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Dear Sir/Madam:

The Southwest Area Transmission (SWAT) Sub-Regional Transmission Planning Group is
comprised of transmission regulators/governmental entities, transmission users, transmission
owners, transmission providers, transmission operators, transmission developers, generation
developers, and environmental entities. The group was formed to promote regional planning
across the entire Southwest area of the Western Electricity Coordinating Council. SWAT
operates in a public forum and is open to any entity or persons interested in the development and
future of the electric transmission system. SWAT encourages collaborative efforts and joint
participation to address issues. A key goal of SWAT is to maximize use and benefits of the
existing and future regional transmission system.

As members of SWAT, the Arizona Transmission Providers have participated in various SWAT
Technical Subcommittees, Task Forces, Work Groups and the Oversight Committee. The
Subcommittees, Task Forces, and Work Groups have been involved in study efforts investigating
renewable energy resources such as solar and wind energy, new base load generation,
transmission to access renewable resources, how to meet load growth and enhance the utilization
of the existing transmission system, and coordination with neighboring Sub-Regional Planning
Groups. Due to the nature of performing joint study work, Arizona Transmission Providers are
dependent on the technical studies performed under the direction of SWAT for development of
their Ten Year Plans.

The attached study work was prepared by the SWAT subcommittee, Arizona Transmission
System (SWAT-AZ), and was approved at their October 17, 2013 meeting. The report has been
prepared to support Transmission Provider’s Ten Year Plan submittals in January 2014 and for
use during the ACC’s 2014 Biennial Transmission Assessment (BTA).
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The SWAT-AZ 2013 Ten Year Snapshot Study fulfills the BTA requirement to study ten-year
transmission plan projects submitted to the ACC and includes “Project Outage” (formerly known
as N-1-1) analysis, for the state of Arizona.

SWAT strongly supports the coordinated effort between the utilities and stakeholders and
supports the enclosed study report.

Sincerely,

Patrick Harwood
SWAT Chairman

Enclosure

cc: Steven M. Olea, Utilities Division, (ACC)
Janice Alward, Esq., Legal Division (ACC)
Lyn Farmer, Chief Administrative Law Judge, Hearing Division (ACC)
Ed Stoneburg (ACC)
Chuck Russell (SRP)
Bruce Evans (SWTC)
Gary Trent (TEP)
Jason Spitzkoff (APS)

Original and 13 copies of the foregoing filed with Docket Control.
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Executive Summary

The Ten Year Snapshot Study is an assessment of the Arizona transmission system based upon submittals
to the Arizona Corporation Commission (ACC) per Arizona Revised Statute 40-360. The study is
performed every two years, typically in odd-numbered years for submittal in January of even numbered
years.

The submitted ten year plans are modeled in a power flow case representing the expected transmission
system in 2023. The 2023 Heavy Summer Western Electricity Coordinating Council (WECC) base case
was used as the seed base case. Forecasted loads, resources, underlying transmission system, as well as
planned facilities for transmission owners in the 2023 timeframe were added to the WECC case to develop
the Arizona transmission system case used in this study.

The assessment of the ten year plan consisted of conducting N-0 and N-1 power flow analyses on the
coordinated case to verify that there were no thermal overloads or voltage problems during the time frame
the ten year planned facilities are in service. Project Outage (N-1-1) power flow analyses were conducted
to show the impact on the surrounding transmission system by removing an individual Project from the
ten year plan.

Prior to any outages (N-o0 conditions), the base case showed no busses outside of voltage criteria or
exceeding thermal ratings. Single contingency (N-1) analysis showed no busses with voltage or voltage
deviation outside of criteria and only one facility exceeding its emergency thermal rating.

The Project Outage (N-1-1) portion of the study, taking out facilities associated with a ten year planned
project and running contingencies, showed that delay of a single Project would generally not cause
significant impact to the remaining transmission system. Nine Project Outages were studied, four
Arizona Public Service (APS) Projects, two Salt River Praject (SRP) Projects, one Tucson Electric Power
(TEP) Project, and two Southwestern Power Group (SWPG) Projects. Delay of only the TEPo1 project,
Pinal Central-Tortolita 500KV line, showed increased loadings (2-9%) on the remaining system as
compared to the base case for the same contingency.

This study indicates the planned 2023 Arizona transmission system is robust as shown by the few
instances of voltage and thermal violations in the base case. Further, those outages resulted in localized
and not system-wide violations. The Project Outage scenarios indicate that a delay of any one Project
does not have a significant negative impact on the remaining transmission system. It should be noted,
that delay of other projects investigated in this study beyond their in-service dates or 2023 may not
impact the Arizona transmission system, but could have significant impacts on underlying load-serving
facilities.
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Introduction

The Ten Year Snapshot Study was performed to coincide with biennial filings with the ACC. The Ten Year
Snapshot Study is a collaborative effort to assess the ten year transmission plan for Arizona. The study is
performed every two years, typically in odd-numbered years for submittal in January of even numbered
years.

The objective of the study is to analyze how the participants’ ten year plans perform as a whole in a
regional environment and the effect of omitting an individual planned transmission project from the plan.

The transmission system performance is assessed by studying N-0, N-1 and Project Outage (N-1-1)
conditions on a transmission system topography, load level, and generation dispatch forecasted in a tenth
year. The study consisted of a screening of voltage and thermal violations for N-o0, N-1, and the Project
Outage scenarios combined with an N-o or N-1 condition. The system performance is assessed by
reviewing thermal and voltage violations under all lines in service and outage conditions. The violations
are identified if thermal or voltage excursions exceed criteria determined by the North American Electric
Reliability Corporation (NERC) transmission planning (TPL) standards.

This report is one of a series of reports required to be filed with the ACC on a biennial basis as a result of
Orders issued by the ACC from previous Biennial Transmission Assessments. Other required reports,
such as the Corridor Outage and Extreme Contingencies Studies, are not included with this report but will
be submitted separately.




Study Methodology

Case building

The study began with development of a power flow case that reflected a 2023 timeframe and included
participant’s Ten Year Plan projects. Annually, entities planning to build 1) transmission of 115kV or
greater, or 2) thermal or hydro generation of 100MW or greater must file a Ten Year Plan with the ACC.

This year’s case, a 2023 Heavy Summer Western Electricity Coordinating Council (WECC) case reflecting
transmission and generation topology of the timeframe, was modified by APS, SRP, TEP, SWTC, and
Western Area Power Administration (WAPA).

After a round-robin approach to updating the 2023 Heavy Summer case, the study work began with
reviewing the system under “all lines in service” or “ALIS” conditions. Overloads or voltage violations in
Arizona and California were corrected to alleviate any ALIS issues due to errors in the case. This analysis
is also known as “N-0” analysis which indicates the number of lines out of service is “0”, zero.

Case Highlights for Arizona

Generation
The generation capacity modeled for Arizona was 39,061MW with 31,545MW online.

Planned Generation
The following announced generation was modeled in the case:

Fuel Type Project Name Modeled MW Dispatched
Natural Gas Bowie Yes 530
Natural Gas Abel Yes 765

Solar Mesquite Solar Yes 210

Solar Queue in PV Area Yes 280
Unknown Queue in Northern AZ Yes 20

Solar Queue in Yuma : Yes 38

Solar Queue in Gila Bend area Yes 505
Table 1 - Announced Generation in 2023 case

Load

The state of Arizona was modeled with 23,535MW of load for this 2023 representation. The previous
report showed 22,825MW representing 2021. Losses account for an additional 887MW for a total
Arizona load (load +losses) of 24,422MW.

State Status

The 2023 Heavy Summer case shows Arizona generating 7,123MW more than required to serve Arizona
loads. Arizona continues to export generation, primarily to California.




N-1 and Project Outage (N-1-1) Contingency Analysis

Once a case was finalized contingency analysis was performed. Contingency analysis (also known as N-1
analysis) simulates taking an element out of service (forced outage, fire, storm damage, etc.) and assessing
the impact to the remainder of the system due to the loss of that facility. The utilities reviewed the
resultant violations and provided mitigation, if available.

The last step of the study was the Project Outage analysis (also known as N-1-1) which resulted in nine
additional cases. Each Project Outage case removed a Project (transmission facility/ies) and single
contingencies were applied. The following Project Qutages were considered for this analysis:

Project Outage cases included:

Case Planned Projecet modeled as initially out of service for N-1-1 In service
Code analysis Date

e Bullet items are facilities identified for removal for
the project
Palm Valley-TS2-Trilby Wash (TS1) 230KkV line 2015
e  Palm Valley-TS2 230KkV line
e  TS2-Trilby Wash 230kV line

APSo2 Delaney-Sun Valley—Morgan 500 and 230 kV systems 2016

¢ Delaney-Sun Valley 500 kV line
e Sun Valley 500/230KkV transformer
e Sun Valley-Trilby Wash 230kV line
e  Trilby Wash 230/69 KV transformer,
e Sun Valley—Morgan 500 kV line

APSo3 North Gila—Orchard (TS8) 230kV line 2016
¢ North Gila—Orchard 230KkV line

APSo4 Morgan—Sun Valley 500kV line 2018
¢  Morgan—Sun Valley 500kV line

SRPo1 Rogers-Santan 230KV line 2016
e  Rogers-Santan 230kV line

SRPo2 Price Road Corridor ) 2016

¢  Kyrene-Knox 230kVline
e  Knox—RS 27 230KkV lines
[ ]

RS27-RS28 230KV lines
e  RS28-Schrader 230kV line
TEPo1 Pinal Central-Tortolita 500KV line 2016
e  Pinal Central-Tortolita 500KkV line
Sunzia SunZia 500kV line 2016

e  SunZia E — SunZia S 500KkV line
e SunZia S — Willow 500kV line
o  Willow — Pinal Central 500KV line

Bowie Bowie 2016
e  Removal of generation and associated transmission

Table 2 — Project Qutage Cases

For more information on the status or milestones of these projects visit the Arizona Corporation
Commission website, Docket Control, to obtain Ten Year Plan filings or visit project proponent websites.




Monitoring Criteria

This analysis monitors thermal loading of transmission facilities and voltage deviation at substations
caused by system disturbances (contingencies). The criteria in Table 3- Monitoring criteria below
highlights the criteria used to identify violations for this study. Exceeding the criteria below can cause
damage to the electric system. Elements that exceed the criteria indicate where problems in the system
may exist and that need further review to appropriately address the thermal or voltage deviation issue.
The voltage and thermal criteria are WECC criteria, which have the following limits:

Voltage Criteria

Qutage Type Thermal Criteria

N-o No Outage, All lines in No element exceeding 100% of its No bus voltage less than
service normal rating 0.95 pu or greater than
1.05pu !
N-1 Single Element Outage No element exceeding 100% of its No voltage deviation
emergency rating greater than 5%
Project Project Outage (with No element exceeding 100% of its No bus voltage less than
Outage system adjustments) normal rating following system 0.95 pu or greater than
(N-1-1) followed by another adjustment after the Project Qutage 1.05 pu* with system
contingency and no element exceeding 100% of its  adjustments for the
emergency rating following the Project Outage and no
subsequent outage. voltage deviation greater
than 5% for the
subsequent outage.

Table 3 - Monitoring criteria

All thermal overloading results were screened to show only elements above 230KkV. Voltage results were
also screened for bus voltages 230kV and higher. Voltage deviation is calculated as the percent difference
in voltage between post and pre outage voltage on buses. If the voltage deviation exceeds 5%, the bus is
listed as exceeding criteria.

The Project Outage (N-1-1) thermal overload results were benchmarked against the N-1 results to
distinguish loadings that were only associated with the N-1-1 and were not pre-existing in the N-1 base
case. Similarly, the N-1-1 voltage deviation results were also benchmarked against N-1 results.

Monitored Elements

All transmission facilities in Arizona with voltage greater than 230kV were monitored for thermal and
voltage criteria.

System Disturbances (Contingencies)

The contingencies studied included Arizona transmission lines and transformers with voltages equal to or
greater than 230kV. The list of studied contingencies is contained in Appendix A.

! Arizona utilities typically screen for voltage below 0.95 per unit and above 1.05 per unit on all systems
less than 500kV. The 500kV system is typically operated at 525kV which results in a per unit voltage
acceptable at 1.10 per unit.




Study Results

Base case results

The 2023 Heavy Summer case results include voltage and thermal results with all lines in service (no
contingencies) as well as voltage and thermal results under simulated contingency conditions.

The 2023 Heavy Summer case showed no thermal violations (flow on elements exceeding an element’s

. normal rating) under all lines in service conditions. For single element outages studied, the Copper Verde
transformer exceeded its 224MVA emergency rating for loss of either the parallel transformer or the
Greenlee 345/230kV transformer.

There were no busses identified as exceeding voltage or voltage deviation criteria.

Tabular results are contained in Appendix B.

Project Outage followed by single contingency (N-1-1)

The Project Outage analysis is a screening tool to assist in identifying criticality of projects to the
interconnected system if not in service at the end of the ten year timeframe.

There were no voltage (high or low) violations for the Project Outage scenarios. There were two Project
Outage cases that showed voltage deviations of 5%, just at the criteria limit. The Project Outage cases
were the APSo2 and TEPo1 cases. Each Project Outage case showed a single bus affected by a single
contingency.

Thermal overloads for the Project Outage cases were identified on the Copper Verde transformer for all
Project Outage cases but the thermal loading wasn’t much higher than what was identified in the base
case. Base case overload on the Copper Verde transformer was at its emergency rating of 224MVA and
increased by 2% in the TEPo1 Project outage case.

New overloads, attributed to a Project Outage, were only observed with the loss or delay of TEPo1 or
SunZia projects. The overloads identified were minimal in that there were only four elements that
overloaded for these two Project Outages. The magnitude of the overloads were similarly minimal, in the
range of 2-9% higher as compared to the same contingency in the base case for the TEPo1 project and by
10% higher as compared to the base case for the SunZia project.

While violations were noted, the violations were localized to the area of the outage and do not propagate
to the greater Arizona transmission system.

Tabular results are contained in Appendix B.




Study Findings

The Ten Year Snapshot study (aka the BTA study) investigating the coordinated impact of ten year plans
on the Arizona extra high voltage (EHV) system found that:

e The 2023 system is robust
¢ Planned projects support the loads estimated for the 2023 timeframe

The Project Outage analysis (an N-1-1 analysis) indicated that the delay of any one project beyond the
2023 timeframe results in consistent thermal and voltage violations of the base case, with the exception of
the TEPo1 project. The delay of the TEPo1 project could cause 2-9% higher loadings as compared to the
base case with the project in service.

As a screening analysis the Project Outage portion of the Ten Year Snapshot study indicates that the EHV
system can support changes in the timing of some of the transmission and generation projects without
significant adverse effects on the remaining system.

The results of this study could be interpreted that the delay of one project doesn’t have a negative impact
on the remaining system and therefore that particular project isn’t needed. This interpretation of the data
presented would be false. Utilities plan their transmission systems for reliability, redundancy,
transmission scheduling capability, and economic considerations. This ten year snapshot is intended to
view the combined impact of a state-wide collaboration of projects that perhaps individual utilities might
not see when planning for the near term (5-6 years). Because planned projects are modeled in this longer
term view, and with the interconnected nature of the transmission system, removal of a single project
results in redistribution of power on the remaining projects and system. This redistribution reduces the
impact of the delay of an individual project and does not point to a conclusion supporting a lack of need
for that individual project. It should be noted, that delay of other projects investigated in this study
beyond their in-service dates or 2023 may not impact the Arizona transmission system, but could have
significant impacts on underlying load-serving facilities.

The results of this study indicate the planned 2023 Arizona transmission system is robust as shown by the
few instances of voltage and thermal violations in the base case. Further, those outages resulted in
localized and not system-wide violations. The Project Outage scenarios indicate that a delay of any one
Project does not have a significant negative impact on the overall reliability of the remaining transmission
system.




Appendices

Appendix A: Contingency List

Appendix A -1
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Appendix B: Contingency Results
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