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Commitment InnmmtimL&eyy.

Palo Verde Nuclear
Generating Station

James M. Levine
Senior Vice President
Nuclear

10 CFR 50.90
TEL (602)393-5300 Mail Station 7602
FAX (602)3934077 P.O. Box 52034

Phoenix, AZ 85072-2034

102-03832-JML/AKK/DRL
December 27, 1996

U. S. Nuclear Regulatory Commission
ATTN: Document Control Desk
Mail Station P1-37
Washington, D.C. 20555-0001

Dear Sirs:

Subject: Palo Verde Nuclear Generating Station (PVNGS)
Units 1, 2, and 3
Docket Nos. STN 50-528/529/530
Request for NRC Review of Revised Grid Stability Analyses

Arizona Public Service Company (APS) is requesting NRC review and approval
of a change to the Palo Verde Nuclear Generating Station (PVNGS) grid stability
analyses due to the construction of a new high voltage transmission line over two
of the five transmission lines which serve PVNGS. Please note that grid stability
remains within design requirements and remains capable of performing its
function in accordance General Design Criterion 17 of Appendix A to 10 CFR
Part 50. This condition has been reviewed in accordance with 10 CFR 50.59
with the conclusion that this change involves an unreviewed safety question and
requires NRC review.

Provided in Enclosure 1 to this letter are the following sections which support the
proposed change to the grid stability analyses:

A.
B.
C.
D.
E.

Description of the Proposed Change and Reason for Change
Safety Analysis for the Change
No Significant Hazards Consideration Determination
Environmental Impact Determination
Affected Updated Final Safety Analysis Report Pages.

In order to comply with the requirements of General Design Criterion 17,

970i060083 96i227l
PDR'DQCK 05000528
P P DR+



U.S. Nuclear Regulatory Commission
ATTN: Document Control Desk
Revised Grid Stability Studies
Page 2

"Electric Power Systems" of Appendix A to 10 CFR Part 50, NUREG-0800,
"Standard Review Plan for the Review of Safety Analysis Reports for Nuclear
Power Plants," Section 8.2.III.1(f), and Combustion Engineering Standardized
Safety Analysis Report (CESSAR) Section 8.3.1.7, studies were performed
modeling the loss of two transmission lines (Westwing I and Westwing II). Both
a maximum boost case (providing MVARs during the heavily loaded summer
conditions to maintain the area's voltage) and a maximum buck case (absorbing
MVARs during the lightly loaded autumn conditions to reduce the area's high
voltage tendency) were run. These studies show that the grid remains stable
within the parameters of the above requirements. The revised grid stability
analyses (USFAR Section 8B) and revised UFSAR pages are provided in
Enclosure 2.

In accordance with Technical Specification 6.5, the Plant Review Board and the
Offsite Safety Review Committee have reviewed and concurred with this request.
Pursuant to 10 CFR 50.91(b)(1), a copy of this request has been forwarded to
the Arizona Radiation Regulatory Agency.

Should you have any questions, please contact Scott A. Bauer, Licensing
Section Leader, at (602) 393-5978.

Sincerely,

JML/AKK/DRL/rh

Enclosures

cc: L. J. Callan
K. E. Perkins
J. W. Clifford
K. E. Johnston
A. V. Godwin ARRA
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STATE OF ARIZONA )

) ss.
COUNTY OF MARICOPA )

I, G. R. Overbeck, represent that I am Vice President - Nuclear Production, that the
foregoing document has been signed by me on behalf of Arizona Public Service
Company with full authority to do so, and that to the best of my knowledge and belief, the
statements made therein are true and correct.

G. R. rbeck

Sworn To Before Me This Day Of , 1996.

g
M'otaryPublic

My Commission Expires

"OFFICIALSEAL"
A. K. Krainlk

otary Public. ona
Martcopa County

My Commission Expires 5(6PON



l'

gk >~ ~ ."o
I h



ENCLOSURE 1

CHANGES TO THE PVNGS

GRID STABILITYSTUDIES
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ENCLOSURE 1

A.

Recently, the Salt River Project installed a 525 kV transmission line between
their Mead and Perkins substations. This new line crosses over two of the five
transmissions lines that serve the Palo Verde Nuclear Generating Station
(PVNGS); i.e., the Westwing I and Westwing II lines. Due to the installation of
this new Salt River Project transmission line, an unreviewed safety question
(USQ) was introduced in that a malfunction of a different type was created and
an increase in the probability of a malfunction of equipment important to safety
exists.

The current PVNGS Updated Final Safety Analysis Report (UFSAR), Section
8.2.1.1 states, in part, that "There are no crossings of the five 525 kV lines
associated with PVNGS and none of the lines cross under any existing lines." In
addition, "the five lines associated with the PVNGS switchyard... are designed so
as to eliminate line proximity's that could result in simultaneous failure of more
than one circuit."

Based on the introduction of the Mead - Perkins line, a malfunction of a different
type was introduced, (i.e., a transmission line can now fall on transmission lines
which serve PVNGS) and the probability of a malfunction of equipment important
to safety is increased (although a small increase) since the probability of failure
is increased by the probability of the Mead - Perkins line falling on the Westwing
I and Westwing II lines. Therefore, this condition constitutes an unreviewed
safety question.

NUREG-0800, "Standard Review Plan for the Review of Safety Analysis Reports
for Nuclear Power Plants," Section 8.2.III.1(f) provides requirements for grid
stability analysis in order to meet the intent of General Design Criterion 17 of
Appendix A to 10 CFR Part 50. In addition, the Combustion Engineering
Standardized Safety Analysis Report (CESSAR), Section 8.3.1.7, requires a
maximum frequency decay. rate of 3 Hz/sec. Previous analysis to meet this
requirement is contained in UFSAR Appendix 8B and shows that the grid is
stable for a loss of the single most critical transmission line; i.e., the Palo Verde-
Devers line.

However, with the introduction of the Mead - Perkins line, an airplane crash
induced mechanical failure of the Mead - Perkins line could short circuit both the
Westwing I and Westwing II lines simultaneously. This condition was,therefore,
recently analyzed and that analysis is provide in Enclosure 2. This analysis
shows that the grid remains stable within the requirements of NUREG-0800,
Section 8.2.lll.1(f) and CESSAR Section 8.3.1.7, however, the simultaneous loss
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of the Westwing I and Westwing II lines now constitutes the most critical
transmission line loss.

NUREG-0800, Section 8.2 requires that the preferred power system
arrangement be reviewed to determine the adequacy of the system, and to
determine the independence of the two (or more) circuits, through a review of the
electrical and physical independence, to minimize the chance of simultaneous
failure. This includes, in part, the review of assignment of power sources from
the grid, the location of right-of-ways, and transmission lines and towers. In
addition, NUREG-0800, Section 8.2 requires grid stability analyses be performed
that ensures, in part, that the loss, through a single event, of the most critical
transmission line does not result in the complete loss of preferred offsite power.

Since Salt River Project's new Mead - Perkins transmission line runs over both
the Westwing I and the Westwing II lines, APS has reanalyzed grid stability
assuming the simultaneous loss of both Westwing lines due to a short circuit
(single phase to ground) caused by an airplane crash induced dropping of the
Mead - Perkins line onto the Westwing I and Westwing II lines.

The analyses performed were chosen to bracket the conditions under which
PVNGS operates. Both a maximum boost case (providing MVARs during the
heavily loaded summer conditions to maintain the area's voltage) and a
maximum buck case (absorbing MVARs during the lightly loaded autumn
conditions to reduce the area's high voltage tendency) were run with all three
units and all five lines in service. These new analyses demonstrate that the
simultaneous loss of both Westwing lines is the most critical loss of a
transmission line, rather than the loss of the Palo Verde - Devers analysis that is
currently in the PVNGS UFSAR Appendix 8B. These analyses demonstrate that
the grid remains stable, and that the CESSAR Section 8.3.1.7 interface
requirement of a sustained frequency decay of less than 3 Hz/second is
satisfied. This interface requirement ensures that the Reactor Coolant Pumps
will not be slowed due to frequency decay more rapidly than during a loss of
offsite power (LOP); i.e., the LOP analysis will remain the bounding analysis.

APS transmission planning, in cooperation with Salt River Project, has reviewed
the specific line crossing configuration to determine the potential failure
mechanisms and resultant failure rate. Based on actual operating experience,
only three types of incidents have caused 525kV lines to fall within the APS
system: 1) splice failures, 2) insulator failures, and 3) airplane crashes..APS has
confirmed with Salt River Project that the Mead - Perkins line segment crossing
Westwing I and Westwing II does not contain a splice. In addition, the particular
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line crossing was constructed using dead end towers which have three insulator
strings per conductor phase. The insulator strings are designed such that only
one is required to hold up a conductor phase. Normal 525kV construction uses
only one or two insulators per conductor phase.

For the above reasons, the first two failure mechanisms were eliminated. The
third failure mechanism (airplane crashes) has occurred twice to the APS 525kV
system. APS has approximately 1230 mile of 525kV lines. These lines have
been in service between twelve and twenty-seven years. The product of the line
lengths and years of service is 27345.16 mile-years. The distance between the
towers where the Mead - Perkins line crosses the Westwing I and Westwing II

lines is 781 feet (0.148 miles). The resultant probability of the subject span
falling in any given year is:

p = (2 events/27345.16 mile-years) x 0.148 miles = 1.1x1 0 events/year

A search of abstracts of Licensee Event Reports (LER) from 1980 through the
second quarter of 1996 also suggested sagging as a potential failure
mechanism. Normal constructions standards for crossings of 525kV A.C. lines
requires a minimum of 20 feet between the upper line and the lower lines when
the upper is at its maximum electrical loading and the lower is at its minimum
electrical loading. The Mead - Perkins crossing has a minimum of 31 feet of
space under these circumstances and, therefore, sagging is ruled out as a
potential failure mechanism.

Regulatory Guide 1.70, "Standard Format and Content of Safety Analysis
Reports for Nuclear Power Plants (LWR Edition)," Revision 3, Section 2.2.3.1
requires analysis of events, external to the nuclear power plant, that have a
probability of occurrence on the order of about 10 per year or greater and have
potential consequences serious enough to effect safety of the plant to the extent
that 10 CFR Part 100 guidelines could be exceeded.

Operational history for the years 1994 and 1995 were queried to determine
outage rates (both planned and forced) on the Devers, North Gila, and Kyrene
lines. It was found that for the two years, the three lines were out of service a
total of seventy-nine hours. Therefore, the combined probability of the
simultaneous loss of Westwing I and Westwing II while one of the remaining
three lines is out of service is approximately 4.5 x 10 per year, which is below
the threshold for required analysis. If the combined output of PVNGS is greater
than 3657 MW, and simultaneously the two West Wing lines are lost, with the
Kyrene line out of service, one or more of the units could become unstable,
however, grid stability is maintained. Plant trips are analyzed events in UFSAR
Chapter 15. The consequences, therefore, do not effect the safety of the plant
nor approach 10 CFR Part 100 guidelines. Such an instability does not exist if
either the Devers or North Gila lines are out of service as an initial condition.
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Therefore, since neither the probability nor consequences tests of RG 1.70,
section 2.2.3.1 are met when one line is out of service, only the studies utilizing,
all five lines in service as an initial condition will be incorporated in the UFSAR.

Previous studies of the impact of the loss of the most critical PVNGS
transmission line on the stability of the Arizona grid have assumed three phase
bolted faults at the Palo Verde switchyard end of the respective transmission
lines. Such faults are rare and are generally caused by catastrophic failure of
equipment at the substation. As the previous probability discussion shows, the
simultaneous failure of the two Westwing lines is also an unlikely event. (i.e., an
airplane crash causing the Mead - Perkins line to drop on top of the two
Westwing lines). APS Engineering evaluated the various failure modes and
determined that the correct fault to impose on the two Westwing lines is single
phase to ground faults. The electrical protection on the Westwing lines can
detect and clear a fault in a maximum of 4 cycles (4/60 of a second). Objects
falling (transmission lines or planes) would have to impact all three phases within
4 cycles in order to produce a three phase fault. In performing this failure mode
evaluation, the geometry of the crossing was taken into account. The Mead-
Perkins line and the Westwing lines cross at an acute angle and are not near the
mid span of their respective towers when they cross. This produces a center of
gravity of the Mead - Perkins line that is not over the top of the Westwing lines.
This also results in the crossing being at a point in the catenary of the lines which
is approaching its maximum slope. Therefore, a falling line will impact one of the
phases in sufficient time for the electrical protection to clear the fault before the
conductor has enough time to travel the distance to the next phase (The
Westwing lines have 32 feet horizontally between phases.). Therefore, single
phase to ground faults are considered to be the appropriate failure to impose
based on the speed of the protection and the geometry of the crossing.

The conclusion of the grid stability analyses is that the preferred, offsite power
system remains capable of performing its function in accordance with General
Design Criterion 17 of Appendix A to 10 CFR Part 50.-

C. nD r i i

The Commission has provided standards for determining whether a significant
hazards consideration exists as stated in 10 CFR Part 50.92. A proposed
amendment to an operating license for a facility involves no significant hazards
consideration if operation of the facility, in accordance with a proposed
amendment, would not:

1. involve a significant increase in the probability or consequences of an
accident previously evaluated;
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2. create the possibility of a new or different kind of accident from any
accident previously evaluated; or

3. involve a significant reduction in a margin of safety.

A discussion of these standards, as they relate to this amendment request,
follows.

0 th p p d h g t t tgtf tt t th
probability or consequences of an accident previously evaluated?

Analysis of grid stability is performed to assure the reliability and capability of
offsite power. Grid instabilities could result in a loss of offsite power. The loss of
offsite power is an analyzed event in UFSAR Chapter 15. Previous grid stability
analyses documented in UFSAR Section 8B have demonstrated that the loss of
the 'most critical transmission element will not create a grid instability and,
therefore, does not result in an accident.

However, Regulatory Guide 1.70, "Standard Format and Content of Safety
Analysis Reports for Nuclear Power Plants (LWR Edition)," Revision 3, Section
2.2.3.1 requires analysis of events, external to the nuclear power plant, that have
a probability of occurrence on the order of 10'er year or greater and have
potential consequences serious enough to effect safety of the plant to the extent
that 10 CFR Part 100 guidelines could be exceeded.

The probability of the simultaneous loss of both the Westwing I and Westwing II

lines due to the mechanical failure of the Mead - Perkins line while all five lines
serving PVNGS are in service is 1.1 x 10 events per year. Analysis has been

. performed (Enclosure 2) that shows that the grid and the PVNGS turbine
generators remain stable within the design requirements of NUREG-0800,
"Standard Review Plan for the Review of Safety Analysis Reports for Nuclear
Power Plants," Section 8.2.III.1(f) and the Combustion Engineering Standardized
Safety Analysis Report (CESSAR) Section 8.3.1.7. Since grid stability is assured
(i.e., a loss of offsite power is not created by the new event), the probability of an
accident previously evaluated is not affected.

The consequences of a loss of offsite power are analyzed in UFSAR Chapter 15.
The simultaneous loss of the Westwing I and Westwing II lines has been
demonstrated to not cause a loss of offsite power. Therefore, the proposed
change does not affect the consequences of accidents previously analyzed.
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0 th p p d h g t th p ihitilp i
different kind of accident from any accident previously evaluated?

The revised grid stability analyses, performed in accordance with NUREG-0800,
Section 8.2.ill.1(f) and CESSAR, Section 8.3.1.7 interface requirements, shows
that the simultaneous loss of both the Westwing I and Westwing II transmission
lines satisfies grid stability and interface requirements; i.e., General Design
Criterion 17, "Electric Power Systems" of Appendix A to 10 CFR Part 50 is met.

Additional analysis has been performed demonstrating that the simultaneous
loss of Westwing I and Westwing II lines, while the most critical of the remaining
three lines is out of service and net station output is at or above 3657 MW, will
not cause grid instability, but could cause the loss of one or more PVNGS turbine
generators. The loss of a PVNGS turbine is analyzed in UFSAR Chapter 15.

Therefore, the addition of a new transmission line over two of the five
transmission lines serving PVNGS does not create the possibility of a new or
different kind of accident from any accident previously evaluated.

000000: 0 th p p d h g i t ig ii t d ti i ~

margin of safety?

Both the previous grid stability studies and the current studies increased PVNGS
output by 7% for stability margin. The studies presently in the UFSAR used a
nominal 1270 MW net power output per unit. This output was a design estimate
and never actually reached. The recent power uprate of 2% now produces a
nominal net output of 1270 MW, therefore both the current UFSAR studies and
the revised studies use the same 7% margin. The revised grid stability analyses,
performed in accordance with NUREG-0800, Section 8.2.III.1(f) and'ESSAR,
Section 8.3.1.7 interface requirements, demonstrates that the simultaneous loss
of both the Westwing I and Westwing II transmission lines would not cause an
unstable grid.

Therefore, the addition of a transmission line over two of the five transmission
lines serving PVNGS does not involve a significant reduction in a margin of
safety.

D.

APS has determined that the proposed amendment involves no change in the
amount or type of effluent that may be released offsite, and that there is no
increase in individual or cumulative occupational radiation exposure. As such,
operation of PVNGS Units 1, 2, and 3 in accordance with the proposed
amendment, does not involve an unreviewed environmental safety question.
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Figure 8.1-1

8.2-1
8.2-2
8.2-7

8B-1

8B.1-1
8B.1-2
8B.1-3
8B.1-4
8B.1-5
8B.1-6
8B.1-7
8B.1-8
8B.1-9
8B.1-10
8B.1-11
8B.1-12 (added)

8B.1 ~ 13 (added)
8B.1-14 (added)
8B.1-1 5 (added)
8B.1-16 (added)
8B.1-17 (added)
8B.1-18 (added)
8B.1-19 (added)

,
8B.1-20 (added)
8B.1-21 (added)
8B.1-22 (added)
8B.1.23 (added)
8B.1-24 (added)



ENCLOSURE 2

REVISED GRID STABILITYANALYSIS{UFSAR
SECTION SB) AND REVISED UFSAR PAGES
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8.2 OFFSITE POWER SYSTEM

8.2.1 DESCRIPTION

The offsite power system consists of five physically independent
circuits from the Arizona-New Mexico-California-Southern Nevada

power grid to the PVNGS switchyard. Offsite power from the
switchyard through three startup transformers and six
intermediate buses is provided to supply two physically
independent preferred power circuits to the ac power
distribution system of each unit. The offsite power system is
described in this section and is depicted in figures 8.1-1 and
8.2-1.

8.2.1.1 Transmission Network

The transmission system associated with PVNGS supplies
offsite ac power at 525 kV for startup, normal operation,
and safe shutdown of Units 1, 2, and 3. The five 525 kV lines
of this system, PVNGS to Westwing I, PVNGS to Westwing II,
PVNGS to Kyrene, PVNGS to North Gila, and PVNGS to Devers,
cover distances of approximately 44, 44, 74, 114, and 235

miles, respectively.
All five transmission lines associated with PVNGS traverse
relatively flat terrain and their design meets grade B

requirements specified by the National Electrical Safety Code,
sixth edition.
The Code specifies loading areas, wind loads for towers and
conductors, and safety factors to be used. The conductors and
the overhead ground wires are dampened to maintain acceptable

vels of vibrat'g
gAg 525 AV liest~ as'sac<ef<J

gg(„+Vga> cgoing ac< <sd'Ae.r. 7hcre xc' cc os@'tag of v >~
TL /)ness bp ~ Z 25 AV /gg~ ad~

w~cow)~4g g3 rni4.s +~n gl/]OW ~

March 1991 8.2-1 Revision 3
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OFFSITE POWER SYSTEM

The five transmission lines associated with the PVNGS
'

gg/]gygtg)xE
yard, and their rights-of-way, are designed so as to
line proximities that could result 'imulta o

more th circuit. 7he )sl illsAs)R
valses

of haec h'os> 8.oLe uoeRR ltefol

lsd)lnie e s>nukueeus oss of%)es<~iiyfw Idokus~ 0 4w's lm lieu ofs failojle 0Pp
Sr'~r,lt IioQ.,8.2.1. Switch ar an onnectxons to the Onszte Powe

~setem

Prior to the construction of PVNGS there were no transmission
lines to, or transmission switchyards in the vicinity of, the
site.
Construction of PVNGS includes construction of a 525 kV

switchyard of the breaker-and-a-half design in which three
breakers are provided for every two terminations, either line
or transformers. The switchyard is connected to the five
525 kV transmission lines associated with PVNGS, the 525/24 kV
turbine-generator main transformers, and the 525/13.8 kV
startup transformers, as shown in figure 8.2-2. These figures
reflect the development of the switchyard as each unit is
added.

Each turbine-generator connects to the switchyard through a

main transformer, a 525 kV tie line, and two 525 kV switchyard
breakers, as shown in figure 8.2-2. Physical connections
between the units and the 525 kV switchyard are shown in
figure 8.2-1.

The three startup transformers connect to the switchyard
through two 525 kV switchyard breakers each, and feed six 13.8
kV intermediate buses. These buses are arranged in three
pairs, each pair feeding only one unit.
The intermediate buses for Units 1, 2, and 3 are inter-
connected to the startup transformers so that each unit's
buses can access all three startup transformers when all
startup transformers are connected to the switchyard.

March 1991 8.2-2 Revision 3
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OFFSITE POWER SYSTFM

Power flow studies conducted for the described system indicate
that the system can reliably deliver power to all project par-
ticipants using the above planning criteria. Dynamic stability
studies have shown that the system can withstand the following
disturbances without loss of system stability or loss of
load:

+plat.F alp Vga,g 1A-koI
A. -phase fau,lg pn the

8 o e " y ~5 KV ~erspioB iieet,

B. A sudden loss of one of the three PVNGS units with no

underfrequency load shedding measures in effect.
C. The sudden loss of the largest single load on the

1988 Arizona-New Mexico-California-Southern Nevada
system.

In withstanding these disturbances, which are used as design
criteria, the system exhibits a very stable response, with
significant positive damping achieved and with system frequency
deviation held within acceptable limits. This stability is
substantiated by voltage and frequency curves in appendix 8B.
In addition, generator angle curves are included for repre-
sentative units throughout the system. These constitute an
important indication of the system damping and stability
response. These results represent the response of the system
associated with PVNGS with 7W generation stability margin.

Grid availability data on FHV systems in the area indicate an

outage rate of 2.27 total outages per year per 100 line miles.
Of these, 1.2 are due to planned outages and 1.07 are due to
forced outages. Due to all causes, the outage ratio for 500 kV
lines in the area is 0.00213.

8.2-7
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APPENDIX 8B

DYNAMIC STABILITY CASES

-.Wee.

2. Loss of a Palo erde unit — 88 STBANPP3

t=o

t=9 seconds

Palo Verde Unit 1 dropped. No capacitor
flashing or line switching.
End of calculations.

March 1991 8B-1 Revision 3
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2003 heavy summer base case with Palo Verde generator output increased 7% (4077
MW) for stability margin, net MVARs equal to 1500 MVARs boosting, and western flow
of 7783 MW is used for maximum boosting cases 1a. 1995 light autumn base case with
Palo Verde output increased 7% (4077 MW) for stability margin, net MVARs equal to
822 MVARs bucking, and western flow of 5138 MW is used for maximum bucking cases
1b.

1a. Single line to ground fault applied to the Westwing 525 kV bus with loss of the
Perkins-Mead 525 kV and both Palo Verde-Westwing 525 kV lines.

t=o Single line to ground fault on Westwing 525 kV bus. Flash series
capacitors in Navajo-Westwing, Moenkopi-Yavapai-Westwing and
the Westwing-Mead lines.

t=4 cycles Clear Westwing fault by removing the Westwing-Mead and both
Palo Verde-Westwing lines. Reinsert series capacitors in the
Westwing-Mead line.

t=8 cycles Reinsert series capacitors in Navajo-Westwing and Moenkopi-
Westwing 525 kV lines.

t=9 seconds End of calculations

Results: Stable and well damped.

1b. Single line to ground fault applied to the Westwing 525 kV bus with loss of the
Perkins-Mead 525 kV and both Palo Verde-Westwing 525 kV lines.

t=o Single line to ground fault on Westwing 525 kV bus. Flash series
capacitors in Navajo-Westwing; Moenkopi-Yavapai-Westwing and
the Westwing-Mead lines.

t=4 cycles Clear Westwing fault by removing the Westwing-Mead and both
Palo Verde-Westwing lines. Reinsert series capacitors in the
Westwing-Mead line.

t=8 cycles Reinsert series capacitors in Navajo-Westwing and Moenkopi-
Westwing 525 kV lines.

t=9 seconds End of calculations

Results: Stable and well damped.
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PLOT NO. 1
APS STAB STUDY FOR 3 PV Boost'CASE;line drop in;4077 PV NET EOR=5121MW
(f102hspv) (plotfsar) 10810r1.asif(distpww55) 11/05/96 WWPV OUTMES
TI 3PHS WW FLT LOSS OF WW-PV LXNE N1&g2; 4C CLR;WPHX CC ADD;stab536
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PLOT NO. 2
APS STAB STUDY FOR 3 PV Boost CASE;line'drop in;4077 PV NET EOR=5121MW .

(f102hspv) (plotfsar) 10810rl.asif(distpww55) 11/05/96 WWPV OUTAGES
TI 3PHS WW FLT LOSS OF WW-PV LINE N1&52; 4C CLR;WPHX CC ADD;stab536
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PLOT NO. 3
APS STAB STUDY FOR 3 PV Boost CASE;line drop in;4077 PV NET EOR=5121MW
(f102hspv) (plotfsar) 10810r1.asif(distpww55) 11/05/96 WWPV OUTAGES;—
TX 3PHS WW FLT LOSS OF WW-PV LINE O15N2; 4C CLR;WPHX CC ADD;stab536
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PLOT NO. 4
APS STM3 STUDY FOR 3 PV Boost CASE;line drop in;4077 PV NET EOR='5121MW
(f102hspv) (plotfsar) 10810r1.asif(distpww55) 11/05/96 WWPV OUTRAGES
TI 3PHS WW FLT LOSS OF WW-PV LXNE 51&I2; 4C CLR;WPHX CC ADD.stab536
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PLOT NO. 5
APS STAB STUDY FOR 3 PV Boost CASE;line drop in;4077 PV NET EOR=5121MN
(f102hspv) (plotfsar) 10810rl.asif(distpww55) 11/05/96 WWPV OUTAGES
TI 3PHS WW FLT LOSS OF WW-PV LINE ¹15:¹2; 4C CLR;WPHX CC ADD;stab536
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PLOT NO. 6
APS STAB STUDY FOR 3 PV Boost CASE;line Crop in;4077 PV NET EOR=5121MW
(f102hspv) (plotfsar) 10810r1.asif(distpww55) 11/05/96 WWPV OUTAGES
TZ 3PHS NW FLT LOSS OF WW-PV LINE N18N2 ~ 4C CLR.WPHX CC ADD.stab536
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PLOT NO. 7
APS STAB STUDY FOR 3 PV Boost CASE;line drop in;4077 PV NET EOR=5121MW
(fl02hspv) (plotfsar) 10810rl.asif(distpww55) 11/05/96 WWPV OUTAGES
TI 3PHS NW FLT LOSS OF WW-PV LINE N1&42; 4C CLR;WPHX CC ADD;stab536
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PLOT NO. 8
APS STAB STUDY FOR 3 PV Boost CASE;line'drop in;4077 PV NET EOR=5121MW
(f102hspv) (plotfsar) 10810r1.asif(distpww55) 11/05/96 WWPV OUTAGES
TI 3PHS WW FLT LOSS OF WW-PV LINE 51&52; 4C CLR;WPHX CC ADD;stab536

oo
o
O
L1l

O
O

o
O
LA

o
O

O
O
C4

oo
o

500.
500.

I
I
I
I
I

J

I
I
I
I
I

J

I
I
I
I
I

J

I I
I I
I I
I I
I I

J

I
I
I
I
I

J
I
I
I
I
I

I
I
I
I
I

J
I
I
I

I
I

J

I
I
I
I
I

.J
I
I
I
I
I

J
I
I
I
I

J

I
I
I
I
I

J

I
I
I
I
I

J
I
I
I
I
I

J

I
I
I
I
I

J
I
I
I
I
I

3

I
I
I
I
I

J
I
I
I
I
I

J
I I I I
I I I I
I I I I
I I I I
I I I I

J J J J

J JI'
I I
I ~ I ~
I
I I

J J

I
I ~ ~

I

I
I

J

I
I

~ I
I
I

.J

I
I

I

J

I
I

I
I

.J

KEY-—> PALOVRDE50 0 ~ -DEVERS
PALOVRDE50 0 ~ -N. GILA

I
I
I
I
I

JJ J
I I
I I
I I
I I
I I

J J
I I
I I
I I
I I
I I

J J

, I
I
I
I
I

J
I
I

I
I

J
I
I
I
I
I

J

I
I
I
I
I

J
I
I
I
I
I

J
I
I
I
I
I

I
I
I
I
I

J
I
I
I
I
I

J

I
I
I
I
I

J
I
I
I
I
I

J
I
I
I
I
I

I
I
I
I
I

J
I
I

I

.J

I
I
I
I
I

J
I
I
I
I
I

J J

I
I
I
I
I

J .J

I I I
I I I
I I I
I I I
I I I

J
I I
I I
I I
I I
I I

J J

I I
I I

J

1 =+ PALOVRDE50 0 . -ESTRELLA50 0 .
1 =x PALOVRDE50 0 . -WESTWING5 0 0 .

1 =0
1 = 0

I
I
I
I
I

J
I
I
I
I
I

J

I
I
I
I
I

J

~ ~

I
I
I
I
I

J

J...J
I I
I I

I
I
I
I
I

J

I

O

H

o
O
LA

o
O

O

I
I
I
I
I

J

I I
I I

J J

I
I
I
I
I

J
I
I
I
I
I

J
I
I
I
I
I

I
I
I
I
I

J

I
I I IJ...J ..J
I
I
I
I
I

J

I
I
I
I
I

J
I
I
I
I
I

J
I
I
I
I
I

J

I
I
I
I
I

J

I
I
I
I
I

J

J
I I
I I
I I
I I
I I

J
I
I
I
I
I

J

I
I
I
I
I

J

I
I
I
I
I

J

I
I
I
I
I

J

I I I I I I
I

I I I I I I
J . . .J . . J .J . .J

I
I
I
I
I

J
I
I
I
I
I

J

I
.J

I
I
I
I
I

J
I
I
I
I
I

J
I
I
I
I

J

I
I
I
I
I

I
I
I
I
I

J
I
I
I
I
I

J

I
I
I

I
I

J
I

I
I
I
I

J
I
I
I

I
I

J

I
I
I
I
I

I
I
I
I
I

J
I
I
I
I
I

J

I
L

I
L

I
J

I I
J J

I I
J J

I
I
I
I
I

J
I
I
I
I
I

J

0.00 1.00 2.00 3.00 4.00 5.00

TIME IN SECONDS

6.00 7.00 8.00 9.00



I

t



PLOT NO. 9
APS STAB STUDY FOR 3 PV Boost CASE;line drop in;4077 PV NET EOR=5121MW
(fl02hspv) (plotfsar) 10810r1.asif(distpww55) 11/05/96 WWPV OUTAGES
TI 3PHS WW FLT LOSS OF WW-PV LINE N15N2; 4C CLR;WPHX CC ADD;stab536
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PLOT NO. 10
APS STAB STUDY FOR 3 PV Boost CASE;line Crop in;4077 PV NET EOR=5121MW
(f102hspv) (plotfsar) 10810r1.asif(Qistpww55) 11/05/96 WWPV OUTAGES
TI 3PHS WW FLT LOSS OF WW-PV LINE O1&42;.4C CLR WPHX CC ADD.stab536
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PLOT NO. 11
APS STAB STUDY FOR 3 PV Boost CASE;line drop in;4077 PV NET EOR=5121MW
(f102hspv) (plotfsar) 10810r1.asif(distpww55) 11/05/96 WWPV OUTAGES
TI 3PHS WW FLT LOSS OF WW-PV LINE N1&I2; 4C CLR;WPHX CC ADD;stab536
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PLOT NO. 1
APS STAB STUDY FOR 3 PV BUCK CASE;line drop in;4077 PV NET EOR=3731MW
(fl95last) (plotfsar) 10780r10.asif(distpww54) 11/12/96 WWPV OUTAGES
TI SLG WW FLT LOSS OF WW-PV LINE 51502; 4C CLR;WPHX CC ADD.stab535
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PLOT NO. 2
APS STAB STUDY FOR 3 PV BUCK CASE<line drop in;4077 PV MET EOR=3731MW(fl95last) (plotfsar) 10780r10.asif(distpww54) 11/12/96 WWPV-OUTAGES
TI SLG WW FLT LOSS OF WW-PV LIME 01&N2; 4C CLR;WPHX CC ADD;stah535
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PLOT NO. 3
APS STAB STUDY FOR 3 PV BUCK CASE~line drop in;4077 PV NET EOR=3731MW(fl95last) (plotfsar) 10780r10.asxf(distpww54) 11/12/96 WWPV OUTAGES
TI SLG WW FLT LOSS OF WW-PV LINE 51&02; 4C CLR;WPHX CC ADD;stah535
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PLOT NO. 4
APS STAB STUDY FOR 3 PV BUCK CASE~line drop in;4077 PV NET EOR=3731MW(fl95last) (plotfsar) 10780r10.as~f(distpww54) 11/12/96 WWPV OUTAGES
TI SLG WW FLT LOSS OF WW-PV LINE 01&N2. 4C CLR.WPHX CC ADD.stab535
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PLOT NO 5
APS STAB STUDY FOR 3 PV BUCK CASE~line drop in;4077 PV NET EOR=3731MW(fl95last) (plotfsar) 10780r10.asi~f(distyww54) 11/12/96 WWPV- OUTAGES
TI SLG WW FLT LOSS OF WW-PV LINE 41&I2; 4C CLR;WPHX CC ADD;stab535
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