CASE
Updated by APS 1/2008
2008-2017 Ten-year Plan
2011.dyd

2011_ng_haax. ch 34

page l
lc:\upslfl61\mypslf

'Thu Jan 10 08:48:05 2008MPH l



1

~ " . :

I
1

-4-

8
l

4
- ¢- - - -

- ......

i i

\

T
I
i

f

t

I

l

c:\upslf161\mypslf

Thu Jan 10 08:48:39 2008

2011 Heavy Summer WECC Power Flow

ARIZONA voltages (230 kg) : We(black), Pp(red), CG(green), Kyx(blue), RUn(magenta)
1.20 -

0 . 20
0 5

Time( sec )

EHV volt;ages (500 kg) : Fc(black) , Nv(red) , PLx(green) , Mccullough(b1ue) , Kyx(magent;a) , We(cyan)
1.20 ---

0 .20
0 . 0 5 . 0

Time( sec )

Rotzoranglesz cl-1#4 (black) , Fc#4 (red) , NV#1 (green) , PLX#1 (blue) , SG#1 (magenta)
120 .00 ! we_cc (cyan )

-120 . 00
0 . 0 5 . 0

Time( sec )

Frequencies (500 kg) . FC(black) , NV(red), pLc(green), McCullough(blue), Kyx(magent:a), We(cyan)
60.50

59.50
0 . 0 5 . 0

Time( sec )

WESTERN ELECTRICITY COORDINATING COUNCIL
2011 HS1B APPROVED BASE CASE
Updated by APS 1/2008
2008-2017 Ten-year Plan
2011.dyd
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2011 Heavy Summer WECC Power Flow

Pp(red) CG(green) Kyx(blue) RUx(magenta)2 ARIZONA voltages (230 kg) : we(black)
l. 0

•

0.20
0 5

Time( sec )

PLc(green) Kyd(magenta) , Ww(cyan)Nv(red) McCullough(blue)EHV voltages (500 kg) : FC(black)
1.20 -

0.20
0.0 5.0

Time( sec )

FC#4(red) Nv#1(green) PLx#l(b1ue) W p_CC1(cyan)SG#1(magenta)Rotorangles: CH#4(black)
120.00

5.0
120.00

0.0
Time( sec )

no(red) Kyd(magenta)Mccullough(blue)PLc(green) we(cyan)Frequencies (500 kg) . Fc(black)
60.50

59.50
0.0 5.0

Time( sec )

WESTERN ELECTRICITY COORDINATING COUNCIL
2011 HS1B APPROVED BASE CASE
Updated by APS 1/2008
2008-2017 Ten Year Plan
2011.dYd
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l 2011 Heavy Summer WECC Power Flow

ARIZONA voltages (230 kg) : we(black), Pp(red), CG(green), KYX(blue), RUn(magenta)
1.20 -

0 . 20
0 5

Time( sec )

1 . 2 0
EHv_voltages (500 kV): Fc(black), no(red), PLx(green), McCullough(blue), Kyx(magenta), we(cyan)

I

0 .20
0 . 0 5 . 0

Tim e ( s e c  )

Rotorangles: CI-I#4 (black) , I-IC#4(red) , NV#1 (green) , PLX#1 (blue) , sG#1 (magenta)
120.00 r we_cc ( cyan)

-120 . 00
0 . 0 5 . 0

Time( sec )

Frequencies (500 kg) : Fc(black)
60.50 I no(red) , PLx(green) , McCullough(blue) , Kyx(magenta) , Ww(cyan)

1

59 . 50
0 . 0 5 . 0

Tim e ( s e c  )

I
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2011 Heavy Summer WECC Power Flow

ARIZONA voltages (230 kg) : We(black)
1.20 - r Pp(red) , CG(green) , Kyx(blue) , RUx(magenta)

0 .20
0 5

Time( sec )

EHV voltages (500 kg) : Fc(black), Nv(red), PLx(green) , Mccullough(blue) , Kyx(magenta), we(cyan)
1.20 -

0 .20
0 . 0 5 . 0

Time( sec )

0 Rotor angles: CH#4 (black) , FC#4 (red) , nv#l (green) , PLX#1 (blue) , SG#1 (magenta)
120 .0 r WP_CC1 (cyan )

-120 . 00
0 . 0 5 . 0

Time( sec )

Frequencies (500 kg) : FC(black) , Nv(red) , PLx(green), McCullough(blue), Kyx(magenta), We(cyan)
60.50

l

59.50
0 . 0 5 . 0

Time( sec )

WESTERN ELECTRICITY COORDINATING COUNCIL
2011 HS1B APPROVED BASE CASE
Updated by APS 1/2008
2008-2017 Ten-year Plan
2011.dyd
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2011 Heavy Summer WECC Power Flow ;
r

ARIZONA voltages (230 kg) : We(black), Pp(red), CG(green) , Kyd(blue), RUn(magent:a)
1.20 -

0 .20
0 5

Time( sec )

1 .20
EHv_voltages (500 kg) : Fc(black), Nv(red), PLx(green), McCullough(blue), Kyx(magent;a), we(cyan)

0 .20
0 . 0 5 . 0

Time( sec )

Rotorangles: c1-I#4 (black) , Fc#4 (red) , NV#1 (green) , PLX#1 (blue) , SG#1 (magenta)
120 .00 .I WP_CC1 (cyan)

-120 . 00
0 . 0 5 . 0

Time( sec )

Frequencies (500 kg) :
60.50

FC(black) , Nv(red) , PLx(green) , McCullough(blue) , Kyx(magenta) , Ww(cyan)

59 . 50
0 . 0 5 . 0

Time( sec )

WESTERN ELECTRICITY COORDINATING COUNCIL
2011 HSlB APPROVED BASE CASE
Updated by APS 1/2008
2008-2017 Ten-year Plan
2011,dyd
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2011 Heavy Summer WECC Power Flow

RUn(magenta)Pp(red) Kyx(b1ue)CG(green)ARIZONA voltages (230 kg) : we(blaek)
1.20

•

0.20
0 5

Time( sec )

NV(red) pLc(green) McCullough(blue) Kyx(magenta) We(cyan)1 20 EHv_voltages (500 kg) : Fc(black)

5.0
0.20

0.0
Time( sec )

PLX#1(blue)Fc#4(red) Nv#1(green) SG#1(magenta) wp_CC1(cyan)Rotor angles: CH#4(black)
120.00

•
-120.00

0.0 5.0
Time( sec )

Kyx(magenta)Nv(red) PLx(green) McCullough(blue) we(cyan)Frequencies (500 kg) : FC(black)
60.50

59.50
0.0 5.0

Time( sec )

WESTERN ELECTRICITY COORDINATING COUNCIL
2011 HSIB APPROVED BASE CASE
Updated by APS 1/2008
2008-2017 Ten Year Plan
2011.dyd

Page 1

ws 201  l_pp_pc  .  c h 40
c:\upslf16l\mypslf

Thu Jan 10 08:52:03 2008

i

--_ .
8 4 1

1 \
I4
I

I
I
I

1-4
I

4 - _ -
1

. v
I
4

i

I
i

11
!



i
I

1

1

l

5-.__ 1 -.-

4-

I
4

I

1 .-w

I

i
.....- .......-.-.4--..-.....

l

.

I

- |

..._

-1

4i

2011 pp pc .chf 41

2011 Heavy Summer WECC Power Flow

l _ 20
ARIzOnA_voltages (230 kg) : Ww(black), Pp(red), CG(green) , Kyx(blue) , RUx(magenta)

I

I

0 . 20
0 5

Time( sec )

EHV voltages (500 kg) :
1.20 ..

Fe(black) , Nv(red) , PLx(green) , McCu1lough(blue) , Kyx(magent;a) , we(cyan)

0 .20
0 . 0 5 . 0

Time( sec )

20 Rotzoranglesz CH#4 (black) , Fc#4 (red) , NV#1 (green)
l .00

I PLX#1 (blue) , sG#1 (magenta) , WP_CCl (cyan)

-120 . 00
0 . 0 5 . 0

Time( sec )

Frequencies (500 kg) :
60.50

Fc(black) , No(red) , PLx(green) , Mccul1ough(blue) , Kyx(magent:a) , we(cyan)

I

59.50
0 . 0 5 . 0

Time( sec )

WESTERN ELECTRICITY COORDINATING COUNCIL
2011 HS1B APPROVED BASE CASE
Updated by APS 1/2008
2008-2017 Ten-year Plan
2011_dyd
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2011 Heavy Summer WECC Power Flow

1 . 20
ARIzonA_voltages (230 kg) : Ww(black) , Pp(red), CG(green) , KYX(blue), RUx(magenta)

0 .20
0 5

Time( sec )

EHV voltages (500 kg) : FC(black), no(red), PLc(green), Mccullough(blue), Kyx(magenta), We(cyan)
1.20 -

0 .20
0 . 0 5 . 0

Time( sec )

Rotor angles: cH#4 (black) , Fc#4 (red) , NV#1 (green)
120 . 00 l PLX#1 (blue) , sG#1 (magenta) , WP_CC1 (cyan)

-120 . 00
0 . 0 5 . 0

Time( sec )

Frequencies (500 kg) : FC(blaek)
60.50 I no(red) , pLc(green) , Mccullough(blue) , Kyx(magenta) , we(cyan)

l

59.50
0 . 0 5 . 0

Time( sec )

WESTERN ELECTRICITY COORDINATING COUNCIL
2011 HS1B APPROVED BASE CASE
Updated by APS 1/2008
2008-2017 Ten-year Plan
2011.dyd
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2011 Heavy Summer WECC Power Flow

Kyx(blue) RUn(magenta)PP(red) CG(green)1 20 ARIZONA voltages (230 kg) we(black)

•

0.20
0 5

Time( sec )

we(cyan)pLc(green) McCullough(blue) Kyx(magenta)1 20 EHV voltages (500 kg) : Fc(black), no(red)

0.20
0.0 5.0

Time( sec )

PLx#1(blue)Nv#1(green) SG#l(magenta) WP Cc1(cyan)Fc#4(red)Rotorangles: CH#4(b1ack)
120.00

C

5.0
-120.00

0.0
Time( sec )

no(red) Kyx(magenta)PLc(green) Mccullough(blue) we(cyan)Frequencies (500 kg) . FC(black)
60.50

59.50
0.0 5.0

Time( sec )

WESTERN ELECTRICITY COORDINATING COUNCIL
2011 HS1B APPROVED BASE CASE
Updated by APS 1/2008
2008 2017 Ten-year Plan
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2011 Heavy Summer WECC Power Flow

ARIZONA voltages (230 kg) : we(black), Pp(red) , CG(green) , KyX(blue), RUx(magenta)
1.20 -

0 . 20
0 5

Tim e ( s e c  )

EHV voltages (500 kg) : Fc(black), no(red), PLx(green), McCullough(blue), KYx(magenta) , we(cyan)
1.20 -

0 .20
0 . 0 5 . 0

Time( sec ) I

Rotzorangles: cH#4 (black) , F'C#4 (red) , NV#1 (green), PLX#1 (blue), sG#1 (magenta)
120 .00 I wp_cc1(cyan)

-120 . 00
0 . 0 5 . 0

Tim e ( s e c  )

Frequencies (500 kg) :
60.50

Fe(black) , no(red) , PLc(green) , Mccullough(blue) , Kyd(magenta) , we(cyan)

I

59 . 50~
0 . 0 5 . 0

Time( sec )
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2011 Heavy Summer WECC Power Flow

ARIZONA voltages (230 kg) : We(black)
1.20 - r Pp(red) , CG(green) , Kyd(blue) , RUx(magent:a)

0 . 20
0 5

Time( sec )

EHV voltages (500 kg) : FC(b1ack) , no(red) , PLx(green) , McCullough(blue) , Kyx(magenta) , Ww(cyan)
1.20 ..

0 .20
0 . 0 5 . 0

Time( sec )

Rotorangles: cH#4 (black) , Fc#4 (red) , nv#1 (green)
120 . 00 r PLX#1 (blue) , SG#1 (magenta) f we_cc (cyan )

-120 . 00
0 . 0 5 . 0

Time( sec )

Frequencies (500 kg) :
60.50

Fc(black) , Nv(red) , PLc(green) , McCullough(blue) , Kyd(magenta) , we(cyan)

59 .50
0 . 0 5 . 0

Time( sec )
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2011 Heavy Summer WECC Power Flow

1 .20
ARIzonA_voltages (230 kg) : Ww(black) , Pp(red), CG(green) , Kyx(blue) r RUx(magenta)

0 .20
0 5

Time( sec )

EHV voltages (500 kg) : FC(black) , no(red) , PLx(green) , McCullough(blue) , Kyx(magenta) , we(cyan)
1.20 -

0 .20
0 . 0 5 . 0

Time( sec )

Rotor angles: cH#4 (black) , FC#4 (red) , NV#1 (green)
120.00 r pLx#1 (blue) , sG#1 (magenta)

I
WP__CC1 (cyan )

i

-120 . 00
0 . 0 5 . 0

Time( sec )

0 Frequencies (500 kg) : Fc(black), Nv(red)
6 .50 r PLx(green) , Mccullough(blue) , Kyd(magent:a) , Ww(cyan)

59 . 50
0 . 0 5 . 0

Time( sec )

LAPS
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2011 Heavy Summer WECC Power Flow
I
I

I

1 j *w
/-. U

ARIzOnA_volta ge s (230 kg) : we(black), Pp(red) , CG(green), Kyx(blue), RUx(magent;a)
I
I

0 .20
0 5

Time( sec )

EI-IV voltages (500 kg) : Fc(black) , no(red) , PLx(green) , Mccullough(blue) , Kyx(magenta) , we(cyan)
1.20 --

0 .20
0 . 0 5 . 0

Time( sec )

Rotorangles: CH#4(black), FC#4(red), nv#1(green), pLx#1(blue), SG#1(magenta)
120.00 r we_cc (cyan )

-120 . 00
0 . 0 5 . 0

Time( sec )

Frequencies (500 kg) : FC(black)
60.50 I Nv(red) , PLx(green) , McCullough(blue) , KYX(magent:a) , we(cyan)

59 .50
0 . 0 5 . 0

Time( sec )
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2011 Heavy Summer WECC Power Flow
L

1 . 20
ARI ZOnA_voltage s (230 kg) : Ww(black) , Pp(red), CG(green), Kyd(blue) , RUx(magenta)

0 .20
0 5

Time( sec )

1 . 20
EHv_voltages (500 kg) : FC(black), Nv(red), PLx(green), McCullough(blue), Kyx(magenta), we(cyan)

I
i
f

0 .20
0 . 0 5 . 0

Time( sec )

00 Rotor angles: cx~I#4 (black) , FC#4 (red) , NV#1 (green)
120 . I PLX#1 (blue) , sG#1 (magenta) , WP_CC1 (cyan)

-120 . 00
0 . 0 5 . 0

Time( sec )

Frequencies (500 kg) : Fc(black)
60.50

I no(red) , PLx(green) , Mccullough(blue) , Kyx(magenta) , WW(cyan)

I

I

I

59 . 50
0 . 0 5 . 0

Time( sec )

I
I
I

j

WESTERN ELECTRICITY COORDINATING COUNCIL
2011 HS1B APPROVED BASE CASE
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2008-2017 Ten-year Plan
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2011 Heavy Summer WECC Power Flow

ARIZONA voltages (230 kg) : Ww(black), pp(red), CG(green), Kyx(blue), RUx(magent:a)
1.20

l

0 .20
0 5

Time( sec )

1 .20
EHv_voltages (500 kg) : FC(black), no(red), PLx(green), Mccullough(blue), Kyx(magenta), Ww(cyan)

0 .20
0 . 0 5 . 0

Time( sec )
i
1

Rotorangles: cH#4 (black) , FC#4 (red) , nv#1 (green)
120.00 r PLX#1 (blue) , sG#1 (magenta) , WP_CC1 (cyan)

-120 . 00
0 . 0 5 . 0

Time( sec )

Frequencies (500 kg) :
60.50

FC(black) , Nv(red) , PLc(green) , McCullough(blue) , Kyx(magenta) , We(cyan)

59 . 50
0 . 0

\
l

5 . 0
Time( sec )

WESTERN ELECTRICITY COORDINATING COUNCIL
2011 HS1B APPROVED BASE CASE
Updated by APS 1/2008
2008-2017 Ten-year plan
2011.dYd
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2011 Heavy Summer WECC Power Flow

Kyx(blue)Pp(red) CG(green) RUx(magenta)1 20 ARIZONA voltages (230 kg) . ww(b1ack)

•

0.20
0 5

Time( sec )

We(cyanlPLx(green) Kyd(magenta)McCullough(blue)Nv(red)1 20 EHv_voltages (500 kg) : Fc(black)

0.20
0.0 5.0

Time( sec )

SG#1(magenta)PLx#1(blue)Nv#1(green)FC#4(red) Wp_Cc1(cyan)Rotor angles: CH#4(black)
120.00

C

-120.00
0.0 5.0

Time( sec )

Nv(red) McCullough(blue)PLx(green) Kyx(magenta) We(cyan)Frequencies (500 kg) : Fc(black)
60.50

59.50
0.0 5.0

Time( sec )

H

I
I

.
I

m. -
. 3-

ll - II __
1,

I

1
I I I
I

1

I
I

I

I

i

i
I



I| , ,-..."

U

-1 .r _v _-I
`l.

11-

201l_Ag ch.chf 51
c:\upslfl61\mypslf

Thu Jan 10 08:59:32 2008

2011 Heavy Summer WECC Power Flow

ARIZONA voltages (230 kg) : we(black), Pp(red), CG(green)
1.20 - I Kyx(blue) , RUx(magenta)

\
l
1

0 . 20
0 5

Time( sec )

EHV voltages (500 kg) : Fc(black), Nv(red), PLc(green), McCullough(blue), Kyd(magent:a), We(cyan)
1.20 -

4

1

0 . 2 0
0 . 0 5 . 0

Time( sec )

Rotorangles: CH#4 (black) , FC#4 (red) , NV#1 (green) , PLX#l (blue) , sG#1 (magenta)
120 .of I we_cc (cyan )

-120 . 00
0 . 0 5 . 0

Time( sec )

Frequencies (500 kg) : FC(black) , Nv(red), PLc(green), McCu1lough(blue), Kyx(magenta), Ww(cyan)
60.50

[

5 9 .5 0
0 . 0

i

5 . 0
Time( sec )

WESTERN ELECTRICITY COORDINATING COUNCIL
2011 HSlB APPROVED BASE CASE
Updated by APS 1/2008
2008-2017 Ten-year Plan
2011.dyd
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2011 Heavy Summer WECC Power Flow

Pp(red) Kyx(blue)CG(green) RUn(magenta)ARIZONA voltages (230 kg) : we(black)
1.20 -

•

0.20
0 5

Time( sec )

Nv(red) , PLx(green) Mccullough(blue) Kyx(magenta) We(cyan)2 EHV voltages (500 kg) : FC(black)
1. 0 -

0.20
0.0 5.0

Time( sec )

Fc#4(red) pLx#1(b1ue)NV#1(green) SG#1(magenta) up_CCl(cyan)Rotorangles: CH#4(black)120.00

•
-120.00

0.0 5.0
Time( sec )

NV(red) PLX(green) Mccullough(blue) Kyx(magenta) We(cyan)Frequencies (500 kg) : FC(black)
60.50

59.50
0.0 5.0

Time( sec )

WESTERN ELECTRICITY COORDINATING COUNCIL
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2011 Heavy Summer WECC Power Flow

ARIZONA voltages (230 kg) : we(black), Pp(red), CG(green) , Kyx(blue), RUx(magen1;a)
1.20 -

0 . 20
0 5

Time( sec )

EHV voltages (500 kg) : Fc(black), no(red), PLc(green), Mccullough(blue), Kyx(magenta), we(cyan)
1.20 -

0 .20
0 . 0 5 . 0

Time( sec )

Rotorangles: CH#4 (black) , Fc#4 (red) , NV#1 (green) , pLx#1 (blue) , sG#1 (magenta)
120 . 00 J

we_cc (cyan)

-120 . 00
0 . 0 5 . 0

Time( sec )

Frequencies (500 kg) :
60.50

FC(black) , Nv(red) , PLx(green) , M<:Cullough(blue) , Kyx(magenta) , we(cyan)

59.50
0 . 0 5 . 0

Time( sec )

WESTERN ELECTRICITY COORDINATING COUNCIL
2011 HS1B APPROVED BASE CASE
Updated by APS 1/2008
2008-2017 Ten-year Plan
2011.dyd
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2011 Heavy Summer WECC Power Flow

RUx(magenta)Kyx(blue)Pp(red) CG(green)1 20 ARIZONA voltages (230 kg) : Ww(black)

•

0.20
0 5

Time( sec )

Kyx(magenta)Mccullough(blue)Nv(red), pLc(green) WW(cyan)1 20 EHv_voltages (500 kg) : FC(black)

0.20
0.0 5.0

Time( sec )

Fc#4(red) SG#1(magenta) wp_cc1(cyan)pLx#1(blue)Nv#l(green)Rotorangles: CH#4(black)
120.00

120.00
0.0 5.0

Time( sec )

no(red) We(cyan)PLX(green) Kyd(magenta)Mccullough(b1ue)Frequencies (500 kg) : Fe(black)
60.50

59.50
0.0 5.0

Time( sec )
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2011 Heavy Summer WECC Power Flow

1 . 20
ARI ZOnA_vol t; ages (230 kg) : we(black), Pp(red), CG(green) , Kyx(blue) , RUx(magenta)

0 .20
0 5

Time( sec )

2 EHV voltages (500 kg) : FC(black)
1. 0 - I Nv(red) , PLx(green) , Mccul1ough(blue) , Kyx(magenta) , we(cyan)

0 . 20
0 . 0 5 . 0

Time( sec )

0 Rotorangles: CH#4 (black) , FC#4 (red) , NV#1 (green)
120 .0

I PLX#l (blue) , SG#1 (magenta) , WP_CC1 (cyan)

-120 . 00
0 . 0 5 . 0

Time( sec )

Frequencies (500 kg) : FC(black)
60.50

I no(red) , PLX(green) , Mccullough(blue) , Kyx(magent;a) , Ww(cyan)
I
I

W

59 . 50
0 . 0 S . 0

Time( sec )

WESTERN ELECTRICITY COORDINATING COUNCIL

2011 HS1B APPROVED BASE CASE

Updated by APS 1/2008

2008-2017 Ten-Year Plan

2011.dyd
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2011 Heavy Summer WECC Power Flow

ARIZONA voltages (230 kg) : We(black), Pp(red), CG(green) , Kyx(blue), RUx(magenta)
1_20- -

0 .20
0 5

Time( sec )

Q EHV voltages (500 kg) : FC(b1ack) , no(red) , PLx(green) , Mccullough(blue) , Kyx(magenta) , Ww(cyan)
1.2 -

0 .20
0 . 0 5 . 0

Time( sec )

Rotoranglesz cH#4(black), FC#4(red), Nv#l(green), PLx#l(blue), SG#1(magenta)
120.00 I WP_CC1 (cyan)

-120 . 00
0 . 0 5 . 0

Time( sec )

Frequencies (500 kg) : FC(black), Nv(red), PLc(green), Mccullough(blue), Kyd(magent:a) , We(cyan)
60.50

59 . 50
0 . 0 5 . 0

Time( sec )

I
1
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2011 Heavy Summer WECC Power Flow

I
)

ARIZONA voltages (230 kg) : We(black), Pp(red) , CG(green), Kyx(blue) , RUn(magenta)
1.20 -

0 .20
0 5

Time( sec )

1 20 El-iv__voltages (500 kg) : FC(black), Nv(red)r PLc(green) , Mccullough(blue) , Kyx(magenta) , we(cyan)

0 .20
0 . 0 5 . 0

Time( sec )

Rotorangles: CH#4(black), FC#4(red), Nv#1(green)
120.00 I PLX#l (blue) , sG#1 (magenta) , WP_CCl (cyan)

-120 . 00
0 . 0 5 . 0

Time( sec )

Frequencies (500 kg) : Fc(black)
60.50 I Nv(red) , pLc(green) , McCullough(blue) , Kyd(magenta) , we(cyan)

59 . 50
0 . 0 5 .0

Time( sec )

WESTERN ELECTRICITY COORDINATING COUNCIL
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2011 Heavy Summer WECC Power Flow

Kyx(blue)CG(green)we(black) pp(red) RUx(magenta)ARIZONA voltages (230 kg)
1.20 -

C

0.20
0 5

Time( sec )

We(cyan)PLx(green) Mccullough(blue) Kyd(magenta)no(red)1 20 EHv_voltages (500 kg) . Fc(black)

0.20
0.0 5.0

Time( sec )

Nv#1(green) pLx#1(blue) sG#1(magenca)FC#4(red) We_CCl(cyan)Rotorangles: CH#4(black)
120.00

•

5.0
-120.00

0.0
Time( sec )

Ww(cyan)Kyd(magenta)PLx(green) McCullough(blue)Nv(red)Frequencies (500 kg) : FC(black)
60.50

59.50
0.0 5.0

Time( sec )
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2011 Heavy Summer WECC Power Flow

ARIZONA voltages (230 kg) : we(black), Pp(red), CG(green) , Kyx(b1ue) , RUx(magenta)
1.20 -

0 . 20
0 5

Time( sec )

EI-IV voltages (500 kg) : Fc(b1ack) , no(red) , pLc(green) , Mccul1ough(blue) , Kyx(magenta) , Ww(cyan)
1.20 -

0 .20
0 . 0 5 . 0

Time( sec )

Rotorangles: CI-I#4 (black) , Fc#4 (red) , w#1 (green) , PLX#1 (blue) , sG#1 (magenta)
120 .00 r we_cc (cyan )

-120 . 00
0 . 0 5 . 0

Time( sec )

Frequencies (500 kg) : Fc(black), no(red), PLc(green), McCullough(blue), Kyx(magenta), We(cyan)
60.50

59 . 50
0 . 0 5 . 0

Time( sec )

WESTERN ELECTRICITY COORDINATING COUNCIL
2011 HS1B APPROVED BASE CASE
Updated by APS 1/2008
2008-2017 Ten-year Plan
2011.dyd
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2011 Heavy Summer WECC Power Flow

Pp(red) Kyx(blue)CG(green) RUn(magenta)We(blackl20 ARIZONA voltages (230 kg)
1. -

•

0.20
0 5

Time( sec )

Ww(cyan)PLc(green) McCullough(blue)Nv(red) KYx(magenta)1 20 EHv_voltages (500 kg) : FC(black)

0.20
0.0 5.0

Time( sec )

PLx#1(b1ue)Nv#1(green)FC#4 (red) Wp_CC1(cyan)SG#l(magenta)Rotorangles: CH#4(black)
120.00

•

-120.00
0.0 5.0

Time( sec )

PLc(green) McCullough(blue)FC(black) No(red) Kyd(magenta)Frequencies (500 kg)
60.50

Ww(cyan)

59.50
0.0 5.0

Time( sec )
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2011  He a vy S um m e r WECC P owe r F low

ARIZONA voltages (230 kg) : Ww(black) , pp(red), CG(green), Kyx(blue), RUx(magenta)
1.20 -

0 .20
0 5

Time ( se c )

EHV voltages (500 kg) : Fc(black) , Nv(red) , pLc(green) , McCullough(blue) , Kyd(magenta) , We(cyan)
l.20_ --

0 .20
0 . 0 5 . 0

Time( sec )

Rotor angles: CI-I#4 (black), Fc#4 (red), NV#1 (green)
120 .00 r pLx#1 (blue) , sG#1 (magenta) , WP_CC1 (cyan)

-120 . 00
0 . 0 5 . 0

Time ( se c )

Frequencies (500 kg) : F`c(black)
60.50 r Nv(red) , pLc(green) , Mccullough(blue) , Kyd(magenta) , We(cyan)

59 . 50
0 . 0 5 . 0

Time( sec )
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2011 Heavy Summer WECC Power Flow 1

1 . 20
ARIzOnA_voltages (230 kV): Ww(black) , pp(red), CG(green), Kyx(blue), RUx(magenta)

0 .20
0 5

Time( sec )

EHV voltages (500 kg) : FC(black) , No(red) , pLc(green) , McCullough(blue) , Kyx(magenta) , Ww(cyan)
1.20 -

0 .20
0 . 0 5 . 0 I

Tim e ( s e c  )

Rotorangles: CH#4(black)
120.00 r Fc#4 (red) , NV#1 (green) , pLx#1 (blue) , sG#1 (magenta) , WP_CC1 (cyan)

I

-120 . 00
0 . 0 5 . 0

Tim e ( s e c  )

Frequencies (500 kg) : FC(black), No(red), PLx(green), McCullough(blue), Kyx(magenta), Ww(cyan)
60.50

59 . 50
0 . 0 5 . 0

I

Time( sec )
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2011 Heavy Summer WECC Power Flow

ARIZONA voltages (230 kg) : we(black), Pp(red), CG(green), Kyx(blue), RUx(magenta)
1.20 -

0 .20
0 5

Time( sec )

l . 20
EHv_voltages (500 kV): FC(black), Nv(red), PLx(green), McCullough(blue), Kyd(magenta), Ww(cyan)

0 .20
0 . 0 5 . 0

Time( sec )

Rotorangles: CH#4(black), FC#4(red), no#l(green), PLx#1(blue), SG#1(magenta)
120.00 . F

WP_CC1 (cyan )

l

120 . 00
0 . 0 5 . 0

Time( sec )

Frequencies (500 kg) : Fe(black), no(red), PLx(green), McCullough(blue), Kyx(magent:a), we(cyan)
60.50

59.50
0 . 0 5 . 0

Time( sec )
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APPENDIX C

2016
S ta bility P lots



Ta b le  o f Co n te n ts
S im u la t io n P a ge

1

r 2

.3

.4

.5

.6

I 7

8
9
10

l l
12

1 3

1 4

15

1 6
1 7

1 8

1 9

2 0
2 1

.22
,23
.24

.27

.28

.29

.30

...31
.32
.33

Cholla 500 & 345kV
Cholla-Coronado outage ..
Cholla-Four Corners outage..
Cholla-Pinnacle Peak outage ..
Cholla-Preacher Canyon outage ..
Cholla-Saguaro outage..
Cholla-Secnol outage

Coronado 500kV
Coronado-Secnol outage ..

Four Corners 500 & 345kV
Four Corners-Cholla outage..
Four Corners-FCW outage..
Four Corners-Moenkopi outage..

FCW 500kV
FCW-Four Corners outage.-
FCW-RME outage..

Gila River 500kV
Gila River-Jojoba outage ..

Hlarquahala 500kV
Harquahala -Harquahala Junction outage ..

Harquahala Junction 500kV
Harquahala Junction - Harquahala outage ..
Harquahala Junction - Hassayampa outage ..
Harquahala Junction -TS5 outage ..

Hassayampa 500kV
Hassayampa-Harquahala Junction outage ..
Hassayampa-Jojoba outage ..
Hassayampa-North Gila outage ..
Hassayampa-Redhawk outage..

Jojoba 500kV
Jojoba-Gila River outage ..
Jojoba-Hassayampa outage ..
Jojoba-Kyrene outage ..

Kyrene 500kV
Kyrene-Browning outage..
Kyrene-Jojoba outage ..

Moenkopi 500kV
Moenkopi-Eldorado outage ..
Moenkopi-Four Corners outage..
Moenkopi-RME outage..
Moenkopi-Yavapai outage ..

Navajo 500kV
Navajo-Crystal outage...
Navajo-RME outage..
Navajo-VVl outage ..

North Gila 500kV
North Gila-Hassayampa outage ..
North Gila-Imperial Valley outage ..

Palo Verde 500kV
Palo Verde-Devers outage..
Palo Verde-Rudd outage..
Palo Verde-Westwing outage..

,36

37
v 38



I 39

40
41
42

43
44

45

46

11111111

48
49

50

51
, 52

53
54

I 55
56
57

r

60
61
62

Perkins 500kV
Perkins-Mead outage.....

Pinnacle Peak 345kV
Pinnacle Peak-Cholla outage ..
Pinnacle Peak-Preacher Canyon outage..
Pinnacle Peak-TS9 outage........

Preacher Canyon 345kV
Preacher Canyon-Cholla outage ..
Preacher Canyon-Pinnacle Peak outage...

Redhawk 500kV
Red hawk-Hassayampa outage...

Rudd 500kV
Rudd-Palo Verde outage......

RME 500kV
RME-FCW outage...
RME-Moenkopi outage......
RME-Navajo outage..

Saguaro 500kV
Saguaro-Cholla outage...........

Secnol 500kV
Secnol-Cholla outage.....
Secnol-Coronado outage ..

Sun Valley (TS5) 500kV
Sun Valley (TS5) -Harquahala Junction outage ..
Sun Valley (TS5) -TS9 outage...

TSP 500kV
TS9-Pinnacle Peak outage...
TS9-Westwing outage....
TS9-VVl outage......

vv 500kV
VVl-Navajo..
Vvl-Ts9..

Westwing 500kV
Westwing-Palo Verde outage...
Westwing-TS9 outage..
Westwing-Yavapai outage

Yavapai 500kV
Yavapai-Moenkopi outage........
Yavapai-Westwing outage

63
64
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2016 Heavy Summer WECC Power Flow

l .20
ARI zone_vol tages (230 kg) : We(black) , Pp(red), CG(green) , Kyx(blue), Rux(magenta)

0 . 20
0 5

Tim e ( s e c  )

1 . 20
EHv_vol tages (500 kg) : FC(black), Nv(red), PLx(green), McCullough(blue), Kyd(magent:a), we(cyan)

0 .20
0 . 0 5 . 0

Time( sec )

Rotorangles: cH#4 (black) , FC#4 (red) , NV#1 (green) , PLX#1 (blue) , sG#1 (magenta)
120 .00 I WP_CC1 (cyan)

-120 . 00
0 . 0 5 . 0

Tim e ( s e c  )

6 Frequencies (500 kg) : Fc(black), Nv(red), PLc(green), McCullough(blue), Kyx(magent:a), we(cyan)
0.50

59 . 50
0 . 0 5 . 0

Time( sec )
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2016 Heavy Summer WECC Power Flow

1 . 20
ARI ZOnA_volta ge s (230 kg) : we(black) , Pp(red) , CG(green) , Kyx(blue) , RUx(magenta)

\

0 . 20
0 5

Time( sec )

1 . 20
EHv_voltages (500 kg) z FC(black), Nv(red) , pLc(green) r McCullough(blue), KyX(magenta), Ww(cyan)

0 .20
0 . 0 5 . 0

Tim e ( s e c  )

Rotorangles: cH#4 (black) , Fc#4 (red) , NV#1 (green) , PLX#1 (blue) , sG#1 (magenta)
120 .00 I we_cc (cyan )

-120 . 00
0 . 0 5 . 0

Tim e ( s e c  )

Frequencies (500 kg) : FC(black)
60.50 r Nv(red) , PLc(green) , Mccullough(blue) , Kyx(magenta) , We(cyan)

I

59 . 50
0 . 0 5 . 0

Time( sec )
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2016 Heavy Summer WECC Power Flow

ARIZONA voltages (230 kg) : we(black) , Pp(red), CG(green), Kyx(blue), RUn(magent;a)
1.20 -

0 .20
0 5

Time( sec )

EHV voltages (500 kg) : FC(black), Nv(red), PLx(green), McCul1ough(blue) , Kyx(magenta), WW(cyan)
1.20 -

0 .20
0 . 0 5 . 0

Time( sec )

Rotorangles: CI-I#4 (black) , Fc#4 (red) , NV#1 (green)
120 .00 I PLX#1 (blue) , SG#1 (magenta) , WP_CC1 (cyan)

-120 . 00
0 . 0 5 . 0

Time( sec )

Frequencies (500 kg) : FC(black)
60.50 t

Nv(red) , PLc(green) , MeCullough(blue) , Kyx(magenta) , We(cyan)

59 .50
0 . 0 S . 0

Time( sec )
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2016 Heavy Summer WECC Power Flow

Kyx(blue)we(black) CG(green)Pp(red) RUx(magenta)1 20 ARIzOnA_voltages (230 kg)

•

0.20
0 5

Time( sec )

Nv(red), PLX(green) Mccu1lough(blue) KYX(magenta) We(cyan)20 EHV voltages (500 kg) : Fc(black)
1. -

5.0
0.20

0.0
Time( sec )

PLx#1(blue) wp_CC1(cyan)FC#4(red) Nv#1(green) SG#l(magenta)Rotorangles: CH#4(black)
120.00

•

5.0
-120.00

0.0
Time( sec )

no(red) we(cyan)PLx(green) McCullough(blue) Kyx(magenta)Frequencies (500 kg) : Fe(black)
60.50

59.50
0.0 5.0

Time( sec )
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2016 Heavy Summer WECC Power Flow

1 . 20
ARI ZOnA_volta ge  s (230 kg) : we(black), Pp(red) , CG(green) , Kyd(blue), RUn(magenta)

0 .20
0 5

Time( sec )

EHV voltages (500 kg) : Fc(black), Nv(red), PLx(green), McCullough(blue), Kyd(magenta), Ww(cyan)
1.20 -

0 . 20
0 . 0 5 . 0

Time( sec )

Rotorangles~ CH#4(black), FC#4(red), Nv#1(green)
120.00 I PLX#l (blue) , SG#1 (magenta) , WP_CC1 (cyan)

-120 . 00
0 . 0 5 . 0

Time( sec )

Frequencies (500 kg) : FC(black), Nv(red), PLc(green) , McCullough(blue), Kyx(magenta), Ww(cyan)
60.50

59 . 50
0 . 0 5 . 0

Time( sec )
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2016 Heavy Summer WECC Power Flow

l  .20
ARIzOnA_voltages (230 kV): Ww(black), Pp(red), CG(green), Kyd(blue), RUx(magent:a)

0 . 20
0 5

Time( sec )

EI-IV voltages (500 kg) : FC(b1ack), No(red), PLx(green), McCullough(blue), Kyx(magenta), we(cyan)
1.20 -

0 .20
0 . 0 5 . 0

Time( sec )

Rotorangles: cH#4 (black) , Fc#4 (red) , NV#1 (green)
120 .00 I PLX#1 (blue) , SG#l (magenta) , WP_CC1 (cyan)

120 . 00
0 . 0 5 . 0

z
Time( sec )

60 0 Frequencies (500 kg) . FC(black), Nv(red), PLc(green), Mccullough(blue), Kyd(magent:a), We(cyan)
.5

59 .50
0 . 0 5 . 0

Time( sec )
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2016 Heavy Summer WECC Power Flow
i

1 . 2 0
ARIzonA_voltages (230 kV): we(black), Pp(red), CG(green), KYx(blue), RUx(magenta)

0 .20
0 5

Tim e ( s e c  )

EHV voltages (500 kg) : FC(black), Nv(red) , PLx(green), McCullough(blue), Kyd(magenta), Ww(cyan)
1.20 -

0 . 20
0 . 0 5 . 0

Time( sec )

Rotoranglesz cH#4 (black) , FC#4 (red) , nv#1 (green) , PLX#1 (blue) , SG#1 (magenta)
120 .00 I WP_CC1 (cyan )

I

-120 . 00
0 . 0 5 . 0

Time( sec )

Frequencies (500 kg) - FC(black), Nv(red), PLx(green), McCullough(blue), Kyx(magenta), Ww(cyan)
60.50 I

I

r

59 .50
0 . 0 5 . 0

Tim e ( s e c  )
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2016 Heavy Summer WECC Power Flow

ARIZONA voltages (230 kg) : We(black)
1.20 -- r Pp(red) , CG(green) , Kyx(blue) , RUX(magenta)

0 . 20
0 5

Time( sec )

EHV voltages (500 kg) : Fc(black) , no(red) , PLx(green) , Mccullough(blue) , Kyx(magent:a) , We(cyan)
1.20 -

0 . 20
0 . 0 5 . 0

Time( sec )

Rotorangles: cH#4 (black), Fc#4 (red) , NV#1 (green) , pLx#1 (blue), SG#1 (magenta)
120. 00 r WP_C C 1 (c ya n  )

-120 . 00
0 . 0 5 . 0

Time( sec )

Frequencies (500 kg) :
60.50 FC(black) , Nv(red) , PLx(green) , McCullough(b1ue) , Kyx(magenta) , we(cyan)

59 .50
0 . 0 5 . 0

Tim e ( s e c  )
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2016 Heavy Summer WECC Power Flow

ARIZONA voltages (230 kg) : we(black), Pp(red), CG(green), Kyx(blue), RUx(magent;a)
1.20 -

l

0 .20
0 5

Time( sec )

1 .20
EHv_voltages (500 kg) : Fc(black) , Nv(red) , PLc(green) , Mccullough(blue) , Kyx(magenta) , We(cyan)

0 .20
0 . 0 5 . 0

Time( sec )

Rotorangles: cH#4 (black) , Fc#4 (red) , NV#1 (green) , PLX#1 (blue) , sG#1 (magenta)
120.00 r we_cc (cyan )

-120 . 00
0 . 0 5 . 0

Time( sec )

Frequencies (500 kg) : FC(black)
60.50 A r

Nv(red) , PLx(green) , McCullough(blue) , Kyd(magent:a) , We(cyan)

59 . 50
0 . 0 5 . 0

Time( sec )
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WESTERN ELECTRICITY COORDINATING COUNCIL
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MAY 30, 2006
ALL COMMENTS RESULTING FROM THE TSS REVIEW HAVE BEEN ADDED .
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2016 Heavy Summer WECC Power Flow I

1 .20
ARI ZonA_voltages (230 kV): we(black), Pp(red), CG(green) , Kyx(blue), RUx(magenta)

I

0 .20
0 5

Time( sec )

EHV voltages (500 kg) : FC(black) , Nv(red) , PLx(green) , McCul1ough(blue) , Kyx(magenta) , Ww(cyan)
1.20 -

0 . 20
0 . 0 5 . 0

Tim e ( s e c  )

Rotor angles: cH#4 (black) , Fc#4 (red), NV#1 (green), PI..X#1 (blue) , sG#1 (magenta)
120 . 00 r wp_cc (cyan )

-120 . 00
0 . 0 5 . 0

Time( sec )

Frequencies (500 kg) : FC(black), no(red), PLx(green), Mccullough(blue), Kyd(magent:a), we(cyan)
60.50

59 . 50
0 . 0 5 . 0

Time( sec )
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Fri Jan 25 07:50:04 2008

2016 Heavy Summer WECC Power Flow

ARIZONA voltages (230 kg) : We(black) , PP(red) , CG(green) , Kyx(blue), RUx(magenta)
1.20 -

0 .20
0 5

Time( sec )

20 EHV voltages (500 kg) : FC(black) , Nv(red), PLX(green), McCullough(blue) , Kyx(magenta), Ww(cyan)
1. -

0 .20
0 . 0 5 . 0

Time( sec )

0 Rotorangles: CH#4 (black) , 1~*c#4 (red) , NV#1 (green)
120 .0

I PLX#1 (blue) , SG#1 (magenta) , WP_CC1 (cyan)

-120 . 00
0 . 0 5 . 0

Time( sec )

0 Frequencies (500 kg) : FC(black) , Nv(red) r pLc(green) , Mccullough(blue) , Kyx(magenta) , We(cyan)
60.5

59 . 50
0 . 0 5 . 0

Time( sec )

WESTERN ELECTRICITY COORDINATING COUNCIL
2016 HSlA APPROVED BASE CASE
MAY 30, 2006
ALL COMMENTS RESULTING FROM THE TSS REVIEW HAVE BEEN ADDED .
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year p1an\2016 plot files

Thu Jan 17 13:30:16 2008

2016 Heavy Summer WECC Power Flow

ARIZONA voltages (230 kg) : Ww(black)
1.20 -

|
PP(red) , CG(green) , Kyx(blue) , RUx(magenta)

0 .20
0 s

Tim e ( s e c  )

EHV voltages (500 kg) : Fc(black)
1.20

r Nv(red) , PLx(green) , Mccullough(blue) , Kyx(magent:a) , we(cyan)

0 .20
0 . 0 5 . 0

Time( sec )

0 Rotorangles: CI-I#4 (black) , 1=c#4 (red) , NV#1 (green) , PLX#1 (blue) , SG#1 (magenta)
120. 0 r wp__cc (cyan )

-120 . 00
0 . 0 5 . 0

Time( sec )

0 0 Frequencies (500 kg) : FC(black), no(red), PLx(green)
6 .5

I McCullough(blue) , Kyd(magenta) , Ww(cyan)

59 .50
0 . 0 5 . 0

Time( sec )

1

I
2016_f cw_rme . ch 12



,

l

i-i~

s

-

, ~

UT"
w ELECTRICITY COORDINATING COUNCIL
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Page 1

86
5\desktop\2016 plot files

Mon Jan 14 08:59:16 2008

2016 Heavy Summer WECC Power Flow

1 .20
ARIzOnA_voltages (230 kg) : we (bla ck) ,  P p(re d),  CG(gre e n),  KYx(blue ),  RUx(m a ge nta )

0 .20
0 5

Time( sec )

20 EHV voltages (500 kg) : Fc(black) , NV(red)
1. - I PLx(green) , McCullough(blue) , KyX(magenta) , we(cyan)

0 . 20
0 . 0 5 . 0

Tim e ( s e c  )

Rotorangles: cH#4 (black) , FC#4 (red) , NV#1 (green)
120.00 r PLX#l (blue) , SG#l (magenta) , WP_CC1 (cyan)

-120 . 00
0 . 0 5 . 0

Time( sec )

Frequencies (500 kg) :
60.50

FC(black) , Nv(red) , PLx(green) , McCullough(blue) , Kyx(magent;a) , Ww(cyan)

59 . 50
0 . 0 5 . 0

Time( sec )
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saW ELECTRICITY COORDINATING COUNCIL

2 IA APPROVED BASE CASE

MAY 30 2006

ALL COMMENTS RESULTING FROM THE TSS REVIEW HAVE BEEN ADDED.

Page 1
stability\2011 stability

Fri Jan 25 14:17:33 2008

2011 Heavy Summer WECC Power Flow

ARIZONA voltages (230 kg) :
1.20 -

we(black) , Pp(red) , CG(green) , KYX(blue) , RUx(magenta)

0 .20
0 5

Time( sec )

0 EHV voltages (500 kg) : FC(b1ack) , NV(red) , pLc(green) , McCullough(blue) , Kyx(magenta) , we(cyan)
1.2 --

0 .20
0 . 0 5 . 0

Tim e ( s e c  )

Rotorangles: CI-I#4 (black) , FC#4 (red) , NV#1 (green)
120.00 r PLX#1 (blue) , sG#1 (magenta) , WP_CC1 (cyan)

-120 . 00
0 . 0 5 . 0

Time( sec )

Frequencies (500 kg) : FC(black)
60.50 I Nv(red) , PLx(green) , McCullough(blue) , Kyd(magent:a) , We(cyan)

59 .50
0 . 0 5 . 0

Tim e ( s e c  )

I
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ELECTRICITY COORDINATING COUNCIL

IA APPROVED BASE CASE

MAY 30, 2006

ALL COMMENTS RESULTING FROM THE TSS REVIEW HAVE BEEN ADDED.

Page l

2011 Heavy Summer WECC Power Flow

ARIZONA voltages (230 kg) : WW(black) , Pp(red) , CG(green)
1.20 - I KYX (blue ) , RUX (ma ge nta )

I

1

0 . 20
0 5

T im e (  s e c  )

1 . 2 0
EHv_voltages (500 kg) : Fc(black), no(red), PLx(green), McCullough(blue), Kyd(magenta), We(cyan)

0 . 20
0 . 0 5 . 0

T im e (  s e c  )

Rotorangles: c1-I#4 (black) , Fc#4 (red) , NV#1 (green) , pI_.x#1 (blue) , SG#1 (magenta)
120 .00 r WP_CC1 (cyan )

l20.00_
0.0 5 . 0

Time( sec )

Frequencies (500 kg) :
60_50_

FC(black) , Nv(red) , PLx(green) , McCullough(blue) , Kyd(magenta) , We(cyan)

59 .50
0 . 0 5 . 0

Time( sec )

8
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sW"w ELECTRICITY COORDINATING COUNCIL
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MAY 30 2006

ALL COMMENTS RESULTING FROM THE TSS REVIEW HAVE BEEN ADDED.

Page 1

2011 He a vy S umme r WECC P owe r Flow

ARIZONA voltages (230 kg) : We(black) , Pp(red) , CG(green) , Kyx(blue) , RUx(magenta)
1.20 -

0 .20
0 5

Tim e ( s e c  )

EHV voltages (500 kg) : FC(bla<:k) , Nv(red) , PLx(green) , McCullough(blue) , Kyd(magent:a) , Ww(cyan)
1.20 -

0 .20
0 . 0 5 . 0

Time( sec )

Rotorangles: CH#4 (black) , FC#4 (red) , nv#l (green) , PLX#1 (blue) , SG#1 (magenta)
120. 00 r up_cc (cyan )

-120 . 00
0 . 0 5 . 0

Time( sec )

Frequencies (500 kg) :
60.50

Fc(black) , Nv(red) , PLx(green) , McCullough(blue) , Kyx(magenta) , we(cyan)

59 . 50
0 . 0 5 . 0

Time( sec )
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si"w ELECTRICITY COORDINATING COUNCIL

2 IA APPROVED BASE CASE

MAY 30, 2006

ALL COMMENTS RESULTING FROM THE TSS REVIEW HAVE BEEN ADDED.

page 1

Stability\201l stability

Fri Jan 25 13:45:08 2008

2011 Heavy Summer WECC Power Flow

ARIZONA voltages (230 kg) : We(black) , Pp(red) , CG(green) , Kyx(blue) , RUn(magenta)
1.20 -

0 .20
0 5

Time( sec )

2 EHV voltages (500 kg) : FC(black), Nv(red), PLx(green), McCullough(blue), Kyx(magenta), We(cyan)
1. 0 -

0 .20
0 . 0 5 . 0

Time( sec )

Rotorangles: cH#4 (black) , FC#4 (red) , NV#1 (green)
120 . 00 I PLX#1 (blue) , SG#l (magenta) , WP_CC1 (cyan)

-120 . 00
0 . 0 5 . 0

Time( sec )

Frequencies (500 kg) :
60.50

Fc(black) , Nv(red) , PLx(green) , McCullough(blue) , Kyd(magent:a) , we(cyan)

I
I

59 . 50
0 . 0 5 . 0

Time( sec )
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5\desktop\20l6 plot files

Mon Jan 14 09:00:33 2008

2016 Heavy Summer WECC Power Flow

RUx(magenta)Kyd(blu€)Pp(red) CG(green)ARIZONA voltages (230 kg) . We(black)
1.20 -

•

0.20
0 5

Time( sec )

We(cyan)Kyd(magenta)Nv(red) , PLc(green) McCullough(b1ue)20 EHV voltages (500 kg) - FC(black)
1. -

5.0
0.20

0.0
Time( sec )

PLx#1(blue)Nv#1(green)FC#4(red) SG#l(magenta) Wp_CC1(cyan)Rotoranglesz CH#4(black)
120.00

c

-120.00
0.0 5.0

Time( sec )

McCullough(blue) Kyd(magenta)PLx(green)Nv(red) we(cyan)Frequencies (500 kg) : FC(black)
60.50

59.50
0.0 5.0

Time( sec )
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9w N ELECTRICITY COORDINATING COUNCIL

2 S1A APPROVED BASE CASE

MAY 30, 2006

Page 1

83 5\desktop\2016 plot files

Mon Jan 14 09:01:50 2008

2016 Heavy Summer WECC Power Flow

ARIZONA voltages (230 kg) :
1.20 -

Ww(black) , Pp(red) , CG(green) , Kyx(blue) , RUn(magenta)

0 .20
0 5

Time( sec )

1 . 2 0
EHv_vol tages (500 kV): Fc(black), no(red) , PLc(green), McCul lough(blue), Kyd(magent:a), We(cyan)

0 .20
0 . 0 5 . 0

Time( sec )

Rotorangles: CI-I#4 (black) , FC#4 (red) , Nv#l (green) , pLx#1 (blue) , sG#1 (magenta)
120 .00 r WP_CC1 (cyan )

-120 . 00
0 . 0 5 . 0

Time( sec )

Frequencies (500 kg) : FC(black), NV(red), PLx(green), Mccu l lough(blue), Kyx(magenta), we(cyan)
60.50

59 .50
0 . 0 s . 0

Time( sec )
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5\desktop\2016 plot files

Mon Jan 14 09:02:56 2008

2016 Heavy Summer WECC Power Flow

ARIZONA voltages (230 kg) : we(black), PP(red), CG(green), Kyx(blue), RUx(magenta)
1.20 -

0 . 20
0 5

Tim e ( s e c  )

1  .2 0
EHv_voltages (500 kg) : FC(black) , Nv(red) , PLx(green) , McCul1ough(blue) , Kyd(magenta) , Ww(cyan)

0 .20
0 . 0 5 . 0

Tim e ( s e c  )

0 Rotorangles: CH#4 (black) , FC#4 (red) , Nv#l (green) , PLX#1 (blue) , SG#1 (magenta)
120 . 0 J WP_CCl (cyan )

-120 . 00
0 . 0 5 . 0

Tim e ( s e c  )

Frequencies (500 kg) :
60.50

Fc(black) , no(red) , PLx(green) , Mccullough(blue) , Kyx(magenta) , Ww(cyan)

59 . 50
0 . 0 5 . 0

Time( sec )

W N ELECTRICITY COORDINATING COUNCIL

2 SlA APPROVED BASE CASE

MAY 30 . 2006

P a ge  1
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ELECTRICITY COORDINATING COUNCIL

slA APPROVED BASE CASE

MAY 30 2006I

Page 1
5\desktop\2016 plot files

Mon Jan 14 09:04'06 2008

2016 Heavy Summer WECC Power Flow

1 . 20
ARI ZOnA_voltages (230 kg) : Ww(black), Pp(red), CG(green) , Kyx(blue), RUn(magenta)

I

0 . 20
0 5

Time( sec )l

EHV voltages (500 kg) : Fc(black), Nv(red), PLx(green), McCullough(blue), Kyd(magent:a), we(cyan)
1.20 .-

0 .20
0 . 0 5 . 0

Time( sec )

Rotorangles: cH#4 (black) , Fc#4 (red) , NV#1 (green) , PLX#1 (blue) , SG#1 (magenta)
120 .00 I WP_CC1 (cyan)

-120 . 00
0 , 0 5 . 0

Time( sec )

go Frequencies (500 kg) : FC(black), NV(red), PLx(green), McCullough(blue), Kyx(magenta), We(cyan)
.50

59 . 50~
0 . 0 5 . 0

Time( sec )

I
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5\desktop\20l6 plot files

Mon Jan 14 09:10.03 2008

2016 Heavy Summer WECC Power Flow

ARIZONA voltages (230 kg) : we(black) , Pp(red), CG(green), Kyx(blue), RUx(magenta)
1.20 -

0 .20
0 5

Time( sec )

EI-IV voltages (500 kg) : FC(black), Nv(red) , PLx(green), McCullough(blue), Kyx(magenta), We(cyan)
1.20 -

0 .20
0 . 0 5 . 0

Tim e ( s e c  )

Rotorangles: cH#4 (black) , Fc#4 (red) , Nv#l (green)
120 .00 I P LX#l (blue ) , s G#1 (magenta) , WP_CC1 (cyan)

120 . 00
0 . 0 5 . 0

Time( sec )

Frequencies (500 kg) : FC(black)
60.50 I Nv(red) , pLc(green) , McCullough(blue) , Kyx(magenta) , We(cyan)

59 .50
0 . 0 5 . 0

Time( sec )

w N ELECTRICITY COORDINATING COUNCIL
slA APPROVED BASE CASE

MAY 3 0 , 2006

page 1
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5\desktop\2016 plot files

Mon Jan 14 09:11:49 2008

2016 Heavy Summer WECC Power Flow

1 .20
ARI ZONA_vo l t age  s (230 kV): Ww(black), Pp(red) , CG(green) , Kyx(blue), RUx(magenta)

0 .20
0 5

Time( sec )

EHV voltages (500 kg) : Fc(black) , No(red) , PLX(green) , McCullough(blue) , KyX(magenta) , we(cyan)
1.20 -

0 . 20
0 . 0 5 . 0

Time( sec )

Rotorangles: cH#4 (black) , 1='c#4 (red) , NV#1 (green) , PLX#l (blue) , SG#1 (magenta)
120 .00 I WP_CC1 (cyan)

I

-120 . 00
0 . 0 5 . 0

Time( sec )

Frequencies (500 kg) :
60.50

Fc(black) , no(red) , PLx(green) , McCullough(blue) , Kyx(magent:a) , we(cyan)

59 .50
0 . 0 5 . 0

Time( sec )
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w"w ELECTRICITY COORDINATING COUNCIL

2 slA APPROVED BASE CASE

MAY 30 2006

Page 1
5\desktop\2016 plot files

Mon Jan 14 09:13:00 2008

2016 Heavy Summer WECC Power Flow

ARIZONA voltages (230 kg) : we(black) , Pp(red) , CG(green) , Kyx(blue) , RUx(magenta)
1.20 -

0 .20
0 5

Time( sec )

EHV voltages (500 kg) : FC(black), no(red), PLx(green), McCullough(blue), Kyx(magenta), we(cyan)
1.20 -

0 . 20
0 . 0 5 . 0

Tim e ( s e c  )
I

Rotorangles: cH#4 (black) , Fc#4 (red) , NV#1 (green) , PLX#1 (blue) , SG#1 (magenta)
120 .00 r WP__CC1 (cyan)

-120 . 00
0 . 0 5 . 0

Time( sec )

Frequencies (500 kg) : FC(black)
60.50 I Nv(red) , pLc(green) , McCu1lough(blue) , Kyx(magenta) , we(cyan)

59 .50
0 . 0 5 . 0

Time( sec )

I
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S1A APPROVED BASE CASE

MAY 30, 2006

Page 1

2016 Heavy Summer WECC Power Flow

PP(red) RUx(magenta)Kyd(blue)CG(green)ARIZONA voltages (230 kg) we(black)
1.20 -

•

0.20
0 5

Time( sec )

Nv(red) We(cyan)PLx(green) McCullough(blue) Kyd(magenta)20 EHV voltages (500 kg) : FC(black)
1. -

5.0
0.20

0.0
Time( sec )

PLX#l(blue)FC#4(red) NV#1(green) w p_CC1(cyan)SG#l(magenta)Rotorangles: CH#4(black)
120.00

5.0
120.00

0.0
Time( sec )

Nv(red) Kyx(magenta)McCul1ough(blue)PLc(green) We(cyan)Frequencies (500 kg) : Fc(black)
60.50

59.50
0.0 5.0

Time( sec )
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year plan\2016 plot files

Thu Jan 17 12'48:05 2008

2016 Heavy Summer WECC Power Flow

ARIZONA voltages (230 kg) : We(black) , Pp(red) , CG(green) , KYX(blue), RUx(magenta)
1.20 -

0 . 20
0 5

Time( sec )

20 EI-IV voltages (500 kg) : Fc(black), Nv(red) , PLc(green) , Mccullough(blue) , KYx(magent:a) , We(cyan)
1. .-

0 .20
0 . 0 5 . 0

Time( sec )

0 Rotorangles: cH#4 (black) , FC#4 (red) , NV#1 (green) , PLX#1 (blue) , sG#1 (magenta)
120 .0 I WP_CC1 (cyan)

I

[

-120 . 00
0 . 0 5 . 0

Time ( s e c  )

Frequencies (500 kg) : FC(b1ack), Nv(red)
60.50 . 9

PLc(green) , McCullough(blue) , Kyx(magent:a) , we(cyan)

59 . 50
0 . 0 5 . 0

Time ( s e c  )
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5\desktop\2016 plot files

Iron Jan 14 09:20:55 2008

2016 Heavy Summer WECC Power Flow

ARIzOnA_voltages (230 kg) : We(black), Pp(red), CG(green), Kyx(blue), RUX(magenta)

0 . 20
0 5

Time( sec )

EHV voltages (500 kg) : Fc(black) , no(red) , PLx(green) , McCullough(blue) , Kyx(magent:a) , Ww(cyan)
1.20 -

0 .20
0 . 0 5 . 0

Time( sec )

120 00 Rotorangles: CH#4 (black) , Fc#4 (red) , NV#1 (green) I PLX#1 (blue) , SG#1 (magenta) , WP_CC1 (cyan)

120 . 00
0 . 0 5 . 0

Tim e ( s e c  )

Frequencies (500 kg) :
60.50

Fc(black) , no(red) , PLx(green) , McCullough(blue) , Kyd(magenta) , WW(cyan)

59 . 50
0 . 0 5 . 0

1.20

Time( sec )
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5\desktop\2016 plot files

Mon Jan 14 09:22:09 2008

2016 Heavy Summer WECC Power Flow

l .20
ARI ZOnA_voltages (230 kV): Ww(black), Pp(red), CG(green), Kyx(blue), RUx(magenta)

0 .20
0 5

Time( sec )

EHV voltages (500 kg) : FC(black), Nv(red)
1.20 - I PLc(green) , Mccullough(blue) , KYX(magenta) , we(cyan)

0 .20
0 . 0

Tim e ( s e c  )
5 . 0

Rotorangles: CH#4 (black) , FC#4 (red) , NV#1 (green)
120 .00 I PLX#1 (blue) , sG#1 (magenta) , WP_CC1 (cyan)

-120 . 00
0 . 0 5 . 0

Tim e ( s e c  )

Frequencies (500 kg) :
60.50

FC(black) , no(red) , PLc(green) , McCullough(blue) , Kyx(magenta) , Ww(cyan)

59 . 50
0 . 0 5 . 0

Time( sec )
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5\desktop\2016 plot files

Mon Jan 14 09:23:32 2008

2016 Heavy Summer WECC Power Flow

1.20
ARIzOnA_voltage s (230 kg) : Ww(black), Pp(red), CG(green), Kyx(blue) , RUx(magenta)
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AP S  Re lia b ility Mu s t-Ru n  An a lys is  2008-2017

1. EXECUTIVE SUMMARY

This  re port docume nts  the  s tudy me thodology, re s ults , a nd conclus ions  of Arizona  P ublic
Se rvice  Compa ny's  (APS) Re lia bility Mus t-Run (RMR) Ana lys is  for the  te n ye a rs  from 2008 to
2017 (2008 RMR Analysis). This  ana lysis  was conducted in response  to the  Arizona  Corpora tion
Commis s ion's  (ACC) S e cond Bie nnia l Tra ns mis s ion As s e s s me nt a nd De cis ion No. 65476
(December 19, 2002). The  2008 RMR Ana lys is  cove rs  a  ten-yea r pe riod and includes  de ta iled
analysis of the years 2011 and 2016.

If a  city or load pocket must be  served by loca l genera ting units  a t certa in peak times, then those
units  a re  de s igna te d a s  "re lia bility mus t-run" or RMR units . The re  a re  two ma jor a re a s  whe re
loa d ca nnot be  s e rve d tota lly by powe r importe d ove r tra ns mis s ion line s  in the  AP S  s e rvice
te rritory - the  P hoe nix me tropolita n a re a , which is  s e rve d by a  combina tion of AP S  a nd S a lt
River Project (SRP) facilities , and the  APS service  te rritory in the  Yuma area .

Although nine ty-nine  pe rcent of the  Phoenix a rea  ene rgy requirements  can be  me t by remote
ge ne ra tion, loca l ge ne ra tion is  critica lly importa nt for the  re lia bility of the  loca l powe r sys te m.
The November 2003 U.S.-Canada  Power System Outage  Task Force Inte rim Re port: Ca use s  of
the  Augus t 14th Blackout in the  United S ta te s  and Canada pointe d out the  importa nce  of the
re a ctive  ca pa bility of volta ge  s upport from loca l ge ne ra tion. Loca l ge ne ra tion ca n provide
critica l support for tra nsmiss ion continge ncie s  a nd othe r powe r sys te m dis turba nce s  a nd ca n
pre ve nt cus tome r outa ge s  including bla ckout conditions  s uch a s  thos e  e xpe rie nce d in the
Northeast on August 14, 2003.

Comments  during the  workshop for the  2003 RMR analysis  he ld in February 2003 indica ted tha t
e lectric power sys tem industry pa rticipants  des ired to have  a  more  pa rticipa tive  role  in the  2004
RMR ana lys is . To facilita te  this  pa rticipa tion, APS and the  othe r Arizona  transmiss ion provide rs
utilize d the  Ce ntra l Arizona  Tra ns mis s ion S tudy (CATS ) forum to publicly de ve lop the  2004
RMR s tudy plan, a fte r extens ive  discuss ion on s tudy mode ls  and pre limina ry re sults . APS and
the  other Arizona  transmission providers  conducted a  workshop on January 15, 2004 to present
the  s tudy re sults  for comment. This  process  led to the  decis ion to s tudy the  Phoenix a rea  a s  a
combine d AP S  a nd S RP  ne twork a nd a  de te rmina tion of the  s pe cific loa ds  to include  in the
Phoenix area for the study years.

The  ACC Third Biennia l Transmission Assessment (BTA) de te rmined tha t RMR studies  must be
performed on a  biennia l bas is , with the  next report be ing filed with the  ten yea r plan in January
2006. The  ACC Fourth BTA re a ffirme d tha t RMR s tudie s  will continue  to be  pe rforme d on a
bie nnia l ba s is , with two re pre se nta tive  ye a rs  be ing s tudie d a nd publicly a va ila ble  da ta  be ing
utilized. The  Southwest Area  Transmiss ion (SWAT) planning group was  utilized to facilita te  the
public dis cus s ions  a nd input for this  2008 RMR Ana lys is . The  ye a rs  2011 a nd 2016 we re
se lected because  the  SWAT planning group was  coordina ting power flow base  cases  for these
yea rs . P re limina ry re sults  of this  ana lys is  were  pre sented and agreed upon a t the  Janua ry 16,
2008 SWAT meeting.
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Unlike previous RMR studies, where the first year was used as a benchmark to compare the
results to the RMR study preceding it, in this study, only a general comparison to the results in
the previous RMR study can be made. This is due to the different years studied and in the
assumption about which transmission projects would be in-service for the various years studied.
However, the results of this study are similar to those from the previous RMR studies in that
there is negligible impact of RMR in Phoenix. Also, in the previous RMR study, it was noted
that the available Phoenix generation reserves, with the planned transmission projects, were
projected to meet or exceed the required generation reserves through 2015 . The 2008 RMR
study also shows that, with the planned transmission projects, the available Phoenix generation
reserves are projected to meet or exceed the required generation reserves through 2016.

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 is not significant
and does not at present outweigh the cost of transmission improvements beyond those already
included in the APS and SUP ten-year plans. For Yuma, the report shows that there is some
RMR cost for 2011. The 2016 results show that the planned Palo Verde to North Gila 500-kV
transmission line and the North Gila to TSP 230-kV line, included in the present APS ten-year
plan, are sufficient to mitigate the costs associated with the RMR conditions. Due to the minimal
costs associated with the RMR conditions in 201 l, it would not be warranted to advance their in-
service dates. 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
the two 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 served
from imports and from local generation,

The load serving capability and local generation reserves, at the peak forecasted load,

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

Estimated economic and environmental impacts of the import limits.

6



Ye a r
s 1L1

(MW)

Peak
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(MW)
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Im p o r t
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RMR2
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(MW)
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RMR
Energy
(% of
to ta l)

RMR
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($M)

2011 11,245 13,433 11,513 1,920 317 168 0.3 0

2016 13,136 15,542 13,623 1,919 285 155 0.2 0

APS RAM Analysis
2008-2017

The Phoenix area  is  a  tight ne twork of APS and SRP load, resources, and transmission facilities .
Because  the  Phoenix sys tem is  highly integra ted, the  import limits  mus t be  de te rmined for the
combine d a re a . This  a na lys is  wa s  coordina te d with S RP  pe rs onne l, who ha d s ignifica nt
involve me nt in the  s tudy a nd we re  he lpful in the  ove ra ll a na lys is . The  We s te rn Are a  P owe r
Adminis tra tion (WAP A) a ls o  coordina te d with  AP S  a nd S RP  in  the  s tudy be ca us e  the ir
transmiss ion facilitie s  inte rface  with the  Phoenix ne twork.

Afte r the  combine d import limits  for the  Phoe nix a re a  we re  de te rmine d, RMR conditions  we re
eva lua ted for the  Phoenix a rea  based on the  Phoenix a rea  import limits , the  Phoenix a rea  load,
and Phoenix area local generation, which includes generation owned by APS and SRP.

The  Yuma area , which has  a  forecast 2011 summer peak demand of approximate ly 475 MW, is
s e rve d by a n inte rna l AP S  69-kV sub-tra nsmis s ion ne twork conta ining the  e ntire  loa d in the
import-limite d a re a . The re  a re  e xte rna l tie s  to WAPA a nd the  Impe ria l Irriga tion Dis trict (DID),
a s  we ll a s  a  bulk power inte rface  a t North Gila  with 500kV tie s  eas t to the  Pa lo Verde  Hub and
we s t to Impe ria l Va lle y in Ca lifornia . This  a na lys is  wa s  coordina te d with the  WAP A P hoe nix
office  to ensure  accurate  modeling.

B. Summary of Results

Re sults  of the  a na lys is  for the  two ye a rs  of the  s tudy, 2011 a nd 2016, a s sume d tha t pre se nt pla ns
for sys te m improve me nts , in pla ce  whe n the  s tudy wa s  conducte d, a re  comple te d on sche dule .

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

Table  ES1
Phoenix Area  RMR Conditions  and Cos ts

Tab le  Key:
's oL -- System Simultaneous  Import Limit is  the maximum amount of capacity that can be reliably imported into the
area  with no local generation operating.
ZRMR @ Peak - The amount of loca l genera tion required to meet the a rea  peak demand (Peak Demand minus
Import Capability a t peak load - See figures  3 and 4).
' RMR Ho u r s - The  number of hours  tha t the  a rea 's  dema nd exceeds  the  S IL, thus  requiring the  us e  of loca l
generation to meet load, even if otherwise economically dispatched.
4RMR En e rg y - The  a nnua l ene rgy required to be  met by loca l genera tion (even if othe rwis e  economica lly
dispatched).
5R1vrR Cost The difference in annual generation cost with and without the transmission limitation (this accounts
for generation economically dispatched).
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Ye a r
SIL1

(MW)

P e a k
De m a n d

(MW)
@
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(MW)

@
RMR'

Peak
(MW)

RMR'
Hours

RMR
Ellerey
(GWH)

RMR
Energy
(% of
total)

RMR
C0st5
($M)

2011 258 475 281 194 2,258 146 7.1 1

2016 415 553 409 144 719 30 1.3 0

APS RA/LR Analysis
2008-2017

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

Table ES2
Yuma Area RMR Conditions and Costs

@

RMR Ho u r s

Ta ble  Ke y:
1s IL - S ys te m S imulta ne ous  Import Limit is  the  ma ximum a mount of ca pa city tha t ca n be  re lia bly importe d into the
a re a  with no loca l ge ne ra tion ope ra ting.
ZRMR P e a k - The  a m ount of loca l ge ne ra tion re quire d to m e e t the  a re a  pe a k de m a nd (P e a k De m a nd m inus
Import Ca pa bility a t pe a k loa d - S e e  figure s  7 a nd 8).
3 - The  num be r o f hours  tha t the  a re a 's  de m a nd  e xce e ds  the  S IL, thus  re quiring  the  us e  o f loca l
ge ne ra tion to me e t loa d, e ve n if othe rwis e  e conomica lly dis pa tche d.
4RMR En e rg y - The  a nnua l e ne rgy re quire d to be  me t by loca l ge ne ra tion (in e xce s s  of the  S IL).
5 - The  diffe re nce  in a nnua l ge ne ra tion cos t with a nd without the  tra ns mis s ion lim ita tion (this  a ccounts
for ge ne ra tion e conomica lly dis pa tche d).
RMR Cost

AP S  de te rmine d the  P hoe nix a re a  re s e rve  re quire me nts  by pe rforming a  proba bilis tic  a na lys is
tha t cons ide re d the  s ize  a nd force d outa ge  ra te s  of the  loca l ge ne ra ting units  a nd re s ulte d in 99
pe rce nt re lia bility le ve l. Th is  a na lys is  re s u lte d  in  re s e rve  re qu ire m e nts  o f 865  MW for the
P hoe nix a re a  for the  ye a rs  s tudie d.

The Simultaneous Import Limit (SIL) and Maximum Load Serving Capability (MLSC) are
determined by performing power flow studies. The SIL and MLSC results are utilized to
develop the Phoenix area Load Serving Capability (LSC) graphs, determining the amount of
local Phoenix generation that is required to serve the projected peak demand, and determining
the import capability at the projected peak demand. The Phoenix area projected reserves are
calculated from the total local Phoenix generation less the amount of local generation required at
peak demand. The following table shows the projected Phoenix area reserve capacity.
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Ye a r
Lo c a l

Ge n e ra t io n

Peak
Demand
(MW)

@

Im p o r t
Peak

(MW)

RMR @
P e a k (MW)

Projected
Reserves'

Required

Reserves

2011 3,678 13,433 11,513 1,920 1,758 865

2016 3,678 15,542 13,623 1,919 1,759 865

Ye a r
Local

Generation

Peak
Demand
(MW)

@Im p o rt
Peak
(MW)

RMR @
Peak (MW)

Projec ted
Regervesl

Required

Reserves

2011 313 475 281 194 119 97

2016 313 553 409 144 169 97

APS RMT? Analys is
2 0 0 8 -2 0 ]7

Ta b le  ES T
P h o e n ix Are a  Re s e rve  Ca p a c ity

Table Key:
'ProjectedReserves - The amount of local generation minus the amount of RMR @ Peadar.

APS de te rmined the  re se rve  requirement for Yuma  based on Loss  of Load Probability (LOLP)
crite ria  of one  day in ten yea rs . Based on Yuma a rea  load, import capability and the  ava ilability
of loca l genera tion, this  crite ria  would result in not be ing able  to mee t Yuma load one  day in ten
ye a rs . The  1/10 crite ria  tra ns la te s  to a  re se rve  re quire me nt of 97 MW during the  time  fra me
studied.

S imila rly to the  P hoe nix a re a  a na lys is , the  Yuma  a re a  S IL a nd MLS C a re  de te nnine d a nd
utilize d to de ve lop the  Yuma  a re a  LS C gra phs  a nd ca lcula ting the  proje cte d re se rve s . The
following table  summarizes the  Yuma area  reserve  capacity.

Ta b le  ES 4
Yu m a  Are a  Re s e rve  Ca p a c ity

Table Key:
'Projected Reserves.-- The amount of local generation minus the amount of RMR @ Peak.

Local generating units  are  dispatched based on cost. Thus, most of the  RMR hours shown above
a re  dispa tched in merit orde r. However, the  presence  of a  transmiss ion cons tra int may require
loca l ge ne ra tion  to  be  d is pa tche d  out of me rit o rde r or "out of the  mone y." This  re port
cons ide red Phoenix a rea  and Yuma  a rea  transmiss ion limita tions  and gene ra tion re sources  in

9



Ye a r
Hours outside

economic dispatch

Energy outside
economic dispatch

(GWI-I)

RMR Co s t
($M)

2011 0 0 0

2 0 1 6 0 0 0

Year
Ho u rs  o u ts id e

e c o n o m ic  d is p a tc h

Energy outside
economic dispatch

(GWH)

RMR Cos t
(SM)

2011 265 25 1

2016 25 1 0

APS RMR Analysis
2008-2017

de te rmining the  ove ra ll RMR s itua tion. The  e conomic impa ct of RMR ca n be  s e e n from the
following table s .

Taking economic gene ra tion into account the  Phoenix load a rea  did not reach its  transmiss ion
import limits . The  following table  shows, for the  yea rs  of 2011 and 2016, Phoenix genera tion is
not expected to Mn out of economic dispatch.

Table ES5

Phoenix Area RMR Outside Economic Dispatch

The  following ta ble  s umma rize s  the  e s tima te d tota l numbe r of hours  tha t AP S  loca l Yuma
ge ne ra tion ma y run out of e conomic dis pa tch, the  a mount of e ne rgy tha t is  produce d out of
economic dispatch and the associated cost.

Table ES6
APS Yuma Area RMR Outside Economic Dispatch

In addition to e conomic mode ling, the  emiss ions  impact of RMR gene ra tion is  a lso eva lua ted.
The Phoenix load area did not have generation dispatched outside of economic dispatch, so there
is  no e mis s ions  impa ct to the  P hoe nix a re a . The  following ta ble  s umma rize s  the  e mis s ions
impact of RMR genera tion for the  Phoenix area .
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P o llu ta n t
RMR Im p a c t]

(tons /year)
Phoenix Area  Emis s ions  RMR Impac t
(% of tota l emis s ions  from all s ources )

n o 0.0 0.000

CO 0.0 0.000

P M10 0.0 0.000

VOC 0.0 0.000

P o llu ta n t
RMR Im p a c t

(to n s kye a r)

2011 2016

Yuma  Are a  Emis s ions  RMR Impa c t
(% of tota l emis s ions  from all s ources )

2011 2016

NOt 220 N/AN/A

CO 4 1 N/AN/A

P M10 0.040.48 0.0000.001

VOC 0.030.45 N/AN/A

APS RMR Analysis
2008-2017

Ta b le  ES 7
P h o e n ix Are a  Air  Em is s io n s  Im p a c t  o f RMR

'2011 and 2016 results

Simila rly to the  Phoenix a rea , the  emiss ions  impact in the  Yuma  a rea , due  to RMR gene ra tion
was  de tennined. Re moving the  tra ns mis s ion cons tra ints  would re duce  tota l Yuma  a re a  a ir
emiss ions  by a  minima l amount for the  yea rs  2011 and 2016. The  following table  summarize s
the  emissions impact of RMR genera tion for the  Yuma area .

Ta b le  ES 8
Yu m a  Are a  Air  Em is s io n s  Im p a c t  o f RMR
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C. Report Conclusions

Phoenix area Conclusions

1. P hoe nix a re a  e xis ting a nd pla nne d tra nsmis s ion a nd loca l ge ne ra tion a re  a de qua te  to
re lia bly s e rve  P hoe nix a re a  pe a k loa d in  2011 a nd 2016 with  the  proje cte d  loca l
generation reserve margin exceeding the required reserve margin.

2. During the  summer, Phoenix a rea  load is  expected to exceed the  ava ilable  transmiss ion
import ca pa bility for a pproxima te ly 317 hours  in 2011 a nd 285 hours  in 2016. The s e
hours represent less  than one  percent of the  annual energy requirements  for the  Phoenix
a rea .

3. From a  tota l Phoenix load, transmiss ion, and resources  viewpoint, loca l genera tion is  not
expected to be dispatched out of economic dispatch order in 2011 and 2016.

4. Be ca us e  the re  is  not e xpe cte d to be  a n out of me rit orde r cos t of P hoe nix a re a  RMR
ge ne ra tion, a dva nce me nt of tra ns mis s ion proje cts  to incre a s e  import ca pa bility a re
presently not cost jus tified.

5. The  Phoenix load a rea  did not reach its  transmiss ion import limits  in 2011 and 2016, so
there  is  no emission impact to the Phoenix area.

6. S ince  the  Phoenix load a rea  did not reach its  transmission import limits  in 2011 and 2016,
the re  is  no impa ct to  loca l ge ne ra tion ca pa city fa ctor a nd tota l ye a rly na tura l ga s
consumption by the Phoenix area generators.

Yuma Area Conclusions

Yuma  a re a  e xis ting a nd pla nne d tra ns mis s ion a nd loca l ge ne ra tion a re  a de qua te  to
re liably se rve  Yuma area  peak load in 2011 and 2016 with the  projected loca l genera tion
reserve margin exceeding the required reserve margin.

8. The  Yuma  a re a  loa d is  e xpe cte d to e xce e d the  a va ila ble  tra nsmiss ion import ca pa bility
for 2,258 hours in 2011 and 719 hours in 2016. These  hours represent approximate ly 7%
of the  annual energy requirements for Yuma in 2011 and approximate ly 1% in 2016.

9. From a  tota l Yuma  loa d, tra nsmiss ion, a nd re source s  vie wpoint, the  import cons tra int
could cause  APS Yuma genera tion to be  dispa tched out of economic dispa tch order for
265 hours in 2011 and 25 hours in 2016.

10. The  e s tima te d a nrlua l e conomic cos t of Yuma  a re a  ge ne ra tion re quire d to run out of
e conomic dis pa tch orde r is  a pproxima te ly $1 million for 2011. Due  to the  pla nne d
a ddition of a nothe r EHV line  to Yuma  a nd the  a ddition of a n HV line  within the  Yuma
area, as indicated in APS' 10-Year Plan, those costs are  negligible  by 2016.

7.
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ll. Re moving the  tra nsmiss ion cons tra int would re duce  tota l Yuma  a re a  a ir e miss ions  by a
minimal amount for years  2011 and 2016.

12. Re moving the  import re s triction into  the  Yuma  a re a  could re duce  the  AP S  Yuma
genera tion capacity factor from 3.3 percent to 2.1 percent in 2011 and from 1.5 percent to
1.4 percent in 2016.

13. Removing the  transmiss ion constra int could reduce  tota l yearly na tura l gas  consumption
by the  Yuma  a re a  ge ne ra tors  by 0 .294  BCF a nd  0 .019  BCF for 2011  a nd  2016,
re spective ly.

D. Report Organization

This  re port is  orga nize d in se ve n se ctions . S e ction I provide s  a n e xe cutive  summa ry of the
re port. S e ction II provide s  ge ne ra l ba ckground informa tion of the  s tudy re quire me nts , a n
overview of RMR, and describes  the  s tudy methodology. Section III describes  the  Phoenix a rea ,
the  na ture  of the  import limit, the  re sulting import limits  for 2011 a nd 2016, a nd the  impa ct of
va rious  ge ne ra tors  in a nd a round the  P hoe nix a re a  on the  import limit. S e ction IV provide s  a
simila r discussion of the  Yuma area . Section V describes  the  RMR conditions such as  number of
hours , ma ximum ca pa city, a nd a nnua l e ne rgy for the  P hoe nix a nd Yuma  a re a s . S e ction VI
provide s  re s ults  of the  e conomic a na lys is  of the  P hoe nix a nd Yuma  a re a  RMR conditions
pe rforme d utilizing a  pla nning mode l (P ROMOD) a nd e mis s ions  impa ct. Fina lly, S e ction VII
lis ts  the  conclusions of the  analysis .
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ll. INTRODUCTION

A. Background of Study Requirement

Like  a ll la rge  e le ctric utilitie s , Arizona  utilitie s  ha ve  his torica lly re lie d on both tra nsmiss ion, to
de live r re mote  ge ne ra tion into its  loa d ce nte rs , a s  we ll a s  loca l ge ne ra tion to re lia bly se rve  its
cus tome rs . Due  in pa rt to e nvironme nta l, e conomic, a nd fue l a va ila bility cons ide ra tions , la rge
ba s e -loa d the rma l ge ne ra tors  ha ve  typica lly be e n loca te d a wa y from the  loa d ce nte rs  while
s ma lle r but le s s  e fficie nt inte rme dia te  a nd pe a king units , with lowe r ca pa city fa ctors , we re
loca ted within the  load cente rs . Although this  loca l gene ra tion is  re lied on for a  re la tive ly sma ll
a mount of e ne rgy, this  loca l ge ne ra tion is  critica lly importa nt for the  re lia bility of the  loca l
powe r sys te m. The  Nove mbe r 2003 U.S .-Ca na da  Powe r Sys te m Outa ge  Ta sk Force Inte rim
Report: Causes  of the  Augus t 14th Blackout in the  United S ta te s  and Canada pointe d out the
importance  of the  reactive  capability of voltage  support from loca l genera tion. Loca l genera tion
can provide  critica l support for transmission contingencies  and other power system dis turbances
and can prevent customer outages including blackout conditions such as those experienced in the
Northeas t on August 14, 2003. Loca l genera tion a lso re sults  in lower power sys tem losses  and
lower capita l expenses for transmission infrastructure .

In the  pa s t, ve rtica lly-integra ted utilitie s , such a s  APS , managed the  s iring and cons truction of
both genera tion and transmiss ion re sources  needed to se rve  the ir cus tomers . Electric sys tems
were  des igned based on a  de ta iled integra ted re source  planning process  used to eva lua te  the
appropria te  ba lance  of genera tion, transmiss ion, and demand-s ide  resources . Inte rconnections
with ne ighboring sys te ms  we re  prima rily inte nde d to improve  sys te m re lia bility a nd lowe r the
costs  of rese rves  by a llowing for sharing of capacity rese rves  by multiple  sys tems. Each utility's
system was primarily designed to accommodate  tha t utility's  resources  and tha t utility's  load.

The  Commis s ion's  S e cond Bie nnia l Tra ns mis s ion As s e s s me nt (BTA) re quire d "a ny [Utility
Dis tribution Company] tha t currently re lie s  on loca l gene ra tion, or foresees  a  future  time  pe riod
when utiliza tion of loca l gene ra tion may be  required to a ssure  re liable  se rvice  for a  loca l a rea ,
[to] pe rform a nd re port the  findings  of a n RMR s tudy a s  a  fe a ture  of the ir te n ye a r pla n filing
with the  Commission in January 2003 and 2004." The  Assessment required tha t the  RMR study
file d in Ja nua ry 2003 e va lua te  RMR conditions  through the  2005 summe r pe a k. The  Ja nua ry
2004 RMR s tudy cove rs  the  10-ye a r pe riod from 2004 to 2013. The  Commiss ion's  Third BTA
dete rmined tha t RMR studies  must be  pe rfonned on a  biennia l bas is , with the  next report be ing
file d with the  te n ye a r pla n file d in J a nua ry 2006. The  Commis s ion's  Fourth BTA re a ffirme d
tha t RMR s tudie s  will continue  to be  pe rforme d on a  bie nnia l ba s is , with two re pre s e nta tive
years  be ing studied and publicly available  da ta  be ing utilized.

B. Ove rvie w o f RMR

Loca l "load pocke ts" a re  a reas  tha t do not have  enough transmiss ion import capability to se rve
a ll load in the  a rea  sole ly by importing remote  gene ra tion ove r loca l transmiss ion facilitie s . For
these areas, during peak hours of the  year, local generation is  required to serve that portion of the
load tha t camion re liably be  served by transmission imports . This  loca l genera tion requirement is
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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.

The maximum load that can be served in a load pocket with all of the local generation operating
in other words, the maximum load that can be sewed by importing remote generation and local

generation - is referred to as the system Maximum Load Serving Capability (MLSC). The
MLSC is established through technical studies by ensuring that:

•

•

With the local load at the MLSC and all local generation operating there are no
transmission system nonna 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.

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 sewed 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 loca l load a t  the SIL and no loca l genera t ion opera t ing there a re 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. 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 2011 is constrained by voltage instability and in 2016 is
constrained by thermal loadings. For the Yuma studies, the limitations are primarily post-
disturbance thermal constraints.
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From e a ch ye a r's  fore ca s te d pe a k loa d a nd his torica l da ily loa d cycle s , the  a nnua l RMR
conditions  we re  de te rmine d, including ma gnitude  of loca l loa d, both de ma nd a nd e ne rgy,
expected to exceed the  SIL and the  annua l hours  for which loca l load is  expected to exceed the
S IL.

An economic analysis  was performed in each area  for each year using the  NewEnergy PRUMOD
production cos t s imula tion program to de te rmine  the  cos t of the  import limits . Much of the  da ta
used in modeling comes from public sources and has been obtained from the WECC.

Additiona l tra ns mis s ion a lte rna tive s  to mitiga te  the  import limits  of the  Yuma  a re a  we re  not
s tudie d due  to the  minima l a mounts  of RMR conditions  tha t we re  ide ntifie d in the  s tudy. The
cos t for a ny tra nsmiss ion a lte rna tive  would s ignifica ntly e xce e d the  cos ts  a ssocia te d with a ny
RMR conditions . This  report concludes  tha t the re  is  no additiona l cos t of Phoenix me tropolitan
area  RMR because  the  Phoenix load area  did not reach its  transmission import limits  in 201 l and
2016.

D. Determination of SIL and RMR Conditions

In this  ana lysis , assessments  of the  SIL and RMR conditions for the  Phoenix a rea  and the  Yuma
a re a  we re  pe rforme d for the  years 2011 a nd 2016. The  ye a rs  2011 a nd 2016 we re  s e le cte d
because  the  SWAT planning group was coordina ting power flow base  cases  for these  years . To
cons ide r potentia l e conomic e ffects  re sulting from us ing loca l gene ra tion or a ris ing from RMR
conditions , an economic ana lys is  was  pe rfonned us ing the  NewEnergy PROMOD mode l. Much
of the  da ta  u s e d  in  the  p roduc tion  cos t mode l come s  from pub lic ly a va ila b le  WECC
Transmiss ion Expansion Planning Policy Committee  (TEPPC) power plant da ta . At the  time  this
RMR study was performed, the  TEPPC 2017 data  test case  October 1, 2007 version was used in
the  RMR economic analysis . The years 2011 and 2016 are  a lso good representa tive  years during
the  te n-ye a r window. Ba s e  ca s e  a nd continge ncy powe r flow, s ta bility, a nd volta ge  s ta bility
ana lyses  were  pe rformed to de te rmine  import limita tions . The  initia l s ta rting cases  were  based
on WECC heavy summer full loop base  cases  in GE Power Flow forma t for the  corre sponding
yea r. Those  ba se  ca se s  mode l the  entire  Wes te rn Inte rconnection's  transmiss ion sys tem and
were  reviewed and then updated to represent expected loads and system configura tion for 201 l
and 2016. Both cases  were  coordina ted be tween APS, SRP, Tucson Electric Power Company
(TEP), Southwest Transmiss ion Coopera tive  (SWTC), and WAPA to capture  the  most accura te
expected opera ting conditions for the  Arizona transmission system.
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III. PH0EN1X LoAn PQCKET

A. Description of Phoenix Area

During summer 2011, 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, Silverking, South East Valley (SEV), Sun
Valley, and TSP. 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. Between the summers of 2011 and 2016, there will not be any new EHV
substations serving the Phoenix area.

Since the summer of 2002, APS has served some northwest Phoenix area load from the Raceway
230-kV 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 2010, when the Raceway
230-kV substation will have become interconnected to Pinnacle Peak substation 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 years was determined by sensitivity analysis performed in a previous
RMR study effort which determined the impact of various loads on the severity of the critical
contingencies. Figure l shows all of the loads included for the 2011 study. Figure 2 shows all of
the loads included for the 2016 study.
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In pe rforming the  P hoe nix a re a  s tudie s  s e ve ra l p la nne d proje cts  we re  a dde d to  re fle ct
transmiss ion sys tem upgrades , in the  Phoenix a rea  High Voltage  (HV) sys tem and the  Arizona
Extra -High Volta ge  (EHV) sys te m, for the  ne xt te n ye a rs . The y a re  lis te d be low, unde r one  of
the  two s tudy years  they will firs t appear:

Projects in service by 2011

•

•

Hassayampa-Pinal Penal West 500-kV line and 500/345-kV transformer a t Pinal West
Penal West 345-kV looped in and out of Westwing-South 345-kV line
A new Santa  Rosa 500-kV substation
A new Pina l West-Santa  Rosa-Pina l South-SEV-Browning 500-kV line
A new South East Va lley (SEV) 500/230-kV substa tion with two 500/230-kV

transformers
Shunt capacitors added in the eastern portion of the system
A new Harquahala  Junction 500-kV substation looped into the Harquahala-Hassayampa

500-kV line
•

•

•

•

A new Sun Valley 500-kV and 230-kV substa tion with a  500/230-kV transformer and
Harquaha la  Junction-Sun Valley 500-kV line

A new TSI 230-kV subs ta tion with a  230/69-kV transformer and Sun Va lley-TSI 230-
kV line

A ne w TS I-P a lm Va lle y 230-kV line
A new TS9 500-kV substa tion with two 500/230-kV transformers  and looped into the

Nava jo-Wes twing 500-kV line
A new Pinnacle  Peak 500-kV substa tion with three  500/230-kV transformers and a  500-

kV line  to the  TSP 500-kV substa tion
A new Raceway-Pinnacle  Peak 230-kV line
A new TS6 230/69-kV substa tion with a  230/69-kV transformer and looped in the

Raceway-Pinnacle  Peak 230-kV line
New coal generation at Four Corners of 1400 MW, owned and operated by an

Independent Power Producer (APP)
A new Red Mesa  East 500-kV substa tion connected to Navajo-Moenkopi 500-kV line
A new Harquahala  Junction-Devers  500-kV line
A new Four Comers-Red Mesa  East 500-kV line
A third 500/230-kV transformer a t Kyrene  substa tion

Projects in service by 2016

•

•

•

•

•

A new Sun Va lley-TS9 500-kV line
A new Avery 230/69-kV substa tion with a  230/69-kV transformer and looped in the

Raceway-TS6 230-kV line
A new TS2 230/69-kV substa tion with a  230/69-kV transformer and looped into the  TSI-

Pa lm Va lle y 230-kV line
Lincoln Street 21'ld 230/69-kV transformer addition
Shunt capacitors added in the eastern portion of the system
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B. Phoenix Area Critical Outages

1. 2011

The  ana lys is  de te rmined tha t the  critica l s ingle  contingency for the  Phoenix loadlnnt a ll
load and genera tion leve ls  is  the  loss  of the  Pa lo Verde-to-Rudd 500-kV transnMnn line .
The  los s  of this  ma jor 500-kV line  re s ults  in s ignifica ntly highe r flows  on thnmnining
tra nsmiss ion line s  a nd the  unde rlying 230-kV tra nsmiss ion sys te m a nd ca use  a  huge
incre a se  in re a ctive  powe r (Va t) los se s  in the  tra nsmis s ion ne twork. The  . ` Va r
consumption results in insufficient Vars for voltage support in the load area. Collsuqneintly,
this  condition crea tes  low voltages  in the  sys tem and makes  the  a rea  de ficiemineactive
powe r.

mum: ll

2016

230-kV line . with  loca l P hoe nix a re a  ge ne ra tion  a t h igh le ve ls  the  ca rd  s ingle
contingency for the  Phoenix load area  is  the  loss  of one  of the  two Onne-to-Rludrl230-kV
lines. The loss of this  230kV line  results  in a  thermal overload of the  second Oleo-Io-Rudd
230-kV line . Thus , the  sys tem is  constra ined by these  the rmal overloads  a t themmds o f
the  tomogra m.

The  a na lys is  de te rmine d tha t the  critica l s ingle  continge ncy for the  P hoe nix loa dlta a t the
S IL point is  the  los s  of the  P a lo Ve rde -to-Rudd 500-kV tra ns m is s ion line .  The lm a  this

The voltage  s tability ana lysis  was performed using Q-V analysis  on the  most reactive  idcient
buses  in the  Phoenix a rea . These  buses  were  the  Kyrene  500-kV, Kyrene  230-kV,llulming
230-kV, and the Pinnacle Peak 230-kV buses.

Q-V analysis  is  perfonned by adding reactive  load a t the  critica l bus until the  voltagclzadles a
minimum va lue  which indica te s  pote ntia l volta ge  ins ta bility. The  import limit is
the  le s se r of 95% of the  import with ze ro re a ctive  ma rgin or 100% of the  import
voltage  drop following the  worst s ingle -contingency per WECC planning crite ria .

Anna as
5%

C. Phoe nix Are a  - S IL a nd  MLSC for 2011 a nd  2016

Ana lys is  of the  P hoe nix a re a  tra ns mis s ion ne twork re s ulte d in a re a  import limits  lumdm the
lim its  dis cus s e d in the  pre vious  s e ction (B. P hoe nix Are a  Critica l Outa ge s ). Op m in lo f the
P hoe nix sys te m within the se  limits  e nsure s  tha t the  a re a  doe s  not e xpe rie nce  voltngcis ta bility
or the rm a l ove rloa ding of a  s ys te m  e le m e nt a fte r a  critica l continge ncy. Volta ge  indiliiy is
cha ra cte rize d by a  progre s s ive  fa ll in  volta ge  m a gnitude  a t a  pa rticula r loca tion dl: powe r
s ys te m tha t ma y s pre a d throughout the  ne twork ca us ing a  comple te  a re a  volta ge a nd
bla ckout. A the rm a l ove rloa d occurs  whe n m ore  powe r flows  through a n e le m xe nion the

"MAC

2.
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Ye a r SIL MW MLSC MW
2011 11 245 15,436
2016 13,136 17,747
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emergency rating of that element. The Phoenix area SIL and MLSC for the years 2011 and 2016
are outlined in Table l.

Ta b le  l
2011 a n d  2016 P h o e n ix a re a  S im u lta n e o u s  Im p o rt  Lim it

The Inaxirnum Phoenix area load-serving capability for various generation levels is shown in
Figures 3 and 4.

Fig u re  3
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Figure  4
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D. Generation Sensitivities

Sensitivity ana lyses of genera tion impact on load-serving capability were  a lso conducted. These
s e ns itivitie s  we re  done  with the  ma ximum le ve l of loca l ge ne ra tion. The  following ta ble s
provide the results of these analyses for units that are  both within and outside the Phoenix area.

Generation sensitivities inside  the  Phoenix area  are  listed in Table  2.
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Generation Source
Increase by 100 MW

2011
Lo a d  S e rvin g

Ca p a b ility
Ch a n g e ( MW )

2016
Lo a d  S e rvin g

Ca p a b ility
Ch a n g e  (MW)

Agua  Fria  Ge ne ra tion +100 No Im pa c t

Kyre ne  Ge ne ra tion +10 + 150

Ocotillo Ge ne ra tion +120 +50

S a nta n Ge ne ra tion -10 +100

West Phoenlx Generation +120 -80

Ge n e ra tio n  S o u rc e
In c re a s e  b y 100 MW

2011
Lo a d  S e win g

Ca p a b ility
C h a n g e  (MW)

2016
Lo a d  S e rvin g

Ca p a b ility
C h a n g e  (MW)

S unda nce  Ge ne ra tion 0 60

De se rt Ba s in Ge ne ra tion 0 70

Ha ssa ya mpa  Are a
Ge ne ra tion

20 0

Gila  Rive r P owe r S ta tion
Ge ne ra tion

10 20

APS RMT?  Analys is
2008-2017

Table 2
Generation Sensitivities Inside Phoenix

Generation sensitivities outside of the Phoenix Metro area are listed in Table 3.

Table 3
Generation Sensitivities Outside Phoenix

As seen in previous RMR studies, the results indicate that the effectiveness of a generator is
dependant upon the critical outage, 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 2016,
with the critical outage being one of the two Rudd-Orme 230-kV lines and the critical element
being the remaining Rudd-Orme 230-kV line, the Kyrene generators are most effective in
increasing the load-serving capability because they inc et power into Kyrene, which is directly
downstream of the power flow on the Rudd-Orme 230-kV line. In contrast, with the West
Phoenix generators injecting power upstream of the critical element, they will exacerbate the
overload and decrease the load-serving capability.
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Iv. YUMA AREA

A. Des c rip tion  of Yuma  Area

Currently the  Yuma area is  served from three transmission sources:

•

•

AP S ' North Gila  500/69-kV subs ta tion, which is  loca te d e a s t of Yuma . Two 69-kV
lines  extend west and southwest from this  substa tion into Yuma to se rve  Yuma a rea
load. A third 69-kV line  inte rconnects  into WAPA's  Gila  161/69-kV subs ta tion.
WAP A's  Gila  l6l/69-kV s ubs ta tion, which is  a ls o loca te d e a s t of Yuma . From this
subs ta tion, AP S  ha s  one  69-kV line  into the  Yuma  loa d a re a  a nd one  69-kV tie  to
APS ' North Gila  subs ta tion.
AP S ' Yucca  69-kV s ta tion, which is  loca te d on the  we s t s ide  of Yuma  ne a r the
Colorado Rive r. APS ' loca l gene ra tion is  loca ted a t this  s ta tion, a long with three  69-
kV line s  into the  loa d a re a  a nd a n inte rconne ction to DID's  l6l-kv sys te m through
two l6l/69-kV transformers . The  DID 75 MW steam-genera ting unit is  a lso loca ted a t
this  substa tion.

Sta rting in 2008, 96 MW of new genera tion was assumed to be  in-service  and connected a t the
Yucca  substa tion. Figure  5 shows the  transmiss ion sys tem in 2011 and the  mete ring points  for
the  Yuma  a re a  loa d pocke t. Lis te d be low, unde r one  of the  two s tudy ye a rs  the y will firs t
appea r, is  a  lis t of the  planned projects  tha t were  added to re flect the  sys tem upgrades  for the
next ten years.

Projects  in s ervice  by 2011

•

•

•

•

•

•

96 MW of new generation a t Yucca substa tion
TSP 69-kV substa tion looped in and out of Marine  Air Base-32"d Stree t 69-kV line
Riverside-Cocopah and Cocopah-32"d Street 69-kV line
Reconductor Foothills -Foothills  tap 69 kV line
Reconductor Yucca-Laguna  Tap 69-kV line
Reconductor Avalon-Araby 69 kV line

Projects  in s ervice by 2016

•

•

•

•

•

•

Construct a  new North Gila-Hassayampa 500-kV line
Construct a  new North Gila  230-kV bus with a  500/230-kV transformer
Construct a  new TSP 230-kV substa tion with a  230/69-kV transformer and a  North Gila-

TS8 230-kV line
Construct a  new TS8-San Luis  69-kV line
Reconductor North Gila -Mittry and Mittry-Quechan 69-kV lines
Reconductor TS8-Marine  Air Base  69-kV line
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500 kV

161 kV

59 kV & below

APS RM7? Analysis
2008-20]7

Figure  5

New additions to the  system in the  Yuma area  for 2016 were  the  additions of a  69-kV line  from
TSP to San Luis, a  230-kV line  from North Gila  to the  new TSP 230-kV substa tion, and a  second
500-kV line  from the  Pa lo Verde  area  to North Gila . This  can be  seen in Figure  6.
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500 kV

161 Kv A above

69 kV a below

APS RMT? Analysis
2008-2017

Figure  6

B. Yuma Area Critical Outages

Severa l critica l contingencies  exis t a ffecting the  de te rmina tion of the  sys tem import limit for the
Yuma area  during the  201 l and 2016 time  frame. For the  2011 year, the  primary critica l outage
is  the  exis ting Hassayampa-N.Gila  500-kV line  and the  limiting e lement is  a  thermal overload on
the  P ilot Knob-Yucca  161 kV line . In 2016, the  critica l outage  is  the  N.Gila -Imperia l Va lley 500
kV line  and the  limiting e lement is  a  thermal overload of the  Gila  230/161 kV transformer.

C. Yuma  Are a  - S IL a nd  MLS C fo r 2011 a nd  2016

with planned sys tem additions  for the  Yuma a rea , including the  96 MW of new genera tion, the
S IL a nd MLSC for the  Yuma  a re a  will incre a se  e nough to se rve  the  ra pidly growing loa d a nd
mainta in the  des ired genera tion rese rves . For 2011 and 2016 the  SIL will be  258 MW and 415
MW, re spe ctive ly. The  MLS C for 2011 a nd 2016 will be  610 MW a nd 716 MW, re spe ctive ly.
Results of these studies are shown in Figures 7 and 8.
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Figure 7
Yuma Area 2011 Load Sewing Capability
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Figure 8
Yuma Area 2016 Load Sewing Capability
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Phoenix RMR Conditions

(MW)

PHOENIX

2011

13,433

11,513

1,920

317

168

0.3%

2016

15,542

13,623

1,919

285

155

0.2%

Peak Load

Import Capability @ Peak

Must-Run Generation @ Peak

Hours Load Exceeds SIL

Energy - GWH

Energy Percent of Valley Load

APS RMI? Analysis
2008-2017

v. ANALYS1S oF RMR ConD1T10ns

A. Phoenix Area

1. AnnualRMR 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 4 and are
represented in the load-duration curves in Figures 9 and 10.

Table 4
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168 GWH

PEAK = 13,433 MW

\, SIL = 11,245 MW

VALLEY LOAD

1-> 317l-IOURS

\

Total Valley Energy = 58,253 GWH

13,000
1,920 MW

12,000

155 GWH PEAK= 15,542 mys

*e\ r SIL = 13,136 MW

VALLEY LOAD

285 HOURS

Total Valley Energy = 67,815 GWH

15,000
1,919 MW

14,000

APS RMYQ Analysis
2008-2017

Figure  9

PHOENIX LOAD DURATION & RMR CONDITION (2011)
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Figure  10

PHOENIX LOAD DURATION & RMR CONDITION (2015)
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Phoenix Area Reserve Capacity

(MW)

PHOENIX

2016

15,542

13,623

3,678

17,301

1,159

865

2011

13,433

11,513

3,678

15,191

1,158

865

Peak Load

Import Capability @ Peak

Valley Generation

Valley Gen + Import

Reserves

Required Reserves

APS RMR Analysis
2008-2017

Table  4 shows that Phoenix is  expected to require  about 1,920 MW of local generation resources
ove r a nd a bove  its  import ca pa bility to me e t pe a k loa d in 2011 a nd 2016. For P hoe nix,
ge ne ra tion is  e s tima te d to be  in a  mus t-run condition for 317 hours  in 2011 a nd 285 hours  in
2016. However, because  RMR occurs only a t peak, the  amount of associa ted energy is  less than
one percent of the total Phoenix area energy requirements, as shown in Figures 9 and 10.

2. Phoenix Area Reserve Capacity

MLSC is  the  maximum load tha t can be  se rved in the  load pocke t. It is  the  import capability plus
the  ge ne ra tion ca pa bility loca te d ins ide  the  loa d pocke t. Ba se d on the  loa d fore ca s t a nd S IL
presented in this  ana lys is , and exis ting and planned loca l gene ra tion, the  MLS Cs  for Phoenix
we re  de ve lope d. The  S IL a nd MLS C a re  utilize d to de ve lop the  P hoe nix Are a  Loa d S e rving
Ca pa bility gra phs , Figure s  3 a nd 4. The  import ca pa bility a nd the  a mount of loca l ge ne ra tion
required, a t the  foreca s ted peak load, a re  de te rmined. The  diffe rence  be tween the  amount of
loca l genera tion required a t peak load and the  tota l va lley genera tion a re  the  projected reserves
for that year. The approach used shows how much generation or transmission may be  needed to
re liably mee t load.

The  genera tion and transmiss ion assumptions  a re  depicted in Table  5. As  shown on this  table ,
a dditiona l re source s , be yond those  proje cts  in APS ' Te n-Ye a r P la n, a re  not re quire d in ye a rs
2011 and 2016.

Table  5

3. Area Load Foreeast

The  his torica l peak load within the  Phoenix a rea  cons tra int is  shown in Table  6 for 2003-2007,
a long with forecas ted peak load for 2011 and 2016. This  peak load represents  load growth a s
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well a s  the  expanding bounda rie s  of the  Phoenix a rea , a s  discussed in Section III, pa rt A and
shown in Figures I and 2. Forecasted peak load is  based on the  same assumptions embodied in
AP S ' tota l sys te m loa d fore ca s t use d for budge ting a nd pla nning. This  pe a k loa d is  the  loa d
measured within the defined Phoenix area constraint.

Table  6

Phoenix and Yuma Load and Energy Forecast
(MW I GWH)

HISTORICAL FORECAST
2003 2004 2005 2006 2007 2011 2016

PHOENIX
LOAD
ENERGY
Load Factor

10,187
43,343
48.6%

10,046
44,128
50.0%

10,744
45,812
48.7%

11,836
47,884
46.2%

11,486
48,725
48.4%

13,433
58,253
49.5°/.,

15,542
67,815
49.7%

APS YUMA
LOAD
ENERGY
Load Factor

404336
1,420

48.2%

342
1,518

50.5%

370
1,609

49.7%
1,117

48.5%

415
1,811

49.8%

475
2,045

49.0%

553
2,382

49.0%

Phoenix area  APS load forecasts were  developed through the  use  of a  multiple  regression model
using his toric hourly load da ta , wea ther, and number of customers . These  his toric re la tionships
(correla tions) were  combined with the  metro area  customer forecast and normal Phoenix weather
to produce the APS Phoenix area load. The SRP forecast, obtained from SRP, was then added to
the APS forecast to obtain a  tota l valley load forecast.

4. Generation

Curre ntly, AP S  owns  1,300 MW a nd S RP  owns  2,378 MW of ge ne ra tion e le ctrica lly loca te d
inside the Phoenix area. Table 7 shows operational data  associated with each unit.
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APS owns West Phoenix CC 1-2-3-4-5, West Phoenix CT 1-2, Ocotillo ST 1-2, and Ocotillo CT
1-2. With the  e xce ption of We s t P hoe nix CC 4-5, the s e  units  colle ctive ly ha ve  a  660 MW
summer ra ting, have  his torica lly opera ted a t capacity factors  in the  3-30 percent range , and a re
ope ra ting a t lowe r ca pa city fa ctors  (a bout 7%) ove r the  la s t fe w ye a rs  a s  ne w high-e fficie ncy
plants  came  on line  in Arizona  and the  Southwes t. Wes t Phoenix CC 4 (110 MW), which went
into se rvice  in June  2001, and West Phoenix CC 5 (530 MW), which came on-line  in July 2003,
improve  re liability to the  Phoenix a rea . These  units  have  opera ted a t capacity factors  in the  10-
50 percent range.

SRP owns the Agua Fria , Kyrene and Suntan generating sta tions inside the Phoenix area, totaling
2,378 MW of gene ra tion. These  units  were  built in the  la te  1950s  to the  mid-1970s , with three
e xce ptions  -- a  ne w Kyre ne  CC unit we nt into se rvice  in 2002, a  ne w Sunta n 5 unit we nt into
service  in 2005, and a  new Santan 6 unit went into service  in 2006.

5. Reserves

Re lia bility within a  loa d pocke t s uch a s  P hoe nix mus t be  e va lua te d diffe re ntly tha n for a n
unconstra ined system. For example , a lthough a  15 percent reserve  margin may be  adequate  for
unconstra ined tota l system loads, it may not provide  adequate  re liability to load pockets  tha t may
not have  access  to a ll re se rves  present in the  WECC inte rconnected sys tem. APS performs an
a na lys is  tha t cons ide rs  the  s ize , force d outa ge  ra te , a nd e ffe ctive  force d outa ge  ra te  of e a ch
ge ne ra ting unit in the  loa d pocke t to de te rmine  the  proba bility tha t e nough ge ne ra tion will be
ava ilable  when needed. The  required re se rve  va lues  used for this  s tudy were  based on a  99%
re lia bility crite ria . This  crite ria  re s ults  in a  re s e rve  re quire me nt for P hoe nix of 865 MW. It
means tha t a t least 2813 MW (3678 MW Phx genera tion less 865 MW reserves) will be  available
to meet load 99% of the  time.

B. Yuma Area

1. Annual RMR Conditions

RMR conditions  for the  Yuma constra ined a rea  a re  shown in Table  8 and pictoria lly represented
in a  load-dura tion curve  in Figures  ll and 12. Table  8 shows tha t APS require s  194 MW (2011)
of re s ource s  ove r a nd a bove  its  tra ns mis s ion import ca pa bility to me e t pe a k loa d in Yuma .
These resources can be APS-owned generation or non-APS owned generation located within the
constra ined a rea . APS is  in a  must-run condition for 2,258 hours  in 2011 and 719 hours  in 2016
in Yuma . The  amount of a ssocia ted ene rgy is  7 pe rcent of Yuma 's  tota l ene rgy requirement in
2011 and 1 percent in 2016.
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Yuma RMR Conditions

(MW)

YUMA

2016

553

409

14-4

719

30

2011

475
281
194

2,258
146

7.1% 1.3%

Peak Load

Import Capability @ Peak

Must-Run Generation @ Peak

Hours Load Exceeds SIL

Energy - GWH

Energy Percent of Yuma Load

PEAK = 415 MW

146 GWH

SIL = 258 MW

YUMA LOAD2,258 HOURS
»1

\

Total Yuma Energy = 2,045 GWH

Table  8

Figure 11

YUMA LOAD DURATION s. RMR CONDITION (2011)
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30 GWH
PEAK : 553 MW

SIL = 415 MW

YUMA LOAD

11s HOURS

Total Yuma Energy = 2,382 GWH
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Figure 12

YUMA LOAD DURATION & RMR CONDITION (2016)
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2 .  Yuma A rea  R eserve  C apae iz jy

The  genera tion and transmiss ion assumptions  a re  depicted in Table  9. As  shown on this  table ,
additiona l re source s , beyond those  projects  in APS ' Ten-Yea r P lan, a re  not required in yea rs
2011 a nd 2016. With a  loa d fore ca s t of be twe e n 475 MW to 553 MW, the  loca l ge ne ra tion
requirements can be  met from either APS or non-APS owned genera tion (Yucca steam and YCA
units ) within the  load pocke t.
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Yuma Area Reserve Capacity

(MW)

YUMA

2011 2016

475 553

281 409

313 313

594 722

119 169

97 97

Peak Load

Import Capability @ Peak

Local Generation

Local Gen + Import

Reserves

Required Reserves

Table  9

3. Area  Load Forecas t

Table  6 shows APS' Yuma historica l peak load for 2003-2007 and forecasted peak load for 2011
and 2016. Forecas ted peak load is  based on the  same  assumptions  used in APS ' tota l sys tem
load forecas t used for budge ting and planning. This  peak is  the  load measured jus t ins ide  the
Yuma  a re a . Yuma  loa d re pre se nts  a pproxima te ly 6 pe rce nt of APS ' tota l sys te m loa d. Yuma
area  APS load forecas ts  were  deve loped through the  use  of a  multiple  regress ion mode l us ing
his toric hourly loa d da ta , we a the r, a nd numbe r of cus tome rs . The se  his toric re la tionships
(corre la tions) were  combined with the  Yuma area  customer forecast, and normal Yuma weather
to produce the Yuma area load.

4. Generation

APS (Yucca  CTS  1-4), DID (Yuma  Axis  1) a nd YCA (Yuma  Coge n l,2) own ge ne ra tion within
the  Yuma load pocket. These  plants  have  an aggregate  summer capacity ra ting of 217 MW. Six
of the  seven units  run on na tura l gas  while  the  other plant (Yucca  CT 4) runs on oil. DID's  Yuma
Axis  l full loa d s umme r ca pa bility is  75MW. The  unit is  us e d to re gula te  DID's  s ys te m, a nd
the re fore  may not be  ope ra ting a t full load during Yuma  peak load hours . Based on his torica l
pe rforma nce , it is  a s s ume d tha t Yuma  Axis  l contribute s  25MW to Yuma  re lia bility. Als o by
2008, 96 MW of new genera tion (new units  Yucca  CT 5 and Yucca  CT 6) is  a ssumed to be  in-
se rvice  a t the  Yucca  subs ta tion which would bring the  tota l ge ne ra tion ins ide  the  Yuma  loa d
pocke t to 313 MW. Additiona l power plant da ta  for this  genera tion is  provided in Table  10.

Although opera ted by APS, DID dispatches its  s team plant to meet its  load and spinning reserve
needs. YCA is  a  coge ne ra tion pla nt tha t ha s  a  contra ct with  S a n Die go Ga s  & Ele ctric
(SDG&E). Although APS has  no dispa tch rights  to these  units , whenever the  units  a re  running
they provide  internal genera tion in the  Yuma area  for purposes of using the  import tomogram.
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YUMA AREA GENERATION

PLANT
FUEL
TYPE

MHHMUM
DOWN
UME

MHHMUM
UPUME

MHHMUM
LOAD

SUMMER
CAPAMLNY'OPERATOR TYPE FOR EFOR

NG
NG
NG
F02
NG
NG

10%
10%
10%
10%
2%
2%

10%
10%
10%
10%
2%
2%

Yucca GT1
Yucca GT2
Yucca GT3
Yucca GT4
Yucca GT5
Yucca GT6

2
2
2
2
2
2

1

1

1

1

1

1

NG

2
2
5
5
32
32

GT
GT
GT
GT
GT
GT

18

APS
APS
APS
APS
APS
APS

APS SUBTOTAL

18

18

52

51

48

48

235

6%4%aSTYuma Axis 1 25DID a

7%
7%

3.5%
3.5%

14
7

N/A
N/A

N/A
N/A

NG
NG

cc
cc

Yuma Cohen 1
Yuma Cogen 2

36

11

53

YCA
YCA

YCA SUBTOTAL

YUMA TOTAL 313

NOTE: 1) Based on APS Resource Planning Assumptions, 2007 QS Long Range Forecast

Ta b le  10

5. Reserves

The required reserve  margin for Yuma was ca lcula ted to be  97 MW. The reserve  requirement for
Yuma  is  ba se d on Loss  of Loa d P roba bility (LOLP ) crite ria  of one  da y in te n ye a rs . In othe r
words , based on Yuma a rea  load, import capability and the  ava ilability of loca l genera tion, this
crite ria  would result in not be ing able  to mee t Yuma load one  day in ten years . The  1/10 crite ria
transla tes to a  reserve requirement of 97 MW during the  time frame studied.
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VI. EconoMic AnALvs ls  oF RMR

A. Introduction

To cons ider potentia l economic effects  resulting from us ing local generation or aris ing from
RMR conditions, an economic analysis  was performed using a economic dispatch model. For
this  economic analysis , the production cost of meeting Phoenix loads was determined with the
exis ting transmiss ion import limitations  in place. Next, a second hypothetical case was built in
which the  transmis s ion import limits  were  removed. Comparing the  two cases  shows  the
economic costs of the transmission constraint.

These two cases were simulated with PROMOD and their outputs were compared to determine
the cost of transmission constraints. PROMOD is a detailed production cost model that includes
generation and transmission of SRP and APS control areas. PROMOD dispatches all generators
on an economic basis to meet the combined SRP and APS system loads, within constraints for
individual system control area's reserve requirements and within transmission constraints.

Much of the  da ta  used in the  production cos t model comes  from publicly available  WECC
Tra ns mis s ion Expa ns ion P la nning P olicy Committe e  (TEP P C) powe r pla nt da ta . AP S
s upplemented the  WECC da ta  with its  current load forecas t and unit cha racte ris tics  for
generation located ins ide the load pockets . At the time this  RMR s tudy was  performed, the
TEPPC 2017 data test case October 1, 2007 version was used in the RMR economic analysis.
This  model includes  all new generation expected to be built in the West by 2011, including 96
MW at Yucca. The 2016 model also assumes new generation is  built near Four Corners  by an
Independent Power Producer (APP).

The following items were quantified based on the PROMOD simulations:

•

•

•

•

•

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 APS and SRP systems, including iiuel, variable O&M, and purchase
power,
Phoenix and Yuma generation emissions,
Phoenix and Yuma natural gas consumption.

B. P h o e n ix

1. P h o e n ix Im p o rts

Table ll shows that under economic dispatch conditions for Phoenix area generation, Phoenix
did not reach its  transmission import limits in 2011 and 2016.
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IMPACT OF ELIMINATING PHOENIX IMPORT LIMITS

Without Import Limits
2011 2016

With Import Limits

2011 2016 Difference

(With minus Without)
2011 2016

0 0 0 0 0 0Hours Limitinq

0 03,1413,698 3,698
Phx Plant Generation
(GWHI 3,141

10.1%10.7%
Phx Plant Capacity
Factor 9.1% 9.1% 0.0% 0.0%

0Cost of Constraints ($M) 0

Ta b le  11

2. Operation of Phoenix area Generating Units

His torica lly, s ince  1999, the  P hoe nix a re a 's  com bine d-cycle  powe r pla nt ca pa city fa ctors  ha ve
ra nge d from 23 to 53 pe rce nt, with a n a ve ra ge  of a bout 34 pe rce nt. Ca pa city fa ctors  for s te a m-
fire d  p la n ts  ra nge d  from  4  to  42  pe rce nt,  a ve ra ging  a bout 17  pe rce nt. Ca pa c ity fa c tors  for
s imple -cycle  combus tion turbine s  ra nge d from le s s  tha n l pe rce nt to 25 pe rce nt, a ve ra ging a bout
6 pe rce nt. His torica l ca pa city fa ctors  a re  s hown in Ta ble  12 by pla nt type  for the  pe riod 1999 to
2007.

Ca pa city fa ctors  of the se  units  in 2000-2001 we re  highe r tha n the  his torica l a ve ra ge  be ca use  the
We s te rn Inte rconne ction a nd the  P hoe nix a re a  both e xpe rie nce d high price  vola tility, high loa d
growth, a nd fe w ne w ge ne ra tion re s ource s  ha d be e n a dde d s ince  the  1980s . With ne w highe r-
e fficie ncy powe r pla nts  coming on line , a s  we ll a s  the  pre s e nce  of the  P a lo Ve rde -Rudd 500 kV
tra nsmis s ion line , the  olde r P hoe nix a re a  units  a re  e xpe cte d to run a t lowe r ca pa city fa ctors . As
note d a bove , howe ve r, the se  units  re ma in critica l to ma inta ining P hoe nix a re a  re lia bility.

Eve n if the  P hoe nix a re a  tra ns m is s ion im port lim its  we re  tota lly e lim ina te d, the s e  olde r units
would s till be  ne e de d to e conomica lly me e t s umme r pe a k loa ds . Elimina tion of the  cons tra ints
wou ld  ha ve  m in im a l im pa c t on  the  c a pa c ity fa c to rs  o f a ll P hoe n ix a re a  p la n ts . T a b le  l l
summa rize s  the  re sults  of the  s imula tion a na lys is .
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PHOENIX AREA POWER PLANT HISTORICAL CAPACITY FACTOR

TOTAL PHOENIX
STEAM

COMBINED CYCLE

COMBUSTION TURBINE

TOTAL

(%)

1999 2000 2001 2002 2003 2004 2005 2006 2007

23.1 40.2 42.3 14.4 9.0 8.2 4_3 4.2 5.6

29.0 53.1 50.5 27.7 25.1 23.7 28.8 31 .5 34.3

3.7 14.9 24.7 2.8 0.9 1.2 0.4 0.5 0.8

18.9 36.3 39.9 17.2 15.8 14.9 18.6 21.2 23.3

Pollutant
RMR Imp a c ts

(tons /year)
Phoenix Area Emissions RMR Impact
(% of total emissions from all sources)

no 0.0 0.000

CO 0.0 0.000

PM10 0.0 0.000

VOC 0.0 0.000

Ta b le  12

3. Cost Impacts

An e s tima te  of the  cos t of the  tra ns mis s ion import cons tra ints  ca n be  de te rmine d by compa ring
the  s ys te m cos t to s e rve  P hoe nix cus tome rs  with a nd without cons tra ints . Cos ts  include d in the
a na lys is  a re  fue l, va ria ble  O&M, a nd purcha s e d powe r. The  re s ults  of this  a na lys is  s howe d the
P hoe nix loa d a re a  did not re a ch its  tra nsmiss ion import limits  in 2011 a nd 2016, a nd he nce  the re
wa s  no cos t impa ct due  to the  tra nsmiss ion import cons tra ints . S e e  Ta ble  1 l.

4. Emissions Impact

In a ddition to e conomic mode ling, the  P ROMOD a na lys is  e va lua te d the  cha nge  in pla nt a ir
emiss ions  tha t would re sult from removing the  transmiss ion cons tra int. The  Phoenix load a rea
did not reach its  transmiss ion import limits  in 2011 and 2016, so the re  is  no emiss ion impact to
the  P hoe nix a re a  for the  four crite ria  polluta nts  routine ly tra cke d for powe r pla nts : NOt, CO,
VOCs and PM1o. Maricopa  County is  a  non-a tta inment a rea  for CO and PM10- NOx and VOCs
are precursors for ozone and therefore are included.

Ta b le  13
P h o e n ix Are a  Air Em is s io n s  Im p a c t  o f RMR

'201 1 and2016 results
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PHOENIX POWER PLANT EMISSIONS (TONS)

Without Import
Limits

2016

663

100

2011

896

132

With Import Limits

2011 2016

896 663

132 100

Difference

(With minus Without)

2011 2016

0 0

0 0

76

48

76

48

63

41

63

41

0

0

0

0

M94

L

Mu
VOC

Ta ble  14 shows  P hoe nix a re a  powe r pla nt e miss ions  by type .

Ta b le  14

5. Natural Gas Impact

The PROMOD analysis  was used to eva lua te  the  change  in na tura l gas  consumption tha t would
re sult from re moving the  tra nsmis s ion cons tra int. The  P hoe nix loa d a re a  did not re a ch its
tra nsmiss ion import limits  in 2011 a nd 2016, so the re  is  no na tura l ga s  consumption impa ct.
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IMPACT OF ELIMINATING YUMA IMPORT LIMITS

without Import Limits
2011 2016

00

With Import Limits
2011 2016

265 25

Difference
2011 2016

265 25Hours Limitinq

70 32 45 25 1

APS Yuma Generation
(GwH) 31

0.1%1.4%3.3% 1.5% 2.1% 1.2%
APS Yuma Plant
Capacity Factor

1 0Cost of Constraints ($MI

C. Yuma

1. Yu m a  Im p o rts

Unlike  the  P hoe nix a re a , the  Yuma  imports  do re a ch the ir limits  a t va rious  time s  throughout the
s um m e r. Ta ble  15 s hows  tha t,  for 2011, AP S  could be  cons tra ine d for 265 hours  in  the  ye a r.
The  e ne rgy a s socia te d with the se  hours  a mount to 25 GWH. Ta ble  15 a lso shows  tha t, for 2016,
AP S  could  be  cons tra ine d  for 25  hours  in  the  ye a r. The  e ne rgy a s s ocia te d with the s e  hours
a mount to 1 GWH. During the s e  hours , it would ha ve  be e n more  e conomica l to import che a pe r
p o we r e ith e r g e n e ra te d  o n  AP S ' o wn  u n its  o u ts id e  th e  Yu m a  a re a  o r p u rc h a s e d  fro m  th e
whole sa le  ma rke t if the  import limits  we re  incre a se d.

Ta b le  15

2. Operation of Yuma Units

His torica lly, the  AP S  Yucca  CTs  ha ve  ope ra te d a t ca pa city fa ctors  tha t ra nge  be twe e n 1 a nd 18
pe rce nt, a ve ra ging a bout 5%. His torica l ca pa city fa ctors  a re  s hown in Ta ble  16 by unit for the
pe riod 1999 to 2007.

44



YUMAPOWER PLANTS HISTORICAL CAPACITY FACTOR
(%)

1999 2000 2001 2002 2003 2004 2005 2006 2007

1]
12
&5
on

13
13
41
03

23
35
92
05

so
65
122
43

YUCCA
CT1
CT2
CTR
CT4

45
46
144
03

234
248
220
149

IA
IA
35
03

25
23
as
04

20
15
25
02

2.87.91.8Total Yucca 6.6 4.418.4 3.3 1_32.0

Table  16

3. Cost Impacts

The  PROMOD ana lys is  indica te s  tha t the  Yuma  import limit will be  cons tra ining for 265 hours
in 2011 a nd for 25 hours  in 2016. The  cos t of this  cons tra int in 2011 is  le s s  tha n $1,000,000
The cost of this  constra int in 2016 is  negligible . See  Table  15.

4. Emission Impacts

The  emiss ion impact on the  Yuma a rea  due  to a  potentia l re lieving of transmiss ion cons tra ints
a nd "moving" ge ne ra tion outs ide  of the  Yuma  a re a  wa s  de te rmine d by PROMOD s imila rly to
the  Phoenix analysis . Unlike  Phoenix, however, Yuma County is  a  non-a tta inment area  for PM10
only. Impa cts  on powe r pla nt e mis s ions  in Yuma  we re  e s tima te d by us ing a ve ra ge  e mis s ion
ra te s  of norma l ope ra tion of AP S  units  a long with the  cha nge  in e ne rgy production. For
compa ris on purpos e s , tota l P M10 e mis s ions  in Yuma  County we re  me a s ure d by Arizona
De pa rtme nt of Environme nta l Qua lity in 2006. To put the  re sults  into pe rspe ctive , cha nge s  in
Yuma  a re a  powe r pla nt e mis s ions  a re  s hown a s  a  pe rce nta ge  of tota l Yuma  County P M10
e mis s ions . Cha nge s  in e mis s ions  re sulting from e ntire ly e limina ting the  tra nsmis s ion import
constra int into Yuma are  shown in Table  17.

45



P o llu ta n t
RMR Im p a c t

(t o n s kye a r )

2011 2016

Yuma  Area  Emis s ions  RMR Impac t
(% of tota l emis s ions  from all s ources )

2011 2016

pox 20 2 N/A N/A

CO 4 1 N/A N/A

PM10 0.040.48 0.001 0.000

VOC 0.030.45 N/A N/A

With Import Limits2011 2016 Without Import Limits
2011 2016

APS YUMA POWER PLANT EMISSIONS (TONS)
Difference

(With minus Without)
2011 2016

20

4

0.48

0.45

M
L
EMm
VOC

30

6

0.73

0.77

22

5

0.54

0.57

50

10

1.21

1.22

20

4

0.50

0.54

2

1

0.04

0.03

Ta b le  17
Yu m a  Are a  Air  Em is s io n s  Im p a c t  o f RMR

Ta ble  18 shows  AP S  Yuma  a re a  powe r pla nt e miss ions  by type .

Ta b le  18

5. Na tu ra l Ga s  Im p a c t

The  P ROMOD a na lys is  wa s  us e d to e va lua te  the  cha nge  in na tura l ga s  cons umption tha t would
re s u lt from  re m ov ing  the  tra ns m is s ion  c ons tra in t. In  2 0 1 1 ,  b y e n t ire ly  e lim in a t in g  th e
tra ns mis s ion import cons tra int into Yuma , the  ge ne ra tion units  within Yuma  would re duce  the ir
c ons um ption  o f na tu ra l ga s  by 0 .294  BCF . F o r 2 0 1 6 ,  th e  Yu m a  u n its  wo u ld  re d u c e  th e ir
consumption of na tura l ga s  by 0.019 BCF.
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VII. CONCLUS1ONS

Phoenix area Conclusions

l.  P hoe nix a re a  e xis ting  a nd  p la nne d  tra ns m is s ion  a nd  loca l ge ne ra tion  a re  a de qua te  to
re lia b ly s e rv e  P h o e n ix  a re a  p e a k lo a d  in  2 0 1 1  a n d  2 0 1 6  with  th e  p ro je c te d  lo c a l
gene ra tion re se rve  margin exceeding the  required re se rve  margin.

2. During the  s umme r, P hoe nix a re a  loa d is  e xpe cte d to e xce e d the  a va ila ble  tra ns mis s ion
im port ca pa bility for a pproxim a te ly 317  hours  in  2011 a nd  285  hours  in  2016.  The s e
hours  re pre se nt le s s  tha n one  pe rce nt of the  a nnua l e ne rgy re quire me nts  for the  P hoe nix
a rea .

3. From a  tota l P hoe nix loa d, tra ns mis s ion, a nd re s ource s  vie wpoint, loca l ge ne ra tion is  not
e xpe cte d to be  dispa tche d out of e conomic dispa tch orde r in 2011 a nd 2016.

4. Be ca us e  the re  is  not e xpe cte d to be  a n out of me rit orde r cos t of P hoe nix a re a  RMR
ge ne ra tion, a dva nce me nt of tra ns mis s ion proje cts  to incre a s e  import ca pa bility a re
presently not cost jus tified.

5. The  P hoe nix loa d a re a  did not re a ch its  tra ns m is s ion im port lim its  in 2011 a nd 2016, s o
the re  is  no emiss ion impact to the  P hoenix a rea .

6. S ince  the  P hoe nix loa d a re a  did not re a ch its  tra nsmiss ion import limits  in 2011 a nd 2016,
th e re  is  n o  im p a c t to  lo c a l g e n e ra tio n  c a p a c ity fa c to r a n d  to ta l ye a rly n a tu ra l g a s
consumption by the  P hoe nix a re a  ge ne ra tors .

Yuma Area Conclusions

7 .  Yum a  a re a  e xis ting  a nd  p la nne d  tra ns m is s ion  a nd  loc a l ge ne ra tion  a re  a de qua te  to
re lia bly s e rve  Yuma  a re a  pe a k loa d in 2011 a nd 2016 with the  proje cte d loca l ge ne ra tion
re se rve  ma rgin e xce e ding the  re quire d re se rve  ma rgin.

8. The  Yum a  a re a  loa d is  e xpe cte d to e xce e d the  a va ila ble  tra ns m is s ion im port ca pa bility
for 2,258 hours  in 2011 a nd 719 hours  in 2016. The se  hours  re pre se nt a pproxima te ly 7%
of the  a nnua l e ne rgy re quire me nts  for Yuma  in 2011 a nd a pproxima te ly 1% in 2016.

9 .  F rom  a  to ta l Yum a  loa d,  tra ns m is s ion ,  a nd re s ource s  v ie wpoint,  the  im port cons tra in t
could ca us e  AP S  Yuma  ge ne ra tion to be  dis pa tche d out of e conomic dis pa tch orde r for
265 hours  in 2011 a nd 25 hours  in 2016.

10.  The  e s tim a te d  a nnua l e conom ic  cos t of Yum a  a re a  ge ne ra tion  re quire d  to  run  out of
e conom ic  d is pa tch  o rde r is  a pproxim a te ly $1  m illion  fo r 2011 . Due  to  the  p la nne d
a ddition of a nothe r EHV line  to  Yum a  a nd the  a ddition of a n  HV line  within  the  Yum a
a re a , a s  indica te d in AP S ' 10-Ye a r P la n, those  cos ts  a re  ne gligible  by 2016.
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ll. Removing the  transmiss ion cons tra int would reduce  tota l Yuma  a rea  a ir emiss ions  by a
minimal amount for years 2011 and 2016.

12. Re moving the  import re s triction into the  Yuma  a re a  could re duce  the  AP S  Yuma
generation capacity factor from 3.3 percent to 2.1 percent in 2011 and from 1.5 percent to
1.4 percent in 2016.

13. Removing the  transmission constra int could reduce  tota l yearly na tura l gas  consumption
by the  Yuma  a re a  ge ne ra tors  by 0 .294 BCF a nd 0 .019 BCF for 2011 a nd 2016,
respective ly.
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