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transmission facilities associated with the proposed White Wing Solar Project, including
the System Impact Study prepared with respect to such facilities.
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WHITE WING RANCH NORTH, LLC
Ten Year Plan
For Proposed Transmission Facilities
(in-service as early as 2018)

Line Description White Wing Solar Project Substation and Gen-tie Line
Size
e Voltage 34.5/500kV step up transformers and approximately 3 miles of

500kV AC gen-tie transmission line from the high side of the step up
transformer to the existing Hoodoo Wash Substation adjacent to the
Agua Caliente solar facility in Yuma County, AZ.

e Capacity Gen-tie will only serve an estimated 200MW photovoltaic solar
generating facility.

e Point of Origin A 34.5/500kV substation to be constructed at the White Wing Solar
Project, a photovoltaic solar generating facility proposed for
development on approximately 1,450 gross acres located north of and
adjacent to the existing Agua Caliente solar facility, north of Palomas
Road between Avenue 66E and Avenue 68E, Dateland, Yuma
County, Arizona.

e Termination Point The existing Hoodoo Wash Substation.

e Length Approximately 3 miles, depending upon the final route and location
of the new substation within the proposed White Wing Solar Project.

e General Route TBD. See attached map of proposed routes. The gen-tie line will run
generally from the new substation to be located on the White Wing
Solar Project, southerly approximately 3 miles directly into the
existing Hoodoo Wash Substation.

e Purpose The new step-up substation and gen-tie line will interconnect the
proposed White Wing Solar Project generation with the regional
transmission grid at the existing Hoodoo Wash Substation.

00138320 1




Date

e Estimated
Construction Start

e Estimated In-
Service

e [s Certificate
Necessary?

System Impact Study:

00138320

TBD [As early as Q-1 0f 2017]

TBD [Asearly as Q-4 0f2018]

Yes, for substation and 500kV gen-tie.

See attached System Impact Study Report prepared for Arizona
Public Service Company by Utilities System Efficiencies, Inc.

END
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EXECUTIVE SUMMARY

This section summarizes the System Impact Study (SIS) results for a proposed photovoltaic generation
interconnection of 200 MW in the Arizona Public Service (APS) operated transmission system. Additional
specific details of the proposed interconnection’s impact on the surrounding transmission system can be
found in the “Results and Findings” section of this report.

Disclaimer

Nothing in this report constitutes an offer of transmission service or confers upon the Interconnection
Customer (IC) any right to receive transmission service. APS and other interconnected utilities may not
have the Available Transmission Capacity (ATC) to support the interconnection described in this report. It
shouid also be noted that all resulis for the SIS are highly dependent upon the assumed topology and
timing of new projects in the vicinity of the interconnection, which are subject to change.

Throughout the region, utilities have noticed harmonic distortions being created by some renewable
generation projects. No studies have been performed to pre-determine if a project will create harmonics,
but after the fact evaluations are often performed to evaluate the performance of the generation projects.
If harmonics are found to be created by this project and or injected to the transmission system in excess
of industry standards, the project will be required fo resolve the concemn to the satisfaction of the
transmission owners at the POI.

Background:

APS, as operating agent of the Hoodoo Wash 500 kV switchyard, received a valid large generator
interconnection request for a proposed interconnection to Hoodoo Wash 500 kV switchyard. On behalf
of, and with the oversight of APS, Utility System Efficiencies, Inc. (USE) performed a SIS under the APS
Tariff. The interconnection request was assigned queue position #225. The Applicant has proposed to
add solar photo-voltaic generation with a8 maximum net output of 200 MW, connecting directly to the
Hoodoo Wash 500 kV switchyard in the fourth quarter of 2018.

Figure E.1 illustrates this proposed interconnection and the nearby transmission facilities.
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This SIS used the machine parameters and characteristics provided by the Applicant.

Studies consisted of computer-based power flow/post-transient, transient stability, and short-circuit/fault
duty analyses. This study modeled the proposed generation interconnection under anticipated 2019
summer peak conditions. Select contingencies which stressed the transmission system were simulated.
Power flow/post-transient and transient stability results were monitored for APS, SRP, and other
neighboring systems.

System performance criteria used in the study:
The criteria applied in this study are consistent with NERC/WECC Reliability Criteria. For more detailed
information on the criteria used for each analysis see section 1.3 “Reliability Criteria.”

The APS Open Access Transmission Tariff (OATT) policy regarding power factor requires all
Interconnection Customers, with the exception of wind generators, to maintain an acceptable power factor
(typically near unity) at the Point of Interconnection (POI), subject to system conditions. The APS OATT
also requires Interconnection Customers to be able to achieve +/- 0.95 power factor at the POI, with the
maximum “full-output” Var capability available at all outputs. Furthermore, APS requires Interconnection
Customers to have dynamic voltage control (operational time of less than 5 seconds) and maintain the
voltage as specified by the transmission operator within the limitation of +/- 0.95 power factor, as long as
the Project is online and generating. If the Project’s equipment is not capable of this type of response, a
dynamic reactive device will be required. APS has the right to disconnect the Project if system conditions
dictate the need to do so in order to maintain system reliability.

Results:
The results of the SIS indicate that the addition of Q225 does not create any new thermal or fault duty

overloads or voltage violations but it does increase existing loadings on some facilities that have shown to
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have pre-project excessive loadings and/or fault duties. This is mainly due to the methodology used to
dispatch the power to California. Most all of these concerns occur in California and it is assumed a more
detailed evaluation is being performed in the CAISO lead interconnection study.

The Westem Arizona Transmission System (WATS) technical study group reviewed the results and the
only notable comment was that because of the problems shown in California, the Imperial irrigation
District’s (IID) affected utility study process would have to be entered into by the generation customer.

The project as designed is not able to meet the power factor requirements at this time. An additional
54.44 MVar of reactive support is necessary to compensate for losses prior to the POI.

Table 1.1: Summary of Project Interconnection Cost and Lead Times

Facility Costs Timeline
(3000,000) {months)
Q225 Trans. Provider’s 1.5 18
Interconnection Facilities :
Network Upgrades 1.6 18
Deferred Network Upgrades 16 N/A
Grand Total 4.7 18
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1 Study Description and Assumptions

This section of the report provides details pertaining to the power flow case development and an overview
of the major study assumptions. All power flow, transient stability and post-transient study work was
completed using General Electric's Positive Sequence Load Flow (GE-PSLF), version 18.1_02.

The study used the 2019 Heavy Summer APS detailed planning case “sm19#28.sav’. This case has
undergone review and updates by all of the Arizona utilities for planning purposes.

Pre- and post-project base cases were developed. The new generation was offset with schedules to
California (78% SCE & 22% LADWP).

Sensitivities were run for the following scenarios. Pre- and Post-project cases were developed for each
scenario.

1) Addition of the Delaney-Colorado River 500 kV line

2) Addition of Q219

3) High East of River flows

1.1 Post Project Case Modeling

Requestor Q225 was represented in the power flow modeli as a two units 106.4/102.6 MW connected to
0.55 kV buses. Two transformers step the voltage up from 0.55kV to 34.5kV. The equivalent collector
system impedances are modeled and another two transformers step the voltage up from 34.5kV to
500kV. The project was connected via a single 2.0 mile 500kV line to Hoodoo Wash 500KV switchyard.
Figure 1-1 represents the Q225 power flow model.

Page5




Q225 System Impact Study

500 KV

APS Contract No.52790

POI
Hoodoo Wash Sub

BUS_1008

R =0.000071 p.u.
= X =0,000583 p.u.
= B = 0.014700 p.u.

ALAIN XFMR-1L

698/92/115 MVA
500/34.5 kV

R =0.003716 p.u.

X=0.144952 p.u. =~

=l

LG
A AN

CSEAML 1
34.5 KV 1
R=0.007772pu. =
X =0.013309 p.u.
B =0.001702 p.u.

3LSKV
BUS 1002
INV_XFMR_1
11Z MVA .
34.5/0.85 kV' Ak sl
R =0.008230 p.u. Y

X =0.070722 p.u.

0.56 KV
BUS_1001

PV_GEN -1 1
106.4 AW / 112 MVA =i
28 INVERTERS HH

GE PROSOLAR s as

500 KV
BUS_1007

MAIN XFAR-2

6879211156 MVA
500/34.5 kV

R =0.003716 p.u,

X = 0.144952 p.u.

L el MKV

CSEM 2
5 345 LY
% R=0.007649 pu,

&

[

x=0.012846 p.u.
B =0.001660 p.u,

345KV
BUS_10058
INV_XFAIR_2
108 MVA
A 34.5/0.55 kV
R = 0.008230 p.u,
Y S X=0.070722p.u.
0.56 KV
BUS_1004
PV_GEN -2
- 102.6 MYV / 108 MVA
AT 27 INVERTERS
GE PROSOLAR

Figure 1-1: Q225 Power Flow Model

Power scheduled to California
e 78% of the power scheduled to SCE
e 22% of the power scheduled to LADWP
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Power flow diagrams of the transmission system along with the new generation interconnection are
provided in Appendix A. Table 4.2 summarizes the case attributes for each scenario.

Table 1.2: 2019 Case Aftributes

Pre- Post- Pre- Past- Pre- Post-

Pre- | Post | E | Projact | Project Project | Project | £ | Project | Project | =
Major Branch Flows _Project | Project DLCR DICR Qe | Q19 EOR EOR
Path 46 WOR 5,886 6,070 | 184 | 5,153 5,316 | 184 | 5,886 6,072 | 184 | 8,610 8,797 | 184
Path 49 EOR -3,581 3,621 40 2,884 2,903 19 3,545 3,585 40 | 10,081 | 10,085 4
Navajo-Crystal 500 kV 980 1,001 21 942 960 18 840 860 20 1,616 1,642 26
Eldorado-Moenkopi 500 kV 814 836 22 768 788 20 737 759 22 1,690 1,719 29
Navajo-Dugas S00kV 538 520 -18 578 562 366 348 -233 -255
Moenkopi-Cedar Mountain
500kV 477 456 -21 519 500 -19 329 309 -20 -413 -439 -26
Yavapal-Westwing S00kV 302 289 20 349 331 18 177 158 18 -453 -479 26
Perkins-Mead 500 kV -39 1 40 -127 -89 38 46 86 40 1,919 1974 55
Navajo-Moenkopi 500kV 540 537 -3 540 538 -2 267 265 -2 379 376 -3
Four Corners-Moenkopi
500kV 764 768 4 758 762 4 810 814 4 915 920 5

N.Gila-iImperial Valley 500kV 1,382 1,437 55 1,303 1,356 53 1,411 1,464 53 1,941 1,991 S0
Hassayampa-N. Glia #2

500kV 658 604 -54 614 560 54 673 619 -54 1,145 1,089 44
Hassayampa-Hoodoo Wash
S00kV 617 530 -87 573 484 -89 632 545 -87 1,151 1,062 -£9
Hoodoo Wash-N. Gila 500kV 899 1,012 113 855 967 112 914 1,027 113 1,145 1,256 112
Hassayampa-Palo Verde #1
500kV 642 683 41 676 718 42 691 731 40 973 1,019 46
Palo Verde-Colorado River #1
S00KV 1,378 1,417 39 910 937 27 1,417 1,457 40 2,165 2,206 41
Colorado River-Red Biuff #1
500kV 679 698 19 835 859 24 698 717 19 1,057 1,076 19
Colorado River-Red Bhuff #2
500kV 679 698 19 835 859 24 698 717 19 1,057 1,076 19
Red Bluff-Devers #1 S00kV 678 697 18 833 857 24 697 716 18 1,054 1,073 19
Red Bluff-Devers #2 500kV 678 697 19 833 857 24 697 716 19 1,054 1,073 19
Moggn—WestwingsookV 189 189 0 270 273 3 241 241 0 -144 -145 1
Palo Verde-Westwing #1
500kV 1,054 1,080 26 1,035 1,060 25 1,121 1,148 27 1,369 1,400 31
AZ Load 22,339 | 22,340 22,339 | 22,340 22,346 | 22,348 15,268 | 15,269
AZ Losses 787 792 790 794 779 784 569 583
AZ Generation 28,634 | 28,840 28,637 | 28,842 28,633 | 28,840 25,160 | 25,395
AZ Exports 5,508 5,708 5,508 5,708 5,508 | 5,708 9,323 9,543

Case 1 2 3 4 5 6 7 8

Page7




Q225 System Impact Study APS Contract No.52790

1.2 Dynamic Data _

Appendix C provides the transient stability model used in this study, and the detalls of these
assumptions. Modeling for the new generation utilized machine characteristics provided by the Applicant.
Dynamic data file “19hs21.dyd” was obtained from APS Transmission Planning. A stability plot of the fiat
run simulation is aiso provided in Appendix D. |

1.3 Reliability Criteria

In general, an evaluation of the system reliability investigates the system’s thermal loading capability,
voltage performance (not too high or low), and transient stability (the system should not oscillate
excessively and generators should remain synchronized). The evaluation of these criteria must be
conducted for credible ‘emergency’ conditions, such as loss of a single or double circuit line, a
transformer, or a generator. Performance of the transmission system and neighboring Control Areas were
measured against the Western Electricity Coordinating Council (WECC) Reliability Standards and the
North American Electric Reliability Corporation (NERC) Planning Standards described in the following
subsections. The criteria for Category A (TPL-001, “All lines in service”), Category B (TPL-002, single
element outage), and Category C (TPL-003, multiple element outage) conditions were explicitly applied
both interally (within APS system) and to extemal Balancing Areas (where appropriate).

1.3.1 Power Factor Criteria
The study applies APS power factor criteria states that a generator must be capable of providing dynamic

reactive support within the range of +/-0.95 power factor at the POI.

1.3.2 (Steady State) Power Flow/Post-Transient Criteria
Normal conditions
o Al line loading must be less than 100% of the continuous (normal) thermal ratings.
¢ Al transformer loading must be less than 100% of the continuous (normal) ratings.
Contingency Conditions
» Forany contingency, no transmission element will be loaded above the emergency rating.
¢ Depending upon the type of analysis and applied case/sensitivity, applicable criteria for system
performance will be identified. In some instances, resulting local circuit overloads and/or voltage
deviations may be deemed acceptable per local criteria; as long as the local system’s post-
contingency performance does not result in cascading outages.
» Established loading limits and voltage performance for other neighboring utilities will be
monitored.
» Voltage deviations at any bus must be no more than 5% for N-1 contingencies and no more than
10% for N-2.

1.3.3 Transient Stability Criteria
The SIS applies reliability criteria contained within the WECC disturbance-performance table of allowable

effects on other systems. Table 1.3 and Figure 1-2 are excerpts from the WECC Reliability Criteria.
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Table 1.3: WECC Disturbance-Performance Table of Allowable Effects on Other Systems

Outage Frequency
NERCandwece | Associated withthe | yiongient Voltage Dip | - Minimum Transient | Post Transient Voltage
Categories Category Standard Frequency Standard Deviation Standard
. {outagelyear)
System nomal Not Applicable Nothing in additionto NERC
Not to exceed 25% at
load buses or 30% at
B non-load buses. Not below 59.6Hz for 6 Not to exceed 5% at any
One element 2033 N 20% cycles or more at a load
out-of-service ot to exceed 20% for | ..o bus.
more than 20 cycles at
load buses.
c Not to exceed 30% at
any bus. Not below 59.0Hz for 6 A
Tv: or more 0.033-0.33 Not to exceed 20% for cycles or more at a load Nottoe 10% ot
ements any bus.
. more than 40 cycles at bus.
out-of-service
load buses.
D
BExtreme multiple- <0.033 Nothing in additionto NERC
element outages
Figure 1-2. NERC/WECC Voltage Performance Parameters
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2 Study Methodology
This section summarizes the methods used to derive the power factor, power flow, post transient, and
transient stability results. Appendix B details the contingencies simulated for the study.

2.1 Power Factor Requirements

The APS Open Access Transmission Tariff (OATT) policy regarding power factor requires ail
Interconnection Customers, with the exception of wind generators, to maintain an acceptable power factor
(typically near unity) at the Point of Interconnection (POI), subject to system conditions. The APS OATT
aiso requires Interconnection Customers to be able to achieve +/- 0.85 power factor at the POI, with the
maximum “full-output” Var capability available at all outputs. Furthermore, APS requires Interconnection
Customers to have dynamic voltage control (operational time of less than 5 seconds) and maintain the
voltage as specified by the transmission operator within the limitation of +/- 0.95 power factor, as long as
the Project is online and generating. If the Project’s equipment is not capable of this type of response, a
dynamic reactive device will be required. APS has the right to disconnect the Project from the power grid
if system conditions dictate the need to do so in order to maintain system reliability.

The method for determining whether or not the generator meets these requirements is to first record the
pre-project POI bus voltage. Next, model the generator with zero reactive capabilities at full output. Any
shunt devices are tumed off. Two synchronous condensers are added to the case with infinite reactive
capability. One is at the terminal bus of the unit regulating the bus voltage to 1.0 pu. The other is one bus
away from the POI regulating the PO to the pre-project voltage level. The amount of plant losses can be
determined by recording the MVAR flow at the POI and adding that to the sum of the synchronous
condenser output. Based on the maximum output of the plant, determine the minimum reactive
capabilities required to meet the +/-0.95 power factor range. The sum of the two numbers determines the
maximum amount of reactive support the project must provide.

2.2 Power Flow/Post-Transient

Power flow analysis considers a snapshot in time, focused on the first few minutes following an outage,
where the transformer tap changers, S\VDs and, the phase shifters have not adjusted, and all the system
generation reacts by governor control to balance the system during each contingency scenario. All power
flow/Post-Transient analysis was conducted with version 18.1_02 of General Electric's
PSLF/PSDS/SCSC software. Power flow/Post-Transient results are monitored and reported for APS and
other neighboring systems, including WAPA.

Power flow/Post-Transient analysis is used to evaluate the thermal and voltage performance of the
system under Category A (TPL-001, all elements in service) and Category B (TPL-002, N-1, single
contingency) conditions and Category C (TPL-002, N-2, multiple elements contingency) disturbances.
The applicable WECC reliability planning criteria is listed below.

s Changes in bus voltages from pre- to post-contingency must be less than 5% for single
contingencies. ,

+ Al equipment loadings must be below their normal ratings under normal conditions.

e All equipment loadings must be below their emergency ratings for single contingencies.

» Depending upon the type of analysis and applied case/sensitivity, applicable criteria for system
performance will be identified. In some instances, resulting local circuit overloads and/or voltage
deviations may be deemed acceptable per local criteria; as long as the local system’s post-
contingency performance does not result in cascading outages.
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Thermal loading is reported when a modeled transmission element is loaded over 98% of its appropriate
MVA rating modeled in the power flow database.

Transmission voltage violations for Category A (TPL-001, no contingency) conditions are reporied where
per unit voltages are less than 0.95 or greater than 1.05. For Category B outages (TPL-002, N-1) the
voltage violations are reported when the post-contingency voltage deviation is greater than 5%. For
Category C outages (TPL-003, N-2) the voltage violations are reported when the post-contingency
voltage deviation is greater than 10%.

2.3 Transient Stability

Transient stability analysis is a time-based simulation that assesses the performance of the power system
during (and shortly following) a contingency. Transient stability studies were performed to verify the
system stability following a critical fault on the system. Prior to finalization of the power flow and dynamic
data set, a flat—run is run to ensure true power system behavior is not masked by any remote dynamic
modeling anomalies.

| Transient stability analysis was performed based on WECC Disturbance-Performance Criteria for

} selected system contingencies. Initial transient stability contingencies are simulated out to 11 seconds to

| ensure a damped system performance. All simulated faults are assumed to be three-phase, unless
otherwise noted. Table 2.1 identifies the breaker clearing times for faults on different voltage leveis.

Table 2.1 Breaker Clearing Times

Breaker

Voltage Level | .. ring times
69 kV 7-cycles
115161 kV 6-cycles
230 kV 5-cycles
500 kV 4-cycles

All ransient stability simulations were conducted using version 18.1_02 of General Electric’s
PSLF/PSDS/SCSC software.

The Worst Condition Analysis (WCA) tool, available in the PSDS software package, tracks and records
the transient stability behavior of all output channels contained within the binary output file of a transient
stability simulation. The monitoring of channel output was initiated two cycles after fault clearing, to
ensure that all post-fault stability behavior would be captured. System damping was assessed visually
with the aid of stability plots.

Parameters Monitored to Evaluate System Stability Performance:

Rotor Angle
Rotor angle plots provide a measure for determining how the proposed generation unit would
swing with respect to other generating units in the area. This information is used to determine if a
machine would remain in synchronism or go out-of-step from the rest of the system following a
disturbance.
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Bus Volitage
Bus voltage plots, in conjunction with the relative rotor angle plots, provide a means of detecting
out-of-step conditions. The bus voltage plots are useful in assessing the magnitude and duration
of post-disturbance voltage dips and peak-to-peak voltage oscillations. Bus voltage plots also
give an indication of system damping and the level to which voltages are expected to recover in
the steady state conditions.

Bus Frequency
Bus frequency plots provide information on magnitude and duration of post-fault frequency
swings with the new project(s) in service. These plots indicate the extent of possible over-
frequency or under-frequency, which can occur due to an area’s imbalance between load and
generation.

Other plotted Parameters
¢ Generator Active Power Qutput
e Generator Reactive Power Qutput

3 Results and Findings
This section provides the results obtained by applying the previous assumptions and methodology. it
illustrates all findings associated with the power flow/post-transient and transient stability.

3.1 Reactive Support

The project does not satisfy the minimum power factor requirement. The project online at 200 MW
requires a minimum of +/-65.74 MVAR capability at the POI to meet the +/-0.95 power factor requirement.
The calculated plant losses are 57.4 MVAR. The aggregated inverter dynamic capability is +/-68.7 MVAR.
The resultant capability at the PO1 is 11.3 MVAR. An additional 54.44 MVar of reactive support is required
to meet the APS power factor requirement. A static capacitor bank can be added to compensate for the
reactive losses.

3.2 Power Flow/Post-Transient Analysis
The power flow and post-transient analysis focuses on high load and generation conditions for summer of
2019. The Pre-Project cases are used as a baseline to measure the impact of the new generation.

Contingencies are then applied to the cases. A list of contingencies that were simulated is provided in
Appendix B. Power flow plots from the Pre-Project and Post-Project cases are inciuded in Appendix A.

Thermal Results

2019 Heavy Summer Case
Results indicate that there are multiple pre-project violations for this scenario. The addition of the Q225

project does not exacerbate any of the APS violations. There are lines in 11D and SCE that have pre-
project overloads and due to the method used to dispatch the power to Califomia the loadings did
increase slightly post-project. APS believes that these issues should be identified and remedied in the
CAISO Cluster Study process and the IID affected utility study. A complete summary of the violations can
be found in Appendix E.

2019 Heavy Summer Case w/Delaney-Colorado River 500kV Line

Results indicate that there are multiple pre-project violations for this scenario. The addition of the Q225
project does not exacerbate any of the APS violations. There are lines in IID and SCE that have pre-
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project overioads and due to the method used to dispatch the power to California the loadings did
increase slightly post-project. APS believes that these issues should be identified and remedied in the
CAISO Cluster Study process and the IiD affected utility study. A complete summary of the violations can
be found in Appendix E.

2019 Heavy Summer Case w/Q219

Results indicate that there are multiple pre-project violations for this scenario. The addition of the Q225
project does not exacerbate any of the APS violations. There are lines in IID and SCE that have pre-
project overioads and due to the method used to dispatch the power to California the loadings did
increase slightly post-project. APS believes that these issues should be identified and remedied in the
CAISO Cluster Study process and the 1ID affected utility study . A complete summary of the violations can
be found in Appendix E.

2019 Case with High East of River Fiows

Results indicate that there are multiple pre-project violations for this scenario. The addition of the Q225
project does exacerbate 3 of the APS violations but this is due to the method used to dispatch the power
to Califomia.

There are also lines in IID and SDG&E that have pre-project overioads and due to the method used to
dispatch the power to California the loadings did increase slightly post-project. APS believes that these
issues should be identified and remedied in the CAISO Cluster Study process and the 1ID affected utility
study. A complete summary of the violations can be found in Appendix E.

Voitage Resuits

2019 Heavy Summer Case

Results indicate that there are both pre-project and post-project voltage violations for muitiple
contingencies in the Southwest. The addition of the Q225 project does not exacerbate the violations and
in many cases the violations are reduced. A complete summary of the violations can be found in

Appendix F.

2019 Heavy Summer Case w/Delaney-Colorado River 500kV Line
Results indicate that there are both pre-project and post-project voltage violations for muitiple

contingencies in the Southwest. The addition of the Q225 project does not exacerbate the violations and
in many cases the violations are reduced. A complete summary of the violations can be found in

Appendix F.

2019 Heavy Summer Case w/Q219
Results indicate that there are both pre-project and post-project voltage violations for multiple

contingencies in the Southwest. The addition of the Q225 project does not exacerbate the violations and
in many cases the violations are reduced. A complete summary of the violations can be found in
Appendix F.

2019 Case with High East of River Fiows
Results indicate that there are both pre-project and post-project voltage violations for multiple

contingencies in the Southwest. While some of the violations look as though they are exacerbated by the
addition of the Q225 project this is merely a symptom of the methodology used to dispatch the power to
Califomia. A complete summary of the violations can be found in Appendix F.
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3.3 Transient Stability Analysis

One-Hundred-Sixty-Three (163) outages were selected for transient stability evaluation. As referenced in

the Reliability Criteria section of this report, the system should meet the foliowing transient stability

performance criteria for a NERC/WECC Category ‘B’ disturbance {N-1):

» Transient voltage dip should not be below 25% at any load busses or 30% at any non-load busses at
any time.

e The duration of a transient voltage dip greater than 20% should not exceed 20 cycles at load busses.

s The minimum transient frequency should not fall below 59.6 Hz for more than 6 cycles at load
busses.

Appendix D contains transient stability plots of selected contingencies that provide a representative
illustration of the transmission system’s Post-Project voltage response.

Results indicate that there are four contingencies that cause transient stability violations in the pre- and
post-project cases. These are known issues to APS and the addition of Q225 does not exacerbate the
violation.

3.4 Short Circuit / Fault Duty Analysis

Short circuit analysis of the proposed generator was performed by APS, using the CAPE program and
parameters supplied by the Applicant. Fault duties were calculated for both single-phase —to-ground and
three-phase faults at substation busses in the immediate surrounding area before and after the proposed
generator installation. The model also included the 2020 system representation which included the
Hassayampa-North Gila 500kv line, the North Gila-Orchard 230kv project, the Hassayampa-Pinal West
500KV cutin to Jojoba, the Pinal West-Tortolita 500kV line and some local 69kv planned upgrades. The
results presented here assume a “‘worst-case” scenario. The interconnection of the Q225 project does
not cause any existing substation breakers to exceed their rating.

Some fault duty problems do exist at the Palo Verde/Hassayampa facilities and this project’s impact upon
the unknown new solution at the Palo Verde/Hassayampa may result in some required mitigation from
this project. As the Transmission Operator and Planning Coordinator for Palo Verde and Hassayampa
SRP, in coordination with the other participants, is in the process of performing a detailed analysis. At this
point of time, they believe that any conclusions with regard of fault duties at Palo Verde and Hassayampa
are premature. The interconnector Q225 is to be aware that high costs associated with mitigation of short
circuit problems are probable and might be imposed on the interconnector. Table 3.1 summarizes the
results of the Short-Circuit analysis.
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Table 3.1 Short Circuit Results

Q225 (Hoodoo Wash 500kv Project)
Pre-Project Post-Project
Min
Station TPH THEV SLG THEV TPH Inc THEV SLG Inc THEV Bria.
kA XR (kA) XR (kA) kA XR kA kA) XR R(?:;{)u
Palo Verde 500 kV 60.5 28.0 64.6 20.2 60.6 0.1 28.1 64.7 0.1 202 63
Hassayampa 500 kV 60.6 283 639 19.5 60.7 0.1 284 64.1 0.2 19.5
Hoodoo Wash 500 kV 15.8 16.1 10.7 120 16.1 0.3 164 123 16 14.4
N.Gila 500 kV 15.7 15.2 96 9.1 15.9 02 15.2 99 03 9.1 40
N.Gila 230 kV 10.5 248 10.1 173 105 0 249 101 0 175} TBD
N.Gila €39 kV 201 9.3 24 104 201 0 93 24 0 104 315
Gila 161 kV 6.4 6.0 52 6.4 6.4 0 6.0 52 0 6.4
Orchard 230 kV 75 155 6.9 125 75 0 165 69 0 125 TBD
Yucca 69 kV 311 141 35.9 135 311 0 141 359 0 135 40
Kyrene 500 kV 246 19.2 221 133 246 0 192 221 0 133 40

3.5 Results & Findings Summary

The results of the SIS indicate that the addition of Q225 does not create any overloads or voltage
violations but it does increase existing loadings. This is mainly due to the methodology used to dispatch
the power to California. The project as designed is not able to meet the power factor requirements at this
time. An additional 54.44 MVar of reactive support is necessary to compensate for losses prior to the POI.
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4 Cost & Construction Time Estimates

The cost estimates represent good faith estimates necessary to interconnect to the system. Not included
in these estimates are the additional reactive needs of the project, nor any costs associated with the
generator tie line after it leaves the switchyard, nor any potential obligations associated with Palo Verde
and Hassayampa fault duty concems. The non-binding, good faith cost and time estimates are tabulated
below. The substation costs will consist of Network Upgrades, Deferred Network Upgrades and
Transmission Providers Interconnection Facilities. Facility additions will generally consist of one new
500kV breaker, three new 500kV switches and the part of the generator tie line that is within the
switchyard property. Deferred facilities will consist of one new 500kV breaker and two 500kV switches.

Table 4.1
Q225 Estimates
Equipment Description Design Construction Network Transmission
Time Time Upgrades Providers
{Mm0.) {Mo.) {$000,000) | Iinterconnection
Facilities
{$000,000)
Hoodoo Wash: 500kV Switchyard Upgrades
Transmission Provider’s Interconnection Facilities 18 6 N/A 15
Network Upgrades 18 6 16 N/A
Deferred Network Upgrades N/A N/A 16 N/A
Palo Verde/Hassayampa: 500kV Switchyard
Fauit Duty Mitigation Unknown | Unknown Unknown | Unknown
Totals 18 6 3.2 15
Total Cost = $4,700,000 *

! Shown costs do not include a potential future obligation to participate in fault duty mitigation at the
Paio Verde and Hassayampa switchyards.

The Hoodoo Wash switchyard was designed to ultimately be a breaker-and-a-half layout. However, until
there are a minimum of five terminations APS can operate the switchyard as a ring bus. With the existing
three terminations and the Q225 project the switchyard will be operated as a 4 breaker ring. At the time a
fifth termination is connected at the switchyard the ring bus will be required to become the full breaker-
and-a-half layout. The additions required at the switchyard to convert from the four breaker ring to the full
breaker-and-a-half layout are two new 500kV breakers and associated equipment. One of the new
breakers will be the responsibility of the Q225 project. While there is no specific timeline for these costs,
the Q225 project will be responsible for the cost to add one breaker and associated switches to expand
the switchyard at time it is required. The estimated costs for the additions to the switchyard needed for
the breaker-and-a-half of the switchyard are included in Table 1.1 and Table 4.1 and are shown in the
line item designated as Deferred Network Upgrades. APS will provide notice to the Interconnection
Customer at the time the requirement to convert the switchyard to a breaker-and-a-half layout is
determined
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Figure 4-1. Hoodoo Wash Switchyard
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ACC
ACSS
ANPP
APS
ATC
CAISO
CAWCD
covr
CoD

EPE
ER
ERIS
Fa$
FERC
FeS
GT

ic

Hno

iR
LADWP
LGIA
NEC
NERC
NR
NRIS
NTUA
OASIS
OATT
PG&E
PNM
POI
PPA
PSLF/PSDS/SCSC

PST
PV

RAS
RFP

APS Contract No.52790

List of Acronyms

Arizona Corporation Commission
Aluminum Conductor Steel Supported
Arizona Nuclear Power Project

Arizona Public Service

Available Transfer Capability

California independent System Operator Corporation
Central Arizona Water Conservation District
Coupling Capacitor Voltage Transformer
Commercial Operation Date

Concentrated Solar Power

Combustion Turbine or Current Transformer
El Paso Electric

Energy Resource

Energy Resource Interconnection Service
Facilities Study

Federal Energy Regulatory Commission
Feasibility Study

Gas Turbine

Interconnection Customer

imperial Irrigation District

Interconnection Request

Los Angeles Department of Water and Power
Large Generator interconnection Agreement
Navopache Electric Cooperative

North American Electric Reliability Corporation
Network Resource

Network Resource Interconnection Service
Navajo Tribal Utility Authority

Open Access Same Time Information System
Open Access Transmission Tariff

Pacific Gas & Electric

Public Service Company of New Mexico

Point Of Interconnection

Purchase Power Agreement

Positive Sequence Load Flow/Positive Sequence Dynamic
Simulation/Short-Circuit Saturation Curve
Phase-Shifting Transformer

Photovoltaic

Remedial Action Scheme (also known as SPS)
Request for Proposal
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APS Contract No.52790

SCE
SDG&E
SIS
SLG fault
SPS
SRP
SSVEC
svC
SVD
SWTC
TEP
TPIF
WAPA
WECC

Southern California Edison Company

San Diego Gas & Electric Company

System Impact Study

Single Line-to-Ground fault

Special Protection System (also known as RAS)
Salt River Project

Sulphur Springs Valley Electric Cooperative, inc.
Static VAR Compensator

Static VAR Device

Southwest Transmission Cooperative

Tucson Electric Power

Transmission Provider’s Interconnection Facilities
Western Area Power Administration

Western Electricity Coordinating Council
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POWER FLOW PLOTS




Plot Description

Plot# 001 | 2018 Heavy Summer Pre-Project: Normal Conditions (MW/MVAR)

Plot # 002 | 2019 Heavy Summer Pre-Project: Normal Conditions (MVA/%Rate)

Plot # 003 | 2019 Heavy Summer Post-Project — Q225: Normal Conditions (MW/MVAR)

Plot# 004 | 2019 Heavy Summer Post-Project — Q225: Normal Conditions (MVA/%Rate)

Plot # 005 | 2019 Heavy Summer Pre-Project w/Delaney-CR: Normal Conditions (MW/MVAR)

Plot # 006 | 2019 Heavy Summer Pre-Project w/Delaney-CR: Normal Conditions (MVA/%Rate)

Plot# 007 | 2019 Heavy Summer Post-Project w/Delaney-CR — Q225: Normal Conditions (MW/MVAR)

Plot# 008 | 2019 Heavy Summer Post-Project w/Delaney-CR ~ Q225: Normal Conditions
(MVA/%Rate)

Plot # 009 | 2019 Heavy Summer Pre-Project w/Q219: Normal Conditions (MWMVAR)

Plot# 010 | 2019 Heavy Summer Pre-Project w/Q219: Normal Conditions (MVA/%Rate)

Plot# 011 | 2019 Heavy Summer Post-Project w/Q219 — Q225: Nomal Conditions (MW/MVAR)

Plot# 012 | 2019 Heavy Summer Post-Project w/Q219 — Q225: Normal Conditions (MVVA/%Rate)

Plot# 013 | 2019 Heavy Summer Pre-Project High EOR: Normal Conditions (MW/MVAR)

Plot# 014 | 2019 Heavy Summer Pre-Project High EOR: Normal Conditions (MVA/%Rate)

Plot # 015 | 2018 Heavy Summer Post-Project High EOR - Q225: Normal Conditions (MW/MVAR)

Plot# 016 | 2018 Heavy Summer Post-Project High EOR - Q225: Normal Conditions (MVA/%Rate) .

Plot# 017 | 2019 Heavy Summer Incremental Case 1vs2: Nonmal Conditions (MW/MVAR)

Plot# 018 | 2019 Heavy Summer Incremental Case 3vs4: Normal Conditions (MW/MVAR)

Plot# 019 | 2019 Heavy Summer incremental Case 5vs6: Normal Conditions {(MW/MVAR)

Plot# 020 | 2019 Heavy Summer Incremental Case 7vs8: Nommal Conditions (MW/MVAR)
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Appendix B

Contingency List




TPL-002 (Category B) Outages
500 kV Lines

1.

10.

11.

12,

13,

14.

15.

16.

17.

18

19.

20,

N-1 N.GILA-IMPERIAL VALLEY S00kV Line 1

o 3 phase fault at N.Gila 500kV cleared in 4 cycles
N-1 PALO VERDE-COLORADO RIVER 500kV Line 1

» 3 phase fault at Palo Verde 500kV cleared in 4 cycles
N-1 COLORADO RIVER-RED BLUFF 500kV Line 1

e 3 phase fault at Colorado River 500kV cleared in 4 cycles
N-1 RED BLUFF-DEVERS 500kV Line 1

o 3 phase fault at Red Bluff 500kV cleared in 4 cycles
N-1 PALO VERDE-DELANEY 500kV Line 1

e 3 phase fault at Delaney 500kV cleared in 4 cycles
N-1 MORGAN-SUN VALLEY S00kV Line 1 (when modeled)

e 3 phase fault at Sun Valley 500kV cleared in 4 cycles
N-1 CRYSTAL-MCCULLOUGH 500kV Line 1

e 3 phase fault at Crystal 500kV cleared in 4 cycles
N-1 CORONADO-SILVERKG 500KV Line 1 (incl. SPS)

e 3 phase fault at Coronado 500kV cleared in 4 cycles

e Insert 2 caps at PP, Papago, or Rogers in 15 cycles

s Drop Coronado Unit 2 in 90 cycles
N-1 FOURCORN-MOENKOP! 500KV Line 1

e 3 phase fault at Four Corners 500kV cleared in 4 cycles

e 10% fault damping on Four Corners Units 4 & 5
N-1 DELANEY-SNVLY 500KV Line 1

e 3 phase fault at Sun Valley 500kV cleared in 4 cycles
N-1 HASSYAMP-JOJOBA 500KV Line 1

e 3 phase fault at Jojoba 500kV cleared in 4 cycles
N-1 HASSAYAMPA-HOODOO WASH 500KV Line 1

e 3 phase fault at Hassayampa 500KV cleared in 4 cycles
N-1 HOODQO WASH-N.GILA 500KV Line 1

e 3 phase fault at Hoodoo Wash 500kV cleared in 4 cycles
N-1 HASSAYAMPA-N.GILA 500KV Line 2

e 3 phase fault at Hassayampa 500kV cleared in 4 cycles
N-1 JOJOBA-PINAL_W 500KV Line 1

e 3 phase fault at Hassayampa 500KV cleared in 4 cycles
N-1 JOJOBA-KYRENE 500KV Line 1

e 3 phase fault at Kyrene 500kV cleared in 4 cycles
N-1 KYRENE-BROWNING 500KV Line 1

e 3 phase fault at Kyrene 500kV cleared in 4 cycles
N-1 MEAD-PERKINS 500KV Line 1

e 3 phase fault at Perkins 500kV cleared in 4 cycles
N-1 MOENKOPI-ELDORDO 500KV Line 1

o 3 phase fault at Moenkopi 500kV cleared in 4 cycles
N-1 MOENKOPI-CEDAR MOUNTAIN 500KV Line 1




¢ 3 phase fault at Cedar Mountain S00kV cleared in 4 cycles
21. N-1 CEDAR MOUNTAIN-YAVAPAI 500KV Line 1

* 3 phase fault at Cedar Mountain 500kV cleared in 4 cycles
22. N-1 NAVAJO-CRYSTAL 500KV Line 1

¢ 3 phase fault at Navajo 500kV cleared in 4 cycles
23. N-1 NAVAJO-DUGAS 500KV Line 1

¢ 3 phase fault at Dugas 500KV cleared in 4 cycles
24. N-1DUGAS-MORGAN 500KV Line 1

® 3 phase fault at Morgan 500kV cleared in 4 cycles
25. N-1 MORGAN-WESTWING S00KV Line 1

¢ 3 phase fault at Westwing 500kV cleared in 4 cycles
26. N-1PALOVRDE-RUDD 500KV Line 1

¢ 3 phase fault at Palo Verde 500kV cleared in 4 cycles
27. N-1PALO VERDE-WESTWING 500KV Line 1 or 2

¢ 3 phase fault at Palo Verde 500kV cleared in 4 cycles
28. N-1YAVAPAI-WESTWING 500KV Line 1

* 3 phase fault at Westwing 500kV cleared in 4 cycles
29. N-1IMPERIAL VALLEY-MIGUEL 500KV Line 1 (W SPS)

* 3 phase fault at Imperial Valley 500kV cleared in 4 cycles -

e Trip IV Gen Units 1-3 and INTB CT and ST in 8 cycles

¢ Trip Otay Mesa-Tijuana 230kV line in 120 cycles
30. N-1JOJOBA-GILARIVR 500KV Line 1

* 3 phase fault at Gila River 500kV cleared in 4 cycles
31. N-1 BROWNING-SILVER KING SO0Kv Line 1

¢ 3 phase fault at Browning 500kV cieared in 4 cycles
32. N-1PINAL_W-DUKE 500kV Line 1

¢ 3 phase fault at Duke 5200 kV cleared in 4 cycles
33. N-1 DUKE-PINAL CENTRAL 500kV Line 1

¢ 3 phase fault at Pinal Central 500 kV cleared in 4 cycles
34. N-1PINAL CENTRAL-TORTOLITA 500kV Line 1

¢ 3 phase fault at Pinal Central 500kV cleared in 4 cycles
35. N-1TORTOLITA-SAGUARO 500kV Line 1 or 2

* 3 phase fault at Saguaro 500 kV cleared in 4 cycles
36. N-1 MORGAN-PINNACLE PEAK 500kV Line 1

® 3 phase fault at Morgan 500kV cleared in 4 cycles
37. N-1 CHOLLA-SAGUARO 500kV Line 1

¢ 3 phase fauit at Saguaro 500kV cleared in 4 cycles

TPL-002 (Category B) Outages
345kV Lines
38. N-1 CHOLLA-PREACHER CANYON 345KV Line 1

» 3 phase fault at Preacher Canyon 345kV cleared in 4 cycles
39. N-1 PREACHER CANYON-PINNACLE PEAK 345kV Line 1

* 3 phase fault at Pinnacle Peak 345kV cleared in 4 cycles




¢ Drop Pinnacle Peak 345/230 kV Xifmr 4

40. N-1 CHOLLA-MAZATZAL 345kV Line 1

e 3 phase fault at Mazatzal 345kV cleared in 4 cycles
41. N-1 MAZATZAL-PINNACLE PEAK 345kV Line 1

o 3 phase fault at Pinnacle Peak 345kV cleared in 4 cycles

e Drop Pinnacle Peak 345/230 kV Xfmr 7
42. N-1LIBERTY-PEACOCK 345kV Line 1

e 3 phase fault at Liberty 345kV cleared in 4 cycles
43, N-1 PEACOCK-MEAD 345kV Line 1

¢ 3 phase fault at Peacock 345kV cleared in 4 cycles

TPL-002 (Category B) Outages
230 kV Lines

44. N-1O0COTILLO-PINNACLE PEAK 230KV Line 1

e 3 phase fault at Ocotillo 230kV cleared in 5 cycles
45, N-1 OCOTILLO-CACTUS 230KV Line 1

e 3 phase fault at Ocotillo 230kV cleared in 5 cycles
46. N-1 CACTUS-PINNACLE PEAK 230KV Line 1

e 3 phase fault at Cactus 230kV cleared in 5 cycles
47. N-1OCOTILLO-KYRENE 230KV Line 1

¢ 3 phase fault at Ocotillo 230kV cleared in 5 cycles
48. N-1 OCOTILLO-LINCOLN STREET 230KV Line 1

o 3 phase fault at Ocotillo 230kV cleared in 5 cycles
49. N-1 LINCOLN STREET-COUNTRY CLUB 230KV Line 1

e 3 phase fault at Lincoln Street 230kV cleared in 5 cycles
50. N-1LINCOLN STREET-WEST PHOENIX 230KV Line 1

e 3 phase fault at Lincoln Street 230kV cleared in 5 cycles
51. N-1 COUNTRY CLUB-MEADOWBROOK 230KV Line 1

o 3 phase fault at Country Club 230kV cleared in 5 cycles
52. N-1 MEADOWBROOK-SUNNYSLOPE 230KV Line 1

o 3 phase fault at Meadowbrook 230kV cleared in 5 cycles
53, N-1 SUNNYSLOPE-LONE PEAK 230KV Line 1

e 3 phase fault at Sunnyslope 230kV clearedin 5 cycles
54. N-1LONE PEAK-PINNACLE PEAK 230KV Line 1

o 3 phase fault at Pinnacle Peak 230kV cleared in 5 cycles
55. N-1 LONE PEAK-REACH 230KV Line 1

e 3 phase fault at Reach 230kV cleared in 5 cycles
56. N-1 PINNACLE PEAK-REACH 230KV Line 1

e 3 phase fault at Pinnacle Peak 230kV cleared in 5 cycles
57. N-1 WEST PHOENIX-WHITE TANKS 230KV Line 1

o 3 phase fault at West Phoenix 230kV cleared in 5 cycles
58. N-1 WEST PHOENIX-RUDD 230KV Line 1

59.

e 3 phase fault at West Phoenix 230kV cleared in 5 cycles
N-1 RUDD-WHITE TANKS 230KV Line 1




60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74,

75.

76.

77.

78.

79.

80.

® 3 phase fault at Rudd 230KV cleared in 5 cycles
N-1 WHITE TANKS-El SOL 230KV Line 1

* 3 phase fault at White Tanks 230kV cleared in 5 cycles
N-1 AGUA FRIA-El SOL 230KV Line 1

* 3 phase fault at Agua Fria 230kV cleared in 5 cycles
N-1 AGUA FRIA-GLENDALE 230KV Line 1

¢ 3 phase fault at Glendale 230kV cleared in 5 cycles
N-1 AGUA FRIA-ALEXANDER 230KV Line 1

® 3 phase fault at Agua Fria 230kV cleared in 5 cycles
N-1 ALEXANDER-DEER VALLEY 230KV Line 1

® 3 phase fault at Alexander 230kV cleared in 5 cycles
N-1 PINNACLE PEAK-DEER VALLEY 230KV Line 1

¢ 3 phase fault at Pinnacle Peak 230kV cleared in 5 cycles
N-1 WESTWING-DEER VALLEY 230KV Line 1

* 3 phase fault at Deer Valley 230kV cleared in 5 cycles
N-1 EL SOL-SURPRISE 230KV Line 1

* 3 phase fault at El Sol 230kV cleared in 5 cycles
N-1 WESTWING-SURPRISE 230KV Line 1

¢ 3 phase fault at Westwing 230kV cleared in 5 cycles
N-1 KYRENE-PAPAGO BUTTES 230KV Line 1

* 3 phase fault at Kyrene 230kV cleared in 5 cydles
N-1 PAPAGO BUTTES-PINNACLE PEAK 230KV Line 1

* 3 phase fault at Pinnacle Peak 230kV cleared in 5 cycles
N-1 BRANDOW-PAPAGO BUTTES 230KV Line 1

* 3 phase fault at Papago Buttes 230kV cleared in 5 cycles
N-1 BRANDOW-KYRENE 230KV Line 1

® 3 phase fault at Kyrene 230kV cleared in 5 cycles
N-1 KYRENE-CORBELL 230KV Line 1

¢ 3 phase fault at Kyrene 230kV cleared in 5 cycles
N-1 KYRENE-SCHRADER 230KV Line 1

® 3 phase fault at Kyrene 230kV cleared in 5 cydes
N-1 KYRENE-KNOX 230KV Line 1

® 3 phase fault at Kyrene 230kV cleared in 5 cycles
N-1 KNOX-SANTA ROSA 230KV Line 1

e 3 phase fault at Knox 230kV cleared in 5 cycles
N-1 KYRNE-ANDERSON 230KV Line 1

¢ 3 phase fault at Kyrene 230kV cleared in 5 cycles
N-1 LIBERTY-LONE BUTTE 230KV Line 1

* 3 phase fault at Liberty 230KV cleared in 5 cycles
N-1 LIBERTY-PHXWAPA 230KV Line 1

¢ 3 phase fault at Liberty 230KV cleared in 5 cycles
N-1 LIBERTY-RUDD 230KV Line 1

® 3 phase fault at Liberty 230KV cleared in 5 cycles




81.

82.

83.

84.

85.

86.

87.

88.

N-1 LIBERTY-WESTWING 230KV Line 1
¢ 3 phase fault at Liberty 230KV cleared in 5 cycles
N-1 PANDA-JOJOBA-TS4-LIBERTY-PALM VALLEY 230KV Line 1
s 3 phase fault at Palm Valley 230kV cleared in 5 cycles
N-1 RUDD-PLMVLY 230KV Line 1
e 3 phase fault at Palm Valley 230kV cleared in 5 cycles
N-1 BUCKEYE-LIBERTY 230KV Line 1
e 3 phase fault at Liberty 230kV cleared in 5 cycles
¢ Close the Buckey-Buckey2 230kV line (if necessary for PT)
N-1 SUN VALLEY-TRILBY WASH 230KV Line 1
¢ 3 phase fault at Sun Valley 230kV deared in 5 cycles
N-1 TRILBY WASH-TS2-PALM VALLEY 230KV Line 1
¢ 3 phase fault at Trilby Wash 230kV cleared in 5 cycles
N-1 SUN VALLEY-HASSYAMPA TAP 230KV Line 1
e 3 phase fault at Sun Valley 230kV deared in 5 cycles
N-1 LIBERTY-HASSYAMP TAP 230KV Line 1
e 3 phase fault at Hassyampa Tap 230KV cleared in 5 cycles

TPL-002 (Category B) Outages
Transformers

89.

0.

91.

92.

93.

94,

95.

96.

97.

98.

99.

100,

N-1 PINNACLE PEAK (S) 500/230KV XFMR 1

o 3 phase fault at Pinnacle Peak East 230KV cleared in 5 cycles
N-1 PINNACLE PEAK {S) 500/230KV XFMR 2

o 3 phase fault at Pinnacle Peak West 230KV cleared in 5 cycles
N-1 PINNACLE PEAK (N} 500/230KV XFVR 3

¢ 3 phase fault at Pinnacle Peak North 230KV cleared in 5 cycles
N-1 PINNACLE PEAK 345/230KV XFMR 4

e 3 phase fault at Pinnacle Peak North 230KV deared in 5 cycles
N-1 PINNACLE PEAK (S) 345/230KV XFMR 7

e 3 phase fault at Pinnacle Peak 230KV cleared in 5 cycles

e Pinnacle Peak-Mazatzal 345 kV Line in 5 cycles
N-1 PINNACLE PEAK (S) 345/230KV XFMR 14

e 3 phase fault at Pinnacle Peak 230KV cleared in 5 cycles
N-1 PINNACLE PEAK (S) 230/69KV XFMR 3

e 3 phase fault at Pinnacle Peak 230KV cleared in 5 cycles
N-1 PINNACLE PEAK {S) 230/69KV XFMR 6

o 3 phase fault at Pinnacle Peak 230KV cleared in 5 cycles
N-1 PINNACLE PEAK (S) 230/69KV XFMR 17

o 3 phase fault at Pinnacie Peak 230KV cleared in 5 cycles
N-1 CACTUS 230/69KV XFMR 6

e 3 phase fault at Cactus 230KV cleared in 5 cycles
N-1 LINCOLN STREET 230/69KV XFMR 10

s 3 phase fault at Lincoln Street 230KV cleared in 5 cycles
N-1 WEST PHOENIX 230/69KV XFMR 10




101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

¢ 3 phase fault at West Phoenix 230KV cleared in 5 cycles
N-1 WEST PHOENIX 230/69KV XFMR 14

® 3 phase fault at West Phoenix 230KV cleared in 5 cycles
N-1 WEST PHOENIX 230/69KV XFMR 16

® 3 phase fault at West Phoenix 230KV cleared in 5 cycles
N-1 COUNTRY CLUB 230/69KV XFMR 6

* 3 phase fault at Country Club 230KV cleared in 5 cycles
N-1 MEADOWBROOK 230/69KV XFMR 9

* 3 phase fault at Meadowbrook 230KV cleared in 5 cycles
N-1 SUNNYSLOPFE 230/69KV XFMR 1

® 3 phase fault at Sunnyslope 230KV cleared in 5 cycles
N-1 LONEPEAK 230/69KV XFMR 1

¢ 3 phase fault at Lonepeak 230KV cleared in 5 cycles
N-1 REACH 230/69KV XFMR 2

e 3 phase fault at Reach 230KV cleared in 5 cycles
N-1 WESTWING 500/230KV XFMR 4

® 3 phase fault at Westwing W 230KV cleared in 5 cycles
N-1 WESTWING 500/345KV XFMR 7

* 3 phase fault at Westwing 345KV cleared in 4 cycles
N-1 GiLA RIVER 500/230KV XFMR

¢ 3 phase fault at Gila River S00kV cleared in 4 cycles
N-1 JOJOBA 500/230KV XFMR 1 {when Modeled)

® 3 phase fault at Jojoba 500 kV cleared in 4 cycles
N-1 OCOTILLO 230/69KV XFMR 1

3 phase fault at Ocotillo 230kv cleared in 5 cycles

N-1 SNVLY 500/230KV XFMR

® 3 phase fault at Sun Valley 500kV cleared in 4 cycles
N-1 TRILBY WASH 230/69KV XFMR

e 3 phase fault at Trilby Wash 230kV cleared in 5 cycles
N-1 PALM VALLEY 230/69KV XFMR 1

® 3 phase fault at Palm Valley 230kV cleared in 5 cycles
N-1 RUDD 500/230KV XFMR 1A/1B

s 3 phase fault at Rudd 500kV cleared in 4 cycles
N-1 BUCKEYE 230/69KV XFMR 1

® 3 phase fault at Buckeye 230KV deared in 5 cycles

¢ Open Buckeye 230/69 kV XFMR 2

® Trip the Buckeye-Liberty 230 kV Line
N-1 WESTWING (E) 500/230KV XFMR 1

® 3 phase fault at Westwing E 230kV cleared in 5 cycles

® Close E-W Bus Tie
N-1 MORGAN 500/230KV XFMR 1

¢ 3 phase fault at Raceway 230kV cleared in 4 cycles
N-1 KYRENE 500/230KV XFMR 6

¢ 3 phase fault at Kyrene 500kV cleared in 4 cycles




121. N-1 KYRENE 500/230KV XFMR 7

o 3 phase fault at Kyrene 500kV cleared in 4 cycles
122. N-1 KYRENE 500/230KV XFMR 8

e 3 phase fault at Kyrene 500kV cleared in 4 cycles
123. N-1 GILA RIVER 500/230KV XFMR 1

e 3 phase fault at Panda 230KV cleared in 5 cycles
124. N-1 GILA BEND 230/69KV XFMR 1

e 3 phase fault at Gila Bend 230KV cleared in 5 cycles
125. N-1 N.GILA 500/69 kV XFMR 1

e 3 phase fault at N.Gila 500kV cleared in 4 cycles
126. N-1 N.Gila 500/230kV XFMR

o 3 phase fault at N.Gila 500kV cleared in 4 cylces

TPL-002 (Category B) Outages
Generators
127. N-1Q225
e no fault trip
128. N-1 PALO VERDE Unit 2

e no fault trip

TPL-003 (Category C) Outages
§00kV Lines

129. N-2JOJOBA-GILA RIVER 1 & 2500 kV Lines
e 3 phase fault at Jojoba 500 kV cleared in 4 cycles (C3)
e Gila River SPS Action: Open the Gila River Transformer at 12 cycles

dropping all Gila River gen

130. N-2 DUKE-PINAL C 500 kV & TEST TRACK-EDS 230 kV Lines
e 3 phase fault at Duke 500 kV cleared in 4 cycles

131. N-2 DUKE-PINAL C 500 kV & DESERT BASIN-PINAL C 230 kV Lines
o 3 phase fault at Pinal Central 500 kV cleared in 4 cycles

132. N-2 PINAL C-BROWNING 500 kV & PINAL C-RANDOLPH 230 kV Lines
e 3 phase fault at Pinal Central 500 kV cleared in 4 cycles

133. N-2 PINAL CENTRAL-BROWNING 500 kV & RANDOLPH-ABEL 230 kV Lines
¢ 3 phase fault at Pinal Central 500 kV cleared in 4 cycles

134. N-2 PINAL CENTRAL-BROWNING 500 kV & ABEL-DINOSAUR 230 kV Lines
¢ 3 phase fault at Browning 500 kV cleared in 4 cycles

135. N-2 PINAL C-BROWNING 500 kV & DINOSAUR-BROWNING 230 kV Lines
e 3 phase fault at Browning 500 kV cleared in 4 cycles

136. N-2 Palo Verde Unit 1 & Palo Verde-Westwing 500 kV Line 1
e SLG fault at Palo Verde 500 kV cleared in 10 cycles {C6)

137. N-2 Palo Verde-Westwing 500 kV Line 1 & Westwing 500/230 kV Xfmr 10

e SLG fault at Westwing 500 kV cleared in 10 cycles (C7)
138. N-1 Hassayampa-Palo Verde 500 kV Line 2 with delayed clearing

e SLG fault at Hassayampa 500 kV cleared in 10 cycles (C8)
139. N-1 Palo Verde-Westwing 500 kV Line 2 with delayed clearing




® SLG fault at Palo Verde 500 kV cleared in 10 cydes (C8)
140. N-1Jojoba-Kyrene 500 kV Line with delayed clearing

® SLG fault at Jojoba 500 kV cleared in 10 cycles (C8)
141. N-2Palo Verde-Hassayampa 500 kV Lines 1 & 2

¢ 3 phase fault at Palo Verde 500 kV cleared in 4 cycles (C5)
142. N-2Colorado River-Red Bluff 500 kV Lines 1 & 2

¢ 3 phase fault at Colorado River 500 kV cleared in 4 cycles {C5)
143. N-2 Red Bluff-Devers 500 kV Lines 1 & 2

¢ 3 phase fault at Red Bluff 500 kV cleared in 4 cycles {C5)
144. N-2 IPP DC Bi-pole

e No Fault DC Outage

¢ Trip Intermountain and Adelanto shunt caps in 4 cycles

* Trip Intermountain Units 1 & 2 in 10.2 cycles
145. N-1-1 Palo Verde-Westwing & Palo Verde-Colorado River 500 kV Lines

e (C3)PTonly

146. N-1-1 Palo Verde-Colorado River & Palo Verde-Hassayampa 500 kV Lines
e (C3)PTonly

147. N-1-1 Palo Verde-Colorado River & Palo Verde-Rudd 500 kV Lines
o (C3)PTonly

148. N-1-1 Palo Verde-Westwing & Palo Verde-Rudd 500 kV Lines
e (C3)PTonly

149. N-1-1 Palo Verde-Hassayampa & Palo Verde-Rudd 500 kV Lines
e (C3)PTonly :

150. N-1-1 Hassayampa-Jojoba & Jojoba-Kyrene 500 kV Lines
e (C3)PTonly

151. N-1-1Jojoba-Kyrene & Palo Verde-Rudd 500 kV Lines
e (C3)PTonly

152. N-1-1 Hassayampa-North Gila 2 & North Gila-Hoodoo Wash 500 kV Lines
e (C3)PTonly

153. N-1-1 Hassayampa-North Gila 2 & Hassayampa-Hoodoo Wash 500 kV Lines
e (C3)PTonly

154. N-1-1 Morgan-Pinnacle Peak 500 kV line & Raceway-Morgan 230 kV line

s (C3)PTonly
155.  N-1-1 Morgan-Pinnacle Peak 500 kV line & Morgan 500/230 kV Xfmr
e (C3)PTonly

156. N-2 MORGAN-PINNACLE PEAK 500 Kv Line & RACEWAY-AVERY 230KV Line
e (C5)PTonly
157. N-2 DUKE-PINAL CENTRAL 500 Kv Line & TEST TRACK-EDS 230 Kv Line
e {(C5) PT only
158. N-2 DUKE-PINAL CENTRAL 500 Kv Line & DESERT BASIN-PINAL CENTRAL 230 Kv
Line
e (C5)PTonly
159. N-2 PINAL CENTRAL-BROWNING 500 Kv Line & PINAL CENTRAL-RANDOLPH 230




Kv Line
e (C5)PTonly ,
160. N-2 PINAL CENTRAL-BROWNING 500 Kv Line & RANDOPLH-ABEL 230 Kv Line
o {C5)PTonly
161. N-2 PINAL CENTRAL-BROWNING 500 Kv Line & ABEL-DINOSAUR 230 Kv Line
e (C5)PTonly
162. N-2 PINAL CENTRAL-BROWNING 500 Kv Line & DINOSAUR-BROWNING 230 Kv
Line
s (C5)PTonly

TPL~003 (Category C) Outages
230KV Lines
163. N-2 OCOTILLO-CACTUS & OCOTILLO-PINNACLE PEAK 230KV Lines
e 3 phase fault at Ocotillo 230 kV cleared in 5 cycles
164. N-2 CACTUS-PINNACLE PEAK & OCOTILLO-PINNACLE PEAK 230KV Lines
e 3 phase fault at Pinnacle Peak 230 kV cleared in 5 cycles
165. N-2 WEST PHOENIX-RUDD & WEST PHOENIX-WHITE TANKS 230 KV Lines
e 3 phase fault at West Phoenix 230 kV cleared in 5 cycles
166. N-2 RUDD-WHITE TANKS & WEST PHOENIX-WHITE TANKS 230KV Lines

e 3 phase fault at White Tanks 230 kV cleared in 5 cycles
167. N-2 RUDD-ORME #1 & #2 230 KV Lines
e 3 phase fault at Rudd 230 kV cleared in 5 cycles
168. N-2 PINNACLE PEAK-ROGERS #1 & #2 230KV Lines
e 3 phase fault at Pinnacle Peak 230 kV cleared in 5 cycles
169. N-2 ORME-ANDERSON #1 & #2 230KV Lines
e 3 phase fault at Orme 230 kV cleared in 5 cycles
170. N-2 PINNACLE PEAK-BRANDOW #2 & PINNACLE PEAK-OCOTILLO 230KV Lines
e 3 phase fault at Pinnacle Peak 230 kV cleared in 5 cycles
171. N-2 PINNACLE PEAK-CACTUS & PINNACLE PEAK-BRANDOW #1 230KV Lines
o 3 phase fault at Pinnacle Peak 230 kV cleared in 5 cycles
172. N-2 KYRENE-KNOX & KYRENE-OCOTILLO 230KV Lines
e 3 phase fault at Kyrene 230 kV cleared in 5 cycles
173. N-2 KNOX-SANTA ROSA & KYRENE-OCOTILLO 230KV Lines
e 3 phase fault at Kyrene 230 kV cleared in 5 cycles
174. N-2 KYRENE-BRANDOW & KYRENE-PAPAGO BUTTES 230KV Lines
e 3 phase fault at Kyrene 230 kV cleared in 5 cycles
175. N-2 KYRENE-CORBELL & KYRENE-SCHRADER 230KV Lines
e 3 phase fault at Kyrene 230 kV cleared in 5 cycles

TPL-004 (Category D) Outages
500KV Lines
176. N-2 PALO VERDE-WESTWING 500 kV Lines 1 & 2
e 3 phase fault at Palo Verde 500 kV cleared in 4 cycles
177. N-2 PALO VERDE-RUDD & PALO VERDE-WESTWING #2 500 kV Lines

e 3 phase fault at Palo Verde 500 kV cleared in 4 cycles




179.

180.

178.

N-2 JOJOBA-KYRENE & JOJOBA-PINAL W 500 kV Lines (D7)
¢ 3 phase fault at Jojoba 500 kV cleared in 4 cycles

N-2 HASSAYAMPA-JOJOBA 500 kV Lines 1 & 2 (D7)

¢ 3 phase fault at Jojoba 500 kV cleared in 4 cycles
Simultaneous Outage of PALO VERDE UNITS 1 & 2

® No Fault Outage of Palo Verde Units 1 and 2

¢ Drop APS load at Marinette and Papago (45 MW)

* Drop SRP load at Zimmerman, Corbell, Shaw, Apache (75 MW)




Appendix C

Transient Stability Data




rege a

Mva 15
Lvplsw 1.0
Rrpwr 10
Brkpt 0.9
Zerox 0.4
Lvpll 1.22
Vtmax 12
Lvpntl 0.8
Lvpnt0 04
Qmin -1.3
Accel 0.7




reec b

Mvab 112
Vdip -99
Yup 99
Trv 0.02
Dbd1 -0.05
Dbd2 0.05
Kgv 0
Ighl 1.25
Iqll1 -1.05
Vref0 1.01
Tp 0.05
Qmax 0.31225
Qmin -0.31225
Ymax 1.01
Vmin 0.9
Kqp 1
Kqi 0
Kvp 1
Kvi 0
Tig 0.02
Dpmax 99
Dpmin -99
Pmax 1.0
Pmin 0
Imax 1.0
Tpord 0.02
Pfflag 0.0
Vilag 1.0
QOflag 0.0
Pqflag 0.0




Repc_a
Mvab 108
Thitr 0.02
Kp 4.0
Ki 0.10
Tft 0.0
Thv 0.02
Refflg 1.0
Virz -1.0
R 0.0
Xc 0.0
Kc 0.0
Vempflg 1.0
Emax 0.1
Emin 0.1
Dbd 0.0
Qmax 031225
Qmin -0.31225
 Kpg 0.1
Kig 0.05
Tp ' 0.25
Fdbd1 0.0
Fdbd2 0.0
Femax 999
Femin -999
Pmax 999
Pmin -999
Ddn 20
Dup 0.0
Frqflg 0.0
Outflag 0.0




Appendix D

TRANSIENT STABILITY PLOTS
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Q225 Transient Stability Plots
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Q225 Transient Stability Plots
225 Active Power Output (pu) 225 Reactive Power Output
200.00_2 P P 100.00 g P
181.82 ] 81.82]
163.64 ] 63.641
145.45 7 45.45
127.27 7 29,57 3
109.09 3 ] 9.09]
A = 7S Yo ran ra ]
< A4 Loy -4 b o oD a4 L/ =t 1
90.91 3 9.09 P r = © © =4
72.73 ] -27.273
54 .55 ] -45.45 7
36.36 ] -63.64
18.18 ] -81.827
e o maa mam NN I SN NN SN S N 100004 B Ea O MMM
0 .02.03.04.05.06.07.08.09.01010.0 0.01.02.03.04.05.0%6.07.08.0'9.0 100D.0
Time( sec ) Time( sec )
,\) 0.0wet By 82243 gzzs_ou o8 ¢ ' 101 it oo \/ 106030 qg sizs2 QI35 3. v.s 1 106
€0 €0 0225 Terminal Bus Frequency i.30 Q225 Terminal Bus Voltage |
60.49 ] 1.117
60.38] 1<o2i Vo s BYAR N -U VAR N ox o g
60.27 ] 0.933
60.16 ] f 0.843
60.05 ] l 0.757
] g top—tok—loxd —bx 4 ]
59,95 ] 0.651
59.84 ] 0.56]
55.73 3 & a7
59.62 3 0.387
59.51 ] 0.297
] 3
59.404 | _ . i T . — 0o.204___ 4 | . A1 N I 3 B
0.01.02.03.04.05.06.07.08.09.01a@D.0 0.01.02.03.04.05.06.07.08.09.01000.0
Time({ sec ) Time( sec )
O £3.4000 Lhug 23283 s o e 3 .5 1 1 &c.ecoo o) 3.6 veug suis gus e o © 26011 zave
2019 HS Case, Q225 System Impact Study
Case 2: Post-Project
AZ Plng. Case sml19#28, USE updated
Q225 200MW to the Hoodoo Wash 500 kV bus
Page 3
02_19HS_PST_001_NGI-1V _500_1.ChE 3
@ Thu Jun 04 16:52:32 2015




0225 Transient Stability Plots
500 kV Bus Voltages 230 kV Bus Voltages
20 1.20 :
1.11] . 1.11]
é /x‘ o WL s [ = i ]
B =3 = A ] |
¥ .023 -
102 Pt S L+ 02 Qe Sy e S =
— 47 - T o) =
0.93 ] o.93_ W/ = = =
0.84 ] 0.847
0.75 ] 0.75
0.65] 0.65]
0.56 ] i 0.56]
0.47] 0.471
0.38] 0.38]
0.29] 0.297
020:11| TTTT TTroT TT T T[T " T T T T T T TTT T TT T TTTT 0'20: AL PUBLELRLEE DU T T T YT TTTT T T TrIT TTT T TTTT [T T
0.01.02.03.04.05.06.07.08.09.0 10L0.0 0.01.02.03.04¢.05.06.07.08.09.010LD.0
Time( sec ) Time( sec )
;4, ©.290 vhus FYET T HOMSH 50 ° ° 101 1 208 9] v, 2000 Yue 19126 BOL-W 2304 0 ° 11 1.3
[Z] ?,?N}ﬂ v:l?l,‘ ?Q"tu H.\\.sd,!gﬁ ‘0? 0 L I.l! % 3. }.gﬂ'ﬂ D 0 fﬂ'll’ \ME 1333} < ‘.Bsg 239.9 2 9.9 1 1 l 2000
500 kV Bus Frequencies 230 kV Bus Frequencies
60.60 60.60
.
60.49 ] 60.49]
60.38 3 60.38] i
60.27 3 60.273
] ! o
60.16 ] 3 60.16]
60.05 ] k ] 60.053
@ k R Q&r_gq fm W o 2 @4 o) | o33 A0
59.95 1 59.951 4
59.84 ] ] 59.84 7
59.73 3 59.73
59.62 ] 59.62]
59.51] _ 59.51 ] |
50.401 | s S NN NS A (N N - seaod {4 L 4 41 —
0.01.02.03.04.05.06.07.08.09.0 101D.0 0.01.02.03.04.05.0%6.07.08.09.010LD.0
| Time( sec ) Time( sec )
| e £5.4c0n thus 53342 HORSE $-( .0 © o 31 1 60 &vot O §5 4108 fous LT BIL-W 320 @ ] 8.0 1 31 €u.$00
| aj\ h;,(-('ko E’M&E %_l",':l flkf.‘,'lﬂlg ;vvco. 0 Bl! 1 % 60,\&0:0 {;‘J !S:VYQ: 5?‘13 if!ll , !;!? 3!9.‘0 L] g\) } 1 .lc.tOV‘D
2019 HS Case, Q225 System Impact Study
Case 2: Post-Project
AZ Plng. Case sml9428, USE updated
0225 200MW to the Hoodoo Wash 500 kV bus
Page 1
@ 02_19HS_PST 002_PV-CR.chf )
Thu Jun 04 16:52:33 2015




Q225 Transient Stability Plots
- Key Generator Bus Voltages 100 98 Key Generator Rotor Angles
1.117 | 81.821 A
3 | 9 1 / QQ
1.02 =ra > 63.647 N o, ,
4 e 7 s’ >
0.3 45.453 / TN &= =
; ] N =
0.84 27.27
0.75] 9.09]
0.65] 9.09
0.56 ] -27.274
0.47] -45.45
0.387 -63.64 ]
0.29] -81.821
1
0.20 L s o o R [ — ~100. 004, e b e e s
.01.02.03.0 .08.09.0 101D.0 0.01.02.03.04.05.06.07.08.0'9.010i0.0
) Time( sec )
L/ L Ee e oy 5 ;e x {:u :oev o 118y "Moo 16 ° e 11 lete
m ¢.2009 _v‘b\:g mfv' 0.0 1 1 :.?mm B R e WET G . rs e B
Key Generator Bus Frequencies Key Generator MW output
60.60 2000.00
60.49] 1818.18
60.387 1636.36] A
60.271 1454 .55 ] [‘
] P T~ < o
60.16] 1272.734
60.051 A - 1090.91 ] I S s -t WO -
é < >4 ]
59.95: . 909.09,: \/ . o .
59.84 1 727.273
59.73 ] 545 _45 ]
59.621 363.647
59.51 7 181.827
59.401___ | i SN S N — . o.o04 ___§ 1 I S I
0.01.02.03.04.05.06.07.08.09.010D.0 0.01.02.03.04.05.06.07.08.0 9.0 1001. 0
Time( sec ) Time( sec )
\; 5240 s 142 2OVFLI ¢ ¢ 1 s3 oe (/ 10833 PALOVRL .y o s 1 3 3s0v.vers
m b’“ﬂﬂ Ef‘lﬁ L?l.!; o 0.0 1 2 I'QVI‘“‘.Q C'J l’,lﬁ! 15,0 e gﬂ 1 : .SGO.;N)H
2019 HS Case, Q225 System Impact Study
Case 2: Post-Project
AZ Plng. Case sml9#28, USE updated
Q225 200MW to the Hoodoo Wash 500 kV bus
Page 2
02_19HS_PST 002_PV-CR.ChE )
@ Thu Jun 04 16:52:33 2015




0225 Transient Stability Plots
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Q225 Transient Stability Plots
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0225 Transient Stability Plots
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Q225 Transient Stability Plots
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Q225 Transient Stability Plots
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Q225 Transient Stability Plots
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Q225 Transient Stability Plots
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Q225 Transient Stability Plots
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Q225 Transient Stability Plots
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0225 Transient Stability Plots
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Appendix E

Thermal Results
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Appendix F

Voltage Results




96095 ¥O¥'S- 7005 AIFION_T00} _0'69 OQVNOHOD
TS wors- 005 AIHON 100|573 OOVNONOD
OV G NOTE. 005 ALIDN 00| _ 069 ALLNEVID
50% 5~ HOE'S- | 005 AHION 0'69 LNWHIVID
%0RT~ %05 005 AHON 069 SVTIOH)
ROT S %OT 005 AHON Q'BET VANVOHD
9605 5~ ROE'S 006 AHIONT0D] _OBEL SHNLIUVD
HOF 'S~ ®OTS- U 005 AHONTY00| 0'8ET ZLHIWVD
%055 NOE'S- 005 AMON T00] 0'69 NOUIWYD
(N 0TS DOS_AVIDN 069 LINNIWYD
96085~ %095 7005 AION"100] 0'69 QH 3dIVO
%08 S %095~ 005 AHON T00|  S'ET 08 Nd1vD
WOV 5 WOZS- (005 AIHON 100] 069 OTIuGv)
%0E'S HOT'S" [ 005 AHON 300| 20 TN3D 8
90¢ 5~ %0Z "005 AHON 00| $'¥E LNIDNE
%0E S HOZC L 006 AHON T00] St WN3DHE
%0€ 5~ %OT 008 AFON 0'69 HNID 4l
%0e's- T 005 AHONTT00| 0'8€1 QUATINOY
0% Y 005 AHDN 300] _06H GUATINOG
%0E [ra T 005 AIIDN 100] 069 OD3WHOS
0¥ 'S~ %OTS- 1 005 AFION T00] STT _0DIWd08
%08's- %095 T 005 AHION 100] 068 aiu3guos
%085 %00 T 005 AHON 100|069 _Wicuoe
%055~ ROES T 005 AHON T00| 0'69 ¥§udoe
96055~ NOES- 005 AHON T00] 069 diwdaIg
%07 OG- 005 AFIDN T00| 0G5 dLOGNY3A
R0ES WS 005 AHON 059 0¥YNY3D
%055~ WES- 005 AIHON 300|069 dLLINWYE
%055 WOES- 005 AHION 100|069 _LI3VBVe
%05'S- NOES- 005 AHON 100 [
ov's- WNOTS T 005 ALION 00| 069 NSIINY
WOLS [ o 089NV

%059 %053 ®0E9 ROED %069 %069

"055 %095 EEl 0ED %0E9 WOES 069 DUTULNIM

%059 %059 ROT9 T9 %079 0T 9 ¥ 69 0%z 08 L1,

_Ema %050 _aﬁ.o %059 _*Se _go TZ AU oG ppo| U0 dIMILNM

HOEY %0E9 KL’ %079 %079 %07'9 1 69 0€Z X4 LU

_ﬂu %009 X [%0zo _aoS *..Nom.w T 0cz Al Ang Feo| 069 M NOSLVM

%0E9 %069 %0T'9 %029 %02'9 %079 T 69 0€Z A9 LTT|

%S XS —Nemd %OTS %079 %029 7 adoa peo| 059 3 NOsLvM

%0LS %049 %059 %059 %059 %059 T 68 OEZ 28 L1

08 %089 %053 %059 %059 w059 Tz agrang ve] 050 VIONIVA

%089 %089 %059 %059 %059 %059 T 69 0€Z g 1T

%085 %089 %09 %099 _.sﬁ %055 T 0T AT e 062 dWalluL

%089 %05'S %0ES HOED %0£9 %059 T 659 OEC N9 LT

%099 %099 %0ED 05D “Nelmw 53] T 0T AT Ang voo| 05 THV4ONOL

%05'S %055 %0T'S %0TS %075 %07'S T 69 0€Z N8 £TT

MOTS %5 _,83 %oes %oES WOt T AG Digpeo| 0% Lnadavs

%06 %06'S |%0cs %0LS HOLS %045 T 68 0L U8 Z11

%06 W06S %085 X5 0e's %08 TRz Ao veo| 069 LaNIGR0H

Xov'S %009 %079 EE) %079 %079 T 69 082 N8 LTV

%059 N0V XoL9 0TS oS CAIE) T SM.»B.E....L 0'69 dWNONAJ

5093 %099 %0E9 %0E9 J%0ey %0E'S T 69 0€2 NG LTT|

%05 %095 %3 %0vS %079 %009 T'ot agrion vep| 067 A

%049 %049 %059 %059 %059 %05'9 T 69 06z ¥ ett| 1

%089 %003 %053 %059 %053 %05 WE AT Ve 0O dimil

3059 %S %OE'D HOED |%0E9 %0€°'9 T 69 0£2 %8 LTV .

%099 %099 ¥0V'D %o 0v'S Kov's Tz Ad-g vao] 063 49BN

%0L9 %049 %05'9 %059 —mc %05°9 Veg o aem

LD %043 %059 %059 %059 %059 0T AST- NG 80| e

%019 %079 %06'S %065 %06'S %06'S T 69 0EZ A8 LT

0TS %S %065 %065 ;QS N06°C ﬁﬁm.mnhgnqs_ 969 LVNOUH

%019 %019 %06'S 06 9065 %06'S T 69 062 0 £TT]

0TS H0T9 %065 W65 _.SS W06 ﬂ.ﬂﬁﬁa_n-#s_ 069 VHVIDUVH

%093 %099 ROV %009 %079 9%60¥'9 169 0EC HA LTV §

%009 %0L9 %009 0D _tz %0%°'5 ﬁﬂu..sé_-uﬂ_ 069 ANs.LHSO

%08z W8 L %09'L RS %09°L ®05°L ﬁSuJSi....eB_ 00ez_1A2%008

WOTL 0T £ %00'L W00 _EE %00 L T 63 O6C W0 £1Y]

W% L %os'Z XOTE VL otz NoTZ T Aavmig veo] 062 IAMNE

oS %0v'S %023 0TS X029 %029 T 69 G2 94 ZT1

%0v9 %059 WiT9 i) WOTS &) ToEr A oe | 0% o

%059 %099 %0ra %079 %0r'3 ®ov'9 T 69 0kC W LTY]

WL 0L %073 %ovS _EJ %or's Toer amriig veo] 062 NnIve

%099 %095 L] %S ROE 9 (EX T 69 0ce Wa £1] .

%099 %055 %0v'S %tS %098 0TS AT pee] 60 HieowE

_=$,¢ %059 %029 0TS %073 %073 769 UKL W8 £33

34057 %055 ROED %069 %069 NOED T 0eZ Adv o beo| 099 NOLONWY
ad SAd 200|026 JNIINYS
%0 s %5 YAd €00] _0T5 VINVELLY 8
%OE'S _ Ad 200|076 TdviM

2007454 SHET 90 200"3ud SHET 20 §T2D"15d_SHET 90 STZD 3ud SHEY %0 ¥Q_15d $HEL b0! 010 Fd_SHEE_ 0| 454 SHET 20 Tud SHET 0] AusSuRu0D sng| _ max]




®OE S TG T 005 AHION T00] 069 dIBNVRIA
%0Y'S- X0TH-

%OV 'S~ 0TS

s NOLS 069 HVIWVIIN
%08 s NO9T- | 005 AMION T00] 069 aL13nomm
%065~ 0.5 T 005 A-ON Y00 0°005 dWI3NSIN
%085~ %05'S- 005 AION T00]  0'BET o1INOIN
%00 %025 L 005"AHON T00] 0005 1INDIW
%065 %095 3005 AHON Q0£2_ BN
%085~ %055 7005 AHON 100 08ET_13NDiN
%06 T N0 G Q05 AFION 060 _1INSIN
%065~ %0LS [ D05 AHON T00] 02T 1309IN
%055 NOES- 1005 AHON T00] 069 SIOHVSIN
[ WOES- T 008" AON 00| 063 IWIN Y53l
%or s %OTS- ¥ 005 AHON BEL ZUN W
%0vS- %OT 5~ T 005 AHON Y00| BET_THN 430
%08'5- %095 1 005 AHON T00[ BT ZOSIN
%085~ %055~ 1 005 AHON Yool ~ BtT Tgedoim
08 S- %095 T 005" AHON T00{ 069 0F a9
%095~ X0y~ 1 005" AHON 100|069 GNVIAAOT
%08 S %SG 00S_AHONT00[ 0ET SHI0250T
%0t 5 X0pS- 005 AHON 100|068 SHI00501 a
HOT'S- N00S- 005 A-ONT00] 069 Sepoipp)
MOZ'G- %005 005 AFION 8ET _20poHn
%025~ %005- 005 AMON 2ET_TOpoHN
%055 HOES- T 005 AHON T00]  0%9 VIIOI V1
%05 5~ ROES- 005 AHOW T00] 069 LviIOAN
5055 ROES- [_005_AHON Y00[ 069 WW3d0A
96055~ WS 005 AHON 100|069 AVWAIRNN
%055~ N0TS- V005" AHON"T00] _ S¥E AVVAINNN
5606 5 XTS5 005 ALHION T00[ 20 AWAINNY
%055~ SOE'S- 005 AMON 069 ¥INLEIY
%055~ ¥0ES T005 AFION T00]  0'63_ ANWYIN
%065~ ROTS- T 005 AHION 300|069 CLINUVIN
%055~ SOES T 005 AHON 100 068 Z1INBVIN
%055 HOES- T 005 AHION 100] _STT GOENNYIX
%055~ NOE 5~ X 005 AHON T00]  SZT SVENHVAA
3405 %~ X0ES- 1005 AHON Y00] SZT GOZNuVaA
%055~ ROES- X 005 AHION"T00]  STY aveNyvax
%0 5~ MOES- 7005 AHON 100|063 EIDGINYIN
%06 5~ HOE'S 005_AHON 100]  0'69 ZIDAWVIN
6065 X095 005 A-ION 63 VHIVIAVT
%085~ %55 T 005 AFIONTT00]  0'69 HIgWdWI
%066~ oS- T 005 AHON T00]  0'BET TIH INHO
%085 09%- 1005 AHON T00] 060 dLLINVED
%085~ %09'5- T 005 AHON 100|063 ininwep
%055~ NOE'S- [ 005 AHON T00] 065 did1oNiD
%055~ XOES- 006 AHONF00] — 0’69 ININID
%0E S~ ¥OTS- ¥ 005 AN 069 3IHK3NIS
%02 5~ XSS 00SAHON"T00]_ 0’63 a13iuvS
%0F - K0TS 005 AHONT00] —0°'FET suwieg
%005~ NOES- 00S"AHON T00] 069 dINOINZT
0¥ 5 OES- Y 005 AHON T00]  0'69 NOINI4
9055 NE'S- T 005 AHON 10| (Y]
X0E'S- %0T%- T 005" AHON 100] 069 SVIINON3
%6095~ %oy 17005 AHON100] 069 _1lom3
%08'5- 055 T 005 AHON T00] 5T IONfYI)
%085~ [ 005 _A-ON Y00 0'68 MO T3
5025 T 005 AHON t00]_ 0'00s 003
%025~ X005 AHONT00]  00kz 003
%02 5~ 1005 AHON T00] — 0B€T 003
%075 005 AHON Y00]  0°T 003
%085~ X055 1 005"AHION 100 069 ZN3D 23
%085~ 205G~ L 005 AFION T00] 8¢t ZN3D 03
%085 %055 005 AHON T00] 069 INID O3
%085~ %055- Y 005 AHON 00| 8'€L_TNID 93
HOES- K0TS~ | 005 AFION 00] 069 TiyOLevd
HOE G- %OTS- U005”AHON 100] 069 allHNNQ
%0€ 5 ¥OUS- 005 AHON T00] 068 TUHNNG
%015~ T005"A-oN_100] _0BEY dLlIanoa
ROES- HOT'G: 17005 AHON 100l 0'69 J1t1anoa
%015 T 005" AHON T00] O'BET 1318000
HOE'S- X0T 005 ARIONTI00]  0'69 1318000
K05~ ROPY- 005 AFION £21 1ONSIAID
%0LS- KOV S 005 _AIMON_T00] 069 NOISIAIO
196055~ %OES- I005 AFION 100! 069 OSNV2S30
%0 5- NS~ T 005 AHON 100] 069 d1uv30
HOE G- [T T 00S-AHONT00]  0'69 WWW 130
3065~ %02 1 005 AHON 963 _aMISTH)
%055~ KOES: 1 005"ANONTT00] 069 NVINI3IN3




_“gg X006 [CET SR

%019 %05'S T 005 AHON 100

%02°6- X006~ 4rAd"200|

TS WS T 5T LTHA¥I0)
%076 %006 UIA 200

it N05S T et
%OT'6- %00'6~ YXAd 200)

—ﬂmc P —TEoN 0] 000 HMNIoD
%026~ %006 A4 200)

—w %55 T o0 AoN T00|  YOET¥IANI0)
%0E S HOLS- T 005 AHON T00] 069 NAN VM
X0ES 0TS T008 AN 069 AINATIVA
%09'S" KO¥S- L 005 AHON 100] 069 _HSVavM
%095~ NOES- 005 AHON 0’69 NVEIN
%05~ %015 05 AHON T00[ 068 Won
%0E'S- 0TS [ 005 AON 100] 063 SNAATHOL
%8S %095 T 005 AHON 00| 08T NAJITAL
%085~ %09%5- 7005 AFION 00| OUEL IUONWIAS
%0 % ¥OL'S" 005 AHION D'BEL WONVIAS
%055~ HOEG- 005 AHIONTK00] 063 WOWVMS
5095 %0kG- 005_A-HION D02 24VINS
%0V S _i%ozs- 005 ALION 00EZ_TdVAXS
%0LS %055 [ 005 AHONTT00! 069 dUBIMIMS
%025~ NOSS~ 005 AHON 069 WIMLIIMS
%08'S~ %095~ 005 NIMON 1001 069 3ISANNS

- |mozs X0V'S- {005 AHON 100] OFT ZISHONNS
%025~ X0¥S- [ 005 AFHON T00]  0°ZT TISYINNS
5095~ NOES- T 005 AHON 100] 0005 ASIONNS
%085~ %055 005 AHON 100 002 ISTUINNS
%025~ %055 005 AFION_ 100 069 MAWYIULS
606 5- %095 005 AHON 0'69_ANONUAS
%085 X055 005 AHON 0BET AVGHINGS
%025 %55 005 AHONT00] 0'69 AVSHANOS
%6025 0¥ S- 005 AHON 0005 ZAWSHINS
%025~ %O¥S- { 005 AHON 0005 TANSUINS
%055~ WES: T 005 AHON_T00] 0’63 IOWINTIS
%6095~ *0W'S- 006 AHON T0D] 068 Sddidds
e ¥05'S- 006" AHION T00] _ 0'69 OUGSANYS
%095 %0 005 AHON 300] _ 0'63 19SALNVS
%095~ X0US- 005 AHON 00|  OBET JANVS
%095~ [ 005 AHONT00| 0'68 NOSIWWS
%085~ XO¥'5- 005 AHON 100 ST _NOSIWYS
%055~ MES- {005 AHON T00] 069 NAD 3508
%6055~ HOES- 005 AHON 0'69_ dLNAYSOY
%0ES- %OLS- 005 AHON X000 069 T4LLNS'S
%0¢%- %O0TS- 005 AHION T00] 0% 3AVINS'H
%0£ 5 0TS~ 005 AFION T00|  0%5 TN Y
%08~ ROSS- [ 006_AHON 100} O'BETAIAHLON
50V S~ %OZ G 005 AHION 063 _AVMOd
%055~ HOES- 005 AHON T00] 0'69 OQWHIWO4
B KOS~ 005 AHON 00| 069 VINLLNIOJ
%065~ ¥0TS 005 AHON 90 _AV-id
HOTS- ~005_AHON F00] _0'9€T SOLDSNId
%02%- ROTS: 005 AHON 068 SOL0SNId
%01 005 AFION 100  ORT LS N3d
%OTS 7005 AHONTJ00] 0BT 2L Nid
%005 %00 T 005 AHON T0D] 0BI LY Nid
%085~ %095~ [ 005 AHON 00| 069 3skaVuvd
%0V 5~ HOT'S 005 AMON T00] 0'63 HI82iOVd
%085~ %05°S- 005 AHON 0’63 _N19 A0
%08%- %08 5- 005 AHON 100 8'€T_NIDAO
%08'S" %055 006 AHON 100] 063 dINIAVIO
%08'S- %095 [ 005 AFIDN 100 069 DIVIAVLO
%08 %05'%- 005 AFIDN T00| 069 di AVIO
%085~ %055 005 AHON 059 __AVIO
96005~ [ 005_AI-ON 100 063 GMWO
%OES- %0T'S- 005 AHON 500] 063 NMOL 10
%05~ %0TS- T_005 AFION 100 069 ALJHIMON
%095 XS 005 AHON 069 WIWISION
D5~ %055~ D0 AHION T00] 069 MUNLSAYN
[%025- [T 005 AIDN T00] 069 ALYINIVN
%075 NOT'S- 008 AFION 069_SMONNVN
%05 NOVS- [ 005 AFION 100|069 AVHNAW
%025~ K055 005 AHON 060 dLADINCIN
0L 5 %OS'S A-ION 069 AUWOLNOW
%085~ %055 005 AIHON 500] _ 0BEL dVL 09N
%07 5- 005 AHON T00|  0'062 NOISSIW
%0b'S- X025- 005 AHON $00]  0'8ET NOIKSSIA
9005 5 HOES- 005_AHON 069 _NOISSIN
%0€'S~ XOrS- T 005 AHON 100 0'69 OLNSVWIW




Lld s A E00)
0TS > £210.
o8t

1N T008 AHoN 100 $ISLZL0L

%019 PR

s a..as-a._ude 8T €19.2101
WAd €0

%019 005 AL-TON 081 TWLTI0L

—gu.m-
%059

¥rAd 200
D05 AION 100

_&a. 08T TIOLZIO0L
HIAd 200

B e

%019 WIAd” 00|

_IKQ 2 T00R AHON T00] ST INRCLIOL

o7 YXAd 200

e 17005 AFoN foo]  BFF FECiOL

o VIAd 00

LT 7005 nion weo] ¥ THEEZIOL

{%otg WA 200)

o T 006 AHoN Too] OPEETHEZZIOL

%0T'D UIAd200|

e T005 AHION Top] OEL THEZZIOL

TS ¥4 200, -

m.sg, 005 AMoN Top|  SVE T EZzioL

%019 — WoAd €W .

L e BN Tes| S0 ¥ oL

%0 S WA 200)

o T 005 AroN Teg| €0 206eTLOL

%0vS WA €00

e T 005 Aon Too] O ¥O6RIOL

e WrAd 200 _

cxh TR AN ToE| SV V610l

ROVS WA 200

pors TS A BN E9 toBsLOL

%ovs WA 0]

i T 005 AFio w0 £° ToBsHOL

P NG 200 _

e T 005 AHoN Too]  VE T BeLIOL

_.51 Wrad zoo]

e T 005 M ON Too] U066 85LL0L

_wc YAd 200

e — T NBNTTo0|  0OFTSTIEL

0TS 4XNd 200

ExE TR AN Tog| 0005 #M1s03s

90p'S VAL 200

%06 1~ 7005 AHON to0| O0€¢dinTea

HOVS YN €00

s T NN Te0| B Leazs

%0P S HYAd 200

e E BET Maqp

%079 UYNS

e T 005 AHoN Tog]  IUEC A0XW

0082 SISINIS




Appendix G

WATS Voltage Criteria Violations
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