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Executive Summary

The Ten Year Snapshot Study is an assessment of the ten year high voltage and extra high voltage
transmission plans developed by transmission owners in Arizona. The developed plans used a
coordinated base case, which models the expected transmission system in 2019. The 2018 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 all transmission owners in the
2019 timeframe were added to the seed case to develop the 2019 Central Arizona Transmission System
(CATYS) case used in this study.

Though the Ten Year Snapshot Study Area has historically focused on the central Arizona region (an area
bounded by the Phoenix Metropolitan area to the north, the Tucson Metropolitan area to the south, the
Palo Verde Generating Station to the west and the Arizona/New Mexico border to the east), this year’s
study has expanded to include reviewing impacts statewide. A state-wide view will assist in coordinating
this and other study efforts (and results) among the various planning groups in Arizona.

The assessment of the ten year plan consisted of conducting N-O and N-1 power flow analyses on the
coordinated 2019 detail CATS base case to verify that there were no thermal overloads or voltage
problems for the 2019 time frame with all participants’ 2019 planned facilities. Project Outage (N-1-1)
power flow analyses were conducted to show the impact on the surrounding transmission system by
removing an individual participant’s Project from the ten year plan.

The base case showed prior to any outages (N-0 conditions) there are a few busses outside of voltage
criteria, but no overloaded elements. Single contingency (N-1) analysis showed overloads on transmission
elements that can be addressed by upgrading the facilities, implementing switching solutions, or by
implementing existing generation tripping solutions. Voltage deviations were noted for contingencies in
the base case. The voltage deviations were a result of the simulated outage causing a radial condition,
needed voltage support, and/or were indicative of a modeling error that will need further investigation.
These thermal violations and voltage deviation issues have been seen by the utilities in internal studies
and have solutions either identified or being investigated.

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. Fifteen Project Outages were studied, nine APS
Projects, four SRP Projects, one TEP Project, and delay of the Palo Verde-Devers #2 500kV line. Delay of
the following projects beyond the ten year window had the greatest impact (5% or greater loading as
compared to the base case for the same contingency) to the transmission system:

Case # - Description

APS #3 - Raceway-Avery-Pinnacle Peak 230kV line
APS #5 - Raceway-Pinnacle Peak 500kV line

TEP #1 - Pinal Central — Tortolita 500 kV line

The results of this study indicate the planned 2019 Arizona transmission system is robust as shown by
limited voltage and thermal violations in the base case. Additionally, the Project Outage scenarios
indicate that a delay of any one Project does not have a significant negative impact on the remaining
transmission system.
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Introduction

The Ten Year Snapshot Study was performed to coincide with CATS-EHV biennial filings with the Arizona
Corporate Commission (ACC). The Ten Year Snapshot Study is a collaborative effort to assess the CATS-
EHV ten-year transmission plan for Arizona.

The objective of the study is to analyze how the participants’ ten year plans perform as 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-O, 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-O, N-1, and the Project
Outage scenarios. 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 Council (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 result of
Orders issued by the Arizona Corporation Commission from previous Biennial Transmission
Assessments. Other reports, including the Corridor Outage Studies and Extreme Contingencies Studies,
are not included with this report but will be submitted separately under separate cover.
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Study Methodology

Case building

The study began with development of a power flow case that reflected a 2019 timeframe and included
participant’s Ten Year Plan (TYP) projects. Annually, entities planning to build transmission or
generation above 100kV or 100MW must file a TYP with the Arizona Corporation Commission (ACC).

This year’s planning case, reflective of a 2019 transmission and generation topology, was a 2018 case
modified by Arizona Public Service (APS), Salt River Project (SRP), Electrical District #3 ( ED3), Tucson
Electric Power (TEP), Southwest Transmission Cooperative (SWTC), and Western Area Power
Administration (WAPA).

After a round-robin approach to updating the case, the study work began with reviewing the system under
“all lines in service” or “ALIS” conditions. Overloads or voltage violations were corrected to alleviate any
ALIS issues. 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 37,851MW with 33,967MW online.

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

Fuel Type Project Name Modeled MW Dispatched |
Coal Desert Rock Yes 1400

Natural Gas Bowie Yes 0

Natural Gas TransCanada Coolidge Yes 561

Natural Gas Pinal Central Yes 900

Natural Gas San Luis Rio Colorado Yes 300

Natural Gas Abel Yes 600

Solar Solana-Gila Bend area Yes 280

Table 1 - Announced Generation in 2019 case

Load

The state of Arizona was modeled with 25,340 MW of load in this 2019 study. The originating case, a
2018 coordinated case, had 26,029MW of load. The modest load reduction of 689MW, about 3%, is in
part due to estimates of load reductions expected in the ten year time frame in response to the recession.
The load reduction doesn’t appear very large, and is in part due to the fact that the full depth of the
recession wasn'’t yet accounted for in load forecasts at the time case building for this study began.
Further, it has been utility experience that even in a recession, while near term load forecasts can be
dramatically affected; longer term forecasts tend to rebound close to pre-recession forecasts.

State Status
The 2019 case shows Arizona generating nearly 7600MW more than required to serve Arizona loads.
Arizona continues to export generation, primarily to California.
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N-1 and Project Outage (N-1-1) Contingency Analysis

Once a base case was finalized contingency analysis was performed. Contingency analysis (also known as
N-1 analysis) simulates taking an element out of service (maintenance, 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.

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

APS Project Outage cases included:

Planned Project modeled as initially out of service for N-1-1 In service
EREWSS Date

e Bullet items are facilities identified for removal for
the project
APSO1 Palo Verde-Sun Valley (formerly TS5) 500 and 230 kV system 2014

Delany-Sun Valley 500 kV line

Sun Valley 500/230kV transformer

Sun Valley 500/230 kV transformer

Sun Valley-Trilby Wash 230kV line

Trilby Wash 230/69 kV transformer

APS02 Palo Verde-Sun Valley —Raceway 500 and 230 kV systems 2014

e All of APSO1 plus
e Sun Valley — Raceway 500 kV line
APSO03 Raceway-Avery-Pinnacle Peak 230kV line 2010 or 2012

Raceway-Avery 230KV line

Avery-TS6 230kV line

TS6-Pinnacle Peak 230kV line

Both TS6 230/69 kV transformers

APS0O4 Palm Valley-TS2-Trilby Wash (TS1) 230kV line 2015

e Palm Valley-TS2 230kV line
e  TS2-Trilby Wash 230kV line
APSO5 Raceway-Pinnacle Peak 500kV line 2010

e Raceway-Pinnacle Peak (APS) 500KV line
e All 3 Pinnacle Peak 500/230kV transformers

APS06 Raceway 500kV to 230kV transformer 2016
e Raceway 500/230kV transformer

APSO7 Sun Valley (TS5) —Raceway (TS9) 500kV line 2016
e Sun Valley — Raceway 500kV line

APSO8 Hassayampa-North Gila 500kV ckt 2 2014
e Hassayampa-North Gila 500KV line (ckt 2)

APS09 Pinal Central — Sundance 230KV line 2013

e Pinal Central-Sundance 230KkV line
Table 2 - APS Project Outage Cases
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Project Outage cases for SRP , TEP and other Projects are shown below:

Planned Project modeled as initially out of service for N-1-1 In service
EREWSS Date

e Bullet items are facilities identified for removal for
the project
Desert Basin-Pinal Central 230kV line

e Pinal Central -Desert Basin 230kV line

SRP0O2 PC Gen 500/230 kV transformer and all generation 2018
e PC Gen500/230kV transformer
e AllIPCgen

SRPO3 Pinal West — Pinal Central 500KV line 2013

e Pinal West — Santa Rosa
e Santa Rosa — Pinal Central
e Santa Rosa 500/230kV transformers

SRPO4 RS24 All 230 kV lines and 230/69KkV transformers at RS24 2012
e RS24-Abel (1and 2)
e RS24230/69
e RS24-Schrader

e RS24-Santan

TEPO1 Pinal Central-Tortolita 500kV line 2013
e Pinal Central-Tortolita 500kV line
PVD2 Palo Verde Devers #2 500kV line TBD

e Harquahala-Devers 500kV line
Table 3 — SRP, TEP, and other Project Outage Cases
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Monitoring Criteria

This analysis monitors thermal loading of transmission facilities and voltage deviation at substations
caused by system disturbances (contingencies). The criteria in Table 4 - Monitoring criteria 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:

Outage Type Thermal Criteria Voltage Criteria
N-O No Outage, All lines in No element exceeding 100% of its Less than .95 or Greater
service normal rating than 1.051
N-1 Single Element Outage No element exceeding 100% of its No voltage deviation
emergency rating greater than 5%
Project Project Outage (with Reducing loadings to 100% (or less) No voltage deviation
Outage system adjustments) of normal rating following the greater than 5%
(N-1-1) followed by another removal of a project and 100% or less
contingency of the emergency rating for the
subsequent outage

Table 4 - Monitoring criteria

All thermal overloading results were screened to show only elements above 115kV. Voltage results were
also screened for bus voltages 115kV and higher. Voltage deviation calculated as the 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. Highlighting was applied to the results where flow increased 5% or more in the Project Outage
scenario on the same element for the same contingency as compared to the base case.

The N-1-1 voltage deviation results were also benchmarked against N-1 results. Highlighting was applied
on the same busses where voltage deviations were greater than three percent more as compared to the
base case for the same bus and contingency.

Monitored Elements

All transmission facilities in Arizona with voltage greater than 115kV were monitored for thermal and
voltage criteria.

System Disturbances (Contingencies)

The contingencies studied included all Arizona transmission facilities (lines, transformers, and capacitors)
with voltages equal to or greater than 115kV.Study Results

1 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.
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Base case results

The base 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 Base case showed no thermal violations (flow on elements exceeding an element’s normal rating).
Voltage violations in the base case were typically high voltage violations due to modeling issues on the
system north of Phoenix. The high voltages can be addressed by adjusting transformer taps or removing
capacitors. Two low voltage busses were noted, but are south of the CATS EHV study area. The
suggestion to improve voltage at the two busses south of the CATS EHV study area was to turn on
generation at Valencia.

Voltage Violations (per unit voltage)

Name kv CONTINGENCY DESCRIPTION Base SOLUTIONS

Voltage
VALNCIA 138  Base system (n-0) 0.94 Turn on generation at Valencia
SONOITA 138  Base system (n-0) 0.95 Turn on generation at Valencia
PRESCOTT 115 Base system (n-0) 1.06 Turn off capacitors at BAGCAP for n-0
CHOLLA 345 Base system (n-0) 1.06 Adjust taps on the two 500/345kV transformers
NAVAJO 500 Base system (n-0) 111 Adjust three generator step-up transformer taps
BAGDAD 115 Base system (n-0) 113 Turn off capacitors at BAGCAP for n-0
BAGCAP 115 Base system (n-0) 113 Turn off capacitors at BAGCAP for n-0

Table 5 - Base Case voltage violations
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Under contingency conditions, the following busses showed voltage deviations in excess of 5% (.05) for
the simulated outages. The voltage deviations shown in Table 6 — Base Case Voltage Violations indicate
solutions for these violations.

Delta Voltage Violations (voltage drop, per unit)

Voltage
Name kV  CONTINGENCY DESCRIPTION Deviat?on SOLUTIONS
BAGDAD 115  Line YAVAPAI 230 to WILOWLKE 230 Ckt 1 -0.15 Fix modeling errors on radial Bagdad system
BAGCAP 115  Line YAVAPAI 230 to WILOWLKE 230 Ckt 1 -0.15 Fix modeling errors on radial Bagdad system
VLYFARMS 115  Line COOLIDGE 115to VLYFARMS 115 Ckt1 -0.14 Switch in capacitors at Merrill 69kV
BAGCAP 115  Line PRESCOTT 115to BAGCAP 115Ckt1 -0.13 Radial Bagdad system should be dropped
BAGCAP 115  Tran PRESCOTT 2300to PRESCOTT 115 Ckt1 -0.13 Fix modeling errors on radial Bagdad system
BAGDAD 115  Line PRESCOTT 115to BAGCAP 115Ckt1 -0.13 Radial Bagdad system should be dropped
BAGDAD 115  Line BAGCAP 115to BAGDAD 115Ckt1 -0.13 Radial Bagdad system should be dropped
BAGDAD 115  Tran PRESCOTT 2300 to PRESCOTT 115 Ckt1 -0.13 Fix modeling errors on radial Bagdad system
GILABEND 230  Line GILARIVR 230 to GILABEND 230 Ckt 1 -0.11 Switch In existing capacitor at Gila Bend 69kV
PRESCOTT 115  Line YAVAPAI 230 to WILOWLKE 230 Ckt 1 -0.10 Fix modeling errors on radial Bagdad system
WILOWLKE 230  Line YAVAPAI 230 to WILOWLKE 230 Ckt 1 -0.09 Fix modeling errors on radial Bagdad system;
Switch in multiple capacitors on local 69kV system
WILOWLKW 230  Line YAVAPAI 230 to WILOWLKE 230 Ckt 1 -0.09 Fix modeling errors on radial Bagdad system;
Switch in multiple capacitors on local 69KV system
PRESCOTT 230  Line YAVAPAI 230 to WILOWLKE 230 Ckt 1 -0.09 Fix modeling errors on radial Bagdad system
BUCKEYE 230  Line BUCKEYE 230to LIBERTY 230 Ckt 1 -0.09 Close backup tap at Buckeye
PRSCOTWA 230  Line YAVAPAI 230 to WILOWLKE 230 Ckt 1 -0.09 Fix modeling errors on radial Bagdad system
RED TAIL 230  Line APACHE 230to RED TAIL 230 Ckt 1 -0.09 Add 50MVAR shunt at Hackberry
HACKBERY 230  Line HACKBERY 230 to MORENCI 230 Ckt 1 -0.08 Add 50MVAR shunt at Hackberry
DOSCONDO 230  Line HACKBERY 230 to MORENCI 230 Ckt 1 -0.07 Add 50MVAR shunt at Hackberry
DOSCONDO 230  Line APACHE 230to RED TAIL 230 Ckt1 -0.06 Add 50MVAR shunt at Hackberry
HACKBERY 230  Line APACHE 230to RED TAIL 230 Ckt 1 -0.06 Add 50MVAR shunt at Hackberry
PRESCOTT 115  Tran PRESCOTT 230to PRESCOTT 115 Ckt1 -0.06 Fix modeling errors on radial Bagdad system
VERDE N 230  Line YAVAPAI 230to VERDE N 230 Ckt 1 -0.06 Switch in capacitors at Verde 69kV
VERDE S 230  Line YAVAPAI 230to VERDE N 230 Ckt 1 -0.06 Switch in capacitors at Verde 69kV

Table 6 — Base Case Voltage Violations
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Thermal overloads due to contingencies are shown in Table 7 - Base Case Thermal Violations along with the solution to the overload. For the
facilities in the Southeast Arizona Transmission System (SATS) study area, it is reasonable to allow the SATS membership to identify and address
these overloads in their forum.

Thermal Violations (overloads, per unit)

“Fname  Fkv  Tname  TkV ckt CONTINGENCYDESCRPTION ~  RTG MVA Overload Solutions
# RTG

PINPK 230 PINPKSRP 230 2 Line PINPK 230 to PINPKSRP 230 Ckt 1 2 658 1.36 Upgrade conductor
PINPK 230 PINPKSRP 230 1 Line PINPK 230 to PINPKSRP 230 Ckt 2 2 658 1.36 Upgrade conductor
YAVAPAI 500 YAVAPAI 230 2 Tran YAVAPAI 500 to YAVAPAI 230 Ckt 1 2 336 1.35 Replace transformers
YAVAPAI 500 YAVAPAI 230 1 Tran YAVAPAI 500 to YAVAPAI 230 Ckt 2 2 336 1.35 Replace transformers
TWNTYSEC 138 E.LOOP 138 1 Line LOSREALS 138 to VAIL 138 Ckt 1 2 225 115 Up-rate to min 540MVA by 2010
N. LOOP 138 RILLITO 138 1 Line N. LOOP 138 to NARANJA 138 Ckt 1 2 382 1.15 Up-rate to min. 553MVA by 2016
N. LOOP 138 RILLITO 138 1 Line RANVISTO 138 to NARANJA 138 Ckt 1 2 382 1.10 Up-rate to min. 553MVA by 2016
TORTOLIT 138 N. LOOP 138 3 Line TORTOLIT 138to N. LOOP 138 Ckt 1A 2 406 1.08 Planned reconfiguration
TORTOLIT 138 N. LOOP 138 3 Line TORTOLIT 138to N. LOOP 138 Ckt 2A 2 406 1.08 Planned reconfiguration
BRANDOW 230 WARD 230 1 Line BRANDOW 230 to WARD 230 Ckt 2 2 438 1.02 Upgrade conductor
BRANDOW 230 WARD 230 2 Line BRANDOW 230 to WARD 230 Ckt 1 2 438 1.02 Upgrade conductor
TWNTYSEC 138 E.LOOP 138 1 Line VAIL 138 to CIENEGA 138 Ckt 1 2 225 1.02 Up-rate to min 540MVA by 2010
TWNTYSEC 138 E.LOOP 138 1 Line PANTANO 138 to LOSREALS 138 Ckt 1 2 225 1.01 Up-rate to min 540MVA by 2010
DmP 138 N. LOOP 138 1 Line N. LOOP 138 to WESTINA 138 Ckt 1 2 311 1.01 Up-rate to min 382MVA by 2015

Table 7 - Base Case Thermal Violations
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Project Outage (N-1-1) followed by single contingency

The tables below highlight the impact due to the delay of a project beyond 2019 on the remaining
transmission system. 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.

Similar to the Base case results, tables below show voltage and thermal violations. The shaded cells
indicate where thermal violations were 5% greater than the Base case results or 3% greater than the Base
case results for voltage deviations.

The Projects showing the greatest impact to voltage violations are

e APSO1 Palo Verde-Sun Valley (formerly TS5) 500 and 230 kV system
e APSO4 Palm Valley-TS2-Trilby Wash (TS1) 230kV line
e APSO7 Sun Valley (TS5) —Raceway (TS9) 500kV line

While these Project Outage cases indicate a lower voltage due to an outage, further investigation reveals
these outages result in a radial connection. The voltage deviation shown occurred at the bus at the end of
the radial connection and the bus has no load. The violations do not create cascading problems in the
remaining system.

Delta Voltage Violations (voltage drop, per unit) - APS Cases

Name KV CONTINGENCY DESCRIPTION APS01  APS02 APS03 APS04 APS05 APS06 APSO7 APS08  APS09

TRLBY 230 Line TRLBY 230to SNVLY 230 Ckt1 0.00 0.00 -0.04 -0.08 -0.04 -0.04 -0.04 -0.04 -0.04

SNVLY 500 Line DELANY 500to SNVLY 500 Ckt 1 0.00 0.00 -0.01 -0.01 -0.01 -0.01 -0.07 -0.01 -0.01

SNVLY 500 Line SNVLY 500 to RACEWAY 500 Ckt 1 -0.08 0.00 -0.01 0.00 -0.01 -0.01 0.00 -0.01 -0.01

Table 8 — Voltage Violations - APS Project Outage cases

The following tables (Tables 9 and 10) show thermal overloads due to the Project Outage analyses.
Highlighting on these tables indicate where overloads exceed base case loading by 5%. These thermal
overload results indicate a delay in the following Projects could increase loading on the remaining system
under contingency conditions:

APS #3 - Raceway-Avery-Pinnacle Peak 230kV line
APS #5 - Raceway-Pinnacle Peak 500kV line
TEP #1 - Pinal Central — Tortolita 500 kV line
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Thermal Violations (overloads, per unit) — APS Cases

RT MVA
Fname FkV ~ Tname Tkv ckt CONTINGENCY DESCRIPTION #G RTG APSO1 APS02 APS03 APS04 APS05 APS06 APS0O7  APS08  APS09
PINPK 230  PINPKSRP 230 2 Line PINPK 230 to PINPKSRP 230 Ckt 1 2 658 1.36 1.36 141 1.36 1.58 1.30 1.35 1.35 1.35
YAVAPAI 500  YAVAPAI 230 1 Tran YAVAPAI 500 to YAVAPAI 230 Ckt 2 2 336 1.36 1.36 1.36 1.35 1.44 1.35 1.34 1.34 1.35
RACEWAY 23 500  RACEWAY 230 1 Tran WESTWING 500 to WESTWNGE 230 Ckt 1 2 598 0.98 0.98 0.92 0.99 1.34 DNE 0.94 0.98 0.99
YAVAPAI 230  WILOWLKE 230 1 Line PRSCOTWA 230 to RNDVLYTP 230 Ckt 1 2 355 0.99 0.99 0.99 0.98 1.05 0.98 0.98 0.97 0.98
YAVAPAI 230  WILOWLKE 230 1 Line RNDVLYTP 230 to PEACOCK 230 Ckt 1 2 355 0.99 0.99 0.99 0.98 1.05 0.98 0.98 0.97 0.98
RACEWYWA® 230 WESTWNGE 230 1 Tran WESTWING 500 to WESTWNGE 230 Ckt 1 2 403 0.88 0.88 1.00 0.86 1.04 0.20 0.83 0.86 0.86

Table 9 - Thermal Overloads APS Project Outage Cases

Thermal Violations (overloads, per unit) - SRP and TEP Cases

Fname FKV  Tname TKV  ckt  CONTINGENCY DESCRIPTION # RTG  PVDV2 SRPOL SRPO2 SRP03  SRPO4  TEPOL
TWNTYSEC * 138 E. LOOP 138 1 Line LOSREALS 138to VAIL 138 Ckt 1 2 225 1.15 1.15 1.18 1.17 1.15 1.25
TWNTYSEC 4 138 E. LOOP 138 1 Line VAIL 138 to CIENEGA 138 Ckt 1 2 225 1.01 1.02 1.04 1.03 1.02 1.09
TWNTYSEC ¢ 138 E.LOOP 138 1 Line PANTANO 138 to LOSREALS 138 Ckt L 2 255 102 101 104 103 101 | i1
TWNTYSEC 4 138  E.LOOP 138 1 Line DMP 138 to NE.LOOP 138 Ckt 1 2 225 0.97 0.97 0.99 0.99 0.97 1.03
TWNTYSEC 4 138  E.LOOP 138 1 Line E. LOOP 138 to PANTANO 138 Ckt 1 2 225 0.95 0.95 0.98 0.97 0.95 1.04

Table 10 - Thermal Overloads - SRP and TEP Project Outage cases

2 Rating is incorrect. Rating should be 702MVA (not 598MVA). The higher rating would reduce, but not eliminate the overload noted.
3 APS closes the 230kV West Wing bus tie to mitigate overloads on Raceway transformers and Raceway-Westwing 230kV line.
4 Planned uprate (to 540 MVA normal/606 MVA emergency) of the Twenty Second-East Loop line in 2010 mitigate these overloads.
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Study Findings

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

e The 2019 system is robust
e Planned projects support the loads estimated for the 2019 timeframe

The Project Outage analysis (an N-1-1 analysis) indicated that the delay of any one project beyond the
2019 timeframe results in consistent thermal and voltage violations of the base case, with the exception
of:

Case # - Description

APS #3 - Raceway-Avery-Pinnacle Peak 230kV line
APS #5 - Raceway-Pinnacle Peak 500kV line

TEP #1 - Pinal Central — Tortolita 500 kV line

A delay of any one of the three Planned Projects listed above resulted in thermal loadings 5% or more than
the base case (for contingencies). Because the contingencies related to these thermal violations were
already causing thermal violations in the base case (without removal of the planned project), these
findings are not surprising. Solutions that correct the base case loadings will be solutions for the Project
Outage scenarios. 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 all utilities’ 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.

The results of the Ten Year Snapshot study indicates the planned 2019 Arizona transmission system is
robust as shown by limited voltage and thermal violations in the base case. Additionally, the Project
Outage scenarios indicate that a delay of any one Project does not have a significant impact on the
remaining transmission system.
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Ckt

Ckt

Ckt

bta-2009.0tg

tran 692 "Tran TORTOLIT .00 to
tran 16217 16000 "3" 0 -1

0

tran 693 "Tran TORTOLIT .00 to
tran 16217 16000 "4 " 0 -1

0

tran 694 "Tran SPNCER 138.00 to
tran 16235 16414 "L " 0 16669

0

tran 695 "Tran WHTHILLS .00 to
tran 16842 16843 "L " 0 -1

0

tran 696 "Tran COPPERVR .00 to
tran 16900 16901 2" 0 -1

0

tran 697 "Tran PNPKAPS .00 to
tran 14016 14261 2" 0 -1

0

tran 698 "Tran PNPKAPS 00 to
tran 14016 14278 "3 "0 -1

0

tran 699 "Tran PNPKAPS 345.00 to
tran 14102 14260 "1 0 85911

0

tran 700 "Tran PNPKAPS 345.00 to
tran 14102 14261 "3" 0 14402

0

tran 701 "Tran PNPKAPS 345.00 to
tran 14102 14278 2" 0 14403

0

svd 800 "SVD THUNDERSTONE 69

svd "THUNDRST 69.0" "v " 0

0

svd 801 "SVD SCHRADER 69

svd "SCHRADER 69.0" "v " 0

0

svd 802 "SVD ORME 69

svd "ORME RS 69.0" "v " 0

0

svd 803 "SVD CORBELL 69

svd "CORBELRS 9.0" "v." 0

0

SVD 804

svd "ANDERSRS
0

svd 805

svd "ALEXANDR
0

svd 806

svd "KNOLL 115.0"

0

"SVD ANDERSON 69
0

69.0" ny o

"SVD ALEXANDR 69

69.0" "y " 0

"SVD KNOLL 115
nwyonooo

svd 807 "SVD KYRENE 230
svd "KYRENE 230.0" "v " 0

0

svd 808 "SVD NELP_SVC 138
svd "NELP_SVC 138.0" "SV" 0

0

end

# End of Contingency List,

32

TORTOLIT

TORTOLIT

SPNCER

WHTHILLS

COPPERVR

PPAPS E

PPAPS N

PPAPS C

PPAPS E

PPAPS N

701 Contingencies Added to List

500.

500.

115.

230.

230.

230.

230.

230.

230.

00

00

00

00

00

00

00

.00

00

00

Ckt

Ckt

Ckt

Ckt

Ckt

Ckt

Ckt

Ckt

Ckt

Ckt

1SPNCER

1PNPK 7T

3PNPK T14

2PNPK T4

4/15/2009

0.

13.

14.

14.

14.

0
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Central Arizona Transmission System - 2019 BTA Study Work

Voltage Violations (per unit voltage)

#

16723
16722
14215
14204
14355
14100
14032
14003
14351
14361

Name
VALNCIA
SONOITA
LEUPP
CHOLLA
PRESCOTT
CHOLLA
RME
NAVAJO
BAGDAD
BAGCAP

KV
138
138
230
230
115
345
500
500
115
115

CONT INGENCY DESCRIPTION
Base system (n-0)
Base system (n-0)
Base system (n-0)
Base system (n-0)
Base system (n-0)
Base system (n-0)
Base system (n-0)
Base system (n-0)
Base system (n-0)
Base system (n-0)

BASE
0.94
0.95
1.05
1.05
1.06
1.06
1.10
1.11
1.13
1.13



Central Arizona Transmission System - 2019 BTA Study Work

Thermal Violations (overloads, per unit)

Fname FkV Tname Tkv ckt CONTINGENCY DESCRIPTION RTG MVA RTG BASE APSO1 APS02 APS0O3 APS04 APS05 APS06 APSO7 APS08 APS09
PINPK 230 PINPKSRP 230 2 "line_357"Line PINPK 230 to PINPKSRP 230 Ckt 1 2 658 1.36 1.36 1.36 141 1.36 1.58 1.30 1.35 1.35 1.35
PINPK 230 PINPKSRP 230 1 "line_358"Line PINPK 230 to PINPKSRP 230 Ckt 2 2 658 1.36 1.36 1.36 1.41 1.36 1.58 1.30 1.35 1.35 1.35
YAVAPAI 500 YAVAPAI 230 2 "tran_596"Tran YAVAPAI 500 to YAVAPAI 230 Ckt 1 2 336 1.35 1.36 1.36 1.36 1.35 1.44 1.35 1.35 1.34 1.35
YAVAPAI 500 YAVAPAI 230 1 "tran_597"Tran YAVAPAI 500 to YAVAPAI 230 Ckt 2 2 336 1.35 1.36 1.36 1.36 1.35 1.44 1.35 1.34 1.34 1.35
TWNTYSEC 138 E.LOOP 138 1 "line_252"Line LOSREALS 138to VAIL 138 Ckt 1 2 225 115 115 115 1.15 115 1.16 1.15 1.15 1.15 1.15
N. LOOP 138 RILLITO 138 1 "line_546"Line N. LOOP 138 to NARANJA 138 Ckt 1 2 382 115 1.15 1.15 1.15 115 1.15 1.15 1.15 1.15 1.15
N. LOOP 138 RILLITO 138 1 "line_226"Line RANVISTO 138 to NARANJA 138 Ckt 1 2 382 1.10 1.10 1.10 1.10 1.10 1.09 1.10 1.10 1.10 1.10
TORTOLIT 138 N.LOOP 138 3 "line_552"Line TORTOLIT 138to N. LOOP 138 Ckt 1A 2 406 1.08 1.08 1.08 1.08 1.08 1.08 1.08 1.08 1.08 1.08
TORTOLIT 138 N.LOOP 138 3 "line_553"Line TORTOLIT 138to N. LOOP 138 Ckt 2A 2 406 1.08 1.08 1.08 1.08 1.08 1.08 1.08 1.08 1.08 1.08
BRANDOW 230 WARD 230 1 "line_158"Line BRANDOW 230 to WARD 230 Ckt 2 2 438 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02
BRANDOW 230 WARD 230 2 "line_157"Line BRANDOW 230 to WARD 230 Ckt 1 2 438 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02
TWNTYSEC 138 E.LOOP 138 1 "line_250"Line VAIL 138 to CIENEGA 138 Ckt 1 2 225 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02
TWNTYSEC 138 E.LOOP 138 1 "line_253"Line PANTANO 138 to LOSREALS 138Ckt1 2 225 1.01 1.01 1.01 1.01 1.01 1.02 1.01 1.01 1.01 1.01
DMP 138 N.LOOP 138 1 "line_220"Line N. LOOP 138 to WESTINA 138 Ckt 1 2 311 1.01 1.01 1.01 1.01 1.01 1.00 1.01 1.01 1.01 1.01
FLAGSTAF 345 PINPKBRB 345 1 "line_426"Line FLAGSTAF 345 to PINPKBRB 345 Ckt2 2 1219 0.99 0.99 0.99 0.99 0.99 1.03 0.99 0.99 0.98 0.99
FLAGSTAF 345 PINPKBRB 345 2 "line_425"Line FLAGSTAF 345 to PINPKBRB 345 Ckt1 2 1219 0.99 0.99 0.99 0.99 0.99 1.03 0.99 0.99 0.98 0.99
RACEWAY 500 RACEWAY 230 1 "tran_594"Tran WESTWING 500 to WESTWNGE 230 Ckt 2 598 0.98 0.98 0.98 0.92 0.99 1.34 DNE 0.94 0.98 0.99
YAVAPAI 230 WILOWLKE 230 1 "line_381"Line PRSCOTWA 230 to RNDVLYTP 230 Ckt1 2 355 0.98 0.99 0.99 0.99 0.98 1.05 0.98 0.98 0.97 0.98
YAVAPAI 230 WILOWLKE 230 1 "line_415"Line RNDVLYTP 230to PEACOCK 230 Ckt1 2 355 0.98 0.99 0.99 0.99 0.98 1.05 0.98 0.98 0.97 0.98
FOURCORN 500 FOURCORN 345 1 "line_24"Line RME 500 to FCW 500 Ckt 1 2 840 0.96 0.96 0.96 0.97 0.96 1.01 0.97 0.96 0.96 0.96
YAVAPAI 500 YAVAPAI 230 2 "line_17"Line YAVAPAI 500 to WESTWING 500 Ckt 1 2 336 0.96 0.96 0.97 0.96 0.96 1.01 0.96 0.96 0.95 0.96
YAVAPAI 500 YAVAPAI 230 1 "line_17"Line YAVAPAI 500 to WESTWING 500 Ckt 1 2 336 0.96 0.96 0.96 0.96 0.96 1.01 0.96 0.96 0.95 0.96
RACEWYWA 230 WESTWNGE 230 1 "tran_594"Tran WESTWING 500 to WESTWNGE 230 Ckt 2 403 0.86 0.88 0.88 1.00 0.86 1.04 0.20 0.83 0.86 0.86

colored cells indicate where flows increased by 5% or more, as compared to the base case flows



Central Arizona Transmission System - 2019 BTA Study Work

Thermal Violations (overloads, per unit)

F#  Fname FKV ~ T# Tname TkV  ckt CONTINGENCY DESCRIPTION RTG# RTG BASE PVDV2 SRPO1 SRPO2 SRPO3 SRP0O4 TEPOl1
19062 PINPK 230 15211 PINPKSRP 230 2 "line_357"Line PINPK 230.0 to PINPKSRP 230.0 Ckt 1 2 658 1.36 133 135 1.38 137 1.36 137
19062 PINPK 230 15211 PINPKSRP 230 1 "line_358"Line PINPK 230.0 to PINPKSRP 230.0 Ckt 2 2 658 1.36 133 135 1.38 137 1.36 137
14006 YAVAPAI 500 14234 YAVAPAI 230 2 "tran_596"Tran YAVAPAI 500 to YAVAPAI 230 Ckt 1 2 336 135 133 135 137 1.36 1.35 1.36
14006 YAVAPAI 500 14234 YAVAPAI 230 1 "tran_597"Tran YAVAPAI 500 to YAVAPAI 230 Ckt 2 2 336 135 133 135 137 1.36 135 1.36
16219 TWNTYSEC 138 16202 E.LOOP 138 1 "line_252"Line LOSREALS 138.0 to VAIL 138.0 Ckt 1 2 225 115 115 115 118 117 115 1825)
16207 N.LOOP 138 16210 RILLITO 138 1 "line_546"Line N. LOOP 138.0 to NARANJA 138.0 Ckt 1 2 382 115 115 115 112 113 115 1.07
16207 N.LOOP 138 16210 RILLITO 138 1 "line_226"Line RANVISTO 138.0 to NARANJA 138.0 Ckt 1 2 382 110 110 110 1.07 1.08 110 1.02
16217 TORTOLIT 138 16207 N.LOOP 138 3 "line_552"Line TORTOLIT 138.0 to N. LOOP 138.0 Ckt 1A 2 406 1.08 1.09 1.08 1.05 1.06 1.09 101
16217 TORTOLIT 138 16207 N.LOOP 138 3 "line_553"Line TORTOLIT 138.0 to N. LOOP 138.0 Ckt 2A 2 406 1.08 1.09 1.08 1.05 1.06 1.09 101
79032 GLENCANY 345 79031 GLENCANY 230 1 "tran_669"Tran GLENCANY 345.00 to GLENCANY 230 Ckt 2 2 300 1.06 101 1.06 1.05 1.06 1.06 1.03
79032 GLENCANY 345 79031 GLENCANY 230 2 "tran_668"Tran GLENCANY 345.00 to GLENCANY 230Ckt 1 2 300 1.06 101 1.06 1.05 1.06 1.06 1.03
15204 BRANDOW 230 15217 WARD 230 1 "line_158"Line BRANDOW 230.0 to WARD 230.0 Ckt 2 2 438 1.02 1.02 1.02 1.02 1.02 1.02 1.02
15204 BRANDOW 230 15217 WARD 230 2 "line_157"Line BRANDOW 230.0 to WARD 230.0 Ckt 1 2 438 1.02 1.02 1.02 1.02 1.02 1.02 1.02
79024 FLAGSTAF 345 79032 GLENCANY 345 1 "line_424"Line FLAGSTAF 345.0 to GLENCANY 345.0 Ckt 2 2 1089 1.02 101 1.02 1.02 1.02 1.02 1.01
16219 TWNTYSEC 138 16202 E.LOOP 138 1 "line_250"Line VAIL 138.0 to CIENEGA 138.0 Ckt 1 2 225 1.02 1.02 1.02 1.04 1.03 1.02 1.09
79024 FLAGSTAF 345 79032 GLENCANY 345 2 "line_423"Line FLAGSTAF 345.0 to GLENCANY 345.0 Ckt 1 2 1089 1.02 1.00 1.02 101 1.02 1.02 1.01
16219 TWNTYSEC 138 16202 E.LOOP 138 1 "line_253"Line PANTANO 138.0 to LOSREALS 138.0 Ckt 1 2 225 101 101 101 1.04 1.03 101 111
16200 DMP 138 16207 N.LOOP 138 1 "line_220"Line N. LOOP 138.0 to WESTINA 138.0 Ckt 1 2 311 101 101 101 0.96 0.98 101 0.88
14011 RACEWAY 500 14246 RACEWAY 230 1 "tran_594"Tran WESTWING 50 to WESTWNGE 230 Ckt 1 2 598 0.98 0.99 0.98 1.01 101 0.99 0.99
16219 TWNTYSEC 138 16202 E.LOOP 138 1 "line_205"Line DMP 138.0 to NE.LOOP 138.0 Ckt 1 2 225 0.97 0.97 0.97 0.99 0.99 0.97 1.03
16219 TWNTYSEC 138 16202 E.LOOP 138 1 "line_212"Line E. LOOP 138.0 to PANTANO 138.0 Ckt 1 2 225 0.95 0.95 0.95 0.98 0.97 0.95 1.04

colored cells indicate where flows increased by 5% or more, as compared to the base case flows



Central Arizona Transmission System - 2019 BTA Study Work

Delta Voltage Violations (voltage drop, per unit)

# Name KV CONTINGENCY DESCRIPTION BASE
14351 BAGDAD 115 “line_67"Line YAVAPAI 230 to WILOWLKE 230 Ckt 1 -0.15
14361 BAGCAP 115 “line_67"Line YAVAPAI 230 to WILOWLKE 230 Ckt 1 -0.15
14359 VLYFARMS 115 "line_332"Line COOLIDGE 115 to VLYFARMS 115 Ckt1 -0.14
14361 BAGCAP 115 "line_510"Line PRESCOTT 115to BAGCAP 115 Ckt1 -0.13
14361 BAGCAP 115 “tran_608"Tran PRESCOTT 2300 to PRESCOTT 115 Ckt1 -0.13
14351 BAGDAD 115 "line_510"Line PRESCOTT 115to BAGCAP 115 Ckt1 -0.13
14351 BAGDAD 115 "line_511"Line BAGCAP 115 to BAGDAD 115 Ckt1 -0.13
14351 BAGDAD 115 “tran_608"Tran PRESCOTT 2300 to PRESCOTT 115 Ckt1 -0.13
14235 GILABEND 230 "line_70"Line GILARIVR 230 to GILABEND 230 Ckt 1 -0.11
14355 PRESCOTT 115 "line_67"Line YAVAPAI 230 to WILOWLKE 230 Ckt 1 -0.10
14249 WILOWLKE 230 "line_67"Line YAVAPAI 230 to WILOWLKE 230 Ckt 1 -0.09
14250 WILOWLKW 230 "line_67"Line YAVAPAI 230 to WILOWLKE 230 Ckt 1 -0.09
14222 PRESCOTT 230 "line_67"Line YAVAPAI 230 to WILOWLKE 230 Ckt 1 -0.09
14201 BUCKEYE 230 "line_32"Line BUCKEYE 230 to LIBERTY 230 Ckt 1 -0.09
19106 PRSCOTWA 230 "line_67"Line YAVAPAI 230 to WILOWLKE 230 Ckt 1 -0.09
17018 RED TAIL 230 "line_267"Line APACHE 230 to RED TAIL 230 Ckt 1 -0.09
17044 HACKBERY 230 ‘line_281"Line HACKBERY 230 to MORENCI 230 Ckt 1 -0.08
17008 DOSCONDO 230 "line_281"Line HACKBERY 230 to MORENCI 230 Ckt 1 -0.07
15032 PERK PS2 500 “line_104"Line PERK PS2 500 to PERKINPS 500 Ckt 1 -0.07
17008 DOSCONDO 230 "line_267"Line APACHE 230 to RED TAIL 230 Ckt 1 -0.06
17044 HACKBERY 230 ‘line_267"Line APACHE 230 to RED TAIL 230 Ckt 1 -0.06
14355 PRESCOTT 115 “tran_608"Tran PRESCOTT 230 to PRESCOTT 115 Ckt1 -0.06
14230 VERDE N 230 "line_66"Line YAVAPAI 230 to VERDE N 230 Ckt 1 -0.06
14247 VERDE S 230 "line_66"Line YAVAPAI 230 to VERDE N 230 Ckt 1 -0.06
14243 GAVILNPK 230 "line_382"Line GAVLINWA 230 to GAVILNPK 230 Ckt 1 -0.06
14353 MURAL 115 "line_537"Line ADAMS TP 115 to APACHE 115 Ckt1 -0.05
14205 COCONINO 230 "line_66"Line YAVAPAI 230 to VERDE N 230 Ckt 1 -0.05
14254 TRLBY 230 "line_82"Line TRLBY 230to SNVLY 230 Ckt1 -0.04
14010 SNVLY 500 “line_499"Line DELANY 500 to SNVLY 500 Ckt 1 -0.01
14010 SNVLY 500 “line_18"Line SNVLY 500 to RACEWAY 500 Ckt 1 -0.01
14018 DUGAS 500 “line_449"Line DUGAS 500 to RACEWAY 500 Ckt 1 0.05
16720 KANTOR 138 "line_461"Line SONOITA 138 to VALNCIA 138 Ckt 1 0.06
15008 MIAMI 3 115 "line_491"Line CARLOTA 115to PINTOVLY 115 Ckt1 0.06
15009 MIAMI 4 115 "line_491"Line CARLOTA 115to PINTOVLY 115 Ckt1 0.06
15114 MIAMI 115 "line_491"Line CARLOTA 115to PINTOVLY 115 Ckt1 0.06
16720 KANTOR 138 "line_457"Line VAIL_NOG 138 to NOGALES 138 Ckt 1 0.06
16720 KANTOR 138 "line_458"Line NOGALES 138 to KANTOR 138 Ckt 1 0.06
16720 KANTOR 138 "line_460"Line CANEZ 138 to SONOITA 138 Ckt 1 0.06
16720 KANTOR 138 "line_459"Line KANTOR 138 to CANEZ 138 Ckt1 0.06
15121 PINTOVLY 115 "line_492"Line CARLOTA 115 to SILVERK2 115 Ckt 1 0.07
14361 BAGCAP 115 “line_511"Line BAGCAP 115 to BAGDAD 115 Ckt1 0.07
16721 CANEZ 138 "line_461"Line SONOITA 138 to VALNCIA 138 Ckt 1 0.07
15104 CARLOTA 115 "line_492"Line CARLOTA 115 to SILVERK2 115 Ckt 1 0.07
16721 CANEZ 138 "line_457"Line VAIL_NOG 138 to NOGALES 138 Ckt 1 0.07
16721 CANEZ 138 "line_458"Line NOGALES 138 to KANTOR 138 Ckt 1 0.07
16721 CANEZ 138 "line_459"Line KANTOR 138 to CANEZ 138 Ckt1 0.07
16722 SONOITA 138 "line_461"Line SONOITA 138 to VALNCIA 138 Ckt 1 0.07
16722 SONOITA 138 "line_457"Line VAIL_NOG 138 to NOGALES 138 Ckt 1 0.07
16722 SONOITA 138 "line_458"Line NOGALES 138 to KANTOR 138 Ckt 1 0.07
16722 SONOITA 138 "line_459"Line KANTOR 138 to CANEZ 138 Ckt1 0.07
16722 SONOITA 138 "line_460"Line CANEZ 138 to SONOITA 138 Ckt 1 0.07
16721 CANEZ 138 "line_460"Line CANEZ 138 to SONOITA 138 Ckt 1 0.08
15121 PINTOVLY 115 "line_491"Line CARLOTA 115to PINTOVLY 115 Ckt 1 0.08
16723 VALNCIA 138 "line_457"Line VAIL_NOG 138 to NOGALES 138 Ckt 1 0.08
16723 VALNCIA 138 "line_458"Line NOGALES 138 to KANTOR 138 Ckt 1 0.08
16723 VALNCIA 138 "line_459"Line KANTOR 138 to CANEZ 138 Ckt1 0.08
16723 VALNCIA 138 "line_460"Line CANEZ 138 to SONOITA 138 Ckt 1 0.08
16723 VALNCIA 138 "line_461"Line SONOITA 138 to VALNCIA 138 Ckt 1 0.08
16106 VAIL2 345 “tran_638"Tran VAIL2 345to VAIL 138 Ckt1 0.00 0.11

APSO1
-0.16
-0.16
-0.14
-0.12
-0.12
-0.12
-0.12
-0.12
-0.12
-0.11
-0.09
-0.09
-0.09
-0.10
-0.09
-0.09
-0.08
-0.07
-0.07
-0.06
-0.06
-0.05
-0.06
-0.06
-0.06
-0.05
-0.05
0.00
0.00
-0.08
0.05
0.06
0.06
0.06
0.06
0.06
0.06
0.06
0.06
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.11

APS02
-0.16
-0.16
-0.14
-0.12
-0.12
-0.12
-0.12
-0.12
-0.13
-0.11
-0.10
-0.10
-0.09
-0.10
-0.09
-0.09
-0.08
-0.07
-0.07
-0.06
-0.06
-0.05
-0.06
-0.06
-0.06
-0.05
-0.05
0.00
0.00
0.00
0.05
0.06
0.06
0.06
0.06
0.06
0.06
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0.07
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0.07
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0.07
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0.08
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0.08
0.08
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APS03
-0.16
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-0.10
-0.09
-0.09
-0.09
-0.09
-0.09
-0.08
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-0.05
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0.11

APS04
-0.15
-0.15
-0.14
-0.13
-0.13
-0.13
-0.13
-0.13
-0.11
-0.10
-0.09
-0.09
-0.09
-0.09
-0.09
-0.09
-0.08
-0.07
-0.07
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-0.06
-0.06
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-0.08
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0.06
0.06
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Colored cells indicate where voltage deviation increased by >3% as compared to voltage deviation in the base case.
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0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.11



Central Arizona Transmission System - 2019 BTA Study Work

Delta Voltage Violations (voltage drop, per unit)

#

14351
14361
14359
14361
14361
14351
14351
14351
15105
15133
15135
15123
15132
15115
14235
14355
14249
14250
14222
14201
19106
17018
17044
17008
15032
17008
17044
14355
14230
14247
14243
14353
15106
14362
15134
14350
19060
17020
17007

Name
BAGDAD
BAGCAP
VLYFARMS
BAGCAP
BAGCAP
BAGDAD
BAGDAD
BAGDAD
ELLISON
843E2.7N
MIAMI 4
REFINERY
842E2.7N
MOONSHIN
GILABEND
PRESCOTT
WILOWLKE
WILOWLKW
PRESCOTT
BUCKEYE
PRSCOTWA
RED TAIL
HACKBERY
DOSCONDO
PERK PS2
DOSCONDO
HACKBERY
PRESCOTT
VERDE N
VERDE S
GAVILNPK
MURAL
FRAZIER
BOOTHILL
ROOSEVLT
ADAMS
ADAMS TP
SAN RAF
BUTERFLD

kv
115
115
115
115
115
115
115
115
115
115
115
115
115
115
230
115
230
230
230
230
230
230
230
230
500
230
230
115
230
230
230
115
115
115
115
115
115
230
230

CONTINGENCY DESCRIPTION

"line_67"Line YAVAPAI 230.0 to WILOWLKE 230.0 Ckt 1
"line_67"Line YAVAPAI 230.0 to WILOWLKE 230.0 Ckt 1
"line_332"Line COOLIDGE 115.0 to VLYFARMS 115.0 Ckt 1
"line_510"Line PRESCOTT 115.0 to BAGCAP 115.0 Ckt 1
"tran_608"Tran PRESCOTT 230 to PRESCOTT 115.00 Ckt 1
"line_510"Line PRESCOTT 115.0 to BAGCAP 115.0 Ckt 1
"line_511"Line BAGCAP 115.0 to BAGDAD 115.0 Ckt 1
"tran_608"Tran PRESCOTT 230 to PRESCOTT 115.00 Ckt 1
"line_138"Line MOONSHIN 115.0 to PINAL 115.0 Ckt 1
"line_138"Line MOONSHIN 115.0 to PINAL 115.0 Ckt 1
"line_138"Line MOONSHIN 115.0 to PINAL 115.0 Ckt 1
"line_138"Line MOONSHIN 115.0 to PINAL 115.0 Ckt 1
"line_138"Line MOONSHIN 115.0 to PINAL 115.0 Ckt 1
"line_138"Line MOONSHIN 115.0 to PINAL 115.0 Ckt 1
"line_70"Line GILARIVR 230.0 to GILABEND 230.0 Ckt 1
"line_67"Line YAVAPAI 230.0 to WILOWLKE 230.0 Ckt 1
"line_67"Line YAVAPAI 230.0 to WILOWLKE 230.0 Ckt 1
"line_67"Line YAVAPAI 230.0 to WILOWLKE 230.0 Ckt 1
"line_67"Line YAVAPAI 230.0 to WILOWLKE 230.0 Ckt 1
"line_32"Line BUCKEYE 230.0 to LIBERTY 230.0 Ckt 1
"line_67"Line YAVAPAI 230.0 to WILOWLKE 230.0 Ckt 1
"line_267"Line APACHE 230.0 to RED TAIL 230.0 Ckt 1
"line_281"Line HACKBERY 230.0 to MORENCI 230.0 Ckt 1
"line_281"Line HACKBERY 230.0 to MORENCI 230.0 Ckt 1
"line_104"Line PERK PS2 500.0 to PERKINPS 500.0 Ckt 1
"line_267"Line APACHE 230.0 to RED TAIL 230.0 Ckt 1
"line_267"Line APACHE 230.0 to RED TAIL 230.0 Ckt 1
"tran_608"Tran PRESCOTT 230 to PRESCOTT 115.00 Ckt 1
"line_66"Line YAVAPAI 230.0 to VERDE N 230.0 Ckt 1
"line_66"Line YAVAPAI 230.0 to VERDE N 230.0 Ckt 1
"line_382"Line GAVLINWA 230.0 to GAVILNPK 230.0 Ckt 1
"line_537"Line ADAMS TP 115.0 to APACHE 115.0 Ckt 1
"line_138"Line MOONSHIN 115.0 to PINAL 115.0 Ckt 1
"line_537"Line ADAMS TP 115.0 to APACHE 115.0 Ckt 1
"line_138"Line MOONSHIN 115.0 to PINAL 115.0 Ckt 1
"line_537"Line ADAMS TP 115.0 to APACHE 115.0 Ckt 1
"line_537"Line ADAMS TP 115.0 to APACHE 115.0 Ckt 1
"line_266"Line APACHE 230.0 to BUTERFLD 230.0 Ckt 1
"line_266"Line APACHE 230.0 to BUTERFLD 230.0 Ckt 1

BASE PVDV2 SRPO1 SRP0O2 SRPO3 SRP04 TEPO1

-0.15
-0.15
-0.14
-0.13
-0.13
-0.13
-0.13
-0.13
-0.11
-0.11
-0.11
-0.11
-0.11
-0.11
-0.11
-0.10
-0.09
-0.09
-0.09
-0.09
-0.09
-0.09
-0.08
-0.07
-0.07
-0.06
-0.06
-0.06
-0.06
-0.06
-0.06
-0.05
-0.05
-0.05
-0.05
-0.05
-0.05
-0.05
-0.04

-0.15
-0.15
-0.14
-0.13
-0.13
-0.13
-0.13
-0.13
-0.11
-0.11
-0.11
-0.11
-0.11
-0.11
-0.11
-0.10
-0.09
-0.09
-0.09
-0.09
-0.09
-0.09
-0.08
-0.07
-0.07
-0.06
-0.06
-0.06
-0.06
-0.05
-0.06
-0.05
-0.05
-0.05
-0.05
-0.05
-0.05
-0.04
-0.04

-0.15
-0.15
-0.14
-0.13
-0.13
-0.13
-0.13
-0.13
-0.11
-0.11
-0.11
-0.11
-0.11
-0.11
-0.11
-0.10
-0.09
-0.09
-0.09
-0.09
-0.09
-0.09
-0.08
-0.07
-0.07
-0.06
-0.06
-0.06
-0.06
-0.06
-0.06
-0.05
-0.05
-0.05
-0.05
-0.05
-0.05
-0.05
-0.04

-0.15
-0.15
-0.14
-0.13
-0.13
-0.13
-0.13
-0.13
-0.11
-0.11
-0.11
-0.11
-0.11
-0.11
-0.11
-0.10
-0.09
-0.09
-0.09
-0.09
-0.09
-0.09
-0.08
-0.07
-0.07
-0.07
-0.06
-0.06
-0.06
-0.06
-0.06
-0.05
-0.05
-0.05
-0.05
-0.05
-0.05
-0.05
-0.05

-0.15
-0.15
-0.14
-0.13
-0.13
-0.12
-0.12
-0.12
-0.11
-0.11
-0.11
-0.11
-0.11
-0.11
-0.11
-0.10
-0.09
-0.09
-0.09
-0.09
-0.09
-0.09
-0.08
-0.07
-0.07
-0.06
-0.06
-0.06
-0.06
-0.06
-0.06
-0.05
-0.05
-0.05
-0.05
-0.05
-0.05
-0.05
-0.04

-0.15
-0.15
-0.14
-0.13
-0.13
-0.12
-0.12
-0.12
-0.11
-0.11
-0.11
-0.11
-0.11
-0.11
-0.11
-0.10
-0.09
-0.09
-0.09
-0.09
-0.09
-0.09
-0.08
-0.07
-0.07
-0.06
-0.06
-0.06
-0.06
-0.06
-0.06
-0.05
-0.05
-0.05
-0.05
-0.05
-0.05
-0.05
-0.04

-0.15
-0.15
-0.15
-0.13
-0.13
-0.13
-0.13
-0.13
-0.11
-0.11
-0.11
-0.11
-0.11
-0.11
-0.11
-0.10
-0.09
-0.09
-0.09
-0.09
-0.09
-0.09
-0.08
-0.07
-0.07
-0.07
-0.06
-0.06
-0.06
-0.06
-0.06
-0.06
-0.05
-0.06
-0.05
-0.05
-0.05
-0.05
-0.05



