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Ag,

Arizona Corporation Commission Docket Control
1200 w. Washington St.
Phoenix, AZ 85007

Solana Generating Facility

This letter is to inform you of the compliance action taken for the Solana Generating
Facility CEC Condition number 19 which states:

Re: CEC Docket Number L00000GG-08-0407-00139, Case Number 139
Decision Number 70638, L00000GG-08-0408-00140, Case Number 140
Decision Number 70639

Arizona Solar One has completed the compliance activity, which may be found in the
attached documents.

Kate Maracas
Vice President, Arizona Operations

Sincerely,

19. The Applicant, or its assignee(s), shall file with Commission Docket Control the final
APS System Impact Study, to include the Short Circuit Study, within 10 days of
receipt by the Applicant or its assignee(s).
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Interconnection System Impact Study
Gila Bend/Gila River Cluster

1. Executive Summary
Under provisions of the Arizona Public Service Company (APS) Open Access Transmission
Tariff (OATT), APS has elected to cluster Interconnection Requests (IR) Q03l and Q044. Both
projects plan to interconnect in the Gila Bend/Gila River (GBGR) cluster with expected
commercial operation in the October 2010 - December 201 l time frame. An Interconnection
Feasibility Study (IceS) was performed for project Q031. The IceS for project Q044 was
waived with concurrence from the Interconnection Customer (IC) and APS. Both projects have
requested Energy Resource (ER) Interconnection Service.

The Q03 l project is 102 MW net of photovoltaic (PV) generation located approximately 6 miles
west of the Gila Bend substation in Maricopa County, Arizona. The Q03l project will be
constructed in stages, and is expected to start achieving commercial operation in 10 MW
increments beginning around October 2010, with an estimated full capacity and completion by
December 201 l.

The Q044 project is 280 MW net of parabolic trough solar generation located approximately 14
miles west of the Gila Bend substation at the intersection of Painted Rock Dam Road and Power
Line Road, Maricopa County, Arizona. The Q044 project is expected to achieve commercial
operation in December 201 l.

In accordance with Federal Energy Regulatory Commission (FERC) Large Generator
Interconnection Procedures (LGIP), Utility System Efficiencies (USE) and APS performed an
Interconnection System Impact Study (ISIS). The ISIS determined the following:

2.

3.

Preliminary identification of any thermal overload, voltage limits violations or transient
stability violations resulting from the interconnection of clustered projects.
Preliminary identification of any circuit breaker short circuit capability limits exceeded as
a result of the interconnection of clustered projects.
Preliminary list of facilities, a non-binding good faith estimate of cost responsibility and a
non-binding good faith estimated time to construct facilities necessary to interconnect the
projects in the cluster.

The ISIS was performed with Q03 l interconnected on the Gila Bend-Paloma-Bunyan 69 kV line
at Paloma and Q044 interconnected to the Panda 230 kV substation. Both ICe also requested
that analysis be performed both with and without the other project modeled. Three post-project
scenarios were studied:

1. Post-project case l with Q03 l 102 MW interconnected on the Gila Bend-Paloma-Bunyan
69 kV line at Paloma and Q044 280 MW interconnected to Panda 230 kV substation

2. Post-project case 2 with Q03 l 102 MW interconnected on the Gila Bend-Paloma-Bunyan
69 kV line at Paloma without Q044

3. Post-project case l with Q044 280 MW interconnected to Panda 230 kV substation
without Q031

The study concluded that for post-project case 1 (Q031 102 MW interconnected on the Gila
Bend-Paloma-Bunyan 69 kV line at Paloma and Q044 280 MW interconnected to Panda 230 kV

1.
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MW injection into
Paloma 69 kV

Upgrade Requirements

<96 MW None

96MW-l02MW
Upgrade Cotton Center - Butterfield Tap (5 mi) and Butterfield Tap - Gila Bend (6 mi)
69 kV line sections with 795 ACSS (existing conductor is 477 AAC)

MW injection into
Panda 230 kV

Upgrade Requirements

<251 MW None

25lMW-280MW
Upgrade Cotton Center - Butterfield Tap (5 mi) and Butterfield Tap - Gila Bend (6 mi)
69 kV line sections with 795 ACSS (existing conductor is 477 AAC)

Interconnection System Impact Study
Gila Bend/Gila River Cluster

substation) there were no Category A normal overloads and three (3) facilities that have
Category B post-project overloads caused by the interconnection of the cluster projects. The
short circuit analysis results concluded that there are no overstressed circuit breakers due to
addition of the project at Panda 230 kg. PV generation does not contribute fault current
therefore no short circuit analysis was performed for Q03l. The transient stability analysis
concluded that the WECC transmission system remained stable for all contingency simulations
and there were no NERC/WECC criteria violations in the APS or WECC transmission system.
A Special Protection Scheme (SPS) to trip Q03 l for the Gila Bend - Paloma 69 kV single line
outage is required because of the resulting island conditions of the generation and load.

The study concluded that for post-project case 2 (Q03 l 102 MW interconnected on the Gila
Bend-Paloma-Bunyan 69 kV line at Paloma and no Q044) there were no Category A normal
overloads and two (2) facilities that have Category B post-proj et overloads caused by the
interconnection of the cluster project QS l. PV generation does not contribute fault current
therefore no short circuit analysis was performed. The transient stability analysis concluded that
the WECC transmission system remained stable for all contingency simulations and there were
no NERC/WECC criteria violations in the APS or WECC transmission system. A Special
Protection Scheme (SPS) to trip Q03 l for the Gila Bend - Paloma 69 kV single line outage is
required because of the resulting island conditions of the generation and load. Table l.l shows
the upgrade requirements for MW injection levels into Paloma 69 kg.

Table 1.1 Upgrade Requirements for MW Injection Levels for Case 2

The study concluded that for post-project case 3 (Q044 280 MW interconnected to Panda 230 kV
substation and no Q031) There were no Category A normal overloads and two (2) facilities that
have Category B post-project overloads caused by the interconnection of the cluster project. The
short circuit analysis results concluded that there are no overstressed circuit breakers due to
addition of the project at Panda 230 kg. The transient stability analysis concluded that the
WECC transmission system remained stable for all contingency simulations and there were no
NERC/WECC criteria violations in the APS or WECC transmission system.

Table 1.2 shows the upgrade requirements for MW injection levels at Panda 230 kV based on the
power flow and transient stability results. This approach shows what upgrades would be
required for a given MW injection and simultaneously shows the maximum net generation
output allowed for each mitigation component.

Table 1.2 Upgrade Requirements for MW Injection Levels for Case 3
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Interconnection System Impact Study
Gila Bend/Gila River Cluster

2. Study Assumptions
The following general assumptions were used for this study:

l. Project Q03 l
a. Consists of PV modules modeled as 102 MW equivalent generator with

Qmax/Qmin = 132 MVAr
b. Interconnected through a 2.5 mile 556 ACSR Osprey line rated at 920 A/110

MVA to Paloma
c. The main step-up transformer was modeled as a 230/34.5 kV or 69/34.5 kV

transformer rated at 108 MVA with 9% impedance at 60 MVA. Individual unit
34.5/.208 kV step-up transformers were modeled as one equivalent 108 MVA
transformer with 8% impedance at 76.5 MVA. Tap settings on the transformers
were set to obtain unity power factor on the high side of the main step-up
transformer.

d. Lower voltage collector lines were ignored
2. Project Q044

a. Consists of two (2) 161 MVA steam turbine generators modeled at 140 MW each
with Qmax/Qmin = +60/-12.5 MVAr each

b. Auxiliary load was modeled at 30 MW/14.5 MVAr, split evenly into two loads.
(loads are modeled out of service for 280 MW net output)

c. interconnected to the Panda 230 kV substation through a 16 mile 954 ACSR
Cardinal line rated at 1095 A/436 MVA

d. The generator step-up transformers were modeled as two (2) 175 MVA 13.8/230
kV with 14% impedance at 148 MVA. Tap settings on the transformers were set
to obtain unity power factor at the Panda 230 kV Point of Interconnection (POI).

3. Regional transmission and sub-transmission projects and proposed generation projects
that will be operational by 2011 were modeled in the power flow cases

Figure 2.1 shows a high level single line diagram of the Gila Bend/Gila River Cluster and the
transmission system in the vicinity.
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Interconnection System Impact Study
Gila Bend/Gila River Cluster

Figure 2.1 Single Line Diagram GBGR Cluster and Vicinity

3. Power Flow Cases
One (l) pre-project power flow case was developed using available Western Electricity
Coordinating Council (WECC) base cases. The 201 l Heavy Summer Gila Bend/Buckeye
Regional Pre-Project Power Flow Case was derived from the WECC 201 l Heavy Summer
(l lhslb) power flow case dated January 12, 2007. The starting case was provided by APS
(ll lhslb_APSv4.sav) case. The case includes updated modeling of the Arizona bulk
transmission system and detailed modeling of the Gila Bend/Buckeye transmission and sub-
transmission system. This power flow case was used for power flow and transient stability
analysis.

Page 6 of 19

DEVERS (partial)
SUN VALLEY WESTWING

"Palo Verde East" Pat"
/

DEVERS

PALO
VERDE

RUDD

HARQUAHALA

LIBERTY
I-I

PALM VLY
HASSAYAMPA V I

- / ARLINGTON

-65
8 MESQUITE

KYRENE

BROWNINGRED
HAWK

I
JOJOBA

I I
PINAL WEST

NO
G

RTH
I L A

_  S A N T A
ROSA

IMPERIAL
VALLEY

GILA
RIVER

N

(69kV

Paloma 69 kV
A w

PANDA
(230kV)

GILA BEND

Q031
102 MW

Q044
280 MW

I I

w N

6865



Majarfath/Branch FlOws:

Path 46 _. West of the River 5,607 5,606 5.608 5.607

Path49 - East of the River 4,375 4 , 369 4,376 4,373
Gila River 500/230kV
Transformer

291 51 230 113

GHaBend 230kVPanda
Llne

9 9 21 109

Panda - Jojoba 230kV Line 192 308 219 281

Gila Bend 230/69 kV
Transformers

9 9 2 1 109

Ar izona Area 14 ( incl .
W M C )

I

Load 21.109 2 I ,096 21,096 21,102

Losses 581 593 587 587

Generation 29,816 29,813 29,822 29,814

Interchange (exports) 8,126 8,125 8,126 8,125

S D G & E  A r e x z z
Generation 2,847 2,847 2,847 2,847

Interchange (imports) -2,285 -2,285 -2,285 -2,285

SC E A r ea  24

Generation 14,624 14,623 14,624 14,623
Interchange (imports) -7.594 -7,596 -7.594 -7,595

P G & E  A r e a  3 0 . £KG

Generation 26,619 26,621 26,618 26,620

Interchange (imports) -1,320 -1,319 -1,322 -1,320

Interconnection System Impact Study
Gila Bend/Gila River Cluster

Three (3) post-project cases were developed from the pre-project cases:
1. 2011 Heavy Summer Gila Bend/Buckeye Regional Post-Project Power Flow Case l with

Q03 l interconnected on the Gila Bend-Paloma-Bunyan 69 kV line at Paloma and Q044
@280 MW interconnected at Panda 230 kV substation.

2. 201 l Heavy Summer Gila Bend/Buckeye Regional Post-Project Power Flow Case 2 with
Q03 l interconnected on the Gila Bend-Paloma-Bunyan 69 kV line at Paloma.

3. 2011 Heavy Summer Gila Bend/Buckeye Regional Post-Project Power Flow Case 3 with
Q044 @280 MW interconnected at Panda 230 kV substation.

Redhawk generation was reduced by amount of cluster generation added to balance Arizona
resources due to the addition of the proposed projects in the post-project power flow cases.
Table 3.1 provides a summary of the pre and post-project power flow cases.

The Gila Bend 69 kV shunt capacitors (30 MVAr) were turned off for post-project cases 1 and 2.
The Gila Bend 69 kV capacitors combined with Q03l, cause high voltages on the 69 kV system
for the Panda-Gila Bend 230 kV line outage, which can cause Q03 l to trip. The transformer tap
settings at Why 69 kV were adjusted to boost the 20.5 kV voltage to > 0.95 pu.

Table 3.1 Power Flow Cases Summary

4. Study Methodology
This ISIS consists of power flow, short circuit and transient stability studies in order to identify a
preliminary list of facilities, a non-binding good faith estimate of cost responsibility and a non
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Interconnection System Impact Study
Gila Bend/Gila River Cluster

binding good faith estimated time to construct facilities necessary to interconnect the projects in
the cluster.

4.1. Po war Flow Analysis
For normal conditions, automatic transformer taps, static VAr devices (SVD) and phase-shifting
transformers (PST) were allowed to adjust in solving the power flow cases. For contingency
simulations, the power flow analysis considers a snapshot in time where automatic transformer
taps and SVDs are allowed to adjust, while PSTs remain "fixed", in addition, a system swing bus
balances the system during each contingency scenario.

Power How analysis was performed using the NERC/WECC planning standards. Power flow
analysis was used to evaluate thermal and voltage performance of the transmission system for
NERC/WECC Category A normal (all elements in-service) conditions and NERC/WECC
Category B emergency (one element out of service) conditions. Category A (N-0) normal
overloads are those that exceed 100% of normal ratings that occur with all facilities in service.
Category B emergency overloads are those that exceed 100% of emergency ratings that occur
due to a Category B contingency.

Reported normal thermal loading was limited to the condition where a modeled transmission
component was loaded above 100% of the normal MVA rating (Rating l as entered in the power
flow case), and the incremental increase in component loading, between pre-project and post-
project, exceeded 1%. Reported emergency thermal loading was limited to the condition where a
modeled transmission component was loaded over 80% of its appropriate emergency MVA
rating (Rating 2 as entered in the power flow case), and the incremental increase in component
loading, between pre-project and post-project, exceeded 1%.

Reported normal voltage violations were limited to the conditions where per unit (pu) voltages
were less than 0.95 or greater than 1.05. Reported emergency voltage violations were limited to
the conditions where per unit voltages were less than 0.90 or greater than 1.10, In addition, only
voltage deviations greater than 5% between the pre and post-contingency and a 1% increase in
voltage deviation between the pre and post-project power flow cases were recorded.

4. 2. Short Circuit Analysis
Short circuit analysis was performed to determine the maximum fault currents on buses in the
vicinity of the Project. This study assessed the impact of increased fault duty resulting from the
Project for single line-to-ground and three-phase faults. Equipment that may become over-
stressed as a result of the added generation was identified if the fault duty exceeds 100% of its
applicable interrupting capability.

4.3. Transient Stability Analysis
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 ensure system stability following critical faults on the system.
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Interconnection System Impact Study
Gila Bend/Gila River Cluster

The system is considered stable if the following conditions are met:

1.

4.

All machines in the WECC interconnected system must remain in synchronism as
demonstrated by relative rotor angles.
System stability is evaluated based on the damping of the relative rotor angles and the
damping of the voltage magnitude swings.

a. A stability simulation will be deemed to exhibit positive damping if a line defined
by the peaks of the machine relative rotor angle swing curves tends to intersect a
second line connecting the valleys of the curves with the passing of time.

b. Corresponding lines on bus voltage swing curves will likewise tend to intersect.
Transient voltage dips and duration requirements must meet the criteria of the WECC
System Performance Criteria.
Transient frequency dips and duration requirements must meet the criteria of the WECC
System Performance Criteria.

5. Study Results

5.1. Power Flo w
Power How analysis was performed on all pre and post-project power flow cases. The results
were compared to determine the impacts caused solely by the addition of the cluster projects and
to identify the system reinforcements necessary to mitigate the adverse impacts.

Approximately 750 single contingencies were applied to the previously described pre- and post-
project cases, and the results were compared. Simulated outages were predominantly (though
not explicitly limited to) N-l outages of transmission lines, transformers or generators connected
at voltages >69 kV in Arizona Area 14 as defined in the power flow cases. A complete listing of
all contingencies studied is included in Appendix A.

Complete listings of all power flow results and selected power flow plots are included in
Appendix B and Appendix C.

All power flow analysis was conducted with version 16.0_l 1 of General Electric's
PSLF/PSDS/SCSC software.

5.1.1.Post-Project Case 1 (Q031 and Q044)
Power flow analysis was performed on the Gila Bend/Buckeye regional pre-project case and
post-project case 1 (Q03l 102 MW interconnected at Gila Bend-Paloma-Bunyan 69 kV line at
Paloma and Q044 280 MW interconnected at Panda 230 kV substation). The results were
compared to determine the impacts caused solely by the addition of the cluster projects and to
identify the system reinforcements necessary to mitigate the adverse impacts.

2.

3.
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There were no Category A normal overloads and three (3) facilities that have Category B post-
project overloads caused by the interconnection of the cluster projects. Table 5.1 shows a
summary of the worst Category B overloads.

Table 5.1 Worst Category B Overloads for Post-Proiect Case 1 (Q031 and O044)

The Gila Bend - Paloma 69 kV line is rated at 87.2 MVA therefore depending on the voltages
and load level at Paloma 69 kV the output of Q03 l could be limited for the loss of the Paloma -
Bunyan 69 kV line. For the loss of the Paloma - Bunyan 69 kV line the output of Q03 l will be
limited to a maximum output of 87.2 MVA, the rating of the Gila Bend - Paloma 69 kV line,
plus the amount of load that is being served through the 69/12 kV transformer at Paloma.

5.1 .2.Post-Project Case z (Q031)
Power flow analysis was performed on the Gila Bend/Buckeye regional pre-project case and
post-project case 2 (Q03l 102 MW interconnected at Gila Bend-Paloma-Bunyan 69 kV line at
Paloma). The results were compared to determine the impacts caused solely by the addition of
the cluster project and to identify the system reinforcements necessary to mitigate the adverse
impacts.

There were no Category A normal overloads and two (2) facilities that have Category B post-
project overloads caused by the interconnection of the cluster project. Table 5.2 shows a
summary of all the Category B overloads.

Table 5.2 Categorv B Overloads for Post-Proiect Case 2 (O031)

The Gila Bend - Paloma 69 kV line is rated at 87.2 MVA therefore depending on the voltages
and load level at Paloma 69 kV the output of Q03l could be limited for the loss of the Paloma -
Bunyan 69 kV line. For the loss of the Paloma - Bunyan 69 kV line the output of Q03 l will be
limited to a maximum output of 87.2 MVA, the rating of the Gila Bend -- Paloma 69 kV line,
plus the amount of load that is being served through the 69/12 kV transfonner at Paloma.
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5.1 .3. Post-Project Case 3 (Q044)
Power flow analysis was performed on the Gila Bend/Buckeye regional pre-project case and
post-project case 3 (Q044 280 MW interconnected at Panda 230 kV substation). The results
were compared to determine the impacts caused solely by the addition of the cluster project and
to identify the system reinforcements necessary to mitigate the adverse impacts.

There were no Category A normal overloads and two (2) facilities that have Category B post-
project overloads caused by the interconnection of the cluster project. Table 5.3 shows a
summary of all the Category B overloads.

Table 5.3 Category B Overloads for Post-Proiect Case 3 (O044 @ 280 MW)

5.2. Short Circuit
No equipment short circuit ratings in the vicinity of the cluster projects were exceeded as a result
of the projects. Single line-to-ground (SLG) and three-phase faults were simulated with and
without the cluster projects to determine if there are any overstressed circuit breakers caused by
addition the cluster projects.

Study results indicate there are no circuit breaker fault duty limit violations attributable to the
Project. The IC's are not responsible for mitigating any pre-existing overstressed circuit
breakers. The short circuit analysis results are included in Appendix D.

5.3. Transient Stability
Transient stability analysis was performed on the Gila Bend/Buckeye regional pre-project and
post-proj et cases. The results were compared to determine the impacts caused solely by the
addition of the cluster projects and to identify the system reinforcements, if any, necessary to
mitigate the adverse impacts.

5

Table 5.4 Transient stability simulations with four (4) cycle clearing
Simulation # Contingency Description

l Three-phase fault on Gila Bend - Panda 230 kV line, near Gila Bend
2 Three phase fault on Gila River - Jojoba #l 500 kV line, near Gila River
3 Three phase fault on Hassyampa - Jojoba 500 kV line, near Jojoba
4 Three phase fault on Jojoba - Kyrene 500 kV line, near Jojoba

Three-phase fault on Gila River - Jojoba #1 and #2 500 kV lines, near Gila River, includes tripping the Gila River500/230 kV
transformer bank and Gila River Power Plant 12 cycles after fault clearing
Three phase fault on Panda - Jojoba 230 kV line, near Panda
Three phase fault on Gila River 500/230 kV transformer bank
Three phase fault on Gila Bend 230/69 kV transformer bank l

Additional simulations with 7 cycle clearing
13 Three-phase fault on Paloma - Bunyan 69 kV line, near Paloma

7
8
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Switching sequences for the transient stability simulations are included in Appendix E.

The duration of each stability simulation run was ten seconds. The transient performance
analysis started 2 - 3 cycles after fault clearing and concluded at the end of the simulation.

The Q03 l project dynamic model was provided by the IC and consists of a user-written
generator model. The Q044 project dynamic model was provided by the IC and consists of
generator, excitation system, power system stabilizer and governor models. Details of both
projects machine dynamics are included in Appendix F.

Transient stability worst condition analysis results and plots are included in Appendix G and
Appendix H.

All transient stability analysis was conducted with version 16.0_ll of Genera] Electric's
PSLF/PSDS/SCSC software.

5.3.1.Post-Project Case 1 (Q031 and Q044)
The post-project case 1 (Q03 l 102 MW interconnected at Gila Bend-Paloma-Bunyan 69 kV line
at Paloma and Q044 280 MW interconnected at Panda 230 kV substation) transient stability
analysis concluded that the WECC transmission system remained stable for all contingency
simulations and there were no NERC/WECC criteria violations in the APS or WECC
transmission system. The transmission system was adequately damped and all generators
remained synchronized.

There are voltage dips that exceed 30% in the Gila Bend 69 kV area for the Gila Bend - Panda
230 kV single line outage and the Gila River - Jojoba #1 and #2 500 kV double line outage.
Since these voltage deviations are contained to the APS transmission system they are not WECC
criteria violations,

The outage of the 69 kV line between Gila Bend and Paloma would leave Q03 l isolated with the
load at the Paloma, Hider, Horn, and Aztec substations. Therefore, Q03l will be required to trip
for the Gila Bend - Paloma 69 kV single line outage because of the resulting island conditions of
the generation and load.

The Gila Bend 69 kV shunt capacitors (30 MVAr) were turned off for post-project case l. The
Gila Bend 69 kV capacitors combined with Q03l, cause high voltages on the 69 kV system for
the Panda-Gila Bend 230 kV line outage, which can cause Q03 l to trip. The transformer tap
settings at Why 69 kV were adjusted to boost the 20.5 kV voltage to > 0.95 pu.

5.3.2.Post-Project Case 2 (Q031 )
The post-project case 2 (Q03 l 102 MW interconnected at Gila Bend-Paloma-Bunyan 69 kV line
at Paloma) transient stability analysis concluded that the WECC transmission system remained
stable for all contingency simulations and there were no NERC/WECC criteria violations in the

Page l2 of19



Interconnection System Impact Study
Gila Bend/Gila River Cluster

APS or WECC transmission system. The transmission system was adequately damped and all
generators remained synchronized.

There are voltage dips that exceed 30% in the Gila Bend 69 kV area for the Gila Bend - Panda
230 kV single line outage and the Gila River - Jojoba #1 and #2 500 kV double line outage.
Since these voltage deviations are contained to the APS transmission system they are not WECC
criteria violations.

The outage of the 69 kV line between Gila Bend and Paloma would leave Q03 l isolated with the
load at the Paloma, Hyder, Hom, and Aztec substations. Therefore, Q03 l will be required to trip
for the Gila Bend - Paloma 69 kV single line outage because of the resulting island conditions of
the generation and load.

The Gila Bend 69 kV shunt capacitors (30 inVAr) were turned off for post-project case 2. The
Gila Bend 69 kV capacitors combined with Q03l, cause high voltages on the 69 kV system for
the Panda-Gila Bend 230 kV line outage, which can cause Q031 to trip. The transformer tap
settings at Why 69 kV were adjusted to boost the 20.5 kV voltage to > 0.95 Pu.

5.3.3. Post-Project Case 3 (Q044)
The post-project case 3 (Q044 280 MW interconnected at Panda 230 kV substation) transient
stability analysis concluded that the WECC transmission system remained stable for all
contingency simulations and there were no NERC/WECC criteria violations in the APS or
WECC transmission system. The transmission system was adequately damped and all
generators remained synchronized for ail transient stability simulations studied.

5.4. Mitigation
Plans of service were developed to mitigate all criteria violations for the cluster projects.

5.4.1.Post-Project Case 1 (Q031 and Q044)
Mitigation for the overloaded elements and transient stability criteria violations, as described in
the results section 5.1.1, were created for the post-project case 1 (Q03 l 102 MW interconnected
at Gila Bend-Paloma-Bunyan 69 kV line at Paloma and Q044 280 MW interconnected at Panda
230 kV substation).

Upgrade the following 69 kV line sections with 795 ACSS:
Cotton Center - Butterfield Tap (5 mi)
Butterfield Tap - Gila Bend (6 mi)
Cotton Center - Gillespie (7.5 mi)

SPS to trip Q03 l for Gila Bend - Paloma 69 kV single line outage
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MW injection into
Paloma 69kg"

Upgrade Requirements

<96MW None

96 MW - 102 MW
Upgrade Cotton Center - Butterfield Tap (5 mi) and Butterfield Tap - Gila Bend (6 mi)
69 kV line sections with 795 ACSS (existing conductor is 477 AAC)

MW injection into
Panda 230 kV

Upgrade Requirements

<251 MW None

251 MW-280MW
Upgrade Cotton Center - Butterfield Tap (5 mi) and Butterfield Tap - Gila Bend (6 mi)
69 kV line sections with 795 ACSS (existing conductor is 477 AAC)
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5.4.2. Post-Project Case 2 (Q031 )
Mitigation for the overloaded elements and transient stabil ity criteria violations, as described in
the results section 5.1.2, were created for the post-project case 2 (Q03l 102 MW interconnected
at Gi la Bend-Paloma-Bunyan 69 kV l ine at Paloma). Table  5.5 shows the mitigation upgrade
requirements for MW injection levels into Paloma 69 kV based on the power f low results. An
SPS to trip Q03l for the Gila Bend - Paloma 69 kV single l ine outage is required because of the
resulting island conditions of the generation and load.

Table 5.5 Upgrade Requirements for MW Injection Levels

# Note: Q031 output may be limited during Paloma-Bunyan 69kV outage depending on Paloma load.

5.4.3. Post-Project Case 3 (Q044)
Mitigation for the overloaded elements for the post-project case 3 (Q044 280 MW
interconnected at Panda 230 kV substation) as described in the power flow results section 5.1 .3,
was created based on the amount of MW injected at the Panda 230 kV substation. This approach
shows what upgrades would be required for a given MW injection and simultaneously shows the
maximum output allowed for each mitigation component.

Table 5.6 shows the upgrade requirements for MW injection levels at Panda 230 kV based on the
power flow results.

Table 5.6 Upgrade Requirements for MW [fiction Levels

6. Cost and Construction Schedule Estimates
The cost and time estimates for the system upgrades for each option are l isted separately. The
costs do not include any costs for new rights-of-way that may potential ly be needed for some
upgrades. In addition to the cost and time estimates for each option, the interconnection cost and
time estimates are the same for each respective project regardless of which option. Those cost
and time estimates are l isted below.
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Project Q03]: Point of lnterconnection at Paloma
To interconnect Q03l, a new 69 kV four (4) breaker ring bus will be required at Paloma.
Currently there is only a 69 kV tap at Paloma. A new 4 breaker ring will be constructed for the
three APS 69 kV terminations. In addition, a breakered tap will be constructed for the
interconnection of Q03 l. The cost of the four breaker ring is the responsibility of Q03 l , but will
be network upgrades. The costs of the tap will also be the responsibility of Q03 l , but will be
interconnection facilities. These facilities are depicted in Figure 6.1 below.

Figure 6.1: Q03 l - Paloma Interconnection

To Bunyan 4 > To Gila Bend

In..

I I I

-If

NIF :  Network
Interconnection
Facil ity

TIF:  Transmiss ion
Interconnect ion
Facility

Gen can't  come in as
4th termination in a
ring.  Must  add new

bay & 1 breaker
* in

I

POI -ml*

ownership
change

>< >< ><

sub. fence
\A/A/

Paloma Load

Q031

In addition to the facilities described above, new control and communications will need to be
installed along with new relays at the Gila Bend and Bunyan substations. These are needed
because of the requirement to transfer-trip Q03 l for the outage described in the earlier in the
report (Gila Bend-Paloma 69 kV line outage). The time estimate for constructing the facilities at
Paloma, the relay changes, and the communication additions are approximately 24 months.

be
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Overall
Project Total

Ring bus
expansion at

Paloma

Relay changes
at Gila Bend
and Bunyan

Communications
required for
Transfer Trip

Ring Position tap
for generator

interconnection

Engineering and
Design

$533,000 $318,000 $64,000 $45,000 $106,000

Below Grade s l ,763,000 $1,750,000 $0 so $13,000

Construction Labor
(Steel, Equipment
& Control)

$1,144,000 $824,000 $170,000 $0 $150,000

Steel Structures $43,000 $36,000 $0 $0 $7,000

Electrical
Equipment

$349,000 $279,000 $0 $0 $70,000

Controls &
Communications

$1,270,000 $218,000 $137,000 $893,000 $22,000

Subtotal: $5,102,000 $3,425,000 $371,000 $938,000 $368,000

Contingency:
(20%)

$1 ,021,000 $685,000 $74,000 $188,000 $74,000

Totals : $6,123,000 $4,l 10,000 $445,000 $1,126,000 $442,000

Total Network Upgrades: $5,681,000 Total Transmission Interconnection Facilities: $ 442,000

Interconnection System Impact Study
Gila Bend/Gila River Cluster

Table 6.1 Interconnection Cost Estimate for O031 at Paloma

Project Q044: Point of lnterconnection at Panda 230 kV substation
To interconnect Q044, a fourth bay at the Panda 230 kV substation will be required. The 230 kV
line from Q044 to the Panda substation would be the responsibility of Q044 and is not included
in these cost estimates. Currently there are three terminations at the Panda 230 kV substation.
The substation is designed to have a maximum of four terminations, via a four breaker ring. The
cost of the fourth bay is the responsibility of Q044, but will be network upgrades. These
facilities are depicted in Figure 6.2 and in Table 6.2 below. The time estimate for completing
the fourth bay at Panda is approximately 12 months. Figure 6.2 depicts the termination using the
currently open bay position. However, when the detailed design is done for this project it may
be decided to move the current line terminations to achieve a more optimal configuration for the
230 kV lines entering the substation and avoiding line crossings to the greatest extent possible.
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Panda 230 kV line bay for
generator interconnection

Engineering and Design $212,000
Below Grade $159,000

Construction Labor (Steel,
Equipment & Control)

$519,000

Steel Structures $96,000

Electrical Equipment $161,000
Controls & Communications $61,000
Subtotal : $1 ,208,000
Contingency: 20% $242,000
Totals: $1,450,000

Interconnection System Impact Study
Gila Bend/Gila River Cluster

Figure 6.2: Q044 - Panda Interconnection
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Table 6.2 Interconnection Cost Estimate for Q044 at Panda

6.1. Post-Project Case 1 (Q031 and Q044)
Cost estimates for system upgrades in this section were created for the results of post-project
case 1 (Q03 l 102 MW interconnected at Gila Bend-Paloma-Bunyan 69 kV line at Paloma and
Q044 280 MW interconnected at Panda 230 kV substation) as described in results section 5.1.1 .

The cost estimates for system upgrades identified in the results sections 5.1 .l will be shared
between the two projects. The costs estimates assume that the 69 kV lines will be rebuilt with
new structures that will be able to also accommodate the 12 kV underbuild (if already present on
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69 kV lines Cost Responsibili Estimated Cost
Cotton Center-Butterfield Tap 69
kV line upgrade (5 miles)

Q031 and Q044 share 50/50 32,770,000

Butterfield Tap-Gila Bend 69 kV
line upgrade (6 miles)

Q03 l and Q044 share 50/50 $3,324,000

Cotton Center-Gillespie 69 kV
line upgrade (7.5 miles)

Q03 l and Q044 share pro-rata
(102 MW/280 MW)

$4,155,000

69kV lines Estimated Cost
Cotton Center-Butterfield Tap 69 kV line upgrade (5 miles) $2,770,000
Butterfield Tap-Gila Bend 69 kV line upgrade (6 miles) $3,324,000

Total $6,094,000

Interconnection System Impact Study
Gila Bend/Gila River Cluster

the existing lines). The cost estimates for each of those lines are listed in Table 6.3 along with
the cost responsibility breakdown between each Interconnection Customer. For each of these 69
kV upgrades, the permitting, design, and construction time will be approximately l year in areas
where the lines do not cross State Lands. In areas where State Land is crossed the permitting,
design, and construction times will be approximately 2 years due to the increased time to obtain
permits through the State Land Department.

Table 6.3 Estimated Costs for 69 kV System Upgrades

The costs responsibility for upgrading the Cotton Center-Butterfield Tap and Butterfield Tap-
Gila Bend 69 kV lines are split equally between Q03 l and Q044 because both projects would
trigger the need to upgrade those lines independently. The cost for upgrading the Cotton Center-
Gillespie 69 kV line is shared pro-rata (Q03 l 102 MW/Q044 280 MW).

6.2. Post-Project Case 2 (Q031)
Cost estimates for interconnection facilities and system upgrades in this section were created for
the results of post-project case 2 (Q03 l 102 MW interconnected at Gila Bend-Paloma-Bunyan
69 kV line at Paloma and no Q044) as described in results section 5.1 .2.

The costs estimates for system upgrades identified in results section 5. 1 .2 assume that the 69 kV
lines will be rebuilt with new structures that will be able to also accommodate the 12 kV
underbuild (if already present on the existing lines). The cost estimates for each of those lines
are listed in Table 6.4. For each of these 69 kV upgrades, the permitting, design, and
construction time will be approximately l year in areas where the lines do not cross State Lands.
In areas where State Land is crossed the permitting, design, and construction times will be
approximately 2 years due to the increased time to obtain permits through the State Land
Department.

Table 6.4 Estimated Costs for System Upgrades
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System Upgrades Estimated Cost
Cotton Center-Butterfield Tap 69 kV line upgrade (5 miles) $2,770,000
Butterfield Tap-Gila Bend 69 kV line upgrade (6 miles) $3,324,000

Total $6,094,000

Interconnection System Impact Study
Gila Bend/Gila River Cluster

6.3. Post-Project Case 3 (Q044)
Cost estimates for interconnection facilities and system upgrades in this section were created for
the results of post-project case 3 (Q044 280 MW interconnected at Panda 230 kV substation and
no Q03l) as described results section 5.1 .3.

The costs estimates for system upgrades identified in results section 5.1.3 assume that the 69 kV
lines will be rebuilt with new structures that will be able to also accommodate the 12 kV
underbuild (if already present on the existing lines). The cost estimates for each of those lines
are listed in Table 6.5. For each of these 69 kV upgrades, the permitting, design, and
construction time will be approximately l year in areas where the lines do not cross State Lands.
In areas where State Land is crossed the permitting, design, and construction times will be
approximately 2 years due to the increased time to obtain permits through the State Land
Department.

Table 6.5 Estimated Costs for System Upgrades
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1 N-0 BASECASE (All Lines in SVC.)
2 N.GILA-IMPERIAL VALLEY 500kV Line 1
3 IMPERIAL VALLEY-MIGUEL 500kV Line 1
4 IMPERIAL VALLEY-MIGUEL 500kV Line (incl. SPS)
5 PALO VERDE-DEVERS 500kV Line 1
6 HARQJNCT-DEVERS 500kV Line 1
7 DEVERS(LA)-HESPERIA 500kV Line 1

8 MOHAVE-ELDORADO 500kV Line 1
9 CRYSTAL-MCCULLOUGH 500kV Line l
10 BROWNING-SILVERKG 500kV Line 1
11 CHOLLA-SAGUARO S00kv Line 1
12 CORONADO-SECNOL 500kV Line 1
13 CORONADO-SILVERKG 500kV Line 1
14 DINOSAUR-BROWNING 500kV Line 1
15 DRPP-FCW 500kV Line 1
16 DRPP-FCW 500kV Line 2
17 FOURCORN-FCW 500kV Line l
18 FOURCORN-MOENKOPI 500kV Line 1
19 HARQJNCT-SNVLY 500kV Line 1

20 HASSYAMP-HARQJNCT 500kV Line 1
21 HASSYAMP-JOJOBA 500kV Line 1
22 HASSYAMP-N.GlLA 500kV Line 1
23 HASSYAMP-PALOVRDE 500kV Line 1
24 HASSYAMP-PALOVRDE 500kV Line 2
25 HASSYAMP-PALOVRDE 500kV Line 3
26 HASSYAMP-PINAL_W 500kV Line 1
27 HASSYAMP-REDHAWK 500kV Line 1
28 HASSYAMP-REDHAWK 500kV Line 2
29 JOJOBA-GILARIVR 500kV Line 1
30 JOJOBA-GILARIVR 500kV Line 2

31 JOJOBA-KYRENE 500kV Line l
32 KYRENE-BROWNING 500kV Line 1
33 MEAD-MARKETPL 500kV Line 1
34 MEAD-PERKINS 500kV Line 1
35 MOENKOPI-ELDORDO 500kV Line l
36 MOENKOPI-RME 500kV Line 1
37 MOENKOPI-YAVAPAI 500kV Line 1
38 NAVAJO-CRYSTAL 500kV Line l
39 Deleted Island: Load 0 MW, Generation 0 MW
39 NAVAJO-RME 500kV Line l
40 NAVAJO-VVl 500kV Line 1
41 PALOVRDE-RUDD 500kV Line 1
42 PALOVRDE-WESTWING 500kV Line 1
43 PALOVRDE-WESTWING 500kV Line 2
44 PERKINESS-PERK PSI 500kV Line 1
45 PERKINPS-PERK PS1 500kV Line 1
46 PERKINPS-WESTWING 500kV Line 1
47 PERKINS-PERKINPS 500kV Line 1
48 PINAL_SO-SES 500kV Line 1
49 PINAL_SOUTH-TORTOLITA 500kV Line l
50 SPINAL_W-SNTAROSA 500kV Line 1
51 RACEWAY-PNPKAPS 500kV Line 1
52 RACEWAY-WESTWING 500kV Line 1
53 RME-FCW 500kV Line 1
54 SAGUARO-TORTOLITA 500kV Line 1
55 SAGUARO-TORTOLITA 500kV Line 2
56 SECNOL-CHOLLA 500kV Line 1
57 SES-DINOSAUR 500kV Line 1
58 SNTAROSA-PINAL_SOUTH 500kV Line 1
59 VV1-RACEWAY 500kV Line 1
60 YAVAPAI-WESTWING 500kV Line 1
61 BICKNELL-VAIL 345kV Line 1
62 CHOLLA-PNPKAPS 345kV Line 1

63 CHOLLA-PRECHCYN 345kV Line 1
64 FLAGSTAFF-GLENCANY 345kV Line 1
65 FLAGSTAFF-GLENCANY 345kV Line 2
66 FLAGSTAFF-PINPKBRB 345kV Line 1
67 FLAGSTAFF-PINPKBRB 345kV Line 2
68 FOURCORN~CHOLLA 345kV Line 1
69 FOURCORN-CHOLLA 345kV Line 2
70 FOURCORN-SAN_JUAN 345kV Line 1
71 GREENLEE-COPPERVR 345kV Line l

72 GREENLEE-WILLOW 345kV Line 1
73 GREEN LEE-WINCHSTR 345kV Line 1
74 GREEN-SW-GREENLEE 345kV Line 1
75 LIBERTY-PEACOCK 345kV Line 1
76 MAZATZAL-PNPKAPS 345kV Line 1
77 MCKINLEY-SPRINGR 345kV Line 1
78 PEACOCK-MEAD 345kV Line l
79 PINALWES-SOUTH 345kV Line l
80 PRECHCYN-MAZATZAL 345kV Line 1
81 SAN_]UAN-MCKINLEY 34skv Line l

82 SAN_JUAN-MCKINLEY 345kV Line 2
83 SHIPROCK-FOURCORN 345kV Line 1
84 SOUTH-GATEWAY 34skv Line 1
85 SOUTH-GATEWAY 345kV Line 2
86 SPRINGER-CORONADO 345kV Line 1
87 SPRINGER-GREENLEE 345kV Line I
88 SPRINGR-VAIL2 345kV Line 1
89 VAIL-SOUTH 345kV Line 1
90 WESTWING-PINALWES 345kV Line 1

91 WILLOW-BOWIE 345kV Line 1
92 WILLOW-BOWIE 345kV Line 2

93 WINCHSTR-VAIL 345kV Line 1
94 WINCHSTR-WILLOW 345kV Line l
95 AGUAFRIA-ALEXANDR 230kV Line l
96 AGUAFRIA-WESTWNGW 230kV Line 1
97 AGUAFRIA-WHITETNK 230kV Line 1
98 ANDERSON-KYR-NEW 230kV Line l
99 APACHE-BUTERFLD 230kV Line 1
100 APACHE-RED TAIL 230kV Line 1
101 APACHE-WINCHSTR 230kV Line 1
102 AVERY-RACEWAY 230kV Line l
103 AVERY-TS6 230kV Line 1
104 BRANDOW-KYRENE 230kV Line 1
105 BRANDOW-PAPAGOBT 230kV Line 1
106 BRANDOW-WARD Z30kv Line 1
107 BRANDOW-WARD 230kV Line 2
108 BROWNING-DINOSAUR 230kV Line 1
109 BROWNING-SANTAN 230kV Line 1
110 BUCKEYE-LIBERTY 230kV Line 1 (incl. closing Buckeye backtie).
111 BUCKEYTP-LIBERTY 230kV Line 1
112 BUTERFLD-SAN RAF 230kV Line 1
1 13 BUTERFLD-SLOAN 230kV Line 1
114 CACTUS-OCOTILLO 230kV Line 1
115 CHOLLA-LEUPP 230kV Line 1
116 COOLIDGE-SUN ARIZ 230kV Line 1
117 COOLIDGE-SUN ARIZ 230kV Line 2
118 COPPERVR-FRISCO 230kV Line 1
119 CORBELL-KYRENE 230kV Line 1
120 CTRYCLUB-GRNDTRML 230kV Line 1
121 CTRYCLUB-LINCSTRT 230kV Line 1
122 CTRYCLUB-MEADOWBK 230kV Line 1
123 DAVIS-MCCULLGH 230kV Line 1
124 DAVIS-MEAD N 230kV Line 1
125 DAVIS-RIVIERA 230kV Line 1
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126 DAVIS-TOPOCK 230kV Line 2

127 DAVIS-ZORB 230kV Line 1
128 DBG-CASGRAPS 230kV Line 1
129 DBG-PINAL_S 230kV Line 1
130 DEERVALY-ALEXANDR 230kV Line l
131 DEERVALY-PINPKSRP 230kV Line 1
132 DEERVALY-WESTWNGE 230kV Line 1
133 DOSCONDO-HACKBERY 230kV Line 1
134 EAGLEYE-BUCKEYTP 230kV Line 1
135 EL SOL-AGUAFRIA 230kV Line 1
136 EL SOL-WHTNKAPS 230kV Line 1
137 FORTROCK-JUNIPRMT 230kV Line 1
138 FORTROCK-ROUNDVLY 230kV Line 1
139 FOURCORN-PILLAR 230kV Line 1
140 GAVILNPK-GAVILNWA 230kV Line 1
141 GILA-NGL-E 230kV Line 1
142 GILA-NGL-W 230kV Line l
143 GILARIVR-GILABEND 230kV Line 1
144 GILARIVR-GILABEND 230kV Line (open Gillespie 69kV)
145 GLEN CYN PST-NAVAJO 230kV Line l
146 GLENDALE-GLENDALW 230kV Line 1
147 GLENDALE-GRNDTRML 230kV Line l
148 GLENDALW-AGUAFRIA 230kV Line 1
149 GOLDFELD-SILVERKG 230kV Line 1
150 GOLDFELD-THUNDRST 230kV Line 1
151 GOLDFELD-THUNDRST 230kV Line z
152 GRIFFITH-PEACOCK 230kV Line 1
153 HACKBERRY-MORENCI 230kV Line 1
154 LIBERTY-HASSYAMP-HARCUVAR 230kV Ckt.
155 HILLTOP-MCCONICO 230kV L1l]€ 1
156 HOVRAIAZ-MEAD s 230kV Line 1
157 HOVRASA6-MEAD S 230kV Line 1
158 HOVRA7-9-MEAD s 230kv Line 1
159 HOVRNINZ-MEAD s 230kV Line 1
160 HOVRN3N4-MEAD S 230kV Line 1
161 HOVRNSN6-MEAD s 230kV Line 1
162 HOVRN7N8-MEAD S 230kV Line 1
163 JOJOBA-GILARIVR 230kV Line l
164 JOJOBA-TS4-LIBERTY/PALMVLY 230kV Cut
165 JUNIPRMT-SELIGMAN 230kV Line 1
166 KAYENTA-LNGHOUSE 230kV Line 1
167 KAYENTA-SHIPROCK 230kV Line 1
168 KYRENE-SCHRADER 230kV Line 1
169 KYR-NEW-KNOX 230kV Line 1
170 KYR~NEW-OCOTILLO 230kV Line 1
171 LEUPP-COCONINO 230kV Line 1
172 LIBERTY-PHXWAPA 230kV Line 1
173 LIBERTY-WESTWNGW 230kV Line 1
174 LIBTYPHS-LIBERTY 230kV Line 2
175 LINCSTRT-WPHXAPSN 230kV Line 1
176 LONE BUT-LIBERTY 230kV Line 1
177 LONE BUT-SUN ARIZ 230kV Line 1
178 LONE BUT-TESTTRAK 230kV Line 1
179 LONEPEAK-SUNYSLOP 230kV Line 1
180 MCCONICO-DAVIS 230kV Line 1
181 MCCONICO-GRIFFITH 230kV Line 1
182 MEAD N-HVRA3A4 230kV Line 1
183 MEAD S-MEAD N 230kV Line 1
184 MEAD S-MEAD N 230kV Line 2
185 MEADOWBK-SUNYSLOP 230kV Line 1
186 MILLIGAN-CASGRAPS 230kV Line 1
187 MORENCI-GREEN~SW 230kV Line 1
188 MORENO-PD-MORNC 230kV Line 1

189 N.WADDEL-RACEWAY 230kV Line 1
190 NAVAJO-LNGHOUSE 230kV Line 1
191 OCOTILLO-LINCSTRT 230kV Line 1
192 OCOTILLO-PNPKAPS 230kV Line 1
193 ORME-ANDERSON 230kV Line 1
194 ORME-ANDERSON 230kV Line 2
195 ORME-RUDD 230kV Line 1
196 ORME-RUDD 230kV Line 2
197 PANTANO-SAHUARIT 230kV Line 1
198 PAPAGOBT-KYR-NEW 230kV Line 1
199 PAPAGOBT-PINPKSRP 230kV Line 1
200 PARKER-BLK MESA 230kV Line 1
201 PARKER-EAGLEYE 230kV Line 1
202 PARKER-GENE 230kV Line 1
203 PARKER-HARCUVAR230kV Line 1
204 PARKER-HAVASU 230kV Line 1
205 PARKER-N.HAVASU 230kV Line 1
206 PD-MORNC-FRISCO 230kV Line 1
207 PEACOCK-HILLTOP 230kV Line l
208 PHXWAPA-LONE BUT 230kV Line 1
209 PINPK-GAVILNWA 230kV Line 1
210 PYNPK-PINPKSRP 230kV Line 1
211 PINPK-PINPKSRP 230kV Line 2
212 PINPKSRP-BRANDOW 230kV Line 1
213 PINPKSRP-BRANDOW 230kV Line 2
214 PNPKAPS-CACTUS 230kV Line 1
215 PNPKAPS-LONEPEAK 230kV Line 1
216 PNPKAPS-PINPK 230kv Line 1
217 PNPKAPS-PINPK 230kV Line 2
218 PNPKAPS-PINPKSRP 230kV Line 1
219 PNPKAPS-PINPKSRP 230kV Line 2
220 PNPKAPS-REACH 230kV Line 1
221 PRSCOTWA-GAVILNWA 230kV Line I
222 PRSCOTWA-PRESCOTT 230kV Line l
223 RACEWAY-WESTWNGE 230kV Line l
224 REACH-LONEPEAK 230kV Line 1
225 RED TAIL-DOSCONDO 230kV Line l
226 RNDVLYTP-PEACOCK 230kV Line l
227 RNDVLYTP-PRSCOTWA 230kV Line l
228 RNDVLYTP-ROUNDVLY 230kV Line l
229 ROGERS-THUNDRST 230kV Line l
230 ROGERSWA-PINPK 230kV Line 1
231 ROGERSWA-PINPK 230kV Line 2
232 ROGERSWA-ROGERS 230kV Line l
233 ROGERSWA-ROGERS 230kV Line 2
234 ROGERSWA-SPOOKHIL 230kV Line 1
235 RUDD-PLMVLY 230kV Line 1
236 RUDD-WHITETNK 230kV Line 1
237 RUDD-WPHXAPSS 230kV Line 1
238 SAGUARO-MILLIGAN 230kV Line l
239 SAGUARO-TATMOMLI 230kV Line 1
240 SAHUARIT-BICKNELL 230kV Line 1
241 SANTANA-CORBELL 230kV Line 1
242 SANTAN-THUNDRST 230kV Line 1
243 SCHRADER-SANTAN 230kV Line 1
244 SEV-DINOSAUR 230kV Line 1

245 SLOAN-PANTANO 230kV Line 1
246 SLRC-GILA 230kV Line 1

247 SLRC-GILA 230kV Line 2
248 SNTAROSA-DBG 230kV Line 1
249 SNTAROSA-KNOX 230kV Line 1
250 SNTAROSA-TATMOMLI 230kV Line 1
251 SNTAROSA-TESTTRAK 230kV Line 1
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252 SNVLY-HASSYAMP 230kV Line 1
253 SNVLY-TS1 230kV Line l
254 SPOOKHIL-COOLIDGE 230kV Line 1
255 SUN ARIZ-PINAL_S 230kV Line 1
256 SURPRISE-EL SOL 230kV Line 1
257 SURPRISE-WESTWNGW 230kV Line 1
258 TESTTRAK-CASAGRND 230kV Line 1
259 TOPOCK-BLK MESA 230kV Line 1
260 TOPOCK-NHAVASU 230kV Line l
261 TOPOCK-SOPOINT 230kV Line l
262 TOPOCK-SOPOINT 230kV Line 2
263 TS]-TS2 230kV Line 1

264 TS2-PLMVLY 230kV Line 1
265 TS6-PNPKAPS 230kV Line 1
266 VERDE S-COCONINO 230kV Line 1
267 VERDE S-VERDE N 230kV Line 1
268 WESTWNGW-PINPK 230kV Line l
269 WHTNKAPS-RUDD 230kV Line l
270 WILOWLKE-WILOWLKW 230kV Line l
271 WILOWLKE-YAVAPAI 230kV Line 1
272 WILOWLKW-PRESCOTT 230kV Line l
273 WPHXAPSN-WHTNKAPS 230kV Line l
274 YAVAPA1-VERDE N 230kV Line 1
275 ZORB-TOPOCK 230kV Line l
276 BLYTHE-BLYTHEAZ l6lkv Line 1
277 BLYTHE-BUCKBLVD l61kv Line l
278 BLYTHE-GOLDMNTP l61kv Line 1
279 BLYTHE-HEADGATE 161kV Line 1
280 BOUSE-BLACK PK l61kv Line 1
281 BOUSE-KOFA 161kV Line 1
282 GILA-DOME TAP l6lkv Line 1
283 GILA-KNOB 16lkv Line 1
284 GOLDMNTP-KNOB l6lkv Line l
285 KNOB-DESALTER l6lkv Line l
286 KOFA-DOME TAP l6lkv Line l
287 PARKER-BLYTHE l6lkv Line l
288 PARKER-BOUSE l6lkv Line l
289 PARKER-HEADGATE l6lkv Line l
290 WLTNMOHK-DOME TAP l6lkv Line l
291 WLTNMOHK-GILA l6lkv Line l
292 ESTRLLTA-GY5 69kV Line
293 BUNYAN-AGUACAL-HYDER 69kV Cut.
294 HYDER-AZTEC-HORN 69kV Cut.
295 SADDLEMT-HY1 69kV Line
296 GILABEND-THAYER-AIO-WHY 69kV Ckt.
297 GILABEND-PALOMA-BUNYAN 69kV Ckt.
298 GILLWEST-ARLINTAP-PVNGPUMP 69kV cut
299 WATSON-PERYVL-VALNCA-BASELIN-PVPMP 69kV Ckt.
300 PVNGPUMP-WINTERTP-ARLNGTON 69kV Cut.
301 WINTRBRG-ARLNGTON 69kV Line l
302 BUCKEYE-CLBRN~DSRTSKY-WNTRBRG-TNPAH-HARQ 69kV ck
303 GILABEND-BUTERFLD-COTN CTR-GILLESPI 69kV Ckr.
304 GILLESPIE-PATTERSN 69kV Line
305 JOJOBA-PATTERSN 69kV Line
306 JOJOBA-GY5 69kV Cut
307 BUCKEYE-WATSON W 69kV Line
308 BUCKEYE-SV4 69kV Line
309 SV4-SVI3 69kV Line
310 BUCKEYE-ROBBINBT-RAINBWTP-JOJOBA 69kV Cut.
311 GILLESP1-GILLWEST 69kV Tie
312 PERRYVIL-WS4 69kV Line

313 CHOLLA 500/345kV Xfmf. l
314 CHOLLA 500/345kV Xflmr 2

315 CORONADO 500/345kV Xfmr. l
316 CORONADO 500/345kV Xfrnr 2
317 FOURCORN 500/345kV Xfmr. 1
318 PINAL_W 500/345kV Xfmf. 1
319 WESTWING 500/345kV Xfmr. 1
320 BROWNING 500/230kV Xfmf. 1
321 BROWNING 500/230kV Xfmf. 2
322 GILARIVR 500/230kV Xfmr. 1
323 KYRENE 500/230kV Xfmr 6
324 KYRENE 500/230kV Xfmr. 7
325 KYRENE 500/230kV Xfmf 8
326 MEAD (N) 500/230kV Xfmr. 1
327 MEAD (N) 500/230kV Xfmr 2
328 N.GILA (E)500/230kV Xfmr. 1
329 N.GILA (W) 500/230kV Xfmr. 1
330 PINAL so. 500/230kV Xfmr. 1
331 PNP1<APS 500/230kV Xfmr. 1
332 PNPKAPS 500/Z30kV Xfmr. 2
333 PNPKAPS 500/230kV Xfmr. 3
334 RACEWAY 500/230kV Xfmr. l
335 RACEWAY 500/230kV XflT1l' 2
336 RUDD 500/230kV Xfmr 1
337 RUDD 500/230kV Xfmr. 2
338 RUDD 500/230kV Xfmr. 3
339 RUDD 500/230kV Xfmr. 4
340 SES 500/230kV Xfmr. 1
341 SILVERKG 500/230kV Xfmr 1
342 SNVLY 500/230kV Xfmr 1
343 WESTWING 500/230kV XfIT1l' 1
344 WESTWING 500/230kV Xfmr 2
345 WESTWING 500/230kV Xfmr 3
346 YAVAPAI 500/230kV Xfmr 1
347 YAVAPAI 500/230kV Xfmr. 2
348 TORTOLIT 500/l38kV Xfmr l
349 TORTOLIT 500/138kV Xfmf 2
350 SAGUARO 500/115kV Xfmf I
351 SAGUARO 500/1 l5kv Xfmf. 1
352 CORONADO 500/69kV Xfmr 1
353 NG1LA 500/69kV Xfmf 1
354 N.GILA 500/69kV XfII11 .̀ 2
355 SECNOL 500/69kV Xfmr. 1
356 VV1 500/69kV XfIT)l'. l
357 BICKNELL 345/230kV Xfmf 1
358 CHOLLA 345/230kV Xfmr, 1
359 COPPERVR 345/23()kV Xfmr. 1
360 FOURCORN 345/230kV Xfmr. 1
361 FOURCORN 345/230kV Xfmr. 2
362 GLENCANY 345/230kV Xfmr. 1
363 GLENCANY 345/230kV Xfmf. 2
364 GREEN-SW 345/230kV Xfmr. 1
B65 GREEN-SW 345/230kV Xfmr. 2
366 LIBERTY 345/230kV Xfmr 1
367 MEAD (N) 345/230kV Xfmr. 1
368 PEACOCK 345/230kV Xfmr. 1
369 PINPKBRB 345/230kV Xfmr. 1
370 PINPKBRB 345/230kV Xfmr 2
371 PINPKBRB 345/230kV Xfmf 3
372 PNPKAPS 345/230kV Xfmr 1
373 PNPKAPS 345/230kV Xfmr. 2
374 PNPKAPS 345/230kV Xfmr. 3
375 SHIPROCK 345/230kV Xfmr. 1
376 WINCHSTR 345/230kV Xf1'I1l' 1
377 SOUTH 345/138kV Xfmr. 1
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378 SOUTH 345/138kV Xfmf 2
379 VAIL 345/l38kV Xfmr. 1
380 VAIL2 345/l38kV Xfmf 1
381 GATEWAY 345/ll5kV Xfmr. 1

382 CHOLLA 345/69kV Xfmf l
383 FLAGSTAF 345/69kV Xfmf 2
384 MAZATZAL 345/69kV Xfmr. 2
385 PRECHCYN 345/69kV Xfl'IlT. 1
386 PRECHCYN 345/69kV Xf\'I11'. 2
387 GLEN CYN 230kV PST Xfmf 1
388 SHIPROCK 230kV PST Xfmf. 1
389 GILA230/l6lkV Xfmr. 1
390 PARKER230/l6lkV Xfmr. l
391 PARKER230/l6lkV Xfmf 2
392 APACHE 230/115kV Xfmr. 1
393 APACHE230/115kV Xfmr. 2
394 BICKNELL 230/115kV Xfmf. 1
395 BICKNELL 230/1 l5kv Xfmr. 2
396 CASAGRND 230/115kV Xflflf. l
397 COOLIDGE 230/115kV Xfmr. 1
398 COOLIDGE 230/1 l5kv Xfmr 2
399 GOLDFELD 230/115kV Xfmf. 1
400 GOLDFELD 230/ll5kV Xfl'Il¥ 2
401 HARCUVAR230/115kV Xfmf. 1
402 PANTANO 230/1 l5kv Xfmr. 1
403 PRESCOTT 230/115kV Xfmr 1
404 PRESCOTT 230/1 l5kv Xfmt 2
405 SAGUARO (E)230/115kV Xfmr. 1
406 SAGUARO (W)230/115kV Xfmf 1
407 SHIPROCK 230/115kV Xfmf 1
408 SILVERKG230/115kV Xfmf. 1
409 SILVERKG 230/115kV Xfmr 1
410 SNTAROSA 230/115kV Xfmr. 1
411 AF-NORTH 230/69kV XfIu1'. 3
412 AF-NORTH 230/69kV Xfmr. 4
413 AGUAFRIA 230/69kV Xfmr. 1
414 ALEXANDR 230/69kV Xfl'ylT. 1
415 ALEXANDR 230/69kV Xf1Tll' 2
416 ALEXANDR 230/69kV Xfmr. 1
417 ANDERSRS 230/69kV Xfmr. 1
418 ANDERSRS 230/69kV Xfmr. 2
419 ANDERSRS 230/69kV Xfmr. 3
420 ANDERSRS 230/69kV Xfmr 4
421 BLKMESA1 230/69kV Xfmr. 1
422 BLKMESA2 230/69kV Xfmr. 1
423 BLKMSA34 230/69kV Xfmr 1
424 BLKMSA34 230/69kV Xffllf. 2
425 BRANDOW 230/69kV Xfmr. 1
426 BRANDOW 230/69kV XfITll'. 2
427 BRANDOW 230/69kV Xfmr. 3
428 BROWNING 230/69kV Xfmr. 4
429 BUCKEYE 230/69kV Xfmr 1
430 BUCKEYE 230/69kV XflT1I. 2
431 CACTUS 230/69kV Xfmf 1
432 CACTUS 230/69kV Xfmr 1
433 CACTUS 230/69kV Xfmf, l
434 CASGRAPS 230/69kV Xfmr. 1
435 CHOLLA 230/69kV XfI1lT. 1
436 CHOLLA 230/69kV Xfmf. 1
437 COCONINO 230/69kV Xfmr. 1
438 COCONINO 230/69kV XfIT1x 2
439 CORBELRS 230/69kV Xfmr. 2
440 CORBELRS 230/69kV Xfmf 3

441 CORBELRS 230/69kV Xfmr. 4
442 CTRYCLBN 230/69kV Xfmr 1
443 CTRYCLBS 230/69kV Xfmr. l
444 DAVIS 230/69kV Xfmr. 1
445 DEERVALY C 230/69kV Xfmr 2
446 DEERVALY E 230/69kV Xfmr. 1
447 DEERVALY W 230/69kV Xfmr. 1
448 DINOSAUR 230/69kV Xfmf. 1
449 DOSCONDO 230/69kV XflT1y. 1
450 DOSCONDO 230/69kV Xfmr. 2

451 EAGLEYE (E)230/69kV Xfmr 1
452 EAGLEYE (W)230/69kV Xfmf. 1

453 EL SOL 230/69kV Xfrnr. 1
454 EL SOL 230/69kV Xii nr. 1
455 FOURCORN 230/69kV Xfmr. 1

456 GAVILNPK 230/69kV Xfmr 1
457 GILABEND 230/69kV Xfmr 1
458 GILABEND 230/69kV Xfmr. 2
459 GRIFFITH 230/69kV Xfmf. 1
460 HACKBERY 230/69kV Xfmf 1
461 HACKBERY 230/69kV Xfmr. 2

462 HILLTOPI 230/69kV Xfmr. 1
463 HILLTOP2 230/69kV Xfmr. 1
464 KNOX 230/69kV XfI1'1I`, 2
465 KYRENEGT 230/69kV Xfmf. 2
466 KYRENEGT 230/69kV XfIll'1l' 3
467 KYRENEGT 230/69kV Xflnt 4
468 LINCSTRT 230/69kV Xfmr. 1
469 LONE BUT 230/69kV Xfmr 1
470 LONEPEAK (E)230/69kV Xfmf 1
471 LONEPEAK (w)230/69kV Xfmr. 1
472 MEAD S (A) 230/69kV Xfmr. 1
473 MEAD S (B)230/69kV Xfmr. l

474 MEADOWBK 230/69kV Xfmr. l
475 MILLIGAN 230/69kV Xfmr 1
476 N.HAVASU 230/69kV Xfmr. 1
477 OCOTIL N 230/69kV Xfmr. 1
478 OCOTIL s 230/69kV Xfmr. l
479 OR ME RS 230/69kV Xfu1I`. l
480 OR ME RS 230/69kV Xfmr. 2
481 OR ME RS 230/69kV Xfmr. 3
482 OR ME RS 230/69kV Xfmr. 4
483 PAPAGOBT 230/69kV Xfmr. l
484 PAPAGOBT 230/69kV Xfmf. 2
485 PAPAGOBT 230/69kV Xfmr. 3
486 PAPAGOBT 230/69kV Xfmr. 4
487 PLMVLY 230/69kV Xfmr. 1
488 PINNPK E 230/69kV Xfmr. 1
489 PINNPK W 230/69kV Xfmf. 1
490 PINPKEST 230/69kV Xfmr. 1
491 PINPKEST 230/69kV Xfmr. 2

492 RACEWAY 230/69kV Xfmr. 1
493 REACH 230/69kV Xfmr. 1
494 REACH 230/69kV Xfmr. 2
495 RED TAIL 230/69kV Xfmr. 1
496 RIVIERA 230/69kV Xfmr. 1
497 RIVIERA 230/69kV Xfmr. 2
498 ROGERS 230/69kV Xfmr. 2
499 ROGERS 230/69kV Xfmr. 4
500 ROUNDVLY 230/69kV XfIT1l' 1
501 SAN RAF 230/69kV Xfl'1'l1' 1
502 SANTAN 230/69kV XflTll'. 3
503 SANTAN 230/69kV Xfmr. 4
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504 SANTAN 230/69kV Xfmr. 5
505 SCHRADER 230/69kV Xfmr. 1
506 SCHRADER 230/69kV Xfmr 3
507 SCHRADER 230/69kV Xfmr. 4
508 SEV 230/69kV XfIll'1l' 1
509 SLOAN 230/69kV Xfmr. l
510 SNTAROSA 230/69kV Xfmr 1
511 SPOOKHIL 230/69kV Xfmr 1
512 SPOOKHIL 230/69kV Xfmr. 2
513 SUNYSLOP 230/69kV Xfmr 1
514 SUNYSLOP 230/69kV XfI1'll'. 1
515 SURPRISC 230/69kV Xfmr 1

516 SURPRISN 230/69kV Xfmr. 1
517 SURPRISS 230/69kV Xfmr. 1
518 TESTTRAK 230/69kV Xfmr. 1
519 THUNDRST 230/69kV Xfmr. 1
520 THUNDRST 230/69kV Xfmr. 2
521 THUNDRST 230/69kV Xfmf 3
522 THUNDRST 230/69kV Xfmr. 4
523 TOPOCK 230/69kV Xfmf. l
524 TSI 230/69kV Xfmr. 1
525 TSP 230/69kV Xfmr. 1
526 VERDE N 230/69kV XfIT1I 1
527 VERDE s 230/69kV Xfmr. 1
528 WARD RS 230/69kV Xfmr. 1
529 WARD RS 230/69kV Xfmf. 2
530 WESTWNGE 230/69kV Xfmr. 1
531 WESTWNGE230/69kV Xfmf. 2
532 WHITETNK 230/69kV Xfmr. 1
533 WHITETNK 230/69kV Xfmr. 3
534 WHTNKAPS 230/69kV Xfmr. 1
535 WHTNKAPS 230/69kV Xf1Tl1' 1
536 W1LOWLK(E) 230/69kV Xfmr. 1

537 WILOWLK (W)230/69kV Xfmr l
538 WPHXAPSC 230/69kV Xf1Tl1`. 1
539 WPHXAPSN 230/69kV Xfmr. 1
540 WPHXAPSS 230/69kV Xfmr 1
541 YAVAPAI 230/69kV Xfmr. 1
542 BLACK PK 161/69kV Xfmr. I
543 GILA 161/69kV Xfmr. 1
544 GILA 161/69kV Xfmr. 2
545 HEADGATE 161/69kV Xfmr. 1
546 KOFA 161/69kV Xfmn 1
547 PARKER 161/69kV Xfmr. 1
548 YUCCA W 161/69kV Xfmr 1
549 YUCCA W 161/69kV Xfmr. 2
550 SANLUIS 69/345kV Xfmr. 1
551 SONORA 69/34.5kV Xfmr. 1
552 (G-1) Desert Rock PP G1
553 (G.1) Desert Rock PP GO
554 <G-1) Gila River CTR
555 (G-1) Gila River CT2
556 (G-1) Gila River STl
557 (G.1) Gila River CTR
558 (G-l) Gila River CT4
559 <G-1) Gila River ST2
560 (G-1) Gila River CTR
561 (G- 1) Gila River CT6
562 (G-1) Gila River ST3
563 (G-1) Gila River CT7
564 <G-1) Gila River CTR
565 (G-1) Gila River STD
566 (G-1) Cholla l

567 (G-1) Cholera 2
568 (G-1) Cholera 3
569 (G-1) Cholla 4
570 (G-1) Four Corners 1
571 (G-1) Four Corners 2
572 (G-1) Four Comers 3
573 (G-1) Four Corners 4 (CC)

574 (G-1) Four Comers 5 (CC)
575 (G-1) Ocotillo GTl
576 (G-1) Ocotillo GT2
577 (G-1) Ocotillo STD
578 (G-1) Ocotillo STI

579 (G-1) Palo Verde 1
580 (G-1) Palo Verde 2
581 (G-1) Palo Verde 3
582 (G-1) Saguaro 1
583 (G-1) Saguaro 2
584 (G-I) Saguaro CTR
585 (G-1) Saguaro CTI
586 (G-I) Saguaro CT3
587 (G-1> W phx CC4 (STI)

588 (G-1) W phx CCI
589 (G-I)W Phx. CC2
590 (G-I)W .Phx CC3
591 (G-1) W Phx. CC4 (CTI)
592 (G-1) Yucca CT]
593 (G-I) Yucca CTR
594 (G-1) Yucca CTR
595 (G-1) Yucca GEN
596 (G-1) W .Phx CC5 (CTI)

597 (G-1) Wphx. CC5 (CTR)
598 (G-I) W .Phx, CC5 (STI)

599 (G-1) Red Hawk CT]
600 (G-1> Red Hawk CTR
60] (G-1) Red Hawk CTR
602 (G-1) Red Hawk CTR

603 (G-1) Red Hawk STl
604 (G-1) Red Hawk STD
605 (G-1) Desert Basin Gen CT]
606 (G-1) Desert Basin Gen CT2
607 (G-1) Desert Basin Gen STI
608 (G-1) Sundance GO
609 (G-1) Sundance G2
610 (G-1) Sundance GO
611 (G-1) Sundance G4
612 (G-1) Sundance G5
613 (G-1) Sundance G6
614 (G-1) Sundance G7
615 (G-1) Sundance G8
616 (G-1) Sundance G9
617 (G-1) Sundance G10
618 (G-1) Arlington CT1

619 (G-1l Arlington CT2
620 (G-1) Arlington ST1
621 (G-1) Harquahala CT1
622 (G-1) Harqudlala ST1
623 (G-1> Harquahala CT2
624 (G-1) Harquahala ST2
625 (G-l) Harquahala CTR
626 (G-1) Harquahala STD
627 (G-1) Mesquite CTR
628 (G-1) Mesquite CT2
629 (G-1) Mesquite ST1
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630 (G-1) Mesquite CTR
631 (G-1) Mesquite CTR
632 (G-l) Mesquite STD
633 (G-1) Crosscut Hydro 1
634 (G-1) South Consolidated Hydro 1
635 (G-1) Agua Fria 1
636 (G-1) Agua Fria 2
637 (G-1) Agua Fria 3
638 (G-1) Kyrene 4
639 (G-1) Kyrene 5
640 (G-1) Kyrene 7S
641 (G-1) Kyrene 7A
642 (G-1) Suntan 1
643 (G-1) Santan 2
644 (G-1) Santan 3
645 (G-1) Santan 4

646 (G-1) Santan 5S
647 (G-1) Suntan 5A
648 <G-1) Suntan 5B
649 (G-1) Suntan PA
650 <G-1) Suntan 6S
651 (G-1) Horse Mesa 1
652 (G-1) Horse Mesa 2
653 (G-1) Horse Mesa 3
654 (G-1) Horse Mesa 4
655 (G-1) Mormon Flat l
656 (G-1) Mormon F1at 2
657 (G-1) Roosevelt Gen 1
658 (G-1) Stewart Man. 1
659 (G-1) Coronado I
660 (G-1) Coronado 2
661 (G-1) Navajo 1
662 (G-1) Navajo 2
663 (G-1) Navajo 3
664 (G-1) Springerville l
665 (G-I) Springerville 2
666 (G-1) Springerville 3
667 (G-1) Springerville 4
668 (G-1) Sundt CT I
669 (G-1) Sundt CT 2
670 (G-1) Sundt Gen 1
671 (G-1) Sundt Gen 2
672 (G-1) Sundt Gen 3
673 (G-1) Sundt Gen 4
674 (G-1) North Loop CT I
675 (G-1) North Loop CT 2
676 (G.1) North Loop CT 3
677 (G-1) North Loop CT4
678 (G-1) Demoss Petrie CTI
679 (G-1) Apache CT1
680 (G-1) Apache CTR
681 (G-l)Apache CTR

682 (G-1) Apache CT4
683 (G-1) Apache ST1
684 (G-1) Apache STD
685 (G-1) Apache STD
686 (G-1) Davis G1
687 (G-1) Davis GO
688 (G-1) Davis GO
689 <G-1) Davis G4
690 <G-1) Davis G5
691 (G-1) Parker G1
692 (G-1) Parker G2

693 (G-1) Parker GO
694 (G-1) Parker G4
695 (G-1) Hoover AS
696 (G-1) Hoover A4
697 (G-1) Hoover A5
698 (G-I) Hoover A6
699 (G-1) Hoover A7

700 (G-1) Hoover A1
70] (G-1) Hoover A2

702 (G-1) Hoover A8
703 (G-1) Hoover AS
704 (G-I) Hoover fl
705 (G-1) Hoover N2

706 (G-1) Hoover NO
707 (G-1) Hoover NO

708 (G-1) Hoover N5
709 (G-1) Hoover N6
710 (G-1) Hoover N7

711 (G-1) Hoover NG
712 (G-1) SLRC CT]
713 (G-l)SLRC CT2
714 (G-1) N Waddell
715 (G-1) Headgate Rock 1
716 (G-1) Headgate Rock 2
717 (G-1) Headgate Rock 3
718 (G-1) Griffith 1
719 (G~1) Griffith 2
720 (G-1> Griffith
721 (G-1) South Point 1
722 (G-1) South Point Z
723 (G-1) South Point 3
724 (G-1) Blythe Energy 1
725 (G-1) Blythe Energy 2
726 (G-1) Blythe Energy 3
727 (G-1) Glen Canyon 1
728 (G-1) Glen Canyon 2
729 (G-1) Glen Canyon 3
730 (G-1) Glen Canyon 4
731 (G-1) Glen Canyon 5
732 (G-1) Glen Canyon 6

733 (G-1) Glen Canyon 7
734 (G-1) Glen Canyon 8
735 (G-1) Riverside l
736 (G-1) Gila River Power Block l (470MW)
737 (G-1) Red Hawk Power Block l (470MW)
738 (G-1) Arlington-Hass 500kV Line & Arlington Plant (575MW)
739 (G-1) Harquahala Power Block l (550MW)
740 Harq.-Harq Jet. 500kV Line & Harq Plant (1100MW)
741 (G-1) Mesquite Power Block (620MW)
742 (G-1) Mesq-Hass 500kV Line & Mesquite Plant (l240MW)
743 (G-1) Mesq-Hass 500kV Line & Mesquite Block 1 (620MW)
744 GILABEND-PALOMA 69kV Line 1
745 PALOMA-BUNYAN 69kV Line 1
746 (G-1) Q03l Plant
747 Q044-GILARIVR 230kV Line l
748 (G-1) Q044 STG1
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Appendix B - Power Flow Results



Overloaded Element Contingency Description
Rating

(Amps)

Pre-
Project
Loading

(%)

Post-
Project
Loading

( %l

Delta

(% )

BTRFLDTP 69.00-COTN CTR 69.00 #1 l JOJOBA-GILARIVR 230kV Line l 658 82 120 39

BTRFLDTP 69.00-COTN CTR 69.00 #1 1 JOJOBA-TS4-LIBERTY/PALMVLY 230kV Cut 658 82 120 39

BTRFLDTP 69.00-COTN CTR 69.00 # l 1 JOJOBA-KYRENE 500kV Line 1 658 80 107 27

BTRFLDTP 69.00-COTN CTR 69.00 #1 l PALOVRDE-RUDD 500kV Line l 658 80 106 26

BTRFLDTP 69.00-COTN CTR 69.00 #1 l HASSYAMP-JOJOBA 500kV Line l 658 80 106 26

BTRFLDTP 69.00-COTNCTR 69.00#1 l BUCKEYE 230/69kV Xfmr. 1 658 80 104 24

BTRFLDTP 69.00-COTN CTR 69.00 #1 l PLMVLY 230/69kV Xfmr 1 658 80 102 22

BTRFLDTP 69.00-COTN CTR 69.00 #1 l JOJOBA-GILARIVR 500kV Line 1 658 80 100 20

BTRFLDTP 69.00-COTNCTR 69.00#1 1 JOJOBA-GILARIVR 500kV Line 2 658 80 100 20

BTRFLDTP 69.00-GILABEND 69.00 #1 l JOJOBA-GILARIVR230kV Line l 661 82 120 39

BTRFLDTP 69.00-GILABEND 69.00 # l I JOJOBA-TS4-LIBERTY/PALMVLY 230kV Cut 661 81 120 39

BTRFLDTP 69.00-GILABEND 69.00#1 1 JOJOBA-KYRENE 500kV Line 1 661 80 106 26

BTRFLDTP 69.00-GILABEND 69.00 #1 l PALOVRDE-RUDD 500kV Line 1 661 80 l05 25

BTRFLDTP 69.00-GILABEND 69.00 #1 1 HASSYAMP-JOJOBA 500kV Line l 661 80 105 25

BTRFLDTP 69.00-GILABEND 69.00#1 1 BUCKEYE 230/69kV Xfmr I 661 80 104 24

BTRFLDTP 69.00-GILABEND 69.00 #1 1 PLMVLY 230/69kV Xfmr. 1 661 80 102 22

COTN CTR 69.00-GILLESPI 69.00 #1 l JOJOBA-GILARIVR 230kV Line 1 658 72 111 39

COTN CTR 69.00-GILLESPI 69.00 #1 1 JOJOBA-TS4-LIBERTY/PALMVLY 230kV Ckt 658 72 111 39

PALOMA 69.00~Q03lSWST 69.00#I l Q03lSWST-BUNYAN 69kV Line 1. 730 16 110 94

PALOMA 69.00-Q031SWST 69.00#l 1 BUNYAN-AGUACAL-HYDER 69kV Ckt 730 2 108 106

PALOMA 69.00-Q03lSWST 69.00#1 1 HYDER-AZTEC-HORN 69kV Ckt. 730 13 108 95

Post-Project Case 1
Q031 102 MW @ Paloma
Q044 280 MW @ Panda 230 kV

No Category A Overloads

Category B Overloads

Note: the Gila Bend - Paloma 69 kV line is rated at 87.2 MVA therefore depending on the
voltages and load level at Paloma 69 kV the output of Q03 l could be limited for the loss of the
Paloma - Bunyan 69 kV line.
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Overloaded Element Contingency Description
Rating

(Amps)

Pre-
Project
Loading

(%)

Post-
Project
Loading

(%)

Delta

(%)

BTRFLDTP 69.00-COTN CTR 69.00 # l l JOJOBA-GILARIVR 230kV Line 1 658 82 100 19

B T R F L D T P 69.00-COTN CTR 69.00 #1 I JOJOBA-TS4-LIBERTY/PALMVLY 230kV Ckt. 658 82 100 19

BTRFLDTP 6900-GILABEND 69.00 #1 l JOJOBA-GILARIVR 230kV Line 1 661 82 100 19

BTRFLDTP 6900-GILABEND 69.00 #1 1 JOJOBA-TS4-LIBERTY/PALMVLY 230kV Cut. 661 81 100 19

0P A L O M A 69.00- 03lSWST 69.00 #1 l Q031SWST-BUNYAN 69kV Line 1 730 16 110 94

IPALOMA 69.00- 03lSWST 69.00 #1 1 BUNYAN-AGUACAL-HYDER 69kV Ck"t. 730 2 108 106

•PALOMA 69.00- 03lSWST 69.00 #1 1 HYDER-AZTEC-HORN 69kV Cut. 730 13 108 95

Jojoba 69 kV switching station removed and Sdl Mtn - HY1 69 kV line section opened

Post-Project Case 2
Q031 102 MW @ Paloma without Q044

No Category A Overloads

Category B Overloads

Note: the Gila Bend - Paloma 69 kV l ine is rated at 87.2 MVA therefore depending on the
voltages and load level at Paloma 69 kV the output of Q03 l could be limited for the loss of the
Paloma - Bunyan 69 kV l ine .
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Overloaded Element Contingency Description
Rating

(Amps)

Pre-
Project
Loading

(%)

Post-
Project
Loading

(%)

Delta

(%)

BTRFLDTP 6900-COTN CTR 69.00 #1 1 JOJOBA-GILARIVR 230kV Line l 658 82 102 20

BTRFLDTP 69.00-COTN CTR 69.00 #1 l JOJOBA-TS4-LIBERTY/PALMVLY 230kV cut. 658 82 101 20

BTRFLDTP 69.00-GILABEND 69.00 #1 1 JOJOBA-GILARIVR 230kV Line 1 661 82 x01 20

BTRFLDTP 69.00-GILABEND 69.00 #1 l JOJOBA-TS4-LIBERTY/PALMVLY 230kV Cal. 661 St 101 20

Jojoba 69 kV switching station removed and Sdl Mtn - HY1 69 kV line section opened

Post-Project Case 3
Q044 280 MW @ Panda 230 kV without Q031

No Category A Overloads

Category B Overloads



Appendix C - Power Flow Plots



Plot Description

Plot #1 2011 eave Summer Pre-Proiect: Normal Conditions MW/MVAr

Plot #2 2011 Heavv Summer Pre-Proiect: Normal Conditions MVA/% Rate

Plot #3 2011 Heavv Summer Post-Proiect Case Ii Norma] Conditions MW/MVAr)

Plot #4 2011 ea S miner Post-Proiect Case 1: Normal Conditions MVA/% Rate

Plot #5 2011 Heavv Summer Post-Proiect Case 2: Normal Conditions MW/MVAr)

Plot #6 2011 Her Summer Post-Proiect Case 2: Normal Conditions MVA/% Rate)

Plot #7 2011 Her Summer Post-Proiect Case 3: Normal Conditions MW/MVAr

Plot #8 2011 Heavv Summer Post-Proiect Case 3: Normal Conditions MVA/% Rate)

Plot #9 2011 Her Summer Pre-Proiect; Gila River - Jojoba 230 kV line outage MW/MVAr)

Plot#10 2011 Heavv Summer Pre-Proiect: Gila River _ Jojoba 230 kV line outage (MVA/% Rate)

Plot#ll 2011 Hea Summer Post-Proiect Case 1; Gila River - Jojoba 230 kV line outage (MW/MVAr)

Plot# l2 2011 Heavv Summer Post-Proiect Case ii Gila River _ Jojoba 230 kV line outage (MVA/% Rate)

Plot#l3 201 1 Heavv Summer Post-Proiect Case 2: Gila River _ Jojoba 230 kV line outage (MW/MVAr)

Plot# l4 201 l Heavv Summer Post-Proiect Case 2i Gila River - Jojoba 230 kV line outage (MVA/% Rate)

Plot#l5 201 1 Heavv Summer Post-Proiect Case 3; Gila River _ Jojoba 230 kV line outage (MW/MVAr)

Pl0t#l6 201 l Heavv Summer Post-Proiect Case 3; Gila River - Jojoba 230 kV line outage (MVA/% Rate)
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Appendix D - Short Circuit Analysis



Pre-Project Post-Project

Station 3 pp.  (kA) X/R Ph-G (kA) X/R 3 pp.  (kA) X/R Ph-G (M) X/R Min. Brkr. Rating(kA)

Gila Bend 230kV 9.34 22.2 891 41.1 12.6 21.8 11.9 43.1 N/A

Gila Bend 69kV 12.4 25.1 15.4 33.6 136 25.7 16.8 35.6 26

Buckeye 230kV 15.9 10.7 12.2 20.6 16 106 12.3 20.5 N/A

Buckeye 69kV 207 17.8 219 25.4 208 17.7 2193 25.3 31.5

Panda 230kV 13.07 66.7 13.2 64 159 58 15.4 57 40

Liberty 345kV 12 24.1 9.9 42.8 12.04 24 99 42.7 40

Liberty 230kV 35.1 12.7 295 22 355 125 297 21.8 40

Rudd 230kv 52.96 21.3 45.12 16.02 53.1 213 45.2 16 63

Palm Valley 230kV 24.1 13.4 17.3 8.63 24.2 133 17.31 8.61 63

1-11 Iin II l l l

Pre-fault voltage 1.05 pu
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Appendix E - Transient Stability Switching Sequences



Switching Sequence 1
near Gila Bend

Three-phase, four cycle fault on Gila Bend - Gila River 230 kV line, 4 Formatted: Bullets and Numbering .»

3-phase 4 cycle f aunt at Gila Bend 230 kV
followed by loss of Gila Bend - Gila River 230 kV line

C C  c a r d s  f o r  p o s t - t r a n s i e n t ;  o n l y

D R P  0

Apply bus f aunt at Gila River 230 kV

60.0 ll GILABEND ll 230 .

F l a s h  S W P L  c a p a c i t o r s

Clear bus f aunt at Gila River 230 kV

64 . 0 l l  GILABEND l l  230 .

Trip Gila Bend - Gila River 230 kV line

*
*
*
*
*
*

CC
*
*
*

FB
*
*
*
*
*

CFB
*
*
*
DL
*

64 . 0 'GILABEND" 230. 'GILARIVR" 230 . I 1

4 I
Formatted: Bullets and Numbering
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Switching Sequence 2 - Three phase, four cycle fault on Gila River - Jojoba #1 500 kV line, near

Gila River

* Category BE - 3 phase f aunt at Gila River 500 kV followed by
* Gila River - Jojoba #1 500 kV single line outage

* CC cards for post-transient only
* DRP MW (positive number indicates generation dropping)
CC DRP 0

* Fault bus at Gila River 500 kV
*FB time bus_name kV r
FB 60.0 "GILARIVR" 500.

X

~1

~1

~1

V Lines at time of f aunt
kt sec
1 ~~ 2
"1 " 4
'1 2
'1 4
'1 2
~1 " 2
'l 1
'1 1
'1 2
'1 1
1 " 3
'1 1
'1 3

each Palo Verde Unit
id reduction

'1 0.0
' l 0.0
'1 0.0

* Apply f aunt damping to each Palo Verde Unit
*GFD time bus_name kV id reduction
GFD 60.0 "PALOVRD1" 24. H 0.072485
GFD 60.0 "PALOVRD2" 24. 0.072485
GFD 60.0 "PALOVRD3" 24. 0.072485
*

* Flash series capacitors in following 500 k
*FC time bus1_name kV bus2_name kV c
*FC 60.0 "PALOVRDE" 500. "DEVERS 500.
*FC 60.0 "PALOVRDE" 500. "DEVERS 500.
*FC 60.0 "HARQJNCT" 500. "DEVERS 500.
*FC 60.0 "HARQJNCT" 500. "DEVERS 500.
*FC 60.0 "HASSYAMP" 500. 'N.GILA 500.
*FC 60.0 "N.GILA 500. 'IMPRLVLY" 500.
*FC 60.0 "IMPRLVLY" 500. "MIGUEL 500.
*FC 60.0 "MOENKOPI" 500. "YAVAPAI 500.
*FC 60.0 "YAVAPAI 500. "WESTWING" 500.
*FC 60.0 "NAVAJO 500. "WESTWING" 500.
*FC 60.0 "NAVAJO 500. "WESTWING" 500.
*FC 60.0 "MEAD 500. "PERKINS H 500.
*FC 60.0 "MEAD 500. 'PERKINS 500.
*

* Clear f aunt at Gila River 500 kV bus after 4 cycles
*CFB time bus_name kV
CFB 64.0 "GILARIVR" 500.
*

* Trip Gila River - Jojoba #1 500 kV line after 4 cycles
*DL time bus1_name kV bus2_name kV cut
DL 64.0 "GILARIVR" 500. "JOJOBA 500. "1
*

* Remove fault damping to
*GFD time bus_name kV
GFD 64.0 "PALOVRD1" 24.
GFD 64.0 "PALOVRD2" 24.
GFD 64.0 "PALOVRD3" 24.
*

* Rei
*RC
*RC
*RC
*RC
*RC

insert series capacitor
time bus1_name kV
64 . 0 ll PALOVRDE" 500 .
64 . 0 ll PALOVRDE" 500 .
64 . 0 "HARQJNCT" 500 .
64.0 "HARQJNCT" 500.

s in following 500 kV Lines
bus2_name kV cut: sec
"DEVERS 500 . '1 ll 2
'DEVERS 500 . 'l ll 4
"DEVERS 500 . |\ 1 ll 2
"DEVERS 500 . '1 ll 4
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*RC
*RC
*RC
*RC
*RC
*

64.0 "HASSYAMP" 500.
64.0 "N.GILA 500.
64 . 0 ll IMPRLVLY" 500 .
64.0 "MEAD 500.
64.0 "MEAD 500.

ll N . GILA 500 .
I IMPRLVLY ll 50 0 .
ll MIGUEL 500 .
ll PERKINS 500 .
ll PERKINS ll 500 .

I

I

ll

1
1
1
1
1

2
2
1
1
3

*RC
*RC
*RC
*RC

68 . 0 "IVIOENKOPI ll 500 .
68 . 0 "YAVAPAI ll 500 .
68.0 "NAVAJO 500.
68.0 "NAVAJO 500.

'YAVAPAI ll 500 .
"WESTWING ll 500 .
"WESTWING" 500 .
ll WESTWING ll 500 .

I

ll

I

ll

1
1
1
1

1
2
1
3

4 Formatted:Bullets and Numbering 1
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Switching Sequence 3 - Three phase, four cycle fault on Hassyampa - Jojoba 500 kV line, near

Jojoba

- 3 phase f aunt at Jojoba 500 kV followed by
Jojoba 500 kV single line outage

x

ala Verde Unit
reduction
0 . 072485
0 . 072485
0 . 072485

* Category BE
* Hassyampa -
*

* CC cards for post-transient only
* DRP MW (positive number indicates generation dropping)
CC DRP 0
*

* Fault bus at Jojoba 500 kV
*FB time bus_name kV
FB 60.0 "JOJOBA 500.
*

* Apply f aunt damping to each P
*GFD time bus_name kV id
GFD 60.0 "PALOVRDl" 24. '1
GFD 60.0 "PALOVRD2" 24. '1
GOD 60.0 "PALOVRD3" 24. '1
*

* Flash series capacitors in following 500 kV Lines at time of fault
*FC time bus1_name kV bus2_name kV cut sec
*FC 60.0 "PALOVRDE" 500. "DEVERS 500. "1 H 2
*FC 60.0 "PALOVRDE" 500. "DEVERS 500. "1 4
*FC 60.0 "HASSYAMP" 500. 'N.GILA 500. "1 2
*FC 60.0 "N.GILA 500. 'IMPRLVLY" 500. '1 2
*FC 60.0 "IMPRLVLY" 500. 'MIGUEL 500. "1 1
*FC 60.0 "MOENKOPI" 500. 'YAVAPAI 500. "1 1
*FC 60.0 "YAVAPAI 500. "WESTWING" 500. '1 2
*FC 60.0 "NAVAJO 500. "WESTWING" 500. "1 1
*FC 60.0 "NAVAJO 500. "WESTWING" 500. '1 H 3
*FC 60.0 "MEAD 500. 'PERKINS 500. '1 1
*FC 60.0 "MEAD 500. "PERKINS 500. "1 3
*

* Clear f aunt at Jo jobs 500 kV bus after 4 cycles
*CFB time bus_name kV
CFB 64.0 "JOJOBA 500.
*

* Trip Hassyampa - Jojoba 500 kV line after 4 cycles
*DL time bus1_name kV bus2_name kV cut
DL 64.0 "HASSYAMP" 500. "JOJOBA 500. '1
*

* Remove f aunt damping co
*GFD time bus_name kV
GFD 64.0 "PALOVRD1" 24.
GFD 64.0 "PALOVRD2" 24.
GFD 64.0 "PALOVRD3" 24.
*

* Rei

each Palo Verde Unit
id reduction
'l 0.0
'1 0.0
'1 0.0

*RC
*RC
*RC
*RC
*RC
*RC

insert series capacitor
time bus1_name kV
64 . 0 ll PALOVRDE ll 500 .
64 . 0 ll PALOVRDE 11 500 .
64.0 "HASSYAMP" 500.
64.0 "N.GILA 500.
64 . 0 ll IMPRLVLY" 500 .

s in following 50
bus2_name kV
"DEVERS 500 .
"DEVERS 500 .
'N. GILA |\ 500 .
'IMPRLVLY" 500 .
'MIGUEL 500 .

0 kV Lines
cut; sec
'1 2
'l 4
'1 " 2
'1 " 2
'1 " 1
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64.0 "MEAD
64.0 "MEAD ti

500 .
500 .

ll PERKINS
ll PERKINS

11

ll

500 .
500 .

I

re

1
1

1
3

*RC
*RC

*RC
*RC
*RC
*RC

68 . 0 "MOENKOPI
68 . 0 rt YAVAPAI
68 . 0 ll NAVAJO
68 . 0 ll NAVAJO

ll

ti

500 .
500 .
500 .
500 .

'YAVAPAI 500 .
ll WESTWING II 500 .
ll WESTWING ll 500 .
"WESTWING ll 500 .

~1
~1
" 1
~1

1
2
1
3

4 EFormatted: Bullets and Numbering"w
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Switching Sequence 4 - Three phase, four cycle fault on Jojoba - Kyrene 500 kV line, near

Jojoba

Category BE - 3 phase f aunt; at; Jo jobs 500 kV followed by
Jojoba - Kyrene 500 kV single line outage

X

* CC cards for post-transient only
* DRP MW (positive number indicates generation dropping)
CC DRP 0

* Fault bus at Jojoba 500 kV
*FB time bus_name kV
FB 60.0 "JOJOBA 500.

* Apply fault damping to each P
*GFD time bus_name kV id
GFD 60 . 0 ll PALOVRD1 ll 24 . ll 1
GFD 60 . 0 ll PALOVRD2 II 24 . ll 1
GFD 60 . 0 ll PALOVRD3 ll 24 . '1

* Fla

ala Verde Unit
reduction
0 . 072485
0 . 072485
0 . 072485

*FC
*FC
*FC
*FC
*FC
*FC
*FC
*FC
*FC
*FC
*FC
*FC

sh series capacitors in following 500 kV Lines a& time of f aunt
time bus1_r1ame kV bus2_name kV cut

"PALOVRDE" 500. 'DEVERS 500. "1
"PALOVRDE" 500. "DEVERS 500. '1 H
"HASSYAMP" 500. "N.GILA 500. '1 H
"N.GILA N 500. 'IMPRLVLY" 500. '1 H
"IMPRLVLY" 500. "MIGUEL 500. "l
"MOENKOPI" 500. "YAVAPAI 500. "1
"YAVAPAI 500. 'WESTWING" 500. '1 U
"NAVAJO 500. "WESTWING" 500. '1
"NAVAJO 500. "WESTWING" 500. '1 N
"MEAD 500. "PERKINS u 500. "1
"MEAD 500. "PERKINS H 500. "1 H

60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0

sec
" 2
4
2
2
1
1
2
1
3
1
3

Clear f aunt at Jojoba 500 kV bus after 4 cycles
*CFB time bus_name kV
CFB 64.0 'JOJOBA 500.

* Trip Jojoba - Kyrene 500 kV line after 4 cycles
*DL time bus1_name kV bus2_r1ame kV cut
DL 64.0 "JOJOBA 500. 'KYRENE 500. '1

* Rem
*GOD
GFD
GOD
GFD

* Rel

ave f aunt damping to each Palo Verde Unit;
time bus_name kV id reduction
64.0 "PALOVRD1" 24. '1 0.0
64.0 "PALOVRD2" 24. '1 0.0
64.0 "PALOVRD3" 24. '1 0.0

*RC
*RC
*RC
*RC
*RC
*RC
*RC

insert series capacitor
time bus1_name kV
64 . 0 "PALOVRDE" 500 .
64 . 0 ll PALOVRDE" 500 .
64.0 "HASSYAMP" 500.
64.0 "N.GILA |\ 500.
64 . 0 ll IMPRLVLY" 500 .
64.0 "MEAD N 500.

s in following 50
bus2_name kV
"DEVERS 500.
"DEVERS 500.
"N.GILA 500.
ll IMPRLVLY ll 500 .
ll MIGUEL 500 .
H PERKINS ll 500 .

0 kV Lines
cut
'1

sec
2
4
2
2
1
1
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64.0 "MEAD 500. "PERKINS ll 500. I 1 3

ll ll

*RC
*

*RC

*Re

*RC

*RC
*

68 . 0 "MOENKOPI

68 . 0 "YAVAPAI
68 . 0 ll NAVAJO

68 . 0 ll NAVAJO

500 .
500 .
500 .
500 .

'YAVAPAI 500 .

"WESTWING" 500 .

ll WESTWING ll 500 .

"WESTWING" 500 .

ll

ll

1

1

1

1

1

2

1

3

4 I Formatted: Bullets and Numbering
\
I
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Switching Sequence 5 - Three-phase, four cycle fault on Gila River - Jojoba #1 and #2 500 kV
lines, near Gila River, includes tripping the Gila River 500/230 kV transformer bank and Gila
River Power Plant 12 cycles after fault clearing

x

Category CO - 3 phase f aunt at Gila River 500 kV followed by
* Gila River - Jojoba #1 and #2 500 kV double line outage
* with SPS to trip all combined cycle units at Gila River

* CC cards for post-transient only
* DRP MW (positive number indicates generation dropping)
CC DRP 2094

* Fault bus at Gila River 500 kV
*FB time bus_name kV r
F B 60.0 "GILARIVR" 500.

* Apply f aunt damping to each
*GFD time bus_name kV id
GFD 60.0 "PALOVRD1" 24. '1
GFD 60.0 "PALOVRD2" 24. '1
GFD 60.0 "pALovRD3" 24. '1

* Fla

Palo Verde Unit
reduction
0 .072485
0 .072485
0 .072485

*FC
*FC
*FC
*FC
*FC
*FC
*FC
*FC
*FC
*FC
*FC
*FC

sh series capacitors in
time bus1_name kV
60.0 "PALOVRDE" 500.
60.0 "PALOVRDE" 500.
60.0 "HASSYAMP" 500.
60.0 "N.GILA 500.
60 . 0 ll IMPRLVLY ll 5 00 .
60.0 "MOENKOPI" 500.
60 . 0 "YAVAPAI 500 .
60.0 "NAVAJO 500.
60.0 "NAVAJO 500.
60.0 "MEAD 500.
60.0 "MEAD 500.

following 500 k
bus2_name kV c
"DEVERS 500 .
'DEVERS 500.
'N. GILA 500 .
'IMPRLVLY" 500.
"MIGUEL H 500.
'YAVAPAI 500.
"WESTWING" 500.
"WESTWING" 500.
"WESTWING" 500.
'PERKINS H 500.
'PERKINS H 500.

v Lines at time of f aunt
kt sec
'1 " 2
'1 4
'1 " 2
'1 2
'1 1
'1 1
'1 " 2
'1 1
'1 3
'1 1
'1 3

each Palo Verde Unit
id reduction
'1 0.0
'1 0.0
'l 0.0

*

* Clear f aunt at Gila River 500 kV bus after 4 cycles
*CFB time bus_name kV
CFB 64.0 "GILARIVR" 500.
*

* Trip Gila River - Jojoba #1 and #2 500 kV lines after 4 cycles
*DL time bus1_name kV bus2_name kV cut
DL 64.0 "GILARIVR" 500. 'JOJOBA 500. '1
DL 64.0 "GILARIVR" 500. "JOJOBA 500. "2
*

* Remove f aunt damping to
*GFD time bus_name kV
GFD 64.0 "PALOVRD1" 24.
GFD 64.0 "PALOVRD2" 24.
GFD 64.0 "PALOVRD3" 24.
*

* Reinsert series capacitors in following 50
*RC time bus1_name kV bus2_name kV
*RC 64.0 "PALOVRDE" 500. 'DEVERS 500.
*RC 64.0 "PALOVRDE" 500. "DEVERS 500.
*RC 64.0 "HASSYAMP" 500. 'N.GILA 500.

0 kV Lines
cut; sec
'1 2
"1 4
"1 2
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*RC
*RC
*RC
*RC

* Reinsert series capacitors in following 500 kV Lines
*RC time bus1_name kV bus2__name kV cut: sec
*RC 68.0 "MOENKOPI" 500. 'YAVAPAI 500. '1 1
*RC 68.0 "YAVAPAI 500. "WESTWING" 500. "1 ll 2
*RC 68.0 "NAVAJO 500. "WESTWING" 500. '1 1
*RC 68.0 "NAVAJO 500, "WESTWING" 500. '1 3

64.0 "N.GILA ll 500.
64 . 0 ll IMPRLVLY" 500 .
64.0 "MEAD 500.
64.0 "MEAD 500.

ll IMPRLVLY ll 500 .
ll MIGUEL 500 .
'PERKINS 500 .
'PERKINS ll 500 .

~1
"1
"1
"1

2
1
1
3

* SPS FAILURE, Trip the Gila River 500-230 kV Transformer
after f aunt clearing.
*

12 cycle delay

76.0 "GILARIVR" 500. "GILARIVR" 230. '1DL

* Trip Gila River generation and auxiliary load (assumed SPS at 12 cycles
after f aunt clearing)
* tripping 4 of 4 combined cycle units
*TG time bus_name kV id
TG 76.0 "GIL-CT1 18. "l
TG 76.0 "GIL-CT2 18. '1
TG 76.0 "GIL-ST1 18. '1
TG 76.0 'GIL-CT3 N 18. '1
TG 76.0 'GIL-CT4 18. '1
TG 76.0 'GIL-ST2 18. '1
TG 76.0 'GIL-CT5 H 18. '1
TG 76.0 'GIL-CT6 18. '1 N
TG 76.0 "GIL-ST3 18. '1
TG 76.0 "GIL-CT7 18. "1
TG 76.0 'GIL-CTS 18. '1
TG 76.0 'GIL-ST4 18. '1

(-2092 MW)

* M B L

M B L

M B L

M B L

M B L

M B L

M B L

M B L

M B L

time
7 6 . 0

76.0
76.0
76.0
76.0
76.0
7 6 . 0

7 6 . 0

bus_naIne
'GIL-CT1
"GIL-CT2
'GIL-CT3
"GIL-CT4
'GIL-CT5
'GIL-CT6
'GIL-CT7
ll GIL-CT8

kV
18 .
18 .
18 .
18.
18 .
18 .
18 .
18.

load_id
. AP .,
. AP .~
. AP ..
. AP .,
. AP n
I AP n
. AP ..
.AP u

code MW MVAR

4 g
iFormatted:Bullets and Numbering 1

I
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Switching Sequence 7 - Three-phase, four cycle fault on Gila River - Jojoba 230 kV lines, near
Gila River

3-phase 4 cycle f aunt: at Gila River 230 kV
followed by loss of Gila River - Jojoba 230 kV line

CC cards for post-transient only

DRP 0

Apply bus f aunt at Gila River 230 kV

60.0 'GILAR1VR" 230 .

Clear bus f aunt: at: Gila River 230 kV

64 . 0 "GILARIVR" 230.

Trip Gila River - Jo jobs 230 kV line

*
*
*
*
*
*
CC
*
*
*
FB
*
*
*
*
CFB
*
*
*
DL
*

64 . 0 "GILARIVR" 230. "JOJOBA 230. '1

4 Formatted:Bullets and Numbering
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Switching Sequence 8 - Three-phase, four cycle fault on Gila River 500/230 kV transformer

bank

3-phase 4 cycle f aunt at: Gila River 230 kV
followed by loss of Gila River 500/230 kV Transformer

CC cards for post-transient only

DRP 0

Apply bus f aunt at Gila River 230 kV

60 . 0 "GILARIVR" 23 0 .

Clear bus fault at Gila River 230 kV

64. 0 II GILARIVR ll 230 .

Trip Gila River 500/230 kV Transformer

*
*
*
*
*
*
CC
*
*
*
FB
*
*
*
*
CFB
*
*
*
DL
*

64 . 0 "GILARIVR" 230. "GILARIVR" 500. '1

4 I
E Formatted :Bullets and Numbering 11
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Switching Sequence 9 - Three-phase, four cycle fault on Gila Bend 230/69 kV transformer bank

1

3-phase 4 cycle fault at Gila Bend 69 kV
followed by loss of Gila Bend 230/69 kV Transformer 1

CC cards for post-transient only

DRP 0

App ly  bus  f  aunt  at  G i l a  Bend  69  kV

60. 0 "GILABEND" 69 .

Clear bus f aunt at Gila Bend 69 kV

64 . 0 ll GILABEND ll 69 .

Tr ip  G i la  Bend  230/69  kV Trans f o rmer  1

*
*
*
*
*
*
CC
*
*
*
FB
*
*
*
*
CFB
*
*
*
DL
*

64 . 0 "GILABEND" 230. "GILABEND" 69. '1

4 .5Formatted:Bullets and Numbering
J
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Switching Sequence 13 - Three-phase, seven cycle fault on Paloma-Bunyan 69 kV line, near
Paloma

3-phase 7 cycle f aunt at: Paloma 69 kV
followed by loss of Paloma-Bunyan 69 kV line

CC cards for post-transient only

DRP 0

Apply bus f aunt: at Paloma 69 kV

60 . 0 I PALOMA 69 .

Clear bus f aunt: at Paloma 69 kV

67. 0 PALOMA 69 .

Trip Paloma-Bunyan 69 kV line and Paloma 69/12 kV xmas

*
*
*
*
*
*
CC
*
*
*
FB
*
*
*
*

CFB
*
*
*
DL
*

67 . 0 I PALOMA 69. 'BUNYAN 69. '1 ll
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Appendix E - Transient Stability Modeling



Model Name: eugen

Description User-written dynamic model for a generator

Prerequisites: Generator present in load flow working case

Inputs: Network boundary variables, Field Voltage, Turbine Power.

Invocation:
eugen [<n>]{<name> <kv>} <id> ! ! ! ! ! [<nm>] {<namem> <kvm>} : #level
<epcl name> <table> <p0 name> <p0 value> <p1 name> <pl value>..

Parameters :
EPCL Variable Description Data

MVA MVA base 102

rsrc Source resistance, Pu on plant base 0.0

xsrc Source reactance, Pu on plant base 0.0

Kph 0P/ regulator gain, Pu 0.1

TAUpe •P/ regulator time constant, sec 0.0167

OVlL overvoltage trip point #1 , pu 1.3

OVlT overvoltage delay #1, sec 0.1

ovaL overvoltage trip point #2, pu
OV2T overvoltage delay #2, sec 3.0

UVlL undervoltage trip point #1, Pu 0.1

UVlT undervoltage delay #1, sec 0.1

UV2L undervoltage trip point #2, pu 0.9

UV2T undervoltage delay #2, sec 1.0

OFL overfrequency trip point, Pu 63.0

OFT overfrequency delay, sec 1.0

UFL underfrequency trip point, pu 57

UFT underfrequency delay, sec 1.0

Vreg voltage regulator flag 0

Kvreg voltage regulator gain, pu 0.1

TAUvreg voltage time constant, sec 1.0

r e b u s bus to be controlled by voltage regulator 0

rmptim inverter ramp time from startup, sec 5.0

Q031 Generator Model

Interconnection Customer provided data in bold, all other data is default/typical data. Model

requires in-run encl provided by Interconnection Customer.

eugen
"rsrc"
"OV1T"
"UV2L"
"UFT"
5 . 00 0 0

90020 "Q031 U 0.21 "1 H : #5 mva=102.0000 "epcl.p" 4.0000
0.0000 "xsrc" 0.0000 "Kph" 0.1000 "TAUpq" 0.0167 "OV1L" 1.3000
0.1000 "OV2L" 1.1000 "OVERT" 3.0000 "UVlL" 0.1000 "UV1T" 0.1000
0.9000 "UV2T" 1.0000 "OFL" 63.0000 "OFT" 1.0000 "UPL" 57.0000

1.0000 "Vreg" 0 "Kvreg" 0.1000 "TAUvreg" 1.0000 "rebus" 0 "rmptim"
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Model Name: genre

Description Solid rotor generator represented by equal mutual inductance rotor modeling

Prerequisites : Generator Dresent in load flow working case

Inputs: Network boundary variables, Field Voltage, Turbine Power

Invocation: Qenrou <n> <name> <kv> <id>
Parametersl
EPCL Variable Description Data

MVA MVA base 167

Tpdo D-axis transient rotor time constant 9.191

Tppdo D-axis sub-transient rotor time constant 0.043

Tpqo • -axis transient rotor time constant 2.5

Tppqo • -axis sub-transient rotor time constant 0.15

H Inertia constant, sec 3.33228

D Damping factor, pu 0.0

Ld D-axis synchronous reactance 2.36

Lo • -axis synchronous reactance 2.24

Lpd D-axis transient reactance 0.267

Liq O-axis transient reactance 0.473

Lppd D-axis subtransient reactance 0.183

Ll Stator leakage reactance, pu 0.143

so Saturation factor at l pu flux 0.115

S12 Saturation factor at 1.2 pu flux 0.571

Ra Stator resistance, Pu 0.0

Rcomp Compounding resistance for voltage control, pu 0.0

Xcomp Compounding reactance for voltage control, Pu 0.0

O044  Ge ne r a t or  M ode l

In t e rconnect i on  Cus tomer  provided  da t a  i n bol d , al l  other  data  i s  defaul t / typical  data .

g e n r e 86011 "Q044STG1"
0.150 3.33228 0.000 2.36
0.0000 0.0000

13.80 "1
2 .24  0 .2670

I! :  #9 m va=167.0000 9 . 1 9 1 0  0 . 0 4 3 0 0  2 . 5 0 0
0 . 4 7 3 0  0 . 1 8 3  0 . 1 4 3  0 . 1 1 5  0 . 5 7 1 0  0 . 0 0 0
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Model Name:

z

exst4b

Description IEEE type ST4b excitation system

Prerequisites: Generator model ahead of this model in dynamic models table

Inputs : Compounded generator terminal voltage, generator field current, generator speed

Invocation: exst4b [<n> <name> <kv> <id>
Parameters :
EPCL Variable Description Data

Tr Filter time constant, sec 0.02

Kpr Proportional Gain, Pu 3.15

Kir Integral Gain, pu 3.15

Ta Time constant, sec 0.02

Vrmax Maximum control element output, Pu 1.0

Vrmin Minimum control element output, Pu -0.87

Kpm Prop. Gain of field voltage regulator, pu 1.0

Kim Integral Gain of field voltage regulator, pu 0.0

Vmmax Maximum field voltage regulator output, Pu 1.0

Vermin Minimum field voltage regulator output, Pu -0.87

Kg Excitation limiter gain, pu 0.0

Kp Potential source gain, Pu 6.5

Ange Phase angle of potential source, degree 0.0

Ki Current source gain, Pu 0.0

Kc Exciter regulation factor, pu 0.08

XI P-bar leakage reactance, pu 0,143

Vbmax Maximum excitation voltage 8.0

Vsig Vmmax

V
Vrmax

V
Efd

>)n >®Vcomp >

JVmmln

Vm

+

+

Vbmax

V
l

Vrmm

SO

VbVref

. Ladlfd
Ve>

1
4

4>

Vt

n VVj up
Kp : Kpe an

KG

1

1+sTa
Kim

Kpm +
s

KrKpr +  J .
s

1

1+sTr

Kc ltd /VeEv: + j(Ki + ROXI) n Fex

O044Excitation System Model

Interconnection Customer provided data inbold,all other data is default/typical data.

exst:4b 86011 "Q044STG1" 13.80 "1 ll : #9 .02 3.15 3.15 0.02 1.0 -0.87
1.000000 0.0 1.0 -0.870 0.0 6.500 0.0 0.0 0.080000 0.143 8.000

EXST4B Block Diagram
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Model Name: psst

Description Dual input Power system stabilizer (IEEE type PSSZA)

Prerequisites: Generator model ahead of this model in dynamic models table

Inputs:

Generator shaft speed, frequency of generator terminal, system bus voltage, generator
electric power or accelerating power, voltage amplitude of generator terminal bus or system

bus. current amplitude specified branch

Invocation: <name> <kv> <id>psst <n>

Parameters :

EPCL Variable Description Data

l l Input signal #1 code shaft speed 1.0

K1 Input signal #1 remote bus number 0.0

J2 Input signal #2 code generator electrical power) 3.0

KG Input signal #2 remote bus number 0.0

Two First washout on signal #1, sec. 2.0

Two Second washout on signal #1, sec. 2.0

Two First washout on signal #2, sec. 2.0

Tw4 Second washout on signal #2, sec. 0.0

T6 Time constant on signal #1, sec. 0.0

T7 Time constant on signal #2, sec. 2.0

Ks2 Gain on signal #2 0.2

Ks3 Gain on signal #2 1.0

Ks4 Gain on signal #2 1.0

TG Lead of ramp tracking Filter 0.5

T9 Lag of ramp tracking filter 0.1

n Order of ramp tracking filter 1.0

m Order of ramp tracking filter 5.0

Ksl Stabilizer gain 10.0

Tl Lead/lag time constant, sec. 0.25

TO Lead/lag time constant, sec. 0.04

TO Lead/lag time constant, sec. 0.2

TO Lead/lag time constant, sec. 0.03

Vstmax Stabilizer output max limit, p.u. 0.1

Vstmin Stabilizer output min limit, p.u. -0.1

a Lead/lag num. Gain. not in IEEE model) 1.0

Ta Lead/lag time constant, sec. not in IEEE model) 0.0

Tb Lead/lag time constant, sec. not in IEEE model) 0.0

Q044  Power  Sys t em S t ab i l i ze r  M ode l

Interconnection Customer provided data in bold, all other data is default/typical data.

p s s t 86011 "Q044STG1" 13.80
3.0000 "kg" 0 . 0  " t w o " 2.0000 ll
0 . 0 " t 7 " 2 .0000 " k s " 0.2000
" t o " 0.100000 llnll 1.000000 l lmll
0.0400000 " t o " 0.2000000 " t o "
"all 1 . 0  " T a " 0 . 0  " t b "  0 . 0

"1 " : #9 "al
two" 2.0000 H
"ks" 1.000000
5.0000

0.030000

1.000000 "kl" 0.0 " j2"
two' 2.0000 "two" 0.0 "to"

"ks" 1.000000 "to" 0.500000
"ks" 10.00000 "t i"  0 .250000 "to"
"v s tmax "  0 .10000 "v s tm in " -0 .10000

II
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PSS2A Block Diagram
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Model Name: gov l

Description General governor model

Prerequisites : Generator model ahead of this model in the dynamic models table

Inputs: Shaft speed

Invocation: ggovl <n> <name> <kv> <id> : madcap-<value>
Parameters :
EPCL Variable Description Data

MWCap Maximum turbine output MW
r Permanent droop, p.u. 0.05

reelect Feedback signal for droop 1.0

Tpelec Electrical power transducer time constant, sec. 1.0

maxelT Maximum value for speed error signal 0.05

miners Minimum value for speed error signal -0.05

Kpgov Governor proportional gain 10.0

Kirov Governor integral gain 2.0

Kdgov Governor derivative gain 0.0

Tdgov Governor derivative controller time constant 1.0

v ax Maximum valve position limit 1.0

vain Minimum valve position limit 0.0

Tact Actuator time constant 0.5

Kturb Turbine gain 1.5

wfnl No load fuel How, p.u 0.2

Tb Turbine lag time constant 0.12

Tc Turbine lead time constant 0.8

Flag Switch for fuel source characteristic 1.0

Tend Transport lag time constant for diesel engine 0.0

Tfload Load Limiter time constant 3.0

Kpload Load limiter proportional gain for PI controller 2.0

Kiload Load limiter integral gain for PI controller 0.67

Ldref Load limiter reference value p.u. 1.0

Dm Speed sensitivity coefficient, p.u. 0.0

roper Maximum valve opening rate, p.u./sec. 0.1

close Minimum valve closing rate, p.u./sec. -0. l

Kimw Power controller reset gain 0.0002

Pmwset Power controller setpoint, MW 150.0

set Acceleration limiter setpoint, p.u./sec. 0.01

Ka Acceleration limiter Gain 10.0

Ta Acceleration limiter time constant, sec. 0.1

db Speed governordead band 0.0

Tsa Temperature detection lead time constant, sec. 4.0

Tsb Temperature detection lag time constant, sec. 5.0

rap Maximum rate of load limit increase 99

adown Maximum rate of load limit decrease -99

O044 Governor Model

In te rconnect ion Cus tomer  provided da ta  in  bold ,  a l l  other  da ta  i s  defaul t / typica l  da ta .
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ggovl 86011 "Q044STG1" 13.80 "1 ll
0.050000 -0.050000 10.0000 2.0000
0.200000 0.12000 0.8000 1.0 0.0
-0.1000 0.0002 150.0 .01000 10.0000

: #9 0.050000 1.000000 1.000000
0.0 1.000000 1.000000 0.0 0.50 1.500000
3.0000 2.0000 0.670000 1.0000 0.0 0.1000

0.100000 0.0 4.0 5.0 99.0 -99.0

GGOV1 Block Diagram
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Appendix G - Transient Stability Analysis Results



I lhs-gbgr-r3-pre-dyn_swt0 l-gilabend-gilariver230-slo_WCA.xls

0. WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 20.0% FOR 20.0-CYCLES OR MORE [LOAD BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

I. WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 25.0% [LOAD BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

2. WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 30.0% [ALL BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN M1N_T1ME PERCENT DURATION

3. WORST-CONDITION ANALYSIS REPORT FOR FREQUENCY DIPS EXCEEDING 59.6 HZ FOR 6.0-CYCLES OR MORE [LOAD BUSE
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

4 WORST-CONDITION ANALYSIS REPORT FOR ANGLES EXCEEDING 180.0 DEGREES [ALL BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_T1ME PERCENT DURATION

r
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11hs-gbgr-r3-pre-dyn_swt02-gilariver-jojoba500-slo_WCA.xls

0. WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 20.0% FOR 20.0-CYCLES OR MORE [LOAD BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT  MIN MIN_TIME PERCENT DURATION

1. WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 25.0% [LOAD BUSES]

EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

2. WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 30.0% [ALL BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

3 WORST-CONDITION ANALYSIS REPORT FOR FREQUENCY DIPS EXCEEDING 59.6 HZ FOR 6.0-CYCLES OR MORE [LOAD BUSE
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN M1N_T1ME PERCENT DURATION

4 WORST-CONDITION ANALYSIS REPORT FOR ANGLES EXCEEDING 180.0 DEGREES [ALL BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

G-3



11hs-gbgr-r3-pre-dyn_swt03-hassyampa-jojoba500-slo_WCA.x1s

0 WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 20.0% FOR 20.0-CYCLES OR MORE [LOAD BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN-TIME PERCENT DURATION

1 WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 25.0% [LOAD BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

2. WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 30.0% [ALL BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

3. WORST-CONDITION ANALYSIS REPORT FOR FREQUENCY DIPS EXCEEDING 59.6 HZ FOR 6.0-CYCLES OR MORE [LOAD BUSE
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

4 WORST-CONDITION ANALYSIS REPORT FOR ANGLES EXCEEDING 1800 DEGREES [ALL BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION



11hs-gbgr-r3-pre-dyn_swt0--jojoba-kyrene500-slo_WCA.x1s

0. WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 200% FOR 20.0-CYCLES OR MORE [LOAD BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

1. WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 25.0% [LOAD BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

2. WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 300% [ALL BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

3. WORST-CONDITION ANALYSIS REPORT FOR FREQUENCY DIPS EXCEEDING 59.6 HZ FOR 60-CYCLES OR MORE [LOAD BUSE
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

4. WORST-CONDITION ANALYSIS REPORT FOR ANGLES EXCEEDING 1800 DEGREES [ALL BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

G-5



11hs-gbgr-I3-pre~dyn_swt05-gilariver-jojoba500-dlo_WCAxls

0. WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 20.0% FOR 40.0-CYCLES OR MORE [LOAD BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN-TIME PERCENT DURATION

2. WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 300% [ALL BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

3. WORST-CONDITION ANALYSIS REPORT FOR FREQUENCY DIPS EXCEEDING 59.0 HZ FOR 6.0-CYCLES OR MORE [LOAD BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

4. WORST-CONDITION ANALYSIS REPORT FOR ANGLES EXCEEDING 180.0 DEGREES [ALL BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

G-6



l 1hs-gbgr-r3-pre-dyn_sw107-gilariver-jojoba230-sl0_WCA.xls

0. WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 20.0% FOR20.0-CYCLES OR MORE [LOAD BUSES]

EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

1. WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 25.0% [LOAD BUSES]

EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

2. WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 30.0% [ALL BUSES]

EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

3. WORST-CONDITION ANALYSIS REPORT FOR FREQUENCY Dlps EXCEEDING 596 HZ FOR 6.0-CYCLES OR MORE [LOAD BUSE

EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

4. WORST-CONDITION ANALYSIS REPORT FOR ANGLES EXCEEDING 180.0 DEGREES [ALL BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

G-7



11hs-gbgr-r3-pre-dyn_swt08-gilariver-500-230-xfinr_WCA.xls

0 WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 200% FOR 20.0-CYCLES OR MORE [LOAD BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

1. WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 25.0% [LOAD BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

2. WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 300% [ALL BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

3. WORST-CONDITION ANALYSIS REPORT FOR FREQUENCY DIPS EXCEEDING 59.6 HZ FOR 6.0-CYCLES OR MORE [LOAD BUSE
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

4. WORST-CONDITION ANALYSIS REPORT FOR ANGLES EXCEEDING 1800 DEGREES [ALL BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

G-8



11hs-gbgr-r3-pre-dyn_sm09-gilabend-230-69-xfmr1_WCA.xls

0. WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 20.0% FOR 20.0-CYCLES OR MORE [LOAD BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

1. WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 25.0% [LOAD BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

2. WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 300% [ALL BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

3. WORST-CONDITION ANALYSIS REPORT FOR FREQUENCY DIPS EXCEEDING 596 HZ FOR 6.0-CYCLES OR MORE [LOAD BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

4. WORST-CONDITION ANALYSIS REPORT FOR ANGLES EXCEEDING 180.0 DEGREES [ALL BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION



1 lhs-gbgr-r3-pre-dyn__swt l3-paloma-bunyan69-slo_WCA.xls

0. WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 20.0% FOR 20.0-CYCLES OR MORE [LOAD BUSES]

EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

1. WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 250% [LOAD BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

2. WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 30.0% [ALL BUSES]

EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

3. WORST-CONDITION ANALYSIS REPORT FOR FREQUENCY DIPS EXCEEDING 59.6 HZ FOR 6.0-CYCLES OR MORE [LOAD BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

4 WORST-CONDITION ANALYSIS REPORT FOR ANGLES EXCEEDING 180.0 DEGREES [ALL BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION
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1 lhs-gbgr-r3-pst1-dyn_swt01-gilabend-gi1ariver230-slo__WCA.x1s

0 WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 20.0% FOR 20.0-CYCLES OR MORE [LOAD BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

1. WORST-CONDITIO
E X T N U M

93110

93120

85437

85403

84405

85413

84425

85416

84406

85414

93130

84426

84459

84460

84401

84400

85400

85406

84411

84432

85425

84445

85401

84402

85409

84496

85410

14235

14527

85939

14528

85938

84419

84412

84408

85407

84414

85411

N ANALYSIS RE
BUSNAM
Q031
Q031

PALOMAIO
AZTEC
AZTEC
HORN
HORN

PALOMA 2
AZTECTAP
HYDER
Q031
HYDER

HYDERTAP
HY1

AGUACATP
AGUACAL
AGUACAL
BUNYAN
BUNYAN
PALOMA
W H Y
W H Y
A10
AJO

GILABDI 1
THAYERAP
GILABD19
GILABEND
GILABD12
G1LAB12T
GILABD 8
GILABDST
GILABEND
BUTERFLD
BTRFLDTP
COTN CTR
COTN CTR
G1LLWEST

PORT FOR VO

BASEKV I D

0.21 l

34.5 l

12 1

12 1

69 1

12 1

69 l

12 1

69 1

12 1

69 1

69 1

69 1

69 1

69 1

69 1

2.4 1

12 1

69 1

69 1

20.8 1

69 1

20.8 1

69 1

12 1

69 1

12 1

230 1

100 1

12.47 1

100 1

12.47 1

69 1

69 1

69 1

12 1

69 1

12 1

L T A G E

T Y P E

bug

bus

vbul

vbul

bus

vbul

bus

vbul

bus

vbul

bus

bus

bus

bus

bus

bus

bus

vbul

bus

bus

vbul

bus

vbul

bus

vbul

vbul

vbul

vb

bus

bus

bus

bus

bus

vbul

bus

vbul

bus

vbul

DIPS EXCEEDING 25

AREA ZONE INIT

14 148 1.013

14 148 1.023

14 148 018

14 148 0.976

14 148 0978

14 148 0.972

14 148 0.981

14 148 1.026

14 148 0.983

14 148 0.991

14 148 1.043

14 148 0.993

14 148 0.993

14 148 0.994

14 148 1.004

14 148 1.004

14 148 1.004

14 148 1.018

14 148 1.020

14 148 1.030

14 148 0.971

14 148 0.961

14 148 0.993

14 148 0.967

14 148 0.993

14 148 1.001

14 148 1.001

14 141 1.007

14 148 1.007

14 148 1.007

14 148 1.007

14 148 1.007

14 148 1.007

14 148 0.996

14 148 0.995

14 148 0.985

14 148 0.989

14 148 0.982

0% [LOAD BUSES]
MIN MIN_TIME
0.414 1.108
0.419 1.108
0.462 1.108
0.444 1.108
0.446 1.108
0.443 1.108
0.449 1.108
0.470 1.108
0.451 1.108
0.457 1.108
0.481 1.108
0.460 1.108
0.460 1.108
0.460 1.108
0.469 1.108
0.469 1.108
0.469 1.108
0.481 1.108
0.483 1.108
0.493 1.108
0.509 1.108
0.504 1.108
0.521 1.108
0.510 1.108
0.526 1.108
0.537 1.108
0.538 1.108
0.542 1.108
0.542 1.108
0.542 1.108
0.542 1.108
0.542 1.108
0.542 1.108
0.602 1.108
0.602 1.108
0.642 1.108
0.655 1.108
0.729 1.108

PERCENT
0.591
0591
0.546
0.545
0.544
0.544
0.542
0.542
0.541
0.539
0.538
0.537
0.537
0.537
0.533
0.533
0.533
0.528
0.526
0.521
0.476
0.475
0.475
0.473
0.470
0.464
0.462
0.462
0.462
0.462
0.462
0.462
0.462
0.395
0.395
0.348
0838
0.258

DURATION
7.713
7.741
8.075
7.575
7.553
7.543
7.511
7.864
7.494
7.429
7.199
7.403
7.403
7.393
7.304
7.304
7.304
7.167
7. l39
7.021
6.316
6.295
6.291
6.250
6.415
6.047
6.022
6.016
6.014
6.014
6.012
6.012
6.008
4.477
4.476
3.547
3. 151
0.396

2. WORST-CONDITIO
E><1141Jn4

93110

93120

85437

85403

84405

85413

84425

85416

84406

85414

93130

84426

84459

84460

84401

N ANALYSIS RE
BUSNAM

Q031
Q031

PALOMAIO
AZTEC
AZTEC
HORN
HORN

PALOMA 2
AZTECTAP

HYDER
Q031

HYDER
HYDERTAP

HY1
AGUACATP

P O R T F O R V

BASEKV ID

0.21 l

34.5 I

12 1

12 1

69 1

12 1

69 1

12 1

69 1

12 1

69 1

69 1

69 1

69 1

69 1

O L T A G E

T Y P E

bug

bus

vbul

vbul

bus

vbul

bus

vbul

bus

vbul

bus

bus

bus

bus

bus

DIPS EXCEEDING 30.

AREA ZONE INIT

14 148 1013

14 148 1.023

14 148 1.018

14 148 0.976

14 148 0.978

14 148 0.972

14 148 0.981

14 148 1.026

14 148 0.983

14 148 0.991

14 148 1.043

14 148 0.993

14 148 0.993

14 148 0.994

14 148 1.004

0% [ALL BUSES]
MIN M1N_TIME
0.414 1.108
0.419 1.108
0.462 1.108
0444 1.108
0.446 1.108
0.443 1.108
0449 1.108
0.470 1.108
0.451 1.108
0.457 1.108
0.481 1.108
0.460 1.108
0.460 1.108
0.460 1.108
0.469 1.108

PERCENT
0.591
0.591
0.546
0545
0.544
0.544
0.542
0.542
0.541
0.539
0.538
0.537
0.537
0.537
0.533

DURATION
6.169
6.189
6.359
5940
5.916
5.908
5.872
6.161
5.855
5.787
5.582
5.760
5.760
5.749
5.658
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84400

85400

AGUACAL

AGUACAL

69

2.4

1

1

bus

bus

14

14

148

148

1.004

1.004

0469

0.469

1.108

1108

0.533

0.533

5.658

5.658

3. WORST-CONDITION ANALYSIS REPORT FOR FREQUENCY DIPS EXCEEDING 59.6 HZ FOR 6.0-CYCLES OR MORE [LOAD BUSE
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0. WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 20.0% FOR 20.0-CYCLES OR MORE [LOAD BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

1. WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 25.0% [LOAD BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN__TIME PERCENT DURATION

2. WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 30.0% [ALL BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

3 WORST-CONDITION ANALYSIS REPORT FOR FREQUENCY DIPS EXCEEDING 59.6 HZ FOR 6.0-CYCLES OR MORE [LOAD BUSE
EXTNUM BUSNAIVI BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

4 WORST-CONDITION ANALYSIS REPORT FOR ANGLES EXCEEDING 1800 DEGREES [ALL BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION
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0. WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 200% FOR 20.0-CYCLES OR MORE [LOAD BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

1. WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 250% [LOAD BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

2. WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 300% [ALL BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

3. WORST-CONDITION ANALYSIS REPORT FOR FREQUENCY DIPS EXCEEDING 596 HZ FOR 60-CYCLES OR MORE [LOAD BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

4. WORST-CONDITION ANALYSIS REPORT FOR ANGLES EXCEEDING 1800 DEGREES [ALL BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_T1ME PERCENT DURATION
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0. WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 20.0% FOR 20.0-CYCLES OR MORE [LOAD BUSES]

EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

1. WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 250% [LOAD BUSES]

EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

2 WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 30.0% [ALL BUSES]

EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

3. WORST-CONDITION ANALYSIS REPORT FOR FREQUENCY DIPS EXCEEDING 59.6 HZ FOR 6.0-CYCLES OR MORE [LOAD BUSE

EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

4. WORST-CONDITION ANALYSIS REPORT FOR ANGLES EXCEEDING 180.0 DEGREES [ALL BUSES]
EXTNUM BUSNAM BASEKV [D TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION
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11hs-gbgr-r3-pstl-dyn_swt05-gi1ariver-jojoba500-dlo_WCA x1s

0. WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 200% FOR 40.0-CYCLES OR MORE [LOAD BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

2. WORST-CONDITION

E}(1191I 4

93110

93120

93130
85403

84405
85413

84425

84406
85414

84426

84459

84460

84401
84400

85400
85406

84411

84432
85416

85437
85407

84414

ANALYSIS REPORT FOR V

BUSNAM BASEKV ID

Q031 0.21 l
Q03l 34.5 1

Q031 69 1
AZTEC 12 1

AZTEC 69 1
HORN 12 1

HORN 69 1

AZTECTAP 69 1
HYDER 12 1

HYDER 69 1

HYDERTAP 69 1
HY l 69 1

AGUACATP 69 1
AGUACAL 69 1
AGUACAL 2.4 1
BUNYAN 12 1

BUNYAN 69 1
PALOMA 69 1

PALOMA 2 12 1
PALOMA10 12 1

COTN CTR 12 1

COTN CTR 69 1

OLTAGE DIPS EXCEED

T YPE AREA Z O NE

bug 14 148
bus 14 148

bus 14 148

vbul 14 148

bus 14 148
vbul 14 148

bus 14 148

bus 14 148
vbul 14 148

bus 14 148

bus 14 148
bus 14 148

bus 14 148

bus 14 148
bus 14 148

vbul 14 148

bus 14 148

bus 14 148
vbul 14 148

vbul 14 148

vbul 14 148
bus 14 148

IN 30.

INIT

1.013

L023

1.043
0.976

0.978
0.972

0.981

0.983
0.991

0.993
0.993

0.994

1.004
1.004

1.004
1.018

1.020

1.030
1.026

1.018

0.985

0.989

0% [ALL BUSES]

MIN

0.554

0.583

0.690
0.653

0.655
0.651

0.659

0 661
0.668
0.670

0.670

0.671

0.680
0.68 l

0.681
0.695

0.697

0.707

0.706
0.700

0.679

0.684

MIN__TIME

1.267
1.267

1.267
1.267

1.267

1.267

1.267

1.267
1.267

1.267

1.267
1.267

1.267

1.267

1.267
1.267

1.267

1.267
1.267

1267

1.267

1.267

PERCENT

0.453
0.430

0.339
0.331

0.330
0.330

0329

0.328
0.326

0.325

0325
0.325

0.322

0.322
0.322

0318

0.317

0.313
0.312

0.312

0.310

0.308

DURATION

0 183
0. 175

0.088
0.084

0.082

0.081

0.078

0.077
0.071

0.069
0.069

0.068

0.060
0.060

0.060

0.049
0.047

0.037
0.036

0036

0.357
0.279

3. WORST-CONDITION ANALYSIS REPORT FOR FREQUENCY DIPS EXCEEDING 59.0 HZ FOR 6.0-CYCLES OR MORE [LOAD BUSES]

EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN M1N_TIME PERCENT DURATION

4. WORST-CONDITION ANALYSIS REPORT FOR ANGLES EXCEEDING 180.0 DEGREES [ALL BUSES]

EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION
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0. WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 200% FOR 20.0-CYCLES OR MORE [LOAD BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

I. WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 25.0% [LOAD BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE [NIT MIN MIN_TIME PERCENT DURATION

2 WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 30.0% [ALL BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

3 WORST-CONDITION ANALYSIS REPORT FOR FREQUENCY DIPS EXCEEDING 59.6 HZ FOR 6.0-CYCLES OR MORE [LOAD BUSE
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

4. WORST-CONDITION ANALYSIS REPORT FOR ANGLES EXCEEDING 180.0 DEGREES [ALL BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

1
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11hs-gbgr-r3-pstl-dyn_swt08-gi1ariver-500-230-xfmr_WCA.xls

0 WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE Dlps EXCEEDING 20.0% FOR 20.0-CYCLES OR MORE [LOAD BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE [NIT MIN MIN_TIME PERCENT DURATION

1. WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 25.0% [LOAD BUSES]

EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

2. WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 300% [ALL BUSES]

EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

3 WORST-CONDITION ANALYSIS REPORT FOR FREQUENCY DIPS EXCEEDING 59.6 HZ FOR 6.0-CYCLES OR MORE [LOAD BUSE

EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

4. WORST-CONDITION ANALYSIS REPORT FOR ANGLES EXCEEDING 180.0 DEGREES [ALL BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

G-18
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0 WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 20.0% FOR 20.0-CYCLES OR MORE [LOAD BUSES]

EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

1. WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 25.0% [LOAD BUSES]

EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

2 WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 30.0% [ALL BUSES]

EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

3. WORST-CONDITION ANALYSIS REPORT FOR FREQUENCY DIPS EXCEEDING 59.6 HZ FOR 6.0-CYCLES OR MORE [LOAD BUSES]

EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

4. WORST-CONDITION ANALYSIS REPORT FOR ANGLES EXCEEDING 180.0 DEGREES [ALL BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION
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0. WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 20.0% FOR 20.0-CYCLES OR MORE [LOAD BUSES]

EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

1. WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE Dlps EXCEEDING 25.0% [LOAD BUSES]

EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

2. WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 30.0% [ALL BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

3. WORST-CONDITION ANALYSIS REPORT FOR FREQUENCY DIPS EXCEEDING 596 HZ FOR 60-CYCLES OR MORE [LOAD BUSES]

EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

4. WORST-CONDITION ANALYSIS REPORT FOR ANGLES EXCEEDING 1800 DEGREES [ALL BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION
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0 WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 200% FOR 20.0-CYCLES OR MORE [LOAD BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

1 WORST-CONDITION
E1<1141Jh4

93110

93120
85437

85403

84405

85413

85416

84425
84406

85414

93130
84426

84459

84460
84400

84401

85400

85406
84411

84432
85425

84445

85401
84402

85409
84496

85410

85939

14527

14528

85938
84419

14235
84412

84408
85407
84414

85411

ANALYSIS

B U S N A M

Q031

Q031
P A L O M A R
AZTEC

AZTEC

H O R N

PALOMA 2

H O R N
AZTECTAP

HYDER

Q03 1
HYDER

HYDERTAP
HY l

AGUACAL
AGUACATP

AGUACAL

B U N Y A N

B U N Y A N

P A L O M A
W H Y

W H Y

AJO
AJO

GILABDI 1

THAYERAP

GILABDI9
GILABIZT

GILABD12

GILABD 8

GILABDST

GILABEND
GILABEND

BUTERFLD

BTRFLDTP

COTN CTR

COTN CTR
GILLWEST

REPORT FOR V

B A S E K V  ID

0.21 1

34.5 l

12 1
12 l

69 l
12 l

12 l

69 1
69 l
12 1

69 1

69 1

69 1
69 l

69 1
69 1

2.4 1

12 l

69 1
69 1

20.799999 1

69 1
20.799999 l

69 1

12 1

69 1

12 1
12.47 1

100 l

100 1
12.47 1

69 1

230 1

69 1

69 1
12 l

69 1
12 1

OLTAGE DIPS EXCEED

T YPE AREA Z O NE
bug 14 148

bus 14 148

vbul 14 148
vbul 14 148

bus 14 148

vbul 14 148

vbul 14 148

bus 14 148
bus 14 148

vbul 14 148

bus 14 148
bus 14 148

bus 14 148

bus 14 148
bus 14 148

bus 14 148

bus 14 148

vbul 14 148
bus 14 148

bus 14 148
vbul 14 148

bus 14 148

vbul 14 148
bus 14 148

vbul 14 148
vbul 14 148

vbul 14 148
bus 14 148

bus 14 148

bus 14 148

bus 14 148
bus 14 148

vbul 14 141

vbul 14 148

bus 14 148
vbul 14 148

bus 14 148

vbul 14 148

ING 25.0% [LOAD BUSES]
INIT MIN MIN_TIME
1.013 0.430 1.108
1.023 0.435 1.108
1.018 0.476 1.108
0976 0.458 1.108
0.978 0.460 1.108
0.972 0.457 1.108
1.027 0.484 1.108
0.982 0463 1.108
0.984 0.465 1108
0.991 0.471 1.108
1.043 0.496 1.108
0.994 0.474 1.108
0.994 0.474 1.108
0.995 0.475 1.108
1.004 0.483 1.108
1.004 0.483 1.108
1.004 0.483 1.108
1.018 0.495 1.108
1.020 0.498 1.108
1.030 0.507 1.108
0.971 0.521 1.108
0.962 0.517 1.108
0.994 0.534 1.108
0.968 0.522 1.108
0.993 0.539 1.108
1.002 0.550 1.108
1.001 0.551 1.108
1.008 0.555 1.108
1.008 0.555 1.108
1.008 0.555 1.108
1.007 0.555 1.108
1.007 0.555 1.108
1.007 0.555 1.108
0.999 0.614 1.108
0.998 0.614 1.108
0.989 0.652 1.108
0.993 0.665 1.108
0.987 0.737 1.108

PERCENT

0.576

0.575

0.533
0.53 l

0.530

0.530

0.528

0.528
0.527

0.525

0.524

0.523

0.523
0.523

0.519
0.519

0.519

0514

0.512

0.507

0.463

0.462

0.462
0.460

0.458
0.451

0.450
0.449

0.449
0449

0449

0.449

0.449

0.385

0.385

0.341
0.330

0.253

DURAT ION

7.483

7.505

7.828
7.310

7.287

7.276

7.612

7.244
7.227

7.160

6.928
7.133

7.133

7.123

7.031
7.031

7.031

6.890

6.861
6.741

6.036

6.015

6.010
5.968

6.128
5.762

5.737

5.726

5.726

5.725

5.725

5.722
5.719

4.273

4.271

3.319

2.915
0.146

2. WORST-CONDITIO
EXTNUM

93110
93120

85437

85403

84405
85413

85416

84425

84406

85414

93130
84426

84459

84460

N ANALYSIS RE

BUSNAM

Q031
Q031

PALOMAIO
AZTEC

AZTEC

HORN
PALOMA 2

HORN
AZTECTAP

HYDER

Q031
HYDER

HYDERTAP

HY1

PORTFORV

BASEKV ID

0.21 1

34.5 1
12 1

12 1

69 1

12 1
12 1

69 1

69 1

12 1

69 1
69 1

69 1
69 1

OLTAGE DIPS

T YPE AREA

bug 14

bus 14
vbul 14

vbul 14

bus 14

vbul 14
vbul 14
bus 14

bus 14

vbul 14

bus 14
bus 14

bus 14
bus 14

EXCEEDING 30.0% [ALL BUSES]
ZONE INIT MIN MIN_TIME

148 1.013 0.430 1.108
148 1.023 0435 1.108
148 1.018 0.476 1.108
148 0.976 0.458 1.108
148 0.978 0.460 1.108
148 0.972 0.457 1.108
148 1.027 0.484 1.108
148 0.982 0.463 1.108
148 0.984 0.465 1.108
148 0.991 0.471 1.108
148 1.043 0.496 1.108
148 0.994 0.474 1.108
148 0.994 0.474 1.108
148 0.995 0.475 1.108

PERCENT

0.576

0575

0.533

0.531

0.530
0.530

0.528

0.528
0.527

0.525

0 524
0.523

0.523

0,523

DURATION

5.944
5.957

6.107

5.668

5644

5.636
5.905

5.600
5.583

5514

5318

5.487
5.487

5.476
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1

1

1

1

1

1

1

1

l

1

l

1

I

1

1

1

1

1

bus

bus
bus

vbul

bus

bus

vbul

bus

vbul
bus

vbul

vbul

vbul

bus
bus

bus

bus
bus

vbul
vbul

bus
vbul

bus

14

14
14

14
14

14

14

14

14
14

14

14

14

14
14

14

14

14

14
14

14
14

14

148

148

148
148

148

148

148
148

148

148

148

148

148

148
148

148
148

148

141

148
148
148

148

1.004

1.004
1.004

1.018
1.020

1.030

0.971

0.962

0.994
0 .968

0 .993
1.002

1.001

1.008
1.008

1.008

1.007

1.007
1.007

0.999

0 .998
0.989

0.993

0 .483

0 4 8 3
0 .483

0.495

0 .498

0 .507

0.521
0 .517

0.534

0.522

0 5 3 9

0 5 5 0
0.551

0 .555
0.555

0 .555
0 .555

0 .555

0 5 5 5
0.614

0.614

0.652

0 .665

1 1 0 8

1.108

1.108
1 1 0 8

1.108

1.108

1.108
1.108

1.108

1 108

1.108

1.108

1.108

1.108
1.108

1 1 0 8
1.108

1.108

1.108

1.108
1 1 0 8

1 1 0 8

1 1 0 8

0 .519

0.519
0 .519

0.514

0.512

0.507

0 .463
0 4 6 2

0.462

0 .460

0 .458

0.451

0 .450

0 ,449

0 ,449

0 .449
0 .449

0.449

0.449

0 .385
0 .385

0 3 4  l

0 .330

5 .385

5 .385
5.385

5 .246
5 .217

5 .099

4 .325
4 .305

4.301

4.262

4 .377

4 .070

4 .047

4 0 3 6
4 036

4 .035
4 .035
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3. WORST-CONDITION ANALYSIS REPORT FOR FREQUENCY DIPS EXCEEDING 59.6 HZ FOR 6.0-CYCLES OR MORE [LOAD BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN__TIME PERCENT DURATION

4. WORST-CONDITION ANALYSIS REPORT FOR ANGLES EXCEEDING 180.0 DEGREES [ALL BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION
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0. WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 20.0% FOR 20.0-CYCLES OR MORE [LOAD BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

1. WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 25.0% [LOAD BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN M1N_T1ME PERCENT DURATION

2. WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 30.0% [ALL BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

3. WORST-CONDITION ANALYSIS REPORT FOR FREQUENCY DIPS EXCEEDING 59.6 HZ FOR 6.0-CYCLES OR MORE [LOAD BUSE
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN M1N_T1ME PERCENT DURATION

4. WORST-CONDITION ANALYSIS REPORT FOR ANGLES EXCEEDING 180.0 DEGREES [ALL BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION
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11hs-gbgr-r3-pst2-dyn_swt03-hassyampa-jojoba500-s1o_WCA.xls

0. WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 20.0% FOR 20.0-CYCLES OR MORE [LOAD BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN-TIME PERCENT DURATION

1 WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 25.0% [LOAD BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN-TIME PERCENT DURATION

2. WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 30.0% [ALL BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN-TIME PERCENT DURATION

3. WORST-CONDITION ANALYSIS REPORT FOR FREQUENCY DIPS EXCEEDING 59.6 HZ FOR 6.0-CYCLES OR MORE [LOAD BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN-TIME PERCENT DURATION

4 WORST-CONDITION ANALYSIS REPORT FOR ANGLES EXCEEDING l800 DEGREES [ALL BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN-TIME PERCENT DURATION
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0. WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 20.0% FOR 20.0-CYCLES OR MORE [LOAD BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION r

1. WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 250% [LOAD BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN-TIME PERCENT DURATION

2. WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 30.0% [ALL BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN-TIME PERCENT DURATION

3. WORST-CONDITION ANALYSIS REPORT FOR FREQUENCY DIPS EXCEEDING 59.6 HZ FOR 60-CYCLES OR MORE [LOAD BUSE
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

4. WORST-CONDITION ANALYSIS REPORT FOR ANGLES EXCEEDING 180.0 DEGREES [ALL BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN-TIME PERCENT DURATION
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0. WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 20.0% FOR 40.0-CYCLES OR MORE [LOAD BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

2. WORST-CONDITION
E§<11QlJh4

93110
93120
85403
84405
85413
84425
84406
85414
84426
84459
84460
85407
84412
84408

ANALYSIS REPORT FOR

BUSNAM BASEKV ID

Q031 0.21 1

Q03l 34.5 1
AZTEC 12 1
AZTEC 69 1

HORN 12 1

HORN 69 1
AZTECTAP 69 1

I-IYDER 12 1

HYDER 69 1
HYDERTAP 69 1

HY1 69 1
COTN CTR 12 1

BUTERFLD 69 1

BTRFLDTP 69 1

VOLTAGE DIP
TYPE AREA

bug 14

bus 14
vbul 14

bus 14
vbul 14

bus 14

bus 14

vbul 14
bus 14

bus 14

bus 14

vbul 14

vbul 14
bus 14

s EXCEEDING 30.0% [ALL BUSES]
ZONE INIT MIN MIN_TIME

148 1.013 0.569 1267
148 1.023 0.623 1.267
148 0.976 0.676 1.267
148 0.978 0.678 1.267
148 0.972 0.674 1.267
148 0.982 0.682 1.267
148 0.984 0.684 1.267
148 0.991 0.691 1.267
148 0.994 0.693 1.267
148 0.994 0.693 1.267
148 0.995 0.694 1.267
148 0.989 0.692 1.267
148 0.999 0.699 1.267
148 0.998 0.699 1.267

PERCENT

0.439

0.391

0.308
0.307

08307

0 306

0.305

0.303
0.302

0.302

0 302

0.301

0.300
0.300

DURATION

0.083

0,117
0.294

0.264

0.257
0.212

0.192

0.112
0.081

0.081

0.069
0.027

0.013
0.011

3. WORST-CONDITION ANALYSIS REPORT FOR FREQUENCY DIPS EXCEEDING 59.0 HZ FOR 60-CYCLES OR MORE [LOAD BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

4 WORST-CONDITION ANALYSIS REPORT FOR ANGLES EXCEEDING 180.0 DEGREES [ALL BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION
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0. WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 20.0% FOR 20.0-CYCLES OR MORE [LOAD BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT  MIN MIN-TIME PERCENT DURATION

1. WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 250% [LOAD BUSES]

EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN-TIME PERCENT DURATION

2. WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 300% [ALL BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN-TIME PERCENT DURATION

3 WORST-CONDITION ANALYSIS REPORT FOR FREQUENCY DIPS EXCEEDING 596 HZ FOR 6.0-CYCLES OR MORE [LOAD BUSE

EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN-TIME PERCENT DURATION

4 WORST-CONDITION ANALYSIS REPORT FOR ANGLES EXCEEDING 1800 DEGREES [ALL BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN-TIME PERCENT DURATION
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1 1hs-gbgr-r3-pst2-dyn_swt08-gilariver-500-230-xfMr_WCA.xls

0 WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 200% FOR 20.0-CYCLES OR MORE [LOAD BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

1 WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 250% [LOAD BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

2. WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 300% [ALL BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

3. WORST-CONDITION ANALYSIS REPORT FOR FREQUENCY DIPS EXCEEDING 596 HZ FOR 60-CYCLES OR MORE [LOAD BUSE
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

4. WORST-CONDITION ANALYSIS REPORT FOR ANGLES EXCEEDING 180.0 DEGREES [ALL BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION
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0 WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 20.0% FOR 20.0-CYCLES OR MORE [LOAD BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN M1N_T1ME PERCENT DURATION

I WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 250% [LOAD BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

2. WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 300% [ALL BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

3. WORST-CONDITION ANALYSIS REPORT FOR FREQUENCY DIPS EXCEEDING 59.6 HZ FOR 6.0-CYCLES OR MORE [LOAD BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

4. WORST-CONDITION ANALYSIS REPORT FOR ANGLES EXCEEDING 180.0 DEGREES [ALL BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION
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0. WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 200% FOR 20.0-CYCLES OR MORE [LOAD BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

1 WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 25.0% [LOAD BUSES]

EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

2 WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 30.0% [ALL BUSES]

EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE [NIT MIN MIN_TIME PERCENT DURATION

3. WORST-CONDITION ANALYSIS REPORT FOR FREQUENCY DIPS EXCEEDING 59.6 HZ FOR 6.0-CYCLES OR MORE [LOAD BUSES]

EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

4. WORST-CONDITION ANALYSIS REPORT FOR ANGLES EXCEEDING 180.0 DEGREES [ALL BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

G-30



l
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0 WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 20.0% FOR 20.0-CYCLES OR MORE [LOAD BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

1. WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 25.0% [LOAD BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

2. WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 300% [ALL BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

3. WORST-CONDITION ANALYSIS REPORT FOR FREQUENCY DIPS EXCEEDING 596 HZ FOR 60-CYCLES OR MORE [LOAD BUSE

EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN M1N_T1ME PERCENT DURATION

4. WORST-CONDITION ANALYSIS REPORT FOR ANGLES EXCEEDING 180.0 DEGREES [ALL BUSES]

EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION
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11hs-gbgr-r3-pst3-dyn_swt02-gilariver-jojoba500-slo_WCA.xls

0. WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 20.0% FOR 20.0-CYCLES OR MORE [LOAD BUSES]

EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

1 WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 25.0% [LOAD BUSES]

EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DUR.ATION

2. WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 30.0% [ALL BUSES]

EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

3. WORST-CONDITION ANALYSIS REPORT FOR FREQUENCY DIPS EXCEEDING 59.6 HZ FOR 6.0-CYCLES OR MORE [LOAD BUSE

EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE [NIT MIN MIN_TIME PERCENT DURATION

4. WORST-CONDITION ANALYSIS REPORT FOR ANGLES EXCEEDING 1800 DEGREES [ALL BUSES]

EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE [NIT MIN MIN_TIME PERCENT DURATION
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11hs-gbgr-r3-pst3-dyn_swt03-hassyampa-jojoba500-slo_WCAx1s

0. WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 200% FOR 20.0-CYCLES OR MORE [LOAD BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

1. WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 25.0% [LOAD BUSES]

EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

2. WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 300% [ALL BUSES]

EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

3. WORST-CONDITION ANALYSIS REPORT FOR FREQUENCY DIPS EXCEEDING 59.6 HZ FOR 6.0-CYCLES OR MORE [LOAD BUSE

EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE [NIT  MIN MIN_TIME PERCENT DURATION

4 WORST-CONDITION ANALYSIS REPORT FOR ANGLES EXCEEDING 180.0 DEGREES [ALL BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION
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0. WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 200% FOR 20.0-CYCLES OR MORE [LOAD BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

1. WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 250% [LOAD BUSES]

EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

2 WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 30.0% [ALL BUSES]

EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

3. WORST-CONDITION ANALYSIS REPORT FOR FREQUENCY DIPS EXCEEDING 59.6 HZ FOR 6,0-CYCLES OR MORE [LOAD BUSE

EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

4. WORST-CONDITION ANALYSIS REPORT FOR ANGLES EXCEEDING 1801> DEGREES [ALL BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION
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11hs-gbgr-r3-pst3-dyn_swt05-gilariver-jojoba500-dlo_WCA.x1s

0. WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 200% FOR 40.0-CYCLES ORMORE [LOAD BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

2. WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 30.0% [ALL BUSES]

EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

3. WORST-CONDITION ANALYSIS REPORT FOR FREQUENCY DIPS EXCEEDING 59.0 HZ FOR 60-CYCLES OR MORE [LOAD BUSES]

EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

4. WORST-CONDITION ANALYSIS REPORT FOR ANGLES EXCEEDING 1800 DEGREES [ALL BUSES]

EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION
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11hs-gbgr-r3-pst3-dyn_swt07-gi1ariver-jojoba230-slo_WCA.x1s

0. WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 20.0% FOR 20.0-CYCLES OR MORE [LOAD BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

1 WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 250% [LOAD BUSES]

EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

2. WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 30.0% [ALL BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE [NIT MIN MIN_TlME PERCENT DURATION

3. WORST-CONDITION ANALYSIS REPORT FOR FREQUENCY DIPS EXCEEDING 596 HZ FOR 6.0-CYCLES OR MORE [LOAD BUSE

EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

4. WORST-CONDITION ANALYSIS REPORT FOR ANGLES EXCEEDING 180.0 DEGREES [ALL BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION
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11hs-gbgr-r3-pst3-dyn_swt08-gilariver-500-230-xfmr_WCA.x1s

0. WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 20.0% FOR 20.0~CYCLES OR MORE [LOAD BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

1. WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 25.0% [LOAD BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

2. WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 300% [ALL BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

3. WORST-CONDITION ANALYSIS REPORT FOR FREQUENCY DIPS EXCEEDING 59.6 HZ FOR 60-CYCLES OR MORE [LOAD BUSE
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION

4, WORST-CONDITION ANALYSIS REPORT FOR ANGLES EXCEEDING 1800 DEGREES [ALL BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION
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1 1hs-gbgr-r3-pst3-dyn_swt09-gilabend-230-69-xfmrl_WCA.x1s

0. WORST-CONDITION ANALYSIS REPORT FOR VOLTAGEDIPS EXCEEDING 20.0% FOR 20.0-CYCLES OR MORE [LOAD BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN-TIME PERCENT DURATION

1. WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 250% [LOAD BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN-TIME PERCENT DURATION

2. WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 30.0% [ALL BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN-TIME PERCENT DURATION

3. WORST-CONDITION ANALYSIS REPORT FOR FREQUENCY DIPS EXCEEDING 59.6 Hz FOR 6.0-CYCLES OR MORE [LOAD BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN-TIME PERCENT DURATION

4 WORST-CONDITION ANALYSIS REPORT FOR ANGLES EXCEEDING 180.0 DEGREES [ALL BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN-TIME PERCENT DURATION
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1 lhs-gbgr-r3-pst3-dyn_swtl3-paloma-bunyan69-s1o_WCA.xls

0. WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 20.0% FOR 20.0-CYCLES OR MORE {LOAD BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN__TIME PERCENT DURATION

1. WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 25.0% [LOAD BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN-TIME PERCENT DURATION

2. WORST-CONDITION ANALYSIS REPORT FOR VOLTAGE DIPS EXCEEDING 30.0% [ALL BUSES]

EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN-TIME PERCENT DURATION

3. WORST-CONDITION ANALYSIS REPORT FOR FREQUENCY DIPS EXCEEDING 596 HZ FOR 6,0-CYCLES OR MORE [LOAD BUSES]

EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN-TIME PERCENT DURATION

4. WORST-CONDITION ANALYSIS REPORT FOR ANGLES EXCEEDING 180.0 DEGREES [ALL BUSES]
EXTNUM BUSNAM BASEKV ID TYPE AREA ZONE INIT MIN MIN_TIME PERCENT DURATION
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Appendix H - Transient Stability Plots



Gila Bend/Gila River Cluster
System Impact Study

Transient Stability Plots
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Gila Bend/Gila River Cluster
System Impact Study

Transient Stability Plots
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Gila Bend/Gila River cluster
System Impact Study

Transient Stability Plots
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Gila Bend/Gila River Cluster
System Impact Study

Transient Stability Plots
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Gila Bend/Gila River Cluster
System Impact Study

Transient Stability Plots
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Gila Bend/Gila River Cluster
System Impact Study

Transient Stability Plots
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Gila Bend/Gila River Cluster
System Impact Study

Transient Stability Plots
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Transient Stability Plots
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Transient Stability Plots
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Gila Bend/Gila River Cluster
System Impact Study

Transient Stability Plots
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Gila Bend/Gila River Cluster
System Impact Study

Transient Stability plots
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Transient Stability Plots
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Transient Stability Plots
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Transient Stability plots
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Gila Bend/Gila River Cluster
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Transient Stability Plots

WECC 500 kV Bus Frequencies (Hz)
60.5

WECC 500 kV Bus Voltages (p.u.)
1.2

60.41.1
(

1.0
60.3

0.9
60.2

O.8
60.1

0.7

0.6 60.04

0.5 59.9

0.4
59.8

0.3
59.7

0.2

59.6
0.1

0
59.5

00
0.0

0

OO 50,5
60.5
60.5
60.5
60.5
60.5

)
500.0 1
500.0 1
500.0 1
500.0 1
500.0 1
500.0 1

1

l

1

1

1

1

Time( sec
FOURCORN
DEVERS
TBSLA
MALIN
NIC500
COLSTRP

bus
bus

Ebbs
bus
bus
bus

14001
24801
30040
40687
50703
62057

59.5
s9.5
59.5
59.5
59.5
59.5

1
1
1
1
1

)
500.0 4
500.0 1
500.0 1
500.0 1
500.9 1
500.0 1

*2
1.2
1.2
1.2
1.2
1.2

Time( sec
FOURCORN
DEVERS
TESLA
MALIN
NIC500
COLSTRP

0.0
00
0.0
0.0
0.0
0.0

bus
bus
bus
bus
bus
bus

14001
24801
30040
4oee7
50703
62057

WECC Relative Rotor Angles (degrees)
200

Arizona Relative Rotor Angles (degrees)
200 re FL -1 FL re

160160

120120

80
I

l 40

to

<
40

o_0

-40-40

-80-80

-120-120

-160-160

200
0

-200
00I

secC

OO 200.0
200.0
20o.o
200.0
200.0
200,0

* 1

1 1

L 1

1 1

1 1

G O 1

10321
15983
24004
a0296
54151
70105

)
22.0
26.0
18.0
15.0
13.8
20.0

Time(
SJUAN_GO
NAVAJO 3
ALAMO G
COULEE22
BRAZ#1 9
CHEROKEE

200.0
200.0
200.0
200.0
200.0
200.0

1 1

H l

1 1

1 1

1 1

2 1

)
1s.o
22.0
lB.0
240
13.8
13.8

15145
14914
14890
14931
a 6011
86012

-200_Qang
'2Q0.08Hg
-200_0ang
-200.0ang
200.0ang
~200.0ang

Time( s h
ALL CTR
FCNGN4CC
GIL-CT1
PALOVRD1
Q044STG1
Q044STG2

~200.0ang
200.0ang
-200.0ang
-2000ang
-2U0.0ang
-200.0ang

2011 Heavy Summer Power Flow/Transient Stability Case
Gila Bend/Gila River cluster SIS Post-project RE Case 1 Q031(102MW)&Q044(280 MW
3-phase 4 cycle flt. @ Gila River 500 kg, trip Gila River-Jojoba 1 & 2 500 kV

Page 2

11hs-gbgr re -pstl-dyn swt:05-gilariver-j of oba500-dlo . ch
c:\work\aps\gbgr\sis\dyn

Wed Jun 17 13:34:21 2009

IIn 8

\ »
14 »'. \~"

\
v- _' 4 r-1 p.

|_ ~.»I \ -49-1-' -4

I I I r I I I I I I I I I 1 I I II

A I 1 I_x Sr* P *

L I

---vi Y a 4 -8:
I

I I I I I | I I I I I I I | I I

Cr*

II I

,r-.1 'ie-
Q 8< n\ A

i

*A

| lr- f\o .-;rJ 9
I

><

4

~-><
-+ +

-...

+ +

I . . .| r'1\_|
1-\
l_l l .

1 l-l
u_I E

| I I I I I I I I I I I I I I II I

L_: I I I I 1 I

a h
<

s
r
LA,A 844

f; F#gee A\ 1

\
w

1

I I I I I I I I I I I I l I I I I I II I

J

H-37



Gila Bend/Gila River Cluster
System Impact Study

Transient Stability Plots

(p.u.)(p.u.)

0

0.5 Q031 reactive power

0.4
0.3
0.2

0.1

0.0
-0.1
-0;2
-0.3
-0.4
-0.5 I

0 4.04.

2.0 Q031 electrical power

1.8

1.6

1.4

1.2
1.0

0.8

0.6

0.4

0.2

m0.~
0

1 1 0.5
)
my

Time( sec
93110 Q031

)
Of 1 1 2.0 -0.5 Open0.0 o

Time( sec
93110 Q031Peeno

current (p.u.)(p.u4

0

2.0 Q031 terminal

1.8

1.6
1.4

1.2

1.0

0.B
0.6

0.4

0.2

0.0
00

1 2 Q03l terminal voltage

1.1

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0
0

1 1 2.0
)
0 20.0 93110Ir1 1 1.2

Time( sec
Q031

)
OJ93110o_o Vt o

Time( sec
Qualo

Hp
105 5é73

60.5 Q031 bus frequency (Hz)

60.4

60.3
60.2

60.1

60.0

59.9

59.8

59.7

59.6

59.5
0 I9 9 10é1 5 3

1 2 Q031 bus voltage (p.u.)

1.1

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0
0

1 1 60.51 1 1 2

4 é é
Time( sec )

93110 Q031 0_259.5 bug0.0

4 g é
Time( sec )

93110 Q031 0.2 obug

2011 Heavy summer Power Flow/Transient Stability Case
Gila Bend/Gila River Cluster SIS Post-project RE Case 1 Q03l(102MW)&Q044(280 MW
3-phase 4 cycle flt. @ Gila River 500 kg, trip Gila River Jojoba 1 & 2 500 kV

Page 3

M llhs-gbgr-r3 -pstl Ayn swt05-gilariver-joj oba500-dlo . ch
c : \work\aps\gbgr\sis\dyn

Wed Jun 17 13:34:21 2009

I J v al v us

I
\

l
v

I I I I I I 1 l , r I I I I II I
1 I I I I I I I I I

* , . . - *

I I I I | I I 1 I 1 I II I
I I I I I 1 1 I I I II I

I

I -....---.o
v

l

\

\ l\ AI

1

I

H-38



Gila Bend/Gila River Cluster
System Impact Study

Transient Stability Plots

0

3o0 Q044 STG1 reactive power (inVAr)

260

220

180

140

100

60

20

-20

-60

-too 1
0 4.02 B

Q044 STGl electrical power (MW)
220 -
200 V

180

160
140

120
100

80
60
40

20
0

-20 . v
0 1

1 3QDO
)
13

Time( sec
86011 Q044STG11 220.0 ~100.0qg

Time( sec )
B60l" Q044STG1 13.8-20.0 pg

(p.u.)

0A .5

4 0 Q044 STG1 terminal current

3.6
3.2
2.8

2.4
2.0
1.6

1.2
0.8

0.4

0.0
00

1 2 Q044 STG1 terminal voltage (p.u.)

1.1

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0
0

4.00.0 it

5 6
Time( sec )

86011 Q044STG1 13.81 1 1 2
)
134 oVt0.0

Time( sec
86011 Q044STG1o

1

•» 0
1

1 3

60.5 Q044 STG1 bus frequency (Hz)

60.4

60.3

60.2

60.1

60.0

59.9

59.8

59.7

596 _
59.5

00

1 - Q044 STG1 bus voltage (p.u.)

-1
1
19
GB
Qs
me
ma
4

ma
Of
ml
0

0 o
Time( sec )

86011 QD44STG1 13.8 1 1 60.5_ 2l 59.5 bugn.0 o
Time( sec )

8601* QO44STG1 13.8bugo

2011 Heavy Summer Power Flow/Transient Stability Case
Gila Bend/Gila River Cluster SIS Post-project R3 Case 1 Q03l(l02MW)&Q044(280 MW
3-phase 4 cycle flt. @ Gila River 500 kg, trip Gila River-Jojoba 1 & 2 500 kV

Page 4M
llhs-gbgr-r3 -pstl-dyn__swt05-gilariver-jojoba500-dio . ch

c : \work\aps\gbgr\sis\dyn

Wed Jun 17 13:34~21 2009

1

I

1 I I II I

I

I !

I

I I

\
\.-A ]\

I I |  I I | I I H I I I | I Il  I

3.

l

I I
l

I I 1 I

(\

I
'\ A

Lu

v

A

I
I I

xi

l

I

\I
i

I I I I I ITI I I I I

\

I

I

| -

v
I

I

I I I I I I I l
1

H-39



Gila Bend/Gila River Cluster
System Impact Study

Transient Stability Plots

04.

60 5 Arizona 69 kV Bus Frequencies (Hz)

60.4

60.3

60.2

60.1

60.0

59.9

59.B
59.7

a s
5&5*

00

1 2 Arizona 69 kV Bus Voltages (p.u.)

1.1

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0
0

sec
1

1
1

1
1
1
1

o
x
o
A

e
x
0
A

1

12
1.2
1.2
1.2
1.2
1.2»

1
s

1 60.5
1 60.5
1 60.5
1 60.5
* 60.5
1 60.5

(Hz)

84419
S4432
84411
a4442
84460
84414

230 kV

59.5 bus
59 5 bus
59.5 Ebbs
59.5 bus
59.5 bus
59.5 bus
Arizona

Time( )
GILABBND 69.0
PALOMA 69.0
BUNYAN 69.0
SADDLBMT 69.0
HY' 59.4
COIN CTR 69.0

Bus Frequency

84419
84432
84411
84442
84460
84414

230 kV

0.0 bus
0.0 bus
o.0 bus
0.0 bus
G.O bus
0 0 bus
Arizona

Time( sec )
GILABEND 69.0 1
PALOMA 69.0 1
BUNYAN 69.0 1
SADDLBMT 69.0 1
HY1 59.9
COTN CTR 69.0 1 1

Bus Voltages (p.u.)

0J.

60.5

60.4

60.3
60.2

60.1

60.0

59.9

59.8

59.7

59.6

59.5
00

l
ll
ll
ms
0
my
0
05
my
03
OJ
Of
me 1

o
o o

x
o
A

D
4

)
23o,o 1
239.8
230.0 1
230.0 1
230.9 1
230.0 1

foul
foul
bus
bus
bus
bus

59.5
59.5
59.5
59.5
59.>
59.5

1.2
1.2
1.2
1.2
1.2
1.2

vbul
vbul
bus
vbua
bus
bus

o.0
0.0
0.0
0.0
G.0
00 encies

1 60.5
l 60.5
1 60.5
1 60.5
1 ec.s
1 60.5
(HMArizona

Time( sec
14201 BUCKEYE
=423s GILABEND
11238 GILARIVR
14224 JOJOBA
'9052 LIBERTY
14258 TSP

500 kV Bus Frequ

14201
14235
14238
14224
19052
14258

500 kVArizona

Time( sec )
BUCKEYE 230.0 1 1
GILABBND 230.0 1 1
GILARIVR 230.0 l l
JOJOBA 230.0 1 1
-IBERTY 230.0 1
TSP 230.0 1 1

Bus Voltages (p.u,)

0

A
ams
60 A
603
am
604
mo
5 9
5 8
5 7
5 6
515,

00

L 2
l l
1 4
0
OJ
OJ
Of
Q ;
0
0
OJ
OJ
m o

0
1 oc

o

1
1
1
11

10
A

60.5
eo.s
60.5
so,5
60.5

500.0 1
500.0 .
5oo.o 1
500_0 1
500."

14007
15993
1so9o
15089,0,

Time( sec )
GILARIVR
HARQUAHA
HASSYAMP
JOJOBA
KYRENE

bus
bus
bus
bus
bus 1 1

59.5
59.5
59.5
59.5
59.5

1.2
1.2
1.2
1.2
.2

)
500.0 l
500.8
500.0 1
500.0 1
'U0.0 1

Time( sec
GILARIVR
HARQUAHA
HASSYAMP
JOJOBA
KYRENE

14007
.5G93
15090
15089
150.1

bus
vbn8
bus
bus
bus

0.0
0.0
o.o
0.0
0.9 LD A55.3 us

2011 Heavy §H8mef"¥%wei"%iow/§?8%E?en?"s%ébiiiii Case

Gila Bend/Gila River Cluster SIS Post-project RE Case 1 Q031(102MW)&Q044(280 MW

3-phase 4 cycle flt. @ Gila River 230 kg, trip Gila River-Jojoba 230 kV

Page 1

A

llhs-gbgr-r3 -pstl-dyn_swt07-gilariver-joj oba230 sla.ch
<::\work\aps\gbgr\sis\dyn

Wed Jun 17 13:34:34 2009

I I I I r I I rn u

l I

1

I

gr

Y

I

I

' A

I I I I I I I I I I I I I !I I

\

l

\W T
1

l

- lg:

I I I I I I I I 1

I

I\ I I | I I 1 I II 1

II rII I

!

f I I I
I I + 1 1T I I I I I 1

H-40



Gila Bend/Gila River Cluster
System Impact Study

Transient Stability Plots

WECC 500 kV Bus Frequencies (Hz)
60.5

WECC 500 kV Bus Voltages (p.u.)
1.2

60.41.1
M

1.0
60.3

0.9
60.2

0.8

60.1
0.7

60.060.6

0.5 59.9

0.4
59.8

0.3
59.7

0.2

59.6
0.1

I
1 0

8 ii9"gé 3i'
59.5 I

09: I o5 g8335i'
0.0 ,

0
g'

sec

OO ¢
1
1
1

50.5
60.5
60.5
60.5
e0.s
60.51

)
5Qg*g 1
5o0_0 1
soo.o 1
500.0 1
.0..o 1
500.0 1

4
Time(

FOURCORN
DBVERS
RasLA
MALIN
NICSOO
CMBTRP

14001
24801
3oo4o
10557
'0"O3
62057

bus
bus
bus
bus

Ebbs
thus

59.5
59.5
59.5
59.5
59.
59.5

1.2
1.2
1.2
1.2
1.2
1.2

1
1
1
1
1
1

)
500.0 1
500.0 l
s00.o 1
so0.o 1
500.0 1
500.0 1

4

Time( sec
FOURCORN
DEVERS
TSSLA
MALXN
NIC500
COLSTRP

14001
24551
3oo4o
40687
"u703
62057

bus
bus
Wwe
bus
bus
w~s

0.0
0.o
0.0
o.0
o o
0.0

-I-

(degrees)WECC Relative Rotor Angles
200

Arizona Relative Rotor Angles (degrees)
200

160160

120120

80

40

BO

C
40-

00

-40-40

-80-80

-120-120

-160-160

-200
o 0é Io9 83 5i

-200:4
0

sec
g 8
see

CC 1
1
1
1

1
1
L
1

1
H
1
1

200.0
*U0.0
200.0
2Q0_0
oo_o

200.0GO 1

)
22.0
25.0
1a.o
15.0
13.5
20.0

10321
15983
24o04
40296
54l51
70105

Time(
smm4p4
NAWMW 3
umm G
coun88zz
awwals
cnmuma

200.0
2oo.0
200.0
200.0
200.0
200.0

1
1
1
1
1
1

)
1a.0
22,0
18.0
24.0
139
1a.a 2

-200.0ang
-200.0ang
'200.0lhQ
-200_0ang
¢00.03Hg
-2D0.0ang

15145
14914
14aoo
14931
8601
86012

.H
4

Time(
M~ cu
FCNGN4CC
GIL-CT1
wuovnvl
Qo44sTG1
Q044sTG2

-200.0ang
'20U.0GHg
-200.0ang
-200.0ang
2 0.0ang

-200.0ang

2011 Heavy Summer Power Flow/Transient Stability Case
Gila Bend/Gila River Cluster SIS Post-Project RE Case l Q031(102MW)&Q044(280 MW
3-phase 4 cycle flt. @ Gila River 230 kg, trip Gila River-Jojoba 230 kV

Page 2

inml llhs-gbgr-r3 -pstl-dyn_swt07-gilariver-jojoba230-slo . ch
c : \work\aps\gbgr\sis\dyn

Wed Jun 17 13:34:34 2009

L \ 1 L!
J v s

)
1 IT

Save
. .

*9'%t *ti*
\

L. H E

nm F ! u n... r.. fr

+ +-
|-L

I
.| l..l l_l

I I I I I I I I r ! I I II
1
1 1 1 1

l

A A

1

n

T-
-r". I l"-r- I I

H-41



Gila Bend/Gila River Cluster
System Impact Study

Transient Stability Plots

Q031 reactive power (p.u.)

t

3 W
A

0004.

2 0 Q031 electrical power (p.u.)

1.8

1.6
1.4

1.2

1.0

0.8

0.6

0.4

0.2

0.0
0

Time( sec )
1 1 2.00.0

Time( sec )
93110 0031 0.2Peen

(p.u.)

0

2 0 Q031 terminal current

1.8

1.6

1.4

1.2

1.0
0.8

0.6

0.4
0.2
0.0

00

1 2 Q031 terminal voltage (p.u.)

1.1

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0 4
0

)
0.2 1 1 2.0Io0.0

Time( sec
93110 Q0311 1 1.2 o93110Vt0.0

Time( sec )
0031 0.2o

Q031 bus voltage (p.u.)

0

»4 0

60.5 0031 bus frequency (Hz)

60.4

60.3

60.2

60.1

60.0

59.9

59.8

59.7

59.6
5 5 1

000
Time( sec ?

1 1 60.5
)
Of

Time( sec
93110 Q03159.5 bugo

2011 Heavy Summer Power Flow/Transient Stability Case
Gila Bend/Gila River Cluster SIS Post Project RE Case 1 Q031(102MW)&Q044(280 MW
3-phase 4 cycle flt. @ Gila River 230 kg, trip Gila River-Jojoba 230 kV

Page 3

llhs-gbgr-r3 pstl-dyn swt 07-gilariver-j ojoba230-slo . Chi
c : \work\aps\gbgr\sis\dyn

Wed Jun 17 13:34:34 2009

8I
4

/

I
If
I41

i'

I 1 rr I I I I I r r I I I .  l1 IU l  J I I I r I I I I 1 I l Il I

i n |-
n n q

I I | I F I I I I l 1

v

I

I I I I I I I 1

I

I

, n

I

8
:

1
4

I | | I I
I I I I I I 1 F I

J

H-42



Gila Bend/Gila River Cluster
System Impact Study

Transient Stability Plots

Q044 STG1 reactive power (invAr)

9

I
I 4

:D

10*I 98'3510107 98i' 3Q

220 Q044 sTG1 electrical power (My)

200
180
160
140
120
1o0
BO
60
40
20
0

-20
0 g

sec
. 4
Time(

é
)

Q HV1 1 220.0

4 5 é
Time( sec )

86011 Qo44sTG1 13.8-20.0 pgo

terminal current (p.u.)

0J.

4.0 Q044 STG1

3.6

3,2
2.8

2.4

2.0

1.6

1.2

0.8

0.4

0.0
010éa72 3

1 2 Q044 STG1 terminal voltage (p.u.)

1.1

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0
0 'i

1 1 4.0
)
11 an 86011

Time( sec
0044sTG10.0l 1 1.2 ovo0.0

4 s 6
Time( sec )

as011 Q044STG1 13.8o

Q044 sTG1 bus voltage (p.u.)

X

1
g _

_9
V

/

,6

H

l=

107 e 9é2

60.5 Q044 STG1 bus frequency (Hz)

60.4
60.3

60.2
60.1

60.0

59.9

59.8

59.7

59.6

59.5
o 1lb90

Time( sec )
l 1 60.5

6
)
11886011

4 5
Time( sec

Q044STG1595 bugo

2011 Heavy Summer Power Flow/Transient Stability Case
Gila Bend/Gila River Cluster SIS Post-Project RE Case 1 Q031(102MW}&Q044(2B0 MW
3-phase 4 cycle flt. @ Gila River 230 kg, trip Gila River-Jojoba 230 kV

Page 4

llhs-gbgr-r3 -pstl-dyn_swt07-gilariver-joj oba230 -sla . ch
c:\work\aps\gbgr\sis\dyn

Wed Jun 17 13:34:34 2009

I

;§

*8
i

1

K

J'

L M *4r°"*»* =-..-=-.=

I.
I

W

I I

I
I

y

i
i

v

1

|

|
V
4

A

r

1
n - H

v

1 I tI
I

!

I
i l

4

u al

i

i
4
W

in
;s

ea

f l

A

v

I I 1
J
| | 1 I I

1

1-1-43



Gila Bend/Gila River Cluster
System Impact Study

Transient Stability Plots
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Transient Stability Plots

Q031 reactive power (p.u.)
1

8.

0d01.

2.0 Q031 electrical power (p.u.)

1.8

1.6

1.4

1.2

1.0

0.8

0£ _
043
0.2

0.0
0

Time( sec )
1 1 2.0

)
0 20.0

Time( sec
93110 Q031Peen

(p.u.)(p.u.)

0

2.0 Q031 terminal current

1.8
1.6

1.4

1.2
1.0

0.8
0.6
0.4

0.2

0.0
00

1 2 Q031 terminal voltage

1.1

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0
0

1 1 2.0IC 931100.0
Time( sec )

0031 0.21 1 1.2
)
01Vt o0.0

Time( see
93110 0031o

Q031 bus voltage (p.u.)

I

0

60.5 Q031 bus frequency (Hz)

60.4

60.3

60.2

60.1

60.0

59.9

59.8

59.7

5 e _
59.5

000
Time( sec ) )

0 2 1 1 60.5
Time( sec

93110 003159.5 bugo

2011 Heavy Summer Power Flow/Transient Stability Case
Gila Bend/Gila River Cluster SIS Post-project RE case 2 Q031 @ 102 MW
3-phase 4 cycle flt. @ Gila River 500 kg, trip Gila River-Jojoba 1 & 2 500 kV

Page 3

us llhs-gbgr-173 -pst2 dyn_swt05 gilariver-j of oba500 -do . ch
c : \work\aps\gbgr\sis\dyn

Wed Jun 17 13:37:54 2009

l I

I 8

I

A
4 I. q

h

2

68
| .

5
E
r
I

I

l  l I I I I I I I I I I I I I I I I I 1 I I I I I I I I I I I I l l I I I I

MI

I

I I I 1 I I I I I I I

J I I I I I I

--...----"'

.4 - .A,... -._pa

W
14
l l

I

1

4:
i\

I
1 1 jl

L p

r I I I I r
I I I I I I I I 1

H-66



Gila Bend/Gila River Cluster
System Impact Study

Transient Stability Plots

o

60.5 Arizona 69 kV Bus Frequencies (Hz)

60.4

60.3

60.2

60.1

60.0

59.9

59.8

59.7

5 6 .
59.5-

0 4.10§873i 2'

1 2 Arizona 69 kV Bus Voltages (p.u.)

1.1
1.0

0.9
0.8
0.7

0.6
0.5

0.4
0.3

0.2
0.1

0.0 I
0

1 1 60.5
Time( sec

GILABEND1 1 1.20.0
D

60.5
60.5

1
1

1
1

)
mo

. n

mo
e a

BUNYAN
SADDL8MT

59.5 bus
h
bus
bus

84419

84411
84442

59,5
59.5

1
1

1
1

1.2
1.2

6
)
6 0

J .

mo
e a

BUNYAN
SADDL8MT

0.0
0.0

4 5
Time( sec

bus 84419 GILABBND
x i 41 `"n
bus 84411
bus 84442

D
A

1 1 60.5
(HM

59.5 bus 94414 COTN CTR 69.9
Arizona 230 kV Bus Frequencies

0

60.5

60.4

60.3

60.2

60.1

60.0

59.9

59.8

59.7

59.6

59.5
0031 2

0.0 bus 84414 COTN CTR 69.0 1 1 1.2
1 2 Arizona 230 kV Bus Voltages (P.u.)
. T
1.1
1.0

0.9
0.8

0.7

0.6
0.5

0.4

0.3
0.2

0.1
0,0 I

0

1
)
z3mo l142011 '.2

Time( sec
0.0 vbul 14201 BUCKBYE oo

' Jx

D
1
1

2a0.o 1
230.0 1

4 5
Time( sec

BUCKEYE

GILARIVR
Joaosn

59.5 foul
1

bus
bus

14238
14224

59.5
59.5

1.2
1.2

1
1

)
230.0 1
lG.» -
230.0 1
230.0 1

GILARIVR
JOJOBA

:
A

14238
14224

bus
bus

0.0
0.0

2
4» 59.5 bus

Arizona

so.s
6. J
60.5
60.5
4

1 60.5
(HM

14258 TSP 23010 1
500 kV Bus Frequencies

0

60.5

60.4

60.3

60.2

60.1

60.0

59.9

59.8

59.7

59.6

59.5
07 8 9 1032&

0.0 bus 14258 Tsp 230.0 1 1 1.2
1 2 Arizona 500 kV Bus Voltages (p.u.)

1.1

1.0

0.9

0.8
0.7

0.6
0.5

0.4

0.3

0.2
0.1
0.0 1

0
)%04 1 l 60.5

Time( sec
14007 s*LAx1vR1.21

,
4 5

Time( sec
14007 GILARIVRo.o thus oo

59.5 bus
<4 .s

D0 l
1

60.5
60.5

500.0 1
5oo.o 1

HASSYAMP
JOJOBA

15090
15089

bus
bus

59.5
59.5

1
1

1.2
1.2

HASSYAMP
JOJOBA

6

)
500.0 1
w

500.0 1
500.0 1

15090
15oe9

0.0
0.0

bus
bus

u L u L: > s , :. vb . _.
2011 Heavy éhémer ¥6weiP i0w/§¥3HETén€"s%éb1118; Case

Gila Bend/Gila River cluster SIS post-project RE Case 2 Q031 @ 102 MW
3-phase 4 cycle flt. @ Gila River 230 kg, trip Gila River-Jojoba 230 kV

Page 1

us llhs-gbgr-r3-pst2 dyn_swt 07 gilariver jojoba230-slo.chf
c : \work\aps\gbgr\sis\dyn

Wed Jun 17 13:38:08 2009

;
l I 1

r l

J .

l1

l 9"r

I

I

.

.

I
I

l

i

i
:
4 I

1

l  I I  | 1I

1
1 Il

3
I
y

E

s J.
If

J
I

1

1Il

1I"

J
[1

I l I

}

..
i

- u h -U

I

I

I

I I I II

I

I I I I I

3 \
l

I

1

I I I I I 1 I
i

H-67



Gila Bend/Gila River Cluster
System Impact Study

Transient Stability Plots

WECC 500 kV Bus Frequencies (Hz)
60.5

WECC 500 kV Bus Voltages (p.u.)
1.2

60.4LI.
c

L0-
60.3

0.9
60.2

0.8

60.1
0.7

60.00.6

0.5 59.9

0.4
59.8

0.3
59.7

0.2

59.6
0.1

0
59.5

00
0.0

0

OO 60.5
60.5
60.5
so,s
6g_5
60.5

1
1
l
1
1

)
500.0 4
500.0 1
500_0 1
590.0 1
500.0 1
500.0 1

T.me( sec
FOURCGRN
DEVERS
TESLA
MALIN
NICSOD
COLSTRP

59.5
59.5
59.5
59.5
59.5
59.5

bus
bus
bus
bus
bus
bus

14001
24801
30040
40687
50703
62057

1
1
1
1
1
1

1.2
1.2
1.2
1.2
12
1.2

)
500.0
500.0 1
soo,0 1
500.0 1
500.0 1
500.0 1

Time( sec
FOURCORN
DEVERS
TESLA
MALIN
NIC500
COLSTRP

o_o
o.o
0.0
o.o
0.0
0.0

14001
24801
30040
40687
50703
62057

bus
bus
bus
bus
bus
bus

WECC Relative R01 or Angles (degrees)
200

Arizona Relative Rotor Angles (degrees)
200

160160

120120

80 80
c

40
C

40

o0

-40-40

-B0-80

-120-120

-160-160

0
-200

00
-200

0

O 1
1
1
1

z00.0
200.0
200.0
200.0

1
H
1
1

Time( sec
ALL CTR
FCNGN4CC
GIL-CT1
Pmnw~l

)
1e.o
22.0
1B.0
24.0

*5145
14914
14800
14931

-2000ang
-200.Dang
-200.0ang
200.0angLA

2o0.o
200.0
200.0
200.0
200.0
200.0

1 1
L 1
1 1
1 1
GO 1

10321
15983
24004
40296
54151
70105

Time( sec
SJWW GO
MWAM 3
RLNMN G
COUL8B22
BRAZ#1 9
CHBROK3

)
22.0
26.0
18.0
15.0
13,8
20.0

2D0.0ang
200.0ang
~200.0ang
200.Gang
200.0ang
-200.0ang

2011 Heavy Summer Power Flow/Transient Stability Case
Gila Bend/Gila River Cluster SIS Post-project RE Case 2 Q031 @ 102 MW
3-phase 4 cycle flt. @ Gila River 230 kg, trip Gila River~Jojoba 230 kV

Page 2M llhs gbgr r3-pst;2-dyn swt07-gilariver jojoba230-slo.chf
c:\work\aps\gbgr\sis\dyn

Wed Jun 17 13:38:08 2009

I

\  / /9- 4 I I 1-l F |-A 1 "1/ I1 I rr"~ A / r"r-1
.| sl_l l._»LH Lr v - a.'lV l._l -of V I

I I I I I I r aI 1 I t I 1 I | 1 I I 1I I

:"-|- 4v~v<-1
* ,,~, * v+1-

u _.l \ l_l \ l_l v l_l

1 ITl I T l I I I I ! I I I I Ii I

|

J l . >--- l _-asu

/

|-

' r¢

I
I...I. . J 1_1 I I L..l

I I I I I I I I I I I i I I I I I I I I

.

!

r I' »-r4 PN

L _
-----4..L

I

1 I

I I I I I I I r I T I I II I

1

I

I

I I I
|

I

I

I

H-68



Gila Bend/Gila River Cluster
System Impact Study

Transient Stability Plots

(p.u.)

0.1.

0.5 Q031 reactive power

0.4

0.3

0.2

0.1

0.0

0.1

-0.2

-0.3
-0.4

-0.5
001

2 0 Q03l electrical power (p.u.)

1.8

1.6

1.4

1.2

1.0

0.a
0.6

0.4

02_
003

0

1 1 0.5
)
02

Time( sec
93110 Q031-0.5 Qgen1 1 2.093110

Time( sec )
0031 0.20.0 Peen

0

2.0 Q031 terminal current (p.u.)

1.8
1.6

1.4

1.2
1.0

0.8

0.6

0.4

0.2
0.0

00

1 2 Q031 terminal voltage (p.u.)

1.1

1.0

0.9

0.8
0.7

0.6
0.5

0.4

0.3
0.2

0.1
0.0

0

1 1 2.0
)
02IC0.0

Time( sec
93110 0031)

0 2 1 1 1.2 o0.0 Vt
Time( sec

93110 0031o

(p.u.)

0

60.5 Q031.bus frequency (Hz)

60.4

60.3

60.2

60.1

60.0

59.9

59.8

59.7

59.6

59.5
00

Q031 bus voltage
1.2
1.1
1.0

0.9

0.8
0.7
0.6

0.5
0.4

0.3
0.2

0.1
0.0

0

l 1 60.5
)
01

Time( sec
93110 Q0311 1 1.2 59.5 bugo0.0

Time( sec )
93110 0031 0.2bug

2011 Heavy summer Power Flow/Transient Stability Case
Gila Bend/Gila River Cluster SIS post-project R3 Case 2 Q031 @ 102 MW
3-phase 4 cycle flt. @ Gila River 230 kg, trip Gila River-Jojoba 230 kV

Page 3

*Ag llhs-gbgr-r3 -pst2 -dyn_swt07-gilariver-joj oba230 -sla . ch
c : \work\aps\gbgr\sis\dyn

Wed Jun 17 13:38:08 2009

/

I r I I I I I I I 1 I II I
I I r I I I I I 1 r ' r I I 1 I

A an n n q

| I I I I I | l I

n

Y

I

I 1
I I ! I | I ! I II I

a

I 1 I I I I I I II I

A

Y

I

I
I I I I I I I I 1 r I I I I II I

H-69



Gila Bend/Gila River Cluster
System Impact Study

Transient Stability Plots

(p.u.)

04.

Arizona 69 kV Bus Frequencies (Hz)
60.5 r
60.4

60.3

60.2

60.1

60.0

59.9

59.8
59.7

59.6

5 5 1
001

1 2 Arizona 69 kV Bus Voltages

1.1
1.0
0.9
0.8
0,7

0.6
0.5

0.4
0.3
0.2
0.1
0.0 v

0

so.s1 l
)
69.0

Time( sec
84419 GILABEND59.51 1 1.2

)
69.00.0 bus B4419o

6o.s
60.5

1
1

1
1

1
1

1
1

1.2
1.2

Time( sec
GILABEND
..L

BUNYAN
SADDLEMT

69.0
69.0

a4411
84442

bus
bus

D
A

0.0
0.0

E
A

1.2 1 60.5
(Hz)

bus
p "

59.5 bus 84411 BUNYAN 69.0
59.5 bus 84442 SADDLBMT 69_O

" 3
59.5 bus 94414 COIN CTR 69.0 1
Arizona 230 kV Bus Frequencies

0.0 bus 84414 COTN CTR 69.0 1 1
Arizona 230 kV Bus Voltzages (p.u.)

5

I

0

60.5
60.4
60. 3

60.2
60 . 1

60 . 0

59. 9

59. 8

59 . 7

59. 6

59.5
00

12
L1
1
as
c
my
me
CO
my
03
02
ml
mo I

0
1 1.214201 Q

1
1

14201
1.28
14239
14224

bus
bus

59.5
59.5

1
1

1.2
1.2

vbul
r
bus

vbua
D
A

0.0
0.0

14238
14224

D
A

1.2

1 60.5

60.5
W E
Go

1 60.5
(HM

Time( sec )
59.5 foul Bucxccys 230.0 1

m f l 4
GILALIVR 230.0 1
Joaom 230.0 1

F
59.5 bus 14258 TSP 230.0 1
Arizona 500 kV Bus FL equencles

Time( sec )
0.0 BUCKEYE 230.0 1

GILARIVR 230.0 1
JOJOBA 230.0 1

0.0 bus 14258 Tsp 230.0 1 1
Arizona 500 kV Bus Voltages (p.u.)

A 00

60. 5

60.4

60 .3

60.2
60. 1

60. 0

59. 9

59. B

59.7
59. 6

59.5
0

1 .2
1 .1
1 .0
0 .9
0 .8
0 .7
0.6
0 .5
0 .4
0 .3
0.2
0 .1
0 .0

0

60.5l500.0 11490759.5)
500.0 1 1 1.2

Time( sec
14007 GILARIVRbus o0.00 ibis

'u~1
1
1

60.5
60.5

1s09o
15089

bus
fbua

59.5
59.5

500.0 1
500.0 1

1.2
1.2

1
1

HASSYAMP
JOJOBA

15090
15089

bus
bus

0.0
o.o

D
A

D
A

Time( sec )
GILARIVR
L-'<Q._*
1-1AssyAmp so0.o 1
JOJOBA 500.0 1

JZ\.
1 :uuu L L au.LDUALus v uvxun33.3

2011 Heavy §88me} bwei" tow/§?$%§Ten?"S%ébiii€§ Case

Gila Bend/Gila River cluster SIS post~project R3 case 2 Q031 @ 102 MW
3-phase 4 cycle flt. @ Gila River 230 kg, trip Gila River 500/230 kV xfmr

Page 1

llhs-gbgr-1:3 pst:2-dyn swt08-gilariver 500 230-xfmr.chf
c : \work\aps\gbgr\sis\dyn

Wed Jun 17 13:38:20 2009

I

1 . 1- 1 1 4

l

¥
Y

A

I I I I I r I I I I I 1 ! l I4 I

l
1

A

I

I I r I I I I l I I I I I II I

I

n

:

I
.

i.

I

I

I

I
I

J

1

I I I i I 1 I I I I

.

I

I

I
iI J

I I 4 » I I II

I

I

I I I I r I I
I I I I I I

Illllll l

H-70



Gila Bend/Gila River Cluster
System Impact Study

Transient Stability Plots

WECC 500 kV Bus Frequencies (Hz)
60.5

WECC 500 kV Bus voltages (p.u.)
1.2

60.41.1
K

1.0
60.3

0.9
60.2

0.8

60.1
0.7

I0.6 60.04

0.5 59.9

0.4
59.8

0.3
59.7

0.2

59.6
0.1

I
0

59.5
0Ioé é98g5. ;~i

0.0 _
0

OO 1
1
1
1
1

60,5
60.5
60.5
50.5
60.5
60.5

Time( sec
FOURCORN
DEVRR5
Teem
MALIN
NIC500
COLSTRP

)
500.8 1
500_0 1
soo.o 1
500.0 1
500_0 1
so0.0 1

bus
bus
bus
bus
bus
thus

14001
24801
3oo4u
10687
50703
62057

59.5
59.5
59.5
59.5
59.5
s9.s

1.2
1.2
1.2
1.2
1.2
1.2

1
1
1
1
1
1

)
500.0 1
500.0 1
500.0 1
500.0 1
s00.0 1
500.0 1

1'

Time( sec
FouRcoRn
DEV8RS
TESLA
MALIN
NIC500
COLSTRP

0.0
00
0.0
0.0
00
0.0

bus
bus
bus
bus
bus
bus

14001
24001
30040
40687
50703
62057

WECC Relative Rotor Angles (degrees)
200

Arizona Relative Rotor Angles (degrees)
200

160160

120120

8 08 0
\

404
40-

00

-40-40

-80-80

-120-120

-160-160

4 1 09géé5. 1
-200

00
-200-

0

Oo 1
H
1
1

200.0
200.0
200.0
200.0

1
1

1
1

)
15.0
22.0
1e.0
24.0

15145
14914
14e00
14931

Time( sec
ARL CTR
FCNGN4CC
GIL-CT1
PALOVRD1

-200.03Dg
-200.0ang
-200.0ang
-200.0ahg

.
4

Time(
sJwm_m
NAVAJO 3
ALAMO G
counsazz
8RAZ#1 9
CH8ROK3

1
1 1
L 1
1 1

1
GO 1

6
sec )

22,0
26.0
18.0
15.0
13.8
20.0

200.0
200.0
200.0
200.0
200.0
200.0

`O321
15953
24004
40296
54151
70105

-200.0ang
-2oDoang
-200.0ang
-200.0ang
200.0ang

-200.0ang

2011 Heavy Summer Power Flow/Transient Stability Case
Gila Bend/Gila River Cluster SIS Post-project RE Case 2 Q031 @ 102 MW
3-phase 4 cycle flt. @ Gila River 230 kg, trip Gila River 500/230 kV xfmr

Page 2

i
llhs-gbgr-r3 -pst:2-dyn_swt08 gilariver-500 230-xfmr. ch

c : \work\aps\gbgr\sis\dyn

Wed Jun 17 13:3B:20 2009

I s 1 N'
I.

1 I I I l I r I | I I 11 I I I I II I

1
I 1

11 I *M LI
I ' I

I

/ 4* r' > r r 4* »-

_

I 1 I | I l II I | I I I I I I I 1 I I| I

A . n.. A... A-

I

H

4 .

4

I

L .| \_|

I l

I .. J i_1
;..1- l I1-r I I

I 1

r

H-71



Gila Bend/Gila River Cluster
System Impact Study

Transient Stability Plots

Q031 reactive power (P.u.)(p.uJ

L

. 0d01.

2 g Q031 electrical power

1.8

1.6

1.4

1.2

1.0

0.8

0.6

0.4

0.2

0.0 7
0

Time( sec )
1 1 2.0

)
02

Time( sec
93110 Q0310.0 Peen

1

a1
0

2.0 Q031 terminal current (p.u.)

1.8

1.6

1.4

1.2
1.0

0.8

0.6

0.4
0.2

0.0
00

1 2 Q031 terminal voltage (p.u.)

1.1

1.C

0_c

0.8
0.7
0.6

0.5

0.4

0.3
0.2

0.1
0.0

0

1 2.01
)
02In

Time( sec
93110 00310.01 1 1.293110vo

Time( sec )
Q031 0.20.0c

Q031 bus voltage (p.u.)
4

J y

w

1 0

60.5 Q03l.bus frequency (Hz)

60.4

60.3
60.2

60.1

60.0

59.9

59.8
59.7

S9.6_

59.5
000

Time( sec )
1 l 60.5

)
02

Time( sec
93110 O03159.5 bugc

2011 Heavy Summer Power Flow/Transient Stability Case
Gila Bend/Gila River Cluster SIS Post-project R3 Case 2 Q031 @ 102 MW
3-phase 4 cycle flt. @ Gila River 230 kg, trip Gila River 500/230 kV xfmr

Page 3

llhs-gbgr-r3 -pst2 dyn_swt08-gilariver-500-23 0-xfmr.Chi
c : \work\aps\gbgr\sis\dyn

Wed Jun 17 13:38:20 2009

4

i

l l

1

I I

E.:

4
I

n

/

r t I l I I I I | I 1 I I I 1 II I I I I 1 Ile l I 1 I I I J I r I  tr I

-

I 1 1 9 I I I r I I I I I I
I I I l I I I I I i

--v

F

l

E

'|

- _¢;.

Ag.
11

a t

F ;
1

I

9
j

I I J I I I I I I 1
J I I I I I I I I 1

H-72



Gila Bend/Gila River Cluster
System Impact Study

Transient Stability Plots

0

60.5 Arizona 69 kV Bus Frequencies (Hz)

60.4

60.3
60.2
60.1
60.0

59.9

59.8

59.7

59.6

59.53
00

1 2 Arizona 69 kV Bus voltages (p.u.)

1.1

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1:

0.0 5
0

sec
c
x
D
A

D
A

59.5
59.5
59.5
55.5
59.5
59.5

12
1.2
1.2
1.2
1.2
1.2 4

0.0
0.0
0.0
0.0
0.0
0.0

84419
84432
84411
84442
84460
S4414

230 kV

bus
bus
bus
bus
bus
bus

Arizona

1 s0.5
1 60.5
1 60.5
1 60.5
1 605
1 60.5
(HM

84419
S4432
84411
84442
84460
84414

230 kV

Time( )
GILABEND 69.0 1
PALDMA 69.0 1
8mnn 69.0 1
SADDLEMT 69.0 1
HYl 69.0 1
COTN CTR 69.p 1

Bus Frequencies

Time( sec )
GI~ wane 69.0 1 1
PALOMA 69.0 1 1
BMWAN 694 1 1
SADDLEMT 69.0 1 1
HY1 69.0 1 1
COTN CTR 69.0 1 1

Bus Voltages (p.u.)

0

A
605
em 4
ams
602
emf
mo
519
5&8
5 7
5&6
5 9 5 v

00

bus
bus
thus
bus
bus
bus

Arizona
1.2
1.1
1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

0

o

D

o
x
o
A

foul
foul
bus
Ebbs
bus
bus

1.2
1.2
1.2
1.2
1.2
1,2

515
594
5 5
595
S95
598
Arizona

14201
14235
14238
14224
1902
14258

500 kV

1 ams
1 Ema
1 ams
1 605
1 ams
1 605
(HM

14201
14235
14238
14224
190 2
14258
0 kV50

Time( sec )
BUCKEYE 230.0 1
GILABEND 230.0 1
GILARIVR 230.0 1
JOJOBA 230.0 1
LIBERTY 230.0 1
TSP 230.0 1

Bus Frequencies

0.0 vbul
0.0 vbul
0.0 bus
0.0 bus
0.0 bus
00 bus
Arizona

Time( sec )
BUCKEYE 230.0 1 1
GILABEND 230.0 1 l
GILARIVR 230.0 1 1
JOJOBA 230.0 1 1
LIBERTY 230.0 1 1
Tsp 230.0 1 1

Bus Voltages (p.u.)

00

605 A
6m 4
ams
am
6m 1
mo
5 9
S e
517
S e*

5 5
0

1.2

1.1

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0
0

oo

)
500.0 1
500.0 1
500.0 1 DE

A

l
1
1
1
1

60.5
50.5
60.5
60.5
60.5

Time( sec
GILARIVR
HARMHMA
mwsyAmp
JOJOBA
KYRENE

)
500.0 1
500.0 1
590_0 1
5o0,o 1
500.0

14007
15093
15090
15089
50l1

bus
bus
bus
bus
bus

59.5
59.5
595
s9s
59.5

500.0 1

500.0 1
1
1
l
l

1.2
1.2
1.2
12
1.2

14007
15093
15090
15089
501;

Time( sec
GILARIVR
mwQm4m
HASSYAMP
JOJOBA
KYRENE

o.0
0.0
0.0
0.0
0.0

bus
bus
bus
bus
bus

L1 :> . 3
42011 Heavy §%8met ¥%we§° low/ ransien Sta iiiéy Case

Gila Bend/Gila River Cluster SIS Post-project RE Case 2 QO31 @ 102 MW
3-phase 7 cycle flt. @ Gila Bend 69 kg, trip Gila Bend 230/69 kV xfmr 1

Page 1

AS llhs gbgr r3-pst:2 Ayn swt09 gilabend-230-69-xfmrl.chf
c : \work\aps\gbgr\sis\dyn

Wed Jun 17 13:38:32 2009

_1_n 1

I

;-A-.=

.f

_ l-- .

I

I ! I I I I I I r I 'trI I I I I II I

l

I l' l "\ I I I I I I I I I I I I I I I II I

I I I I I I r I I I I
I I I I l 1 I I I I I I II I

r I I I I I II I I I I I I r I I
I I

H-73



Gila Bend/Gila River Cluster
System Impact Study

Transient Stability Plots

500 kV Bus Frequencies (Hz)WECC
60.5

WECC 500 kV Bus Voltages (p.u.)
1.2

1.1 60.4

1.0
60.3

0.9
60.2

0.8

60.1
0.7

I0.6 60.04

0.5 59.9

0.4
59.8

0.3
59.7

0.2

59.6
0.1

I
I og 5é9éi é0

a s .
0

0.0
o

a c
w

OO 50.5
60.5
60.5
50.5
60.5
60.5

m . w
4 5

Time( sec
FOURCORN
Damns
TESLA
MALIN
NICSOO
COLSTRP

)
500.0 1
500.0 1
500.0 1
500.0 1
500_0 1
500.0 1

1
1
1
1
1
1

bus
bus
bus
bus
bus
bus

14001
24801
30040
4osa7
50703
62057

59.5
59.5
59.5
59.5
59.5
59.5

1.2
1.2
1.2
1.2
1.2
1.2

1
1
1
1
1
1

)
500.0 1
soo.o l
soo.0 1
500.0 1
500.0 1
s00.0 1

Time( s
Founmma
D8VERS
TESLA
mule
NICSDO
COLSTRP

0.0
0.0
0.0
0.0
0.0
0.0

14001
24801
30040
40687
50703
62057

bus
bus
bus
bus
bus
bus

WECC Relative Rotor Angles (degrees)
200

Arizona Relative Rotor Angles (degrees)
200

160160

120120

8 0 8 0
4

40
L

4 0

0o

-404 0

-B0-BO

-120-120

-160-160

-200 |- I5 5 5 'IoI I
-200 I

0 55i'0 5 `8
sec

OO

H
4

Time(
smarm_GO
nmmnoa
ALAMO G

1

1

1

1

1
H
1
1

)
18.0
22.0
18.0
z4.0

200.0
200.0
200.0
200.0

Time( sec
ARL~CTl
FCNGN4CC
GIL-CT1
vAummnl

15145
14914
14ao0
14931

-200.0ang
-200.0ang
-200.0ang
'2°0.03Dg

200.0
200.0
2oo.o
200.0
2o0o
200.0

)
22.0
26.0
1s.o
15.0
*3.e
20.0

1 1
1 1
L 1
1 1
1 l
GO 1

10321
15983
24004
40296
54151
70105

COULEE22
BRAz#1 9
Q-xznoxa

-200.0ang
-20D.0ang
-200.0ang
-200.0ang
200.0ang

-200.0ang

2011 Heavy Summer Power Flow/Transient stability Case
Gila Bend/Gila River Cluster SIS Post-project RE Case 2 Qo3l @ 102 MW
3-phase 7 cycle flt. @ Gila Bend 69 kg, trip Gila Bend 230/69 kV xfmr 1

Page 2

W llhs-gbgr r3-pst2-dyn swt 09 gilabend-230-69-xfmrl.chf
c : \work\aps\gbgr\sis\dyn

Wed Jun 17 l3:38:32 2009

\ v 1
J

..'-94 -l:+-4webI-L4*H- --wea- -H-4

I I I i l l l+ c I I I I I II I

--8 4 - --As> -8- | 9__ _-as5

1

+-

h

L
I
JL J I....¢ l....l L_] L-I

w '~» I

I I I
A...A _---- .---....|. .-_.-..

I I I II I I I I IH

T I
I I

I

| I
12-1--

H-74



Gila Bend/Gila River Cluster
System Impact Study

Transient Stability Plots

04.

0.5 Q031 reactive power (p.u.)

0.4

0.3

0.2

0.1
0.0

-0.1
-0.2

0.3

-0.4

-0.5 I
004.

2 0 Q031 electrical power (p.u.)

1.a
1.6
1.4

1.2
1.0

0.8

0.6

0.4

0.2

0.0.
0

)
0 2 1 1 0.5

Time( sec
93110 0031l 1 2.0

)
0.2 o -0.5 Qgen0.0

Time( sec
93110 Q031Peeno

(p.u.)(p.u.)

0

2.0 Q031 terminal current

1.8
1.6
1.4

1.2

1.0

0.8

0.6

0.4
0.2
0.0

00

1 2 0031 terminal voltage

1.1
1.0

0.9

0.8
0.7

0.6
0.5

0.4

0.3
0.2

0.1
0.0

0

1 2.0l0.0 1:
Time( see )

93110 Q031 0.2l 1 1.2
)
02Vt

Time( sec
93110 00310.0 oo

(p.u.)

0

60.5 Q031 bus frequency (Hz)

60.4

60.3

60.2

60.1

60.0

59.9

59.8

59.7

59.6

59.5 I
00

Q031 bus voltage
1.2
1.1

1.0
0.9

0.8
0.7

0.6
0.5
0.4

0.3
0.2
0.1

0.0
0

)
O f 1 1 60.51.21 l

Time( sec
93110 Q0310.0 59.s bug

Time( sec )
93110 Q031 0.2 obugo

2011 Heavy Summer Power Flow/Transient Stability Case
Gila Bend/Gila River Cluster SIS Post-project RE Case 2 Q031 @ 102 MW
3-phase 7 cycle flt. @ Gila Bend 69 kg, trip Gila Bend 230/69 kV xfmr 1

Page 3

M llhs-gbgr 1:3 -pst2 -dyn_swt09-gilabend 230 -69-xfmrl . ch
C : \work\aps\gbgr\sis\dyn

Wed Jun 17 13:38:32 2009

.

I

n

/

I I I I 1 I | l I I I I I T I I I I
!I I | I I I I I I I II r I I I I

i D 4 4 n . aI

i

I

I

I I r | I I I I
I 1 I I I I I |

I
I

I I I I I1 I I

I

I I I I I I

H-75



Gila Bend/Gila River Cluster
System Impact Study

Transient Stability Plots

===:

0

60_5 Arizona 69 kV Bus Frequencies (Hz)

60.4
60.3

60.2

60.1

60.0

59.9

59.8

59.7

59.6

59.5
00

1 2 Arizona 69 kV Bus Voltages (p.u.)

1.1

1.0

0.9
0.8
0.7

0.6
0.5

0.4

0.3

0.2

0.1

0.0
0

1 l so.5
)
61059.5 bus 844191 1.21

)
Flo0.0

J ;

1
1

1
1

s9.o
69.0

60.5
60.5

Time( sec
GILABBND
f J

smmn
SADDLEMT

59.5
59.5

bus
bus

84411
84442

1.2
1 2

1
1

1
1

Time( sec
GILABEND
FAn"
MWWW
SADDLEMT

S44199.

84411
84442

bus
JT*
bus
bus

0.0
0.0

D
A

D
A

1.2 +
1 60.5
(HM2

59.5 bus 84414 CDTN CTR 69.p 1
Arizona 230 kV Bus Frequencies

0.0 bus
Arizona

6 0
694
.O

84414 COTN CTR s9.o 1 1
30 kV Bus Voltages (p.u.)

- 0

60.5

60.4

60.3

60.2

60.1

60.0

59.9

59.8

59.7

59.6

59.5
00

r1

1.2

1.1

1.0

0.9

O.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0
0

1420159.51.2l
)
2300 1 oo

DD
1
1

1.2
1.2

1
1

230.0 1
230.0 1

Time( sec
BUCKEYE
QAmL

GILARIVR
JOJOBA

14201
14.4
14238
14224

l ams
4
ams
606
m.

1 ams
(HM

Time( sec )
foul BUCKEYE 230.0 1
.WJ [WP E ' u

59.5 bus 14238 GILARIVR 230.0 1
59.5 bus 14224 JOJOBA 230.0 1

59.5 bus 14258 TSP 230.0 1
Arizona 500 kV Bus Frequencies

14258 TSP 230.0 1 1 1.2
0 kV Bus Voltages (p.u.)

». 0

ams
60 A

6m 3

am

6m 1

60

519
5 8
5 7
5 6 _
515

00

0.0 vbul

0.0 vgug
0.0 bus
3 9 ] "
0.0 bus
Arizona 50

1.2

1.1

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0
0

60_,1
)
soon 159.5 bus1.21

)
500.0 1bus

Time( sec
14007 GILARIVR o0.0o

D soo.o 1
500.0 1

60.5
60.5

1
1

59.s
59.5

bus
bus

lS090
15089

1.2
1.2

1
1

HASSYAMP
JOJOBA

500,0 l
500.0 1

1s09o
15089

Wwe
thus

0.0
0.0

0
A

Time( sec
14007 GILARIVR

wwswwp
JOJQ8A
l"VW

4:»|
2011 Heavy A mer %web" low/ raslent Stibilicy Case
Gila Bend/Gila River Cluster SIS Post-project RE Case 3 Q044 @ 280 Mw
3-phase 4 cycle flt. @ Gila Bend 230 kg, trip Gila Bend-Gila River 230 kV

Page 1

~A=s
llhs-gbgr-1:3-pst3 dyn_swt:01 gilabend-gilariver230-slo . ch

c : \work\aps\gbgr\sis\dyn

Wed Jun 17 13:39'D2 2009

e
m
L I

I

I

z
4. 111 M 1 l.L! Mn ll411. . rJ L- u.

F

1

Lil

l

.n

L

1 I I I I I I I 1 I I I I I II I
I I I 1 I I I I I r I I I I l ' I 1 II I

1

v
7

I

»4 '-r -ll==" 1 - u ~4 § -

I1.
I I

I I I I I I I I I I! 1
I I 1 I I I I r 1 I I 1

|

I

3 mu-. 'n-h I

r I I I I I I I I I I
: T I I I I

H-76



Gila Bend/Gila River Cluster
System Impact Study

Transient Stability Plots

WECC 500 kV Bus Frequencies (Hz)
60.5

WECC 500 kV Bus Voltages (p.u.)
1.2

60.41.1
<

1.0
60.3

0.9
60.2

0,8
60.1

0.7

I60.0(0.6

0.5 59.9

0.4
59.8

0.3
59.7

0.2
59.6

0.1

0
59.5

00
0.0

0

oO
60.5
60.5
60.5
60.5
605
60.5

l
1
1
1
1
1

)
500.0 l
500.0 1
500.0 1
s00.0 1
500.0 1
500.0 1

Time( sec
FGURCORN
DEVERS
TESLA
MALIN
NICSOO
COLSTRP

bus
bus
bus
bus
bus
bus

140c1
24ao1
30040
40687
50703
52057

59.5
59.5
59.5
595
59.5
59.5

1
1
1
1
1
l

1.2
1.2
1.2
12
1.2
1.2

)
500.0 1
500.o 1
500.0 1
500.0 1
500.0 1
500.0 1

Time( sec
FOURCORN
DEVERS
TESLA
MALIN
N1C500
COLSTRP

14001
24801
30040
40687
50703
62057

bus
bus
W~e
bus
bus
bus

0.0
0.0
0.0
mo
00
0.0

WECC Relative Rotor Angles (degrees)
200

Arizona Relative Rotor Angles (degrees)
200

160160

120120

8080

40c
4

00

-40-40

-80-BO

-120-120

-160-160

-200
0

-200
00e

sec
OO 1 l

1 1
L 1
1 1
1 1
GO 1

200.0
200.0
200.0
200_0
200.0
200.0

)
22.0
26.0
lB.0
15.0
13.8
20.0

10321
15983
24004
40296
54151
70105

Time(
sJuAn_G4
NAVAJO 3
ALAMO G
COULEK22
BRAZ#1 9
CHEROKEE

1
1
1
1
1
1

200.0
200.0
200.0
200.0
200.0
200.0

-200.Dang
200.0ang
-200.Qang
-2D0.Dang
200.0ang

-200.0ang

1
H
1
1
1
2

)
8̀.D
22.0
18,0
24.0
13.B
13.8

15145
14914
14900
14931
B6011
86012

Time( sec
ARL-CT1
FCNGN4CC
GIL-CT1
PALOVRD1
Q044STG1
QQq45TG2

-200.0ang
-2000ang
-200.0ang
-200.0ang
2000ang
-200.0ang

2011 Heavy summer Power Flow/Transient Stability Case
Gila Bend/Gila River Cluster SIS Post-project RE Case 3 Q044 @ 280 MW
3-phase 4 cycle flt. @ Gila Bend 230 kg, trip Gila Bend-Gila River 230 kV

Page 2

M llhs-gbgr-r3-pst3-dyn swt01 gilabend-gilariver230 slo.ehf
c : \work\aps\gbgr\sis\dyn

Wed Jun 17 13:39:02 2009

1
) \. .r L l I.

| I I I I I Il l I I I I I I I II 1

l l

»-H I

1 .v h inJ H- -wei-~<M LI 10.1rlr L]lm

I I I I I | I I I I I I I 1 I I l I I I I

I In Ill 1 r 1 r r I I I

A- F- i r 3 P... 9
L

I
I

I

\

I |

I

1

I I

I I1I
L .| l I I L_! L J

1 . I I I I I I I I I r I I I I I I I II I

I m .1

- __.
- A

I I I I I I | | I I I I I I I I I I I I

1

I

H-77



Gila Bend/Gila River Cluster
System Impact Study

Transient Stability Plots

Q044 STG1 reactive power (MvAr)

f i n s

g

9 109 at32d I0

220 Q044 STG1 electrical power (MW)

200

180
160

140
120

100

80

60
40
20

0
-20 .

0

g

)

.4 .5.
Time( sec

W 48"1 1 220.0

4 8 6
Time( sec )

86011 QG44STG1 13.8-20.0 pg

current (p.u.)

T

0J.

4.0 Q044 STG1 terminal

3.6
3.2
2.8

2.4

2.0

1.6
1.2

0.a
0.4

m o I
00

1 2 Q044 STG1 terminal voltage (p.u.)

1.1

1.0

0.9
0.8

0.7
0.6
0.5

0.4

0.3
0.2

0.1
0.0

0

1 4.0
)
ALB86011u0.0

Time( sec
Q044STG11 1 1.2 o86011Vt0.0

Time( sec )
Q044STG1 13.8o

Q044 sTG1 bus voltage (p.u.)

1

9

8

7

I

Q

r

J
,S

9

3

10'¢7 92

60.5 Q044 STG1 bus frequency (Hz)

60.4

60.3

60.2

60.1

60.0

59.9

59.8

59.7

59.6

a s I
0 . 511097 8of 3O 1 5

sec
6
)Time(

H
4 5 6

Time( sec )
86011 Q044STG1 13.8 1 1 so.s59.5 bugo

2011 Heavy summer Power Flow/Transient stability Case
Gila Bend/Gila River Cluster SIS Post-project RE Case 3 Q044 @ 280 MW
3-phase 4 cycle fly. @ Gila Bend 230 kg, trip Gila Bend-Gila River 230 kV

Page 3

M, llhs -gbgr-r3 -pst3 dyn__swt;0l gilabend gilariver230-slo.chf
c : \work\aps\gbgr\sis\dyn

Wed Jun 17 13:39:03 2009

l I

a
"v€\
QI
1.

IF

i
a .t=-*.»=»"= _¢...-...Q

l
I

I

I

A

-

v. | I 1 I 1 I l I I II I

I

I

l

n

r

1

I

I I I 11
iII I 1 I I I I 1

11

1

i

--G...-_ *L
gr'

1-.
|

'Q
4

I 1

H-78



Gila Bend/Gila River Cluster
System Impact Study

Transient Stability Plots

(p )

I

0

60 5 Arizona 69 kV Bus Frequencies (Hz)

60.4

60.3

60.2
60.1

60.0

59.9

59.8

59.7

59.6

59.5=
00

1 2 Arizona 69 kV Bus Voltages .u.

1.1

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0 |
0

1 60.51
)
6911 1.2

)
e a c

l s0.5
60.5

1
1

69.0
69.0

Time( sec
59.5 bus 84419 GILABEND
: i . Jo id

bus 84411 BUNYAN
bus s4442 SADDLEMT

59.5
59.5

1.2
1.2

1
1

59.0
69.0

D
A

0.0
0.0

o.o bus
n .
bus
bus

0
A

» 1 ams
(Hz)

s9.s bus 84414 COTN CTR s9.p 1
Arizona 230 kV Bus Frequencies

1 1 LE
)

0.0 bus
Ar;zona 23

Time( sec
84419 GILAEEND
.> 9 ¢g.4,
84411 BUNYAN 1
84442 SADDLEMT 1
14
84414 COTN CTR 69.0
0 kV Bus voltages (P.u.

0

60.5

60.4

60.3

60.2

60.1

60.0

59.9

59.8

59.7

59.6

59.5
00

1.2

1.1

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0
0

50.511 1.2 0 59.5 foul
0

DD
60.5
50.5

1
1

Time( sec
BUCKEYE
~§4AbLV
GILARIVR
JOJOBA

14238
14224

bus
bus

59.5
59.5

1
1

1,2
1.2

)
230.0 1
930
230.0 1
230.0 1

Time( sec
BUCKEYE
'LAtE
GILARIVR
JOJOBA

14201f"
14238
14224

vhul
WML]
bus
bus

0.0
0 A
0.0
0.0 \

1.2 1 ams
(Hz)

59.5 bus
Arizona

)
14201 23o.0 1

39.11
zoom 1
z3mo 1
no.

14258 TSP 230{0 1
500 kV Bus Frequencies

bus 14258 TSP 2300 1 1
zone 500 kV Bus Voltages (p.u.)

I

I •» 0

60 . 5

60.4

60 .3

60.2

60 .1

60. 0

59. 9

59.8
59. 7

59.6 .

59. 5 =
00

0.9
Ar;

1.2

1.1

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0 r
0

60.5
)
5w.01

Time( sec
14007 GILARIVR59.51.21

)
M04 1

Time( sec
14007 GILARIVR0.0o

D

1
L
1
1

s0,5
60.5

500.0 1
so0.o 1

wséwmp
JOJOBA

15090
15089

bus
Lu.
thus
bus

59.5
59.5

1.2
1.2

s00.0 1
5000 1

1
1

HASSYAMP
JOJOBA

15090
15089

bus

v5Gs
thus

0.0
0.0

0
A

» . Lf . UE . _.2011 Heavy A mer owe low/ 3 é 1 e n m S b 1 l ; Case
Gila Bend/Gila River Cluster SIS Post-project RE Case 3 Q044 @ 28O MW
3-phase 4 cycle flt. @ Gila River 500 kg, trip Gila River-Jojoba 500 kV

Page 1

As llhs-gbgr-r3 -pst:3 -Ayn swt02 -gilariver-joj oba500 sla . ch
c : \work\aps\gbgr\sis\dyn

Wed Jun 17 13:39:19 2009

9

.lTl
rtP l ll'iiilI1 I- 'll Ill

I

I
:

I

I I r I I I I I 1 l I J 1 I 1 I
| I I I I I I I I J I I r I

\

l

I
I

I I I I I I u.

1

I
I r I I I I I I

I l

M

i
-

I

I I I I I I I I I IF l
J r r I I I | r

H-79



Gila Bend/Gila River Cluster
System Impact Study

Transient Stability Plots

(p. ) WECC 500 kV Bus Frequencies (Hz)
60.5

WECC 500 kV Bus Voltages u.
1.2

60.41.1
(

1.0 60.3
0.9

60.2
0.8

60.10.7

60.0( I0.6

0.5 59.9

0.4 59.8
0.3

59.7
0.2

59.60.1

0
59.5

00
0.0

0

OO 50.5
60.5
60.5
so.5
60.5
60.5

l
1
1
1
1
1

)
500.6 ;
500.0 1
soo.0 1
500.0 1
500.0 l
500.0 1

Time( sec
FOURCORN
DEVERS
T8SLA
MALIN
NICSOO
COLSTRP

14001
24801
30040
40587
50703
62057

bus
Ebbs
bus
bus
bus
bus

59,5
59.5
59.5
59,5
59.5
59.5

1
1
1
1
l
1

1.2
1.2
1.2
.2
1.2
1.2

Time( sec
FOURCORN
DEVERS
TESLA
MALIN
NIC500
COLSTRP

)
500.0 1
500.0 l
500.0 1
500.0 1
500.0 1
500.0 1

bus
bus
bus
bus
bus
bus

0.0
0.0
0.0
0.0
0.0
oo

14001
24801
30040
40687
50703
62057

WECC Relative Rotor Angles (degrees)
200

Arizona Relative Rotor Angles (degrees)
200

160160

120120

B0
I

80
C

40
c

40

0o

-40-40

-80-80

-120-120

-160160

-200
0

200
u L0 0

sec
OO 200.0

20c.o
200.0
2oo.o
200.0
2oo.o

1 1
1 1
L 1
1 1
1 1
GO 1

Time(
SJUAN_GO
NAVAJO 3
ALAMO G
COULEE22
BRAZ#1 9
CHEROKEE

)
22.0
26.0
18.0
15.0
135
20.0

1032*
15983
24004
40295
54151
70105

200.0
200_0
200.0
200.0
200.0
200.0

1
1
1
1
1

1
H
1
1
1
2

)
18.0
22.0
1a.0
24.0
13.B
13.8

15145
14914
14800
14931
86011
85012

200.0ang
200.0ang
-200.0ang
-200.0ang
200.0ang
-200.0ang

Time( sec
ARL CTR
FCNGNACC
GIL-CT1
PALOVRD1
QD 44STG1
Q044STG2

200.0ang
200.0ang
-200.0ang
-200.0ang
-200.0ang
-2D0.0ang

2011 Heavy Summer Power Flow/Transient Stability Case
Gila Bend/Gila River Cluster SIS Post Project RE Case 3 Q044 @ 280 MW
3-phase 4 cycle flt. @ Gila River 500 kg, trip Gila River-Jojoba 500 kV

Page 2

W;

Aug 11hs-gbgr r3-pst3-dyn__swt:02 gilariver-jojoba500 slo.chf
c : \work\aps\gbgr\sis\dyn

Wed Jun 17 13:39:19 2009

1 r I'a /

I I I I 4 I 1 I I I l I I I H . I I I I

"vh- A 9*-arm* *
I 9  I v+-r-

L
r .

I 1 wr 1._I \ L. l._.l - V \ L....l

I

I I 1 I I I I I I I | 1 I I l | I 1I

8
A

,an1 -

% _

-49- - m--8.
II

4

_|,

I ii

1I

F

L .

1
.1 |_ J| '-\l_I 1_l l_l 1.1

4 4 .Y-:=:3W.-J( r Fw ml4 I(- 3-*TM 1*
I

..

I I 1 I r r I I I I I I I I I I I I II I

I r I
L. .1

I I I | Il IM I I I I I I I lI I

H-80



Gila Bend/Gila River Cluster
System Impact Study

Transient Stability Plots

04.

300 Q044 STG1 reactive power (mbAr)

260

220

180

140

100

60

20

-20

-60

_100.
00

220 Q044 STG1 electrical power (MW)

200
180

160
140

120

100
80

60
40

20

0
-20 |

0
)
118 1 220.0

Time( sec )
06011 Q044sTc1 13.8 1 1 300.006011 100.0qg

Time( sec
Q044STG`o -20.0 pg

(p.u.)

0L

4.0 Q044 STG1 terminal current

3.6
3.2

2.8
2.4

2.0

1.6
1.2

0.8

0.4

0.0
00

1 2 Q044 STG1 terminal voltage (p.u.)

1.1

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0
0

1 1 4.0
)
u_8it0.0l 1 1.2

)
H.B

Time( sec
86011 Q0llSTG186011Vt

Time( sec
Q044sTc1o 0.0

(p.u.)

0

60.5 Q044 STG1 bus frequency (Hz)

60.4

60.3
60.2
60.1
60.0

59.9

59.8

59.7
59.6

59.5
00

1 2 Q044 STG1 bus voltage

1.1

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0 1
0

1 1 60.5
)
1L 8

)
118 860111 1 1.2

Time( sec
Q044STG1

Time( sec
86011 Q044STG1 o 59.5 bugbugo 0 0

2011 Heavy summer Power Flow/Transient Stability Case
Gila Bend/Gila River cluster SIS Post-project RE Case 3 Q044 @ 280 MW
3-phase 4 cycle flt. @ Gila River 500 kg, trip Gila River-Jojoba 500 kV

Page 3

llhs-gbgr-r3-pst3 Ayn swt:02-gilariver-jojoba500 slo.chf
c : \work\aps\gbgr\ st s \Ayn

Wed Jun 17 13:39:19 2009

r I r r I I I I I I r 1 I II | I I I 1 I I r I I { I I II I

i.

I I

n

I

- ,

I I I I 4 I I I II I I 1 I

A

n

l

al I ! I I I
I
| I I I I I I I I

H-81



Gila Bend/Gila River Cluster
System Impact Study

Transient Stability Plots

(p.u.)

'I

0

60.5 Arizona 69 kV Bus Frequencies (Hz)

60.4

60.3

60.2

60.1
60.0

59.9

59.8

59.7
59.6
59.53

04
• 0

1 2 Arizona 69 kV Bus Voltages

1.1
1.0
0.9
0.8
0.7
0.6
0.5
0.4

0.3
0.2
0.1
0.0 I

0

1
)
e a

Time( sec
59.5 bus 84419 GILABEND11 1.2

)
69

Time( sec
84419 GILABEND0.0 bus

Q J.J1 A .4..
1 1 ;

D

1
1

60.5
60.5

69.0
69.0

BUNYAN
SADDLEMT

84411
S4442

bus
bus

59.5
59.5

1.2
1.2

1
1

1
1

69.0
69.0

84411
84442

BUNYAN
SADDLEMT

D
A

bus
bus

0.0
0.0

A

. 4
1.2 +

1 60.5

1
1

1
s

1 605
(Hz)

59.5 bus 84414 COTN CTR 69.9
Arizona 230 kV Bus Frequency

0.0 bus
Arizona 2

84414 COTN CTR 69.0 1 1
30 kV Bus Voltages (p.u.)

» n1 •J 0•1

60.5

60.4

60.3
60.2

60.1

60.0

59.9

59.8
59.7
59.6
59.5

00

1.2
1.1
1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

0
1 1 60.5

)
230.0

Time( sec
14201 BUCKEYEfoul1.21

)
23m 0 o

Time( sec
14201 BUCKEYEo 1

4 U5 ;.l12~
1

.§F.FL l . 1  J*My ¢2
m

60.5
60.5

1
1

GILARIVR
JOJOBA

14238
14224

thus
bus

59.5
r o

59.5
59.5

1.2
1.2

1
1

1
1

GILARIVR
JOJOBA

14238
14224

D
a

hMm
bus

w
i n

1.2
5

1 605
(Hz)

59.5 bus
Arizona

2300 1
2300 1

. my
14258 TSP 230.0 1

00 kV Bus Frequencies

0.0 vbul

0.0
0.0
r.
0.0 bus
Arizona 5

z3mo
2340

. K J

14258 TSP 230.0 1 1
00 kV Bus Voltages (p.u.)

•I 0.I 0•¢ . J .•

60.5
60.4
60.3
60.2
60.1
60.0
59.9
59_8

59.7
59.6 _
59.5

0021

l l
ll
1

0.9
0.8
0.7
0.6
0 ;
0A
OF
Of
OJ
0.01

0
)
5000 1 1 50.5

Time( sec
14007 GILARIVRbus59.51 12

)
5000 1 obus

Time( sec
14007 GILARIVR0.0 .?w JJ];J.I" H E ; 4.4

o
D

1
1

so0.o
500.0

50.5
605

1
1

HASSYAMP
JOJOBA

15090
15009

bus
bus

59.5
59.5

1.2
1.2

1
1

1
1

500.0
500.0

HASSYAMP
JOJOBA

15090
15089

0.0
0.0

bus
vbu8

9

»:> . 3

MW

, u. Aus . _
2011 Heavy Sume§ we5 ow/ slen USt§b1 1 y Case

Gila Bend/Gila River Cluster SIS Post-project R3 Case 3 Q044 @ 280
3-phase 4 cycle flt. @ Jojoba 500 kg, trip Hassyampa-Jojoba 500 kV

Page 1

!

llhs-gbgr-r3 -pst3 -Ayn swt03 -hassyampa-joj oba500-slo . ch
c : \work\aps\gbgr\sis\dyn

Wed Jun 17 13:39:34 2009

n I I|

3

.-41' H n Wn

-in . 'i

I

I I I I I I I I I I I i I 1 I II
I I I I P I L I I I I r I 1 I I I 41

1

1

I I
II

/"

I

I

I

y

r I I I I I I
I I 1 I I |  I I | I

n
I

l
I

-a-1

I I I I 1 ! I I

g

I

r I I I I I I I I I

I

I

H-82



Gila Bend/Gila River Cluster
System Impact Study

Transient Stability Plots

(p.u.) WECC 500 kV Bus Frequencies (Hz)
60.5

WECC 500 kV Bus Voltages
1.2

60.41.1
L

1.0
60.3

0.9
60.2

0.8

60.1
0.7

0.6 60.0&

0.5 59.9

0.4
59.8

0.3
59.7

0.2

59.6
0.1

0

59.5
00

o.0
0

OO 60.5
60.5
60.5
60.5
60.5
60.5

l
1
1
1
1
1

)
500.0 *
500.0 1
500.0 1
soo.o 1
500.0 1
soo.o 1

Time( sec
FOURCORN
Dsvsns
TBSLA
MALIN
NIC500
COLSTRP

14001
24801
30040
40687
5D703
62057

bus
bus
bus
bus
bus
bus

59.5
59.5
59.5
59.5
59.5
59.5

1
1
1
1
1
1

1.2
1.2
1.2
1.2
1.2
1.2

)
500.0 1
500_0 1
500.0 1
500.0 1
500.0 1
500.0 1

Time( sec
FOURCORN
DBVERS
TESLA
MALIN
NICSOO
CQLSTRP

14001
24801
30040
40687
50703
62057

bus
bus
bus
bus
bus
bus

0.0
0 0
0_0
0.0
0.0
0.0

WECC Rel live Rotor Angles (degrees)
200

Arizona Relative Rotor Angles (degrees)
200

160160

120120

v

8 0

(

40

80

G
40

00

-40-4.0

-80-80

-120-120

~160-160

Iv 109 85551
-200 _

0I opa8
§

3
i'

-200 |

0 g' g
sec

5
sec

a
)

OO
)
22.0
26.0
1s.o
15.0
13.8
20.0

1 1
1 1
L 1
1 1
1 1
GO 1

200.0
200.0
200.0
200.0
200.0
200.0

4
Time(

sJmw_m
NAVAJO 3
ALAMO G
counsaza
BRAz#1 9
CHEROKEE

10321
15983
24004
40296
54151
vo1o5

1
l
1
1
1
1

200.0
200.0
200.0
zoo.0
2000
200.0

1
H
1
1
1
2

1s.o
22.0
18.0
21.0
13.8
13.8

~200.0ang
-200.0ang
-200.0ang
200.0ang
200.0ang

-200.0ang

15145
14914
14800
14931
86011
aso12

| "
4

Time(
ARL-c~1
FCNGNACC
GIL-CT1
PALOVRD1
Q044STG1
Qo44sTG2

-200.0ang
-20U.0ang
-200.0ang
-20QQang
-200.0ang
-200.0ang

2011 Heavy Summer Power Flow/Transient Stability Case
Gila Bend/Gila River Cluster SIS Post-project R3 Case 3 Q044 @ 280 MW
3-phase 4 cycle fit. @ Jojoba 500 kg, trip Hassyampa-Jojoba 500 kV

Page 2

M llhs gbgr-r3 -pst3 -dyn_swt:03 -hassyampa-joj oba500 -sla . ch
c : \work\aps\gbgr\sis\dyn

wed Jun 17 13:39:34 2009

3 v

\

| 4s I |"
J ¢

-
w

I . I I I r !I I I I I r I I I111

I

-weell,
L 'Q\ .*--e»*-x-e f E-

I \ I I I I II I rI I I I I I I l I II I

*'Z* - l-H
4

$
I

£3
I

M.
Lu

r

.K
-

-
L-A

v

I
I

II
IrL

u
I

.|
l"'l
\_|

I

:_
I E--

Q .

J # 4 4 '42 EE

I

H-83



Gila Bend/Gila River Cluster
System Impact Study

Transient Stability Plots

Q044 STG1 reactive power (inVAr)

000

220 Q044 STG1 electrical power (MW)

200
180
160
140
120
100
80
60
40
20
0_

-20
0

Time( sec )
1 1 220.0

)
13

Time( sec
86011 Q04 asTG1-20.0 pgc

(p.u.)(p.u.)

- 0.L

4.0 Q044 STG1 terminal current

3.6

3.2

2.8

2.4

2.0

1.6

1.2

0.8
0.4

0.0
00

1 2 Q044 STG1 terminal voltage

1.1

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0
0

1 1 4 0
>
13.0it0.0

Time( sec
86011 0044STGl1 1 1.2

)
m.8 ovo

Time( sec
ss011 Q044sTe10.00

Q044 STG1 bus voltage (p.u.)

0

r

a

1

4 0

60.5 Q044 STG1 bus frequency (Hz)

60.4

60.3

60.2

60.1

60.0

59.9

59.8

59.7

596_
59.5

00
3
0

Time( sec )
1 1 60.5

)
n.a

Time( sec
86011 Q044STG159.5 bugo

2011 Heavy Summer Power Flow/Transient stability Case
Gila Bend/Gila River Cluster SIS Post-Project RE Case 3 Q044 @ 280 MW
3 phase 4 cycle flt. @ Jojoba 500 kg, trip Hassyampa-Jojoba 500 kV

Page 3M
llhs-gbgr-r3 -pst3 -Ayn swt 03~hassyampa joy oba500-slo . ch

c : \work\aps\gbgr\sis\dyn

Wed Jun 17 13'39:34 2009

41.

.9

r
it
:L

=....§- . »..»....---... . 4

I

I 1 I I I I I I I r I I l I I I

I

I I
I I I I I I I I I I I I I II !

I
.n

I I 1 I 1 I I I
I I I I I I  t I I 1 i

I

II-..--I al

a

f
is

w

I I 1 I I I
I l I I I I r I I

H-84



Gila Bend/Gila River Cluster
System Impact Study

Transient Stability Plots

0

60.5 Arizona 69 kV Bus Frequencies (Hz)

60.4

60.3

60.2

60.1

60.0
59.9

59.8

59.7

59.6

59.5=
00

1 2 Arizona 69 kV Bus Voltages (p.u.)

1.1

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

me _
0

sec
o

D o
A

bus
bus
bus
bus
bus
bus

59.5
59.5
59.5
59.5
59.5
59.5

1,2
1.2
1.2
1.2
1.2
1.2 4

1 60.5
l 60.5
1 60.5
1 60.5
1 60.5
1 60.5

(Hz)

84419
84432
84411
84442
84460
84414

230 k VArizona

Time( )

GILABEND 69.0 1
PALOMA s9.o 1
BUNYAN 69.0 1
SADDLEMT 69.0 1
HY1 69.0 1
CDTN CTR s9.p 1

Bus Frequencies

84419
84432
s4411
54442
B446O
84414

230 kV

o.o bus
0.0 bus
0.0 bus
0.0 bus
0.0 bus
0.0 bus
Arizona

Time( sec )
GILABEND 69.0 1 1
PALOMA 69.0 1 1
BUNYAN 69.0 1 1
SADDLEMT 69.0 1 1
HY1 69.0 1 1
COTN CTR 69.0 1 1

Bus Voltages (p.u.)

A 0

ams A
604
603
601
601
mo
5 9
5&8
5m 7

5 6

a s
00

1.2

1.1
1 . 0,.-i-

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0
0

0o

oo
A

foul
foul
bus
bus
fbua
bus

1.2
1.2
1.2
1.2
1.2
1.2

14201
14235
14235
1a224
19052
14258

S00 kV

59.5
59.5
59.5
59.5
59.5
59.5
Arizone

1 so.5
1 60.5
1 60.5
1 60.5
1 s0.s
1 60.5
(Hz)

0.0 vbul
00 vbul
0.0 bus
0.0 bus
OO bus
0.0 bus
Arizona

14201
14235
14238
14224
19052
14258

500 kV

Time( sec )
BUCKEYE 230.0 1
GILABEND 2300 1
GILARIVR 230.0 1
JOJOBA 230.0 1
LIBERTY 230.0 1
TSP 230.0 l

Bus Frequencies

Time( sec )
BUCKEYE 230.0 1 l
GILABEND 230.0 1 1
GILARIVR 230.0 1 1
JOJOBA 230.0 1 1
LIBERTY 230,0 1 1
TSP 230.0 1 1

Bus Voltages (p.u.)

0

60.5

60.4

60.3

60.2

60.1

60.0

59.9

59_8

59.7

59.6

59.5
0 Lo

1.2

1.1

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0
0

oc

D
A

0
A

Time( sec
GILARIVR
HARQUAHA
HASSYAMP
JOJOBA
KYRENE

)
500.0 1
500.0 l
500.0 1
5oo.o 1
500.0 1

s0.s
60.5
60.5
60.5
60.5

1
1
1
l
1

14007
15093
15090
15089
15011

59.5
59.5
59.5
59.5
59.

bus
fbua
bus
bus
bus

1
1
1
1
1

1.2
1.2
1.2
1.2
1.2

)
500_0 1
500.0 1
500.0 1
500.0 1
of 0

Time( sec
GILARIVR
HARQUAHA
HASSYAMP
JOJOBA
KYRENE

14007
15093
15090
15089
150

o_o
0.0
0.0
0.0
0.0

bus
bus
bus
bus
bus

»0~ :
2011 Heavy 8~ ~8m@¥"¥%we§°%4Ow/¥¥§¥§?én% stébiiiéy Case

Gila Bend/Gila River Cluster SIS Post-Project R3 Case 3 Q044 @ 280 MW
3 phase 4 cycle flt. @ Jojoba 500 kg, trip Jojoba Kyrene 500 kV

page 1

Jr llhs-gbgr-r3 -pst3 -Ayn swt04-j of oba-kyrene500 sla . ch
c : \work\aps\gbgr\sis\dyn

Wed Jun 17 13:39:50 2009

r

\
n rI I , I I H l r I

I r n F l

*Ni -1
1==u==

I

|

I l I I i  I I 1 4 1 I I I I I II I
I I I I I 1 4 1 I I I I I I I I I II I

\
I

. m
\

L a - an-un 5 . lA--annn--

i
l

I

I

I

|

I I I I I r I I I I I
I I I I I | I I I I I

x
1. I .

,Urn nl-
I

I I l I I I I I l 1 I
I I I I I r

I

I

I

I

r

H-85



Gila Bend/Gila River Cluster
System Impact Study

Transient Stability Plots

WECC 500 kV Bus Frequencies (Hz)
60.5

WECC 500 kV Bus Voltages (p.u.)
1.2

60.41.1
\

1.0
60.3

0.9
60.2

0.8

60.10.7

60.00.6 r

0.5 59.9

0.4
59.8

0.3
59.7

0.2

59.60.1

9
'Iog 63 5 5éi'0

a s v
0

0.0
0

OO 1
1
1
1
1
1

60.5
60.5
60.5
60.5
60.5
60.5

H
4

Time( sec
FOURCORN
DEVERS
T8SLA
MALIN
NICSOO
COLSTRP

)
500.0 1
so0.0 1
soo.o 1
500.0 1
500.0 1
so0.o 1

bus
bus
bus
bus
bus
bus

55.5
59.5
59.5
59.5
59,5
59.5

1
1
1
1
1

14001
24ao1
30040
40687
50703
62057

1.2
1.2
1.2
1.2
1.2
1.2

0.0
0.0
0.0
0.0
0.0
0.0

Time( sec
FOURCORN
DBV8RS
TBSLA
MALIN
NIC500
COLSTRP

bus
bus
bus
bus
bus
bu

)

500.0 1
500.0 1
500.0 1
500.0 1
500,0 1
500.0 1

14001
24801
30040
40687
50703
62057

WECC Relative Rotor Angles (degrees)
200

Arizona Relative Rotor Angles (degrees)
200

160160

120120

B O

r

40

80

c
40

00

-40-40

-80-80

-120-120

-160-160

9§ Io 'Ioi 5 3
-200

07' 55g é
BL. 5 5 éé

-200
0

O8
2oo.0
200.0
2oo.o
zoo.o
200_0
200.0

10321
15983
24o04
40296
54151
70105

1
H
1
1
1
2

1
1
1
1
1
1

4
Time( sec

SJUAN_GO
NAVAJO 3
ALAMO G
CQULEE22
8RAz#1 9
cu8ooxa

1 1
L 1
* 1

l
GO 1

)
22.0
26.0
1a.o
15.0
13.8
20.0

`5145
14914
14a00
14931
86011
86012

200.0
200.0
200.0
200.0
200.0
200.0

)
18.0
22.0
18.0
24.0
13.8
13.8

4 5

Time( sec
ARL-CT1
FCNGN4CC
GIL-CT1
PALOVRD1
Q044STG1
Q044STG2

2000ang
-200.0ang
-200.0ang
200.0ang
200.0ang

-200.0ang

-200.Dang
-20G.0ang
-200.0ang
-200.0ang
-2G0.0ang
-200.0ang

2011 Heavy Summer Power Flow/Transient Stability Case
Gila Bend/Gila River Cluster SIS Post-project R3 Case 3 Q044 @ 280 MW
3-phase 4 cycle flt. @ Jojoba 500 kg, trip Jojoba-Kyrene 500 kV

Page 2

Jr llhs-gbgr-r3 -pst:3 -dyn_swt04-j of Eba kyrene500 -sla . emf
c : \work\aps\gbgr\sis\dyn

Wed Jun 17 13:39:50 2009

r' I r 'Jo1 I r 41 r \"'| / *1 p -
|..| , II v  w.

l I I l_l .I

I

14*ti* 414949-A-1: 'bI _

l

I 1 I 1 I I I l I I I I I I I I I II I

ill'»nl4-I-1_* 0 I

I

v >4.:

I

an

£I4-
I

F-n¢»-
/

|
-- x

I

\_|
1--

1... .|
'r |
L J

I'1--
J

Bo
f ' \»\ r1 A / r 1 r ' ~ r* / rr-I

-
1I

1.4 w l_l ,L- |_ J 4.4 s \_| 11 M..

H-86



Gila Bend/Gila River Cluster
System Impact Study

Transient Stability Plots

0

300 Q044 STG1 reactive power (invAr)

260

220

180

140

100

60

KG

-20

-60

-100 _
00

220 Q044 STGl electrical power (MW)

200

180
160

140
120

100
80

60
40

20
0

-20 I
0

Time( sec )
86011 Q044STG1 13.8 1 1 300.0

)
n.a 1 1 220.0 100.0qgo

Time( sec
8601- QO44STG1c -20.0 pg

current (p.u.)(p.uJ

0J.0

4.0 Q044 STG1 terminal

3.6
3.2
2.8
2.4
2.0

1.6
1.2
0.8

0.4
0.0 I

0

1 2 Q044 STG1 terminal voltage

1.1

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0
0

1 1 4.0
)
1L 80.0 n

Time( sec
86011 Q044sTG11 1 1.2

)H.B86011Vt
Time( sec

Qo44sTG1o o.o

(p. )

0

60.5 Q044 STG1 bus frequency (Hz)

60.4
60.3

60.2
60.1
60.0
59.9

59.8

59.7

59.6

59.5
00

1 2 Q044 STGl bus voltage u.

1.1

1.0

0.9

0.8

0.7

0.6

0.5

0.4

O.3

0.2

0.1

0.0
0

1 1 60.5
)
u.e

Time( sec
as011 QO44STGl

)
n.a 1 1 l l860110.0 o 59.5 bug

Time( sec
Q044sTG1bug

2011 Heavy summer Power Flow/Transient Stability Case
Gila Bend/Gila River Cluster SIS Post-Project RE Case 3 Q044 @ 280 MW
3-phase 4 cycle flt. @ Jojoba 500 kg, trip Jojoba-Kyrene 500 kV

Page 3

llhs-gbgr-1:3 -pst3 -Ayn swt04-joj oba-kyrene500 sla . ch
c : \work\aps\gbgr\sis\dyn

Wed Jun 17 13:39:50 2009

l

l

I

I f I I I l I I I 1 I I I I Il 1

v

r

n *

I ! I I I I I I ! I I I f I

3

I

A

-

I I I I I 1 I I I I II III I I I I 1 I I I I I I I r

u I-I

A

l

I I I I I IU I II I r I II I I II I 1 I \ I I

H-87



Gila Bend/Gila River Cluster
System Impact Study

Transient Stability Plots

( p )

u

0.L

60 5 Arizona 69 kV Bus Frequencies (Hz)

60,4

60.3

60.2

60.1

60.02
59.9

59.8-

59.7

59.6
sos _

00

1 2 Arizona 69 kV Bus Voltages .u.

1.1
1.0

0.9

0.8

0.7

0.6

0.5
0.4

0.3

0.2

0.1
0.0

0

oc

0D
A

1.2
1.2
1.2
1.2
1.2
1.2 4

84419
84432
84411
84442
B4460
84414
0 k V

59.5 bus
5g_5 bus
59.5 bus
59.5 bus
595 bus
59.5 bus
Arizona 2 3

1 60.5
1 60.5
1 60.5
1 so.5
1 60.5
1 60.5
(HM

Time( sec )
GILABBND sa,o 1
PALOMA 69.0 1
BUNYAN 69.0 1
SADDLBMT 69.0 1
HY1 69.0 l
COTN CTR 59.0 1

Bus Frequencies

84419
84432
B4411
84442
84460
84414
0 k V

0.0 bus
o o bus
0.0 bu
0.0 bus
O O bus
0.0 bus
Arizona 23

Time( sec )
GILA8END 69.0 1 1
PALGMA 69.0 1 1
BUNYAN 69.0 1 1
SADDLBMT 69.0 1 1
HY1 69.0 1 1
COTN CTR 69,0 1 1

Bus Voltages (p.u.)

4

v
01 J

60.5

60.4

60.3

60.2

60.1

60.0

59.9

59.8

59.7

59.6

59.5-
0 10

1.2

1.1
1.0

0.9
0.B
0.7

0.6

0.5

0.4

0.3

0.2
0.1

0.0
0

o 1
1
1

D

1
1
1
1

E
A

1.2
1.2
1.2
1.2
1.2
1.2 +

60.5
60.5
60.5
60.5

1 60.5
1 60.5
(HM

59,5 foul 14201
59.5 foul 14235
59.5 bus 14238
59.5 bus 14224
59.5 bus 19052
59.5 bus 14258
Arizona 500 kV

L*
Time( sec )

BUCKEYE 230.0 1
GILABEND 230.0 1
GILARIVR 230.0 1
JOJOBA 230.0 -
LIBERTY 230.0 1
TSP 230.0 1

Bus Frequencies

14201
14235
14238
14224
19052
14258

500 kV

0.0 vbul
o_o vbul
0.0 bus
0.0 bus
0.0 bus
0.0 bus
Arizona

Time( sec )
BUCKEYE 230.0 1
GILABEND 230.0 1
GILARIVR 230.0 1
JOJOBA 230.0 l
LIBERTY 230.0 1
TSP 230_0 1 1

Bus Voltages (p.u.)

I

0

Aams
604
603
am
Sm;
mo
a s
5 8
5 7
S e
515

04 0J.

ll
11
1

my
0

of
me
05
my
03
02
ml
mo l

0
Oo

[ D
A

60.5
60.5
60.5
505
60.5

)
500.0 l
500.0 l
500.0 1
500.0 1
5000 1

1
1
1
1
1

Time( sec
GILARIVR
HARQUAHA
HASSYAMP
JOJOBA
KYRENE

14007
15093
1so9o
15089
15011

Ebbs
bus
bus
bus
bus

59,5
59.5
59.5
59.5
59.5

.2
1.2
1,2
1.2
1.2

l
1
1
1
1

)
500.0 1
500.0 1
500.0 1
500.0 1
500.0 .

Time( sec
GILARIVR
HARQUAHA
HASSYAMP
JOJOBA
KYRENE

14007
15093
15090
15089
1501*

0.0
0.0
0.0
00
oo

bus
bus
bus
bus
bus

» L.5 u2011 Heavy §me§wepiow/ enw§abiiy Case
Gila Bend/Gila River cluster SIS Post-project RE Case 3 Q044 @ 280 MW
3-phase 4 cycle flt. @ Gila River 500 kg, trip Gila River-Jojoba 1 & 2 500 kV

Page 1M llhs-gbgr-r3 -pst3 -dyn__swt05-gilariver-j ojoba500-dlo . ch
c : \ac>rk\aps\gbgr\sis\dyn

Wed Jun 17 13:40:05 2009

v o 45\_A .4, " -"\-  Hi4 H
vf v v v

l A
A

\ 1. v
9

r

A;
v

*

\

9 ' A
v 9 ,\

v v v v
v

\

I I I ! I I I I I I I I l 1 1 I ! 1

!--a|Z-~....r""---

I

I

1

1
I I I I I I I 1 1 I I I I I 1 I I I r I

n A

» LE 3a8 r'

I
w

n L A A 'A

v v we
v v s

I r IT 1

r

I r I I I I I I I ! I

I
\

r

1

1

l

A

\ >v°< ls--44

I 1 I I I ITS 1 I l l TIT I

F I

I

l

I r I I I I I I I

I

I

I

I

H-88



Gila Bend/Gila River Cluster
System Impact Study

Transient Stability Plots

WECC 500 kV Bus Frequencies (Hz)
60.5

wE cc 500 kg Bus Voltages (p.u.)
l l

60.4L1
4

L0- 60.3
0.9

60.2
0.8

60.1
0.7

60.040.6

0.5 59.9

0.4
59.8

0.3
59.7

0.2

59.6
0.1

0.0
0

59.5
00O

OO
1
1
1
1
1
1

60.5
60.5
60.5
60.5
60.5
60.5

)
so0.0 1
500.0 1
500.0 1
500.0 1
500.0 1
500.0 1

Time( sec
FOURCORN
DEVERS
T8SLA
MALIN
NIC500
COLSTRP

14001
24 a01
30040
40687
S0703
62057

bus
bus
bus
bus
bus
bus

59.5
595
59.5
59.5
59.5
59.5

1
1
1
1
1
1

1.2
1.2
1.2
1.2
1.2
1.2

)
500.0 1
500.0 1
500.0 1
500.0 1
500.0 1
soo.0 1

Time( sec
FOURCORN
DEVERS
TESLA
MALIN
NICSOD
COLSTRP

14001
24so1
30040
40687
50703
62057

bus
bus
bus
bus
bus
bus

0.0
0.0
0.0
0.0
0.0
0.0

WECC Relative Rotor Angles (degrees)
200

Arizona Relative Rotor Angles (degrees)
200 re FL r' re re

160160

120120

8 0
L

40

80

G
40

00

-40-40

-80-80

-120-120

160-160

1 0J .

-200
U0

-200
0

secTime( sec
CC

1 *
1 1
L 1
1 1
1 1
GO 1

200.0
200.0
200.0
zoo.o
200.0
200.0

)
22.0
26.0
18.0
15.0
l3.B
20.0

Time(
SJUAN_GO
NAVAJO 3
ALAMO G
CDULEB22
BRAz#1 9
CHEROKEE

10321
159B3
24004
40296
54151
70105

200.0
200.0
200.0
200.0
200_0
200.0

l
H
1
1
1
2

)
18.0
22.0
1B.0
24.0
13.8
13.8

1
1
1
1
1
1

~200.0ang
-20003ng
-200.0ang
'2U0.08Hg
-2D0.0ang
-200.0ang

15145
14914
14800
14931
ss011
86012

ARL CTl
FCNGNACC
GIL~CT1
PALOVRD1
0044STG1
QO44STG2

-2D00ang
-200.0ang
-200.0ang
-200.0ang
°200.08Dg
-200.0ang

2011 Heavy summer Power Flow/Transient Stability Case
Gila Bend/Gila River cluster SIS Post-project RE Case 3 Q044 @ 280 MW
3-phase 4 cycle flt. @ Gila River 500 kg, trip Gila River-Jojoba l & 2 500 kV

Page 2

_Aug llhs-gbgr-r3 -pst3 -dyn_swt05-gilariver joy oba500 do . ch
c : \work\aps\gbgr\sis\dyn

wed Jun 17 13:40~05 2009

r
h

\
im- 44 L. . -...\~.

vo..
\~. 9* ,-A if 5.1 r--l J"\ mf 1 1

I 1 I I I I I I I I I ll\ I I I I 1 II r

I

l-z5414WE
I / I

aua-
aI

I

I I I I I r I I I I I I I I I I I I |I I

A 7 42- 33 J I.' *

Q...-' 1
4u

-s
u-4...

><

-I I

;(
+ 4

I*1
r*
._A r

I..
'| 1-1

\._.|
l-l
h- I

I I I I I I I I r I 4 I I I

I I I I l_J L_]

g,
<

1
I _n

I
/*" 9

\

v ,:. I A

4:

I I I I I 1 I I I I I I 1 I I I 1 I Il |

H-89



Gila Bend/Gila River Cluster
System Impact Study

Transient Stability Plots

V

0

300 Q044 STG1 reactive power (MvAr)

260

220

180

140

100

60

20

-20

-60

100
0 4 .0. L

220 Q044 STG1 electrical power (MW)

200
180

160
140
120

100

80
60

40
20

0

-20 |
0

300.0
Time( sec )

86011 Q044STG1 139 1
)
115 ~100.0qg1 1 220.0

J

Time( sec
B6011 Q044STG1c -z0.o pg

04

4.0 Q044 STG1 terminal current (p.u.)

3.6
3.2

2.8

2.4

2.0
1.6

1.2

0.8

0.4

0.0
00

1 2 Q044 STG1 terminal voltage (p.u.)

1.1

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0
0

1 1 4 086011
)
134n

Time( sec
Q044STG11 l 1.286011 o MnVt

Time( sec )
Q044sTG1 13.8o 0

(p.u.)

I
I44

0'2

60.5 Q044 STG1 bus frequency (Hz)

60.4

60.3

60.2

60,1

60.0

59.9

59.8

59.7

59.6

5 1 5 I
0 10

1 2 Q044 STG1 bus voltage

1.1

1.0

0.9

0.8

0.7

O.6

0.5

0.4

0.3

0.2

0.1

0.0
0 3 o

Time( sec )
86011 Q044STG1 13.8 1 1 60.5o 59.5 bug0.0

Time( sec )
B601l Q0445mGl 13.8 4 1 1.2bug

2011 Heavy summer Power Flow/Transient Stability Case
Gila Bend/Gila River Cluster SIS Post-project RE case 3 Q044 @ 280 MW
3-phase 4 cycle flt. @ Gila River 500 kg, trip Gila River-Jojoba 1 & 2 500 kV

Page 3

ms 11hs~gbgr-r3 -pst3 -dyn_swt05 -gilariver joy oba500 do . ch
c : \work\aps\gbgr\sis\dyn

Wed Jun 17 13:40:06 2009

\ I.
I I

v

I I I I | II II !

J r "-..--'-o

I I I I I I I I I I I I I I I II

31

I I

I I

I

I I

n

\ \ A

1

I n A

I I I I I I I I

Y

I 1 1 I I I I I I I 1

W
I

r
1

J '

n
I

A

II

I I I I I I I I I II I I
I I I I .

H-90



Gila Bend/Gila River Cluster
System Impact Study

Transient Stability Plots

0

60.5 Arizona 69 kV Bus Frequencies (Hz)

60.4

60.3
60.2
60.1

60.0

59.9

59.8

59.7

59.5

59.5
00

1 2 Arizona 69 kV Bus Voltages (p.u.)

.

1.

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0
0

sec
o

l
1
1
1

D
A

o
A

bus
bus
bus
bus

'bus
bus

1.2
1.2
1.2
1.2
1,2
1.2 ++

1
S

84419
84432
B4411
a4442
a44so
84414

230 kV

1 60.5
1 50.5
1 ams
1 60.5
* 60.5
1 W E
(HMone

5 5
S95
a s
595
595
5 5
Ariz

Time( )
GILAB8ND 69.0
PALQMA 690
BMWAN 6&D
SADDLBMT 69.0
Hy= 69.0
GMW CTR 69

Bus Frequency

s4419
84432
54411
84442
84460
84414

230 kV

0.0 bus
D.D bus
mo Was
0.0 bus
0.0 bus
0.0 bus
Arizona

Time( sec )
GILABEND 69.0 1 1
PALOMA 69,o 1 1
BUNYAN 59.0 1 1
SADDLEMT 69.0 1 1
HY1 69.0 1
COTN CTR 69.0 1 1

Bus Voltages (p.u.)

» 0

605
604
603
602
60

mo
S e
5 8
5 7
S e
595 =.

001

1.2
1.1
1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

0

co 1
1
1
1

D
A0

A

1.2
12
1.2
1.2
; 2
1.2 ¢

1 60.5
1 69.5
1 60.5
1 60.5
1 60.
1 50.5
(HM

Time( sec )
59.5 foul 14201 BUCKEYE 230.0 1
59.5 foul 4̀235 GILABEND 230.0
5s.s bus 14238 GILARIVR 23o.o 1
59,5 bus 14224 JOJOBA 230.0 1
59.5 bus 19054 LIBERTY 230.0 .
59.5 bus 14258 TSP 230.0 1
Arizona 500 kV Bus Frequencies

1420̀
14235
14238
14224
19052
14258

500 kV

0.0 vbul
0,0 vbul
mo Was
mo Wwe
oo bus
0.0 bus
Arizona

Time( sec )
BUCKEYE 230.0 1
G1LAB8ND 230.0 1
GILARIVR 230.0 1
JOJDBA 230.0 1
LIBERTY 230,€ 1
TSP 230.0 1 1

Bus Voltages (p.u.)

0

605
6m 4
603
601
ml
mo
5 9
518
5 7
5&6_
5 5

00

ll
ll
1
03
0
0.7
0
0 5
04
03
Of
Of
m o

0
1oo

o D
A

1
1
1
1

50_5
50.5
so.s
60.5
60.5

)
500.0 1
5ggg .
5oo.o 1
500.0 1
5G0.G 1

Time( sec
QILARIVQ
HARQUAHA
HASSYAHP
JOJOBA
KYRENE

14007
15093
15090
150B9
1501*

59,5
59.5
59.5
59.5
59.5

bus
Ebbs
bus
bus
bus

1.2
1.2
1.2
1.2
1

1
1
1
1
1

)
500.0 1
500.0 1
500.0 1
500.0 1
500.0

Time( sec
GILARIVR
HARQUAHA
HASSYAMP
JQJO8A
KYRENE

14007
15093
15090
15089
*5011

0.0
0.0
00
0.0
.0

bus
bus
bus
bus
bus . Z:3 . 3, . umm , . .

2011 Heavy S m e 5 we§5 o w / § a n s 1 e n W S § b 1 1 ; Case
Gila Bend/Gila River Cluster SIS Post-project RE Case 3 Q044 @ 280 MW
3-phase 4 cycle Elf. @ Gila River 230 kg, trip Gila River-Jojoba 230 kV

Page l

llhs-gbgr re -pst3 dyn_swt07 -gilariver-j of oba230 -sla . ch
c : \work\aps\gbgr\ sis \Ayn

Wed Jun 17 13:40:20 2009

v
l

\
, A

"1

I

I

r I r I ll I I I  I a T | I I

1

lllTl'l'l'tl I I I I H I I I I ! I I I I il

I

- 1 1

A
I

1 II

I

I

I
I

I I I
I

II I T I I I 1 Ir I

\11 1
I

I

I I I I I I I I r r I I I I I I I II I

H-91



Gila Bend/Gila River Cluster
System Impact Study

Transient Stability Plots

WECC 500 kV Bus Frequencies (Hz)
60.5

WECC 500 kV Bus Voltages (p.u.)
1.2

60.4
I

1.1
K

1.0
60.3

0.9
60.2

0.8

60.1
0.7

I0.6 60.01

0.5 59.9

0.4
59.8

0.3
59.7

0.2

59.6
0.1

04
59.5

00
0.0

0

oO 1
1
1
1
1
1

60.5
60.5
60.5
60.5
605
s0.s

)
500.0 l
500.0 1
500.0 1
500.0 1
500.0 1
so0.o 1

14001
24801
30040
40587
50703
62057

Time( sec
FOURCORN
DEVERS
TBSLA
MALIN
NICSOO
COLSTRP

59.5
59.5
59.s
59.5
59.5
59.5

bus
bus
bus
bus
bus
bus

1.2
1.2
1.2
1.2
1.2
1.2

l
1
1
1
1
1

)
500.0 1
500.0 1
s00.0 1
500.0 1
500.0 1
500.0 1

Time( sec
FOURCORN
DEVERS
TESLA
MALIN
n1c500
COLSTRP

14001
24801
3o040
40687
50703
62057

0.0
0.o
0.0
9.0
0.0
0.0

bus
bus
bus
bus
bus
bus

go WECC Relative Rotor Angles (degrees)
2

Arizona Relative Rotor Angles (degrees)
200

160160

120120

80 8 0
(

40G
40-

00

-40-40

-B0-B0

-120-120

-160-160

0
200

00
-200

0

OO 200.0
200.0
200.0
200.0
200.0
200_0

)
22.0
26.0
1s.o
15.0
13.8
20.0

1
1 1
L 1
1 1
1 1
GO 1

10321
15983
24004
40296
54151
70105

Time( sec
SJUAN_G4
NAVAJO 3
ALAMO G
COULEB22
BRAZ#1 g
CHEROKEE

1
1
1
1
l
1

)
1a.o
22.0
18,0
240
13.8
13.8

1
H
1
l
l
2

200.0
200.0
200.0
200.0
200.0
200.0

2000ang
200.0ang

-200.0ang
-2D0.0ang
200.0ang

-200.0ang

15145
14914
14800
14931
a 6011
86012

Time( sec
ALL-CMl
FCNGN4CC
GIL-CT1
PALOVRD1
QO44STG1
Q044STG2

-200.0ang
-200.0ang
-200.0ang
-200.0ang
200.0ang

-200.0ang

2011 Heavy summer Power Flow/Transient Stability Case
Gila Bend/Gila River Cluster SIS Post-project R3 Case 3 Q044 @ 280 MW
3 phase 4 cycle flt. @ Gila River 230 kg, trip Gila River-Jojoba 230 kV

Page 2*M
llhs-gbgr-r3 pst:3 -dyn_swt07-gilariver-joj oba230-slo . ch

c : \work\aps\gbgr\sis\dyn

Wed Jun 17 13:40:20 2009

\
I.J v

I I I I I I I 1 I I I I I 1 1 I I r r

*4<-t *ld*I
11 .

I I I I I I I I I I 1 I I I I 1 I I II r

I

A ,ru
\

.n r ,r I ,A- l - /¥ t I

I111 *.\I *¢ .a -1: .4 "E =.l-l:
I I 1 -*_*--

I I I I | I I I I I I I I I I II I

£5> .ac n.. 4:

I

l_l

A... M-

L.

I I

\

I I

L_ J.I l_l I I \_J
I

I I

|

1

I 1 I I I r I I I r I I I II I

H-92



Gila Bend/Gila River Cluster
System Impact Study

Transient Stability Plots

\

0

300 Q044 STG1 reactive power (MbAr)

260

220

180

140

100

60

20

-20

-60

-100 1
0 4.04

220 Q044 STG1 electrical power (MW)

200

180
160
140

120

100

80
60
40

20

0
-20 I

0

1 1 300 0
)
1 9

Time( sec
86011 Q044STG1100.0qg

Time( sec )
86011 Q044STG` 3.8 1 1 220.0-20.0 pg

current (p.u.)

11 0

4 0 QO44 STG1 terminal

3.6

3.2

2.8

2.4

2.0

1.6

1.2

0.8

0.4

0.0 I
0 J.0

1 2 Q044 STG1 terminal voltage (p.u.)

1.1

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0
0

1 4 _ 0
)
1 3i t

Time( sec
as011 Q044STG11 1 1 . 2

)
1 8Vt o om

Time( sec
86011 QO44STG1o 0.0

(p.u.)

0

60_5 Q044 STG1 bus frequency (Hz)

60.4

60.3

60.2

60.1

60.0

59.9

58.
59.7

59.6

59.5
0 40

1 2 Q044 STG1 bus voltage

1.1

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0
0

)
u.8 1 1 60 . 5

Time( sec
86011 Q044STG11 1 1 2

)
1380 . 0 o 59.5 bug

Time( sec
86011 0044STG1bug

2011 Heavy Summer Power Flow/Transient Stability Case
Gila Bend/Gila River Cluster SIS Post-Project R3 Case 3 Q044 @ 2B0 MW
3-phase 4 cycle flt. @ Gila River 230 kg, trip Gila River-Jojoba 230 kV

Page 3

EA

145
llhs-gbgr-r3 -pst3 -dyn_swt07 gilariver-joj oba230 -sla . ch

c : \work\aps\gbgr\sis\dyn

wed Jun 17 13:40'20 2009

l

I

I

\ I

c n n * |

F

r I I I I I 1 I I I I I I I  I I  t

3-

|,; |-

v

r I I I I I I r I I I I I I

I

I I

l

A

I I r I 1 r I I

1

r

w

I I I I I 1 I

t

I

" \ 1

I
.J

I I I I I

l

\

r 1

1

I I r I I

H-93



Gila Bend/Gila River Cluster
System Impact Study

Transient Stability Plots

(p.u.) Arizona 69 kV Bus Frequencies (Hz)
60.5

4
J

'Io57 séi

GOA
ams
602
Sal
604
598
a s
517
516
a s _

00

1 2 Arizona 69 kV Bus Voltages

1.1

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0 |
0

11 1 1.2
Time( sec

club~ann o0,0 bus 84419

4 s 6
Time( sec )

bus 84419 GILABBND 69.0 1 60,5c
60.5
60.5

1
1

1
1

BUNYAN
SADDLBMT

54411
84442

bus
bus

59.5
9.
59.5
59.5

1.2
1.2

1
1

1
1

BUNYAN
SADDLEMT

)
6 0

e a
6 0

B4411
84442

o
A

bus
bus

0.0
0.0

D
A

4 1 60.5
(HM

Flo
S U

F

59.5 bus 84414 COTN CTR e9.p 1
Arizona 230 kV Bus Frequencies

0.0 bus 84414 COTN CTR 59.0 1 1 1.2
Arizona 230 kV Bus Voltages (P.u.)

T T

I Io5842i 3

605
6m 4
603
602
6m 1
6o

5&9
518
517
a s
s o s I

0Io5892 é

1.2

1.1

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0
0 1

59.5vbulc .:
60.5<0
so.s
60.5

1
1
1
1

»
6
)
230.0 1
g

23D_D 1
230.0 1

4 5
Time( sec

14201 BUCKEYE
142. ,I°E`
14238 GILARIVR
14224 JOJOBA

foul
fbu`
bus
bus

59.5
59.5

1.2
I

1.2
1.2

GILARIVR
JOJOBA

o
n

H .
4 5 6

Time( sec )
14201 BUCKEYE 230.0 1 1
,12n mu 1
14238 230.0 1 1
14224 230.0 1 1

bus
bus

0.0
I

0.0
o.o

o
A 4 L

1.2 + 1 60.5
(HM

59.5 bus 14258 TSP 230.0 1
Arlzona 500 kV Bus Frequencies

oo bus
Arizona 5

14258 Tsp 230.0 1 1
00 kV Bus Voltages (P.u.)
t T

0 7 e 10éi '2 3

605
sm 4
ams
601
601
600
519
518
517
5 6
5&5 ..

00

ll
LI I
10
08
0
on
0£
05
my
OJ
02
0
mo_

0
1

4 5 6
Time( sec )

14007 GILARIVR 5oo.o 1 60.559.5 bus1 1.2140070.0o o
x

soo.o 1
500.0 1

50.5
50.5

1
1

15090
15089

HASSYAMP
JOJOBK

bus
bus

s9.s
59,5

1.2
1.2

1
1

)
500.0 1
~;
500.0 1
5oo,0 1

15090
l50B9

Time( sec
GILARIVR
:TA

mwswmp
JOJOBA

bus

bus
bus

U
A

0.0
00A KIC

9U H LDUZ1 r:s.:>
2011 Heavy §M8me¥"¥bwei"%i0w/i?3 §Ten¥"s%ébiiiéi Case

Gila Bend/Gila River Cluster SIS Post-project R3 Case 3 Q044 @ 280 MW
3-phase 4 cycle fit. @ Gila River 230 kg, trip Gila River 500/230 kV xfmr

Page 1

W llhs gbgr-r3 -pst3 -Ayn swt:08-gilariver-500-230-xfmr . ch
c : \work\aps\gbgr\sis\dyn

Wed Jun 17 13:40.34 2009

A l
A 3. ; a |

v v
-

v
I

Iif

*let»=~ -=...,¢.4 I in

i

I I l | I

I
I
111 I I

Jr

s

I
l

A A
A

1 !
v
v

v T'

I l I I
l

. n 191 r- r 1
I

nnr

r

I
I

E
I

iI
I

I

I

I

I r I I r I I I I

H-94



Gila Bend/Gila River Cluster
System Impact Study

Transient Stability Plots

WECC 500 kV Bus Frequencies (Hz)
60.5

WECC 500 kV Bus Voltages (p.u.)
1.2

60.41.1
\

1.0
60.3

0.9
60.2

0.B
60.1

0.7

0.6 6004

0.5 59.9

0.4
59.8

0.3
59.7

0.2

59.6
0.1

0
59.5

00
0.0

0

oO 605
6D5
6D.5
60.5
60.5
60.5

1
1
1
1
1
1

)
500.0 l
5000 1
5oo.o 1
50o.0 1
500.0 1
500.0 1

14001
24501
30040
40557
.0703
62057

Time( sec
FOURCORN
DEVERS
T8SLA
MALIN
NICSOO
COLSTRP

Ebbs
bus
bus
bus
ism
bus

59.5
59.5
59.5
59.5
59.5
59.5

1.2
1.2
1.2
1.2
.2
1.2

1
1
1
1
1
1

)
500.0 1
so0.0 1
500.0 1
500.0 1
500.0 1
500.0 1

Time( sec
FOURCORN
DEVERS
TESLA
MALIN
NICSOO
COLSTRP

0.0
0.0
0.0
0.0
0.0
0.0

14001
24a01
30040
40687
50703
62057

bus
imbue
bus
bus
bus
bus

(degrees)WECC Relative Rotor Angles
200

Arizona Relative Rotor Angles (degrees)
200

160160

120120

80
(

40

80

(
40

0_0

-40-40

-80-80

-120-120

-160-160

-200
A1 0I0

-200
0

sec
Oo 2g0_0

200.0
200.0
200.0
200.0
200.0

l
1 1
L 1
1 1
1 1
GO 1

)
22.0
26.0
18.0
15.0
11.5
20.0

10321
15983
24004
40296
54191
70105

Time( sec
SJUAN_G4
NAVAJO 3
ALAMO G
COULEE22
BRAZ#l 9
CHEROKEE

1
1
1
1
1
1

200.0
200.0
200.0
200.0
200.0
200.0

1
H
1
1
1
2

)
18.0
22.0
1B.0
24.0
13.8
13.B

15145
14914
14800
14931
a 601*
ssol2

200.0ang
-2o00ana
-200.0ang
'2000BHg
200.0ang
-200.0ang

Time(
ARL-CT1
FCNGN4CC
GIL-CT1
PALOVRD1
Q044STG
Q044sTG2

-200.0ang
~200.0ang
-200.0ang
200.0ang
200.0ang
-200.0ang

2011 Heavy summer Power Flow/Transient stability case
Gila Bend/Gila River Cluster SIS Post-Project R3 Case 3 Q044 @ 280 MW
3-phase 4 cycle flt. @ Gila River 230 kg, trip Gila River 500/230 kV xfmr

Page 2

A S

llhs gbgr-1:3 -pst3 dyn_swt08-gilariver-500-230-xfmr . ch
c:\work\aps\gbgr\sis\dyn

Wed Jun 17 13:40:34 2009

\ A . \ Ni
R

-

v

I I I I I 1 I I I I I 1 I r I I 1 I |! I

*rd*-»-x-e
4

*lIILI(lrLl

I I 1 1 I | | I I I I I I 4 I I I4 I

1 I hi  I |" I I

* |r" I i  1
*'.| | -1 .Jo1 _...>./ II / "1 .Tn

Ur
v

raw ' t
W71'1 J "I" _

1 l

||.T- I

I

I

I I I I I I I I I I I I I I I I II I

nr \
m _

J J

+ 4-
L

I
J Hl._l l_.l

I I I I I I I I I I I |I I

4-
14

€

I..|

I I I

I 1:_:

I I

|
I I I

|

r I

H-95



Gila Bend/Gila River Cluster
System Impact Study

Transient Stability Plots

I

10W 8 92'i'

300 Q044 STG1 reactive power (MvAr)

260

220

18D

140

100

60

20

-20

-60

-100 _
00¢.

220 Q044 STGl electrical power (MW)

200

180
160
140
120

1o0
80

60
40
20

0

-20 H
0 5 4 s 6

Time( sec )
B6011 Qo44sTG1 13.8 1 1 300.0o -100.0qg

Time( sec )
ss011 Q044sTG' 13.8 1 1 220.0o -20.0 pg

0

4.0 Q044 STG1 terminal current (p.u.)

3.6
3.2

2.8
2.4
2.0
1.6

1.2

0.8

0.4

m o ,
08 5 107'5i

1 2 Q044 STG1 terminal voltage (p.u.)

1.1

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1
0.0

0 3

1 l 4 . 0
)
133

L

n
Time( sec

86011 Q044STG11 1 1.285011 o omVt

4 5 8
Time( sec )

0o»a4sTG1 13 . B4 mo

(p.u.)

0

60.5 Q044 STG1 bus frequency (Hz)

60.4

60.3
60.2
60.1
60.0

59.9
59.8

59.7

59.6

59.5 I
00

1.2 Q044 STGl bus voltage

1.1

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.o I
0

1 1 60 . 5
)
118

J
Time( sec

86011 Q044sTG10 O o 59.5 bug
Time( sec )

86011 QO44STG1 13.a 1 1 1.2bug

2011 Heavy Summer Power Flow/Transient Stability Case
Gila Bend/Gila River Cluster SIS Post-project R3 Case 3 Q044 @ 280 MW
3-phase 4 cycle flt. @ Gila River 230 kg, trip Gila River 500/230 kV xfmr

Page 3

4¢

llhs gbgr r3-pst3-dyn swt08-gilariver-500-230-xfmr.chf
c : \work\aps\gbgr\sis\dyn

Wed Jun 17 13:40:34 2009

I

\
A

l

fl R

\
I v

I I I I I I I I | I I I 4 I II II I

A |"\/"\ PN | in I .-__l41 I

n
L

I I I I I I I I I

I

" r n Wm n\¢.---.4-|- 4 -1l.L-.!__ n

\

\ r A A

/\

1 I r I I I I I 1 1

\
vI

l I

\

I I { I 1 I I I I I I II

H-96



Gila Bend/Gila River Cluster
System Impact Study

Transient Stability Plots

( p ) 69 kV Bus Frequencies (Hz)Arizona
60.5

I

1.2 Arizona 69 kV Bus Voltages .u.

1.1

1.0
0.9

0.8

0.7

0.6

0.5

0.4

0.3
0.2
0.1

0.0
0 0

60.4

603
60

601
60

a s
59.8

5 7
5&6
5 8 5 4

0 0

o

o
A

D
A

1.2
1.2
1.2
1.2
.2
1.2» +

84419
B4432
s4411
84442
84460
84414

230 kV

o.o bus
o,o bus
0.0 bus
0.0 bus
0 0 bus
0.0 bus
Arizona

59,5 bus
59.5 bus
59.5 bus
59.5 bus
595 bus
59.5 bus
Arizona

a4419
84432
84411
84442
B4460
84414

230 kV

1 60.5
1 60,5
1 60.5
1 60_5
1 60.5
1 60.5
(HM

Time( sec )
GILABEND 69.0 1 1
PALOMA 69.0 1 1
BUNYAN 69.0 1 1
SADDLEM" 69.0 1 1
HY1 69.0 1 l
COTN CTR 69.0 1 1

Bus Voltages (p.u.)

Time( sec )
GILABEND 69.0 1
PALOMA 69.0 1
BUNYAN 69_0 1
SADDLBMT 69.0 1
HYl 69.0 1
COTN CTR 69.0 1

Bus Frequencies
60.5

60.4

60.3

60.2

60.1

60.0

59.9

59.8

»

1.2
1.1

1.0

0,9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0
0 0

59.7

59.6

59.5 n m
0 0

o 1
1
1D

A

1.2
1.2
1.2
1.2
12
1.2

60.5
G0.5
60.5
60.5
60.5
6o54»

1420`
14235
14238
14224
19052
14258

500 kg

o_o vbul
o.o vbul
0.0 bus
0.0 bus
0.0 bus
0.0 bus
Arizona

59.5 ibul
59.5 foul
59.5 bus
59.5 bus
59.5 bus
59.5 bus
Arizona

14201
14235
14238
14224
19052
14258

500 kV

1
1

(Hz)

Time( sec )
BUCKEYE 230.0 1 1
GILABEND 230.0 1 1
GILARIVR 230.0 1 1
JOJOBA 230.0 1 1
LIBERTY 230.0 1 1
T54 230.0 1 1

Bus Voltages (p.u.)

Time( sec )
BUCKEYE 230.0 1
GILABEND 230.0 1
GILARIVR 230.0 1
JOJOBA 230.0 1
LIBERTY 230.0 l
TSP 230.0 1

Bus Frequencies

»

1.2

1.1

1.0

0.9

0.8

0.7

0_6

0.5

0.4

0.3

0.2

0.1

0.0
0 0

o

Z

60.5

60.4

60.3

60.2

60.1

60.0

59.9

59.8

59.7

59.6
59.5

0 0

o o1
1
1

1
1
1oo

A

14007
15093
15090
15089
15011

Time( sec
GILARIVR
HARQUAHA
HASSYAMP
JOJOBA
KYRENE

0,0
o.o
0.0
o.o
0.0

bus
bus
bus
bus
bus

)
500.0 l
500.0 1
500.0 1
500.0 1
500.0 1

.2
1.2
1.2
.2
1.21

59.5
59.5
59.5
59.5
59.5

14007
15093
15090
15089
15011

Time( sec
GILARIVR
HARQUAHA
HASSYAMP
JOJDBA
KYRENE

bus
bus
bus
bus
bus 1

60.5
60.5
60.5
60,5
60.5

)
500.0 *
500.0 1
soo.0 1
500.0 1
500.0 1

I-
u

» 4u S. D I>\7ZI PALUVRDE 5\Y\7.l7 I 1 ul7.:>2011 Heavy emmer Owen ow/ rasla s%ébiiiEy Case
Gila Bend/Gila River Cluster SIS Post-project RE Case 3 Qo44 @ 280 MW
3-phase 4 cycle flt. @ Gila Bend 69 kg, trip Gila Bend 230/69 kV xfmr 1

Page 1M:
llhs-gbgr-r3 -pst3 -Ayn swt:09-gilabend-230-69 xfmrl . ch

c : \work\aps\gbgr\sis\dyn

Wed Jun 17 13:40:49 2009

r: -. .."|_.. f_ . _ . _ -

I

q

r

II

l I I I I I r I I I I 1 rI !

I
I

r I I 1 r I I I I I I I I r Ir rL

IN I I n I In I In

I
I

I

I .l~

I I r I I T4 I I II I I I I I I r I I I I I

r I I IT:TlTI r 1 I I II I I I I I II I

1-1-97

I



Gila Bend/Gila River Cluster
System Impact Study

Transient Stability Plots

WECC 500 kV Bus Frequencies (Hz)
60.5

WECC 500 kV Bus voltages (p.u.)
1.2 T

T
60.41.1

c

1.0
60.3

0.9
60.2

0.8

60.1
0.7

0.6 60.0r

0.5 59.9

0.4
59.8

0.3
59.7

0.2

59.6
0.1

0
59.5

06 I o5é 9é'i' 3
0.0

0

Oo
)
s00.o 1
500.0 1
500.0 1
500.0 1
500.0 1
500.0 1

1
1
1
1
1
1

50.5
60.5
60.5
60.5
60.5
60.5

Time( sec
Fommoxu
DBVBRS
TBSLA
isuzu
NIC500
COLSTRP

bus
bus
bus
bus
bus
bus

14001
24a01
30040
40587
50703
62057

59.5
59.5
59.5
59.5
59.5
59.5

1_2
1.2
1.2
1.2
1.2
1.2

1
1
l
1
1
1

)
500.0 1
500.0 1
500.0 1
500.0 1
500.0 1
500.0 1

4 5
Time( sec

FOURCORN
DEVERS
TESSA
MALIN
NICSO0
mmsfnp

'4001
24801
30040
40687
50703
62057

bus
bus
bus
bus
bus
bus

0.0
o.o
0.0
00
00
0.0

WECC Relative Rotor Angles (degrees)
200

Arizona Relative Rotor Angles (degrees)
200

160160

120120

8 0

40

80.

<
4 0

0o

-40-40

-80-80

-12o-120

-160-160

H
1.0JL JJ.

-200
0I oa9 5gé é

y-200 ,
0

OO 200.0
200_0
200.0
200.0
200.0
200.0

)
22.0
26.0
1a.o
15.0
13.a
20.0

* 1
1 1
L 1
1 1
1 l
G O 1

'Q 3 o

Time( sec
SJUAN_GO
nmmgoa
ulnas
com8B22
BRAZ#19
CHE~KB

10321
15983
24004
40296
54151
70105

1
1
l
1
1
1

200.0
200.0
200.0
200.0
200.0
2o0.o

1
H
1
1
1
2

)
1e.o
22.0
18.0
24.0
13.8
13.8

~200.0ang
-2D0.0ang
-200.0ang
-200.0ang
-200.0ang
-200.Dang

15145
14914
leaoo
14931
86011
86012

1 5
Time( sec

ALL CTR
FCNGN4CC
GIL-CT1
PALOVRD1
QG44STG1
Q044STG2

-200.0ang
-200.0ang
-20B.0ang
-200.03Dg
-200.0ang
-200.0ang

2011 Heavy Summer Power Flow/Transient Stability Case
Gila Bend/Gila River Cluster SIS Post Project RE Case 3 Q044 @ 280 MW
3-phase 4 cycle flt. @ Gila Bend 69 kg, trip Gila Bend 230/69 kV xfmr 1

Page 2

M' llhs gbgr-1:3-pst:3 dyn_swt09 gilabend-230 69-xfmr1.chf
c : \work\aps\gbgr\ sis \Ayn

Wed Jun 17 13:40:49 2009

I i

x / * h»'°-1 I 1"1 A / f |' 1-1
. . L J'-*¢/ \ l._1 w vI I L.

|

\.1 1 I l_l

I I I I I I I I l I I I II I

l I
'Fvr-r a * 1 *

l_l v \ s 1. s l._.l l_l

ft? ac 'i -as Q, 4
I

+ ""r
+4-1"l

L

-Q-
.|

I I
l._l

-r".
L

1 iL_.:
v

I

I 4*I In I ¢h( V I I I Ill * | I

_ A .,J_L--

L .| l._l L L_ .:

I I
l

H-98



Gila Bend/Gila River Cluster
System Impact Study

Transient Stability Plots

1

04.

300 Q044 STG1 reactive power (MvAr)

260

220

180

140

100

60

20

-20

-60

-100;.
o0

220 Q044 STG1 electrical power (MW)

200
180
160
140
120
100
80
60
40
20
0

-20
0

Time( sec )
86011 Qo44sTG1 13a 1 1 300.0100.0qgo

Time( sec )
B 6011 Q044STG1 13.8 1 1 220.0-20.0 pg

(p.u4

0

4 o Q044 STG1 terminal current

3.6

3.2
2.8
2.4
2.0
1.6
1.2

0.8

0.4
0.0

00

1 2 Q044 STG1 terminal voltage (p.u.)

1.1

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0
0

4.0n
Time( sec )

B6011 Qo44sTG1 `3.8 1 11 1 1.2
)
119 n 0.0Vt

Time( sec
sso11 Q044sTG1o m o

(p.u.)

. 0

60.5 Q044 STG1 bus frequency (Hz)

60.4

60.3

60.2

60.1

60.0

59.9

59_8

59.7

59.6

59.5
00

1 2 Q044 STG1 bus voltage

1.1

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0 1
o

1 1 60.586011
Time( sec )

QD44STG1 13.8bugo  a s0.0
Time( sec )

86011 QD44STG1 13.8 1 l 1.2bug

2011 Heavy summer Power Flow/Transient Stability Case
Gila Bend/Gila River Cluster SIS Post-project RE Case 3 Q044 @ 280 Mw
3-phase 4 cycle flt. @ Gila Bend 69 kg, trip Gila Bend 230/69 kV xfmr 1

Page 3

llhs-gbgr r3-pst3 dy'n_swt 09 gilabend-230-69-xfmrl.chf
<::\work\aps\gbgr\sis\dyn

Wed Jun 17 13:40:50 2009

-

n n

I I I 1 1 I 1 | I 1 I I r I I |I 1
11 I I r I I I II

1

I I I I r I I I II 1
I I r I I I r  4 I I I I

A -J

lI l I I I 1
1 I 1 I I | I I I I

H-99



Gila Bend/Gila River Cluster
System Impact Study

Transient Stability Plots

I* 5 1094.i 2

60.5 Arizona 69 kV Bus Frequencies (Hz)

60.4

60,3
60.2

60.1

60.0

59.9

59.8

59.7

59.6=
59_5 5

00

1 2 Arizona 69 kV Bus Voltages (p.u.)

1.1

1.0

0.9

0.B

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0
0

o

o
A

x
D
A

1.2
1.2
1.2
1.2
1.2
1.2 »

0.0
0.0
0.0
0.0
0.0
0.0

59.5 bus
59.5 ibis
59.5 bus
59.5 bus
59.5 bus
59.5 bus
Arizona

84419
84432
84411
84442
84460
84414

230 kV

1 60.5
1 60.5
1 60_5
1 60.5
1 60.5
1 60.5
(HM

84419
84432
a4411
84442
84460
84414

230 kV

. .
4 5 6

Time( sec )
GILABEND 69,0 1
PALOMA 69.0 1
BUNYAN 69.0 1
SADDLEMT 69.0 1
HY1 69.0 1
COTN CTR 69.0 1

Bus Frequencies

Time( sec )
GILABEND 69.0 1 1
PALOMA 69.0 1 1
BUNYAN 69.0 1 1
SADDLEMT 69.0 1 1
HY1 69.0 1 1
COTN CTR 69.0 1 1

Bus Voltages (p.u.)

00

60.5

60.4

60.3

60.2

60.1

60.0

59.9

59.8

59.7

59.6

59.5
0

bus
bus
bus
bus
bus

+ bus
Arizona

1.2
1.1
1.0
0.9
0.a
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

0

oo

D
A

o
A

foul
foul
bus
bus
Ebbs
bus

1.2
1.2
1.2
1.2
1.2
1.2

14201
14235
14238
14224
19052
14258
0 kV

595
59.5
59.5
596
59.5
59.5
Arizona SO

1 60.5
1 60.5
1 so.s
1 60.5
1 6o.5
1 60.5

(Hz)

0.0 vbul
0.0 vbul
o.o bus
0.0 bus
0.0 bus
0.0 bus
Arizona

14201
14235
11238
14224
19052
14258

500 kg

Time( sec )
BUCKEYE 230.0 1
GILAEEND 230.0 1
GILARIVR 230.0 1
ao.JoBA 23oo 1
LIBERTY 230.0 1
TSP 230.0 1

Bus Frequencies

Time( sec )
BUCKEYE 230.0 1 l
GILABEND 230.0 1 l
GILARIVR 230.0 1 1
JOJOBA 230.0 1 1
LIBERTY 230.0 1 1
TSP 230.0 1 1

Bus Voltages (p.u.)

- 0

A
60. 5

60.4
60. 3

60. 2

60.1
60 . 0

59.9

59.8

59. 7

59.6
59. 5 I

00

1.2

1.1

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0
0

)
oo

o
A

D
A

1
1

1
1
1

60.5
60.5
60.5
6o.s
60,5

500.0 1
500.0 1
500.0 1
580.0 1
5000 1

bus
bus
bus
bus
bus

Time( sec
G1LAR*VR
HARQUAHA
HASSYAMP
JOJOBA
KYRENE

14007
15093
15090
150B9
15011

s9.s
59.5
59.5
59.5
59.5

1.2
1.2
1.2
1.2
1

)
500.0 1
500.0 1
500.0 1
500.0 1
500.0 1

1
1
1
1
1

Time( sec
GILARIVR
HARQUAHA
HASSYAMP
JOJOBA
KYRENE

bus
bus
bus
bus
bus

0.0
0.0
0.0
00
oo

14007
15093
15090
15089
15011

1LI•
2011 Heavy A mer ¥%we§ low/ rans1entuStabi ity Case
Gila Bend/Gila River Cluster SIS Post-project RE Case 3 Q044 @ 280 MW
3 phase 7 cycle flt. @ Paloma 69 kg, trip Paloma-Bunyan 69 kV

Page 1

#

llhs gbgr-r3 pst3-dyn__swt13 paloma-bunyan69-slo.chf
c:\work\aps\gbgr\sis\dyn

Wed Jun 17 13:41:10 2009

-A-»- ln-L .o

I

n H rt n

I I I I I I I I I I 'r i  I r II I

r

I ,

.

I I i  I ! I I I I 1 ! I I 1 I
I r I I I I I I I I 1 I I II I

I

I I l I 1 I I 1 I II I I 1 l I I

H-100



Gila Bend/Gila River Cluster
System Impact Study

Transient Stability Plots

(p.u.) WECC 500 kV Bus Frequencies (Hz)
60.5

WECC 500 kV Bus Voltages
1.2

60.41.1

1.0
60.3

0.9
60.2

0.8

60.1
0.7

I60.0(0.6

0.5 59.9

0.4
59.8

0.3
59.7

0.2

59.6
0.1

0
59.5

00
0.0

0
sec

OO l
1
1
1
1
1

)
500.0 <
500.0 1
soo.o 1
soo.0 1
500.0 l
500.0 1

60.5
60.5
60.5
so.;
60.5
60.5

Time( sec
FOURCORN
DEVERS
TNSLA
MALIN
NIC500
COLSTRF

14001
24801
30040
40687
50703
62057

bus
bus
bus
bus
bus
bus

59.5
59.5
59.5
59.5
59.5
59.5

1
1
1
1
1
1

1.2
1.2
1.2
1.2
1.2
1.2

)
500.0 1
500.0 1
500.0 1
500.0 1
500.0 1
500.0 1

Time(
FOURCORN
Dsvgns
TSSLA
MALIN
NIC500
COLSTRP

14001
24801
30040
40687
50703
62057

bus
bus
bus
bus
bus
bus

0.0
0.0
0.0
0.0
0.0
0.0

WECC Relative Rotor Angles (degrees)
200

Arizona Relative Rotor Angles (degrees)
200

160160

120120

80

40

80

c
40

00

-40-40

-80-80

-120-120

-160-160

-200
000

-200
0

secTime( sec
O1

H
1
1

1 1
1 1
L 1
1 1
1 1
GO 1

200.0
200.0
200_0
moo
200.0
200.0

)

22.0
26.0
1a,0
15.0
133
20.0

10321
15983
24001
40296
54151
70105

Time(
SJUANG4
NAVAJO 3
ALAMTA G
COULEE22
BRAZ#1 9
CHEROKEE

200.0
200.0
200.0
200.0
200.0
200_02

1
1

1
1
1
1

)
1s.o
22.0
18.0
24.0
13.8
13,8

-209.Dang
-200.0ang
-200.0ang
-200.0ang
-200.0ang
-200.0ang

15145
14914
14800
14931
96011
ee012

ARL-CT1
FCNGN4CC
GIL-CT1
PALOVRD1
QO44STG1
QO44STG2

-20D.0ang
~200.0ang
-200.0ang
-200.0ang
200.0ang

-200.0ang

2011 Heavy Summer Power Flow/Transient Stability case
Gila Bend/Gila River Cluster SIS Post-project RE Case 3 Q044 @ 280 MW
3-phase 7 cycle flt. @ Paloma 69 kg, trip Paloma-Bunyan 69 kV

Page 2

.AIS
llhs-gbgr-r3 pst3 -Ayn swt13 -paloma-bunyan69-slo . ch

c : \work\aps\gbgr\sis\dyn

Wed Jun 17 13:41:10 2009

v /
x

I I I I I 1 I I I I I I I I II I

`l I

1019
1

»-x-e5.444*H- -4-44-u-4 |

I | I I I I I I I I I | l I I I I I I I 1

|L1 lI

A- as Q; ' E
P""\ P-

I I

I

1
I

I
I

I

I
I ¢ +-

-15-
.

L
. .3_l

I

I I I I I I I I I | | I I I I I I |  I

""|..
r e .1 f I- A /

I 1' pr.' \.A 4 \_| A. I.v ill

1 I I I I I I 4 r 1 I 1 I I I I

H-lol



Gila Bend/Gila River Cluster
System Impact Study

Transient Stability Plots

Q044 STG1 reactive power (invAr)
"w

*

1

4

~w

i n

4 0

3:1
1 0§8'5is2

y
60

Q044 STG1 electrical power (MW)
220
200
180
160
140
120
100
80
60
40
20
0

-20
0 8 e

sec )
4

Time(6

)
ILL 1 1 2zm 086011

4 5
Time( sec

QO44STG1-20.0 pgo

108 97321

4 0 Q044 STG1 terminal current (p.u.)

3.6

3.2

2.8

2.4

2.0

1.6

1.2

0.8

0.4

m o I
0in9's7321

1 2 Q044 STG1 terminal voltage (p.u.)

1.1

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0 .
0

1 1 4.0

6
)
ALB

4 5
Time( sec

Q044STG186011it0.0o1 1 11

4 5 'é
Time( sec )

86011 Q044sTG1 13.sVt0.0o

Q044 STG1 bus voltage (p.u.)
.LZ

.4
\

'.C
4

k w

• 01

Q044 STG1 bus frequency (Hz)
60.5

60.4

60.3

60.2

60.1

60.0

59.9

59.8

59.7

59.6

59.5
000

1 1 60.5Time( sec ) Time( sec )
sso11 QO44STG1 13.a59.5 bugc

2011 Heavy Summer Power Flow/Transient Stability Case
Gila Bend/Gila River Cluster SIS Post-project RE Case 3 Q044 @ 280 MW
3-phase 7 cycle flt. @ Paloma 69 kg, trip Paloma-Bunyan 69 kV

Page 3

M llhs -gbgr-r3 -pst3 -dyn_swt;13 -paloma-bunyan69-slo . ch
c : \work\aps\gbgr\sis\dyn

Wed Jun 17 13:41:10 2009

I I

I

.-.==-Q4

l I I I
I I I I I I 1 \ I I

y
II

l l n

'\,.L~ I

_ -

----4

J

1
i

I I I 1 I

I | I I I

I

I
I

III

H-102


