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2002 PALO VERDE/HASSAYAMPA
SUPPLEMENTARY OPERATING STUDY REPORT

L INTRODUCTION
This report documents a supplementary study to determine the plant operating limits for
several new categories.. Those categories include increased bucking of the Palo Verde
generating units up to 780MVARs bucking and facilities initially out of service in the
Palo Verdefl~assayampa area. The critical outage is the double line Palo Verde-
Westwing outage initiated by a single-line-to-ground fault for all categories except one
Palo Verde-Westwing line out. The fault and the lines were cleared in four cycles. The
initially out of service categories included the following facilities:

Series Capacitors out of service in the following lines:
1. Hassayampa-North Gila-Iinperial Valley-Miguel 500kV line
2. Hassayampa-North Gila 500kV line
3. North Gila-Imuperial Valley-Miguel 500kV line
4. Palo Verde-Devers 500kV line two segments
5. Palo Verde-Devers 500kV line one segment out on the Arizona side

Lines out of service:
6. Hassayampa-North Gila 500kV line
7. Hassayampa-Kyrene 500kV line
8. Palo Verde-Devers 500kV line
9. One Palo Verde-Westwing 500kV line

With one Palo Verde-Westwing 500kV line out, the critical outage is loss of the
remaining Westwing line but initiated by a three-phase fault. The single-line-to-ground
fault only applies to a double line outage.

II. RESULTSICONCLUSIONS
The original study was* most limited by the light spring base case with the Palo
Verde/Hassayampa units buckirig and the double line outage of the Palo Verde-Westwing
500kV lines. The Light Spring base case with three Palo Verde units and all three new
units (1600 MW of new generation) represented and the units bucking a total of
approximately 450 MVARs was the starting point for this study. The voltage at Palo
Verde was represented at 525kV, which again produced the most conservative results.
The study results are surnmmarized in Tables I through 4. A summary of the new
operating limits for the new categories can be seen in Table 5 and Figure 1.

All lines in service with Palo Verde units buckin! up, to 780MVARs.

The original SLG study evaluated the Palo Verde units bucking up to 450MVARs. The
results from that study indicated that the system was stable with 1600MW of additional
generation. This study evaluated increasing the amount of bucking at Palo Verde from
450MVARs to 780MVARs. The results indicate that 1600MW of new generation for a
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total of 5461MW of Palo Verde/Hassayampa generation can be realized up to
565MVARs bucking. Beyond 565MVARs, the total generation has to be reduced. A
second point was found at 780MVARs bucking. At 780MVARs bucking, the total
generation had to be reduced to 5361MW. Fromtthese two points, the operating
nomogram shown in Figure 1 was obtained up to a total of 1000MVARs bucking. The
powerflow base cases and stability results are summarized in Table 1.

Series capacitors initiallv-out-of-senice.i

The results for series capacitors initially out of service are summarized below. Tables 2
and 3 summarize the powerflow and stability results for all categories.

1. Hassayampa-North Gila-Imperial Valley-Miguel 500kV line
With all the series cornpensationpout of the Hassayampa to Miguel line(3 segments),
the stability limit without unit tripping was reduced from 5461MW to 5261MW. An
increase of 100MW more resulted in an unstable case. Unit tripping 500MW With the
maximum generation output of 5461MW was stable.
With two new units on at Hassayampa with 1100MW for a total of 4961MW, the
single-line-to-ground fault and double line outage was stable.

2. Hassaoaypa-North Gila 500kV line
With the series compensation out of the Hassayampa to North Gila line, the stability
limit without unit tripping was reduced from 5461MW to 5411MW. The limitation
was the 40-cycle voltage dip duration at the Palo Verde 500kV bus. Unit tripping
160MW with the maximum generation output of 5461MW was stable.

3. North Gila-Iperial Valley-Miguel 500kV line
With the series compensation out of the North Gila to Miguel line, the stability limit
without unit tripping was reduced from 5461MW to 5411MW. The linitation was
the 40-cycle voltage dip duration at the Palo Verde 500kV bus. Unit tripping
160MW with the maximum generation output of 5461MW was stable.

4. Palo Verde-Devers 5OOkV line two segments
With all the series compensation out of the Palo Verde to Devers line(2 segments),
the stability limit without unit tripping was reduced from 5461MW to 5261MW. An
increase of 100MW more resulted in an unstable case. Unit tripping 5OOMW with the
maximum generation output of 5461MW was stable.
With two new units on at Hassayampa with 110OMW for a total of 4961MW, the
single-line-to-ground fault and double line outage was stable.

5. Palo Verde-Devers 5OOkV line one segment out on the Arizona side
With the series compensation segment out of the Palo Verde to Devers line on the
Arizona side of the line, the stability limit without unit tipping was reduced from
5461MW to 5361MW. The limitation was the 40-cycle voltage dip duration at the
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Palo Verde 500kV bus. Unit tripping 320MW with the maximum generation output
of 5461MvW was stable.

Lines out of service:

6. Hassayagpa-North Gila 5OOkV line
With the Hassayampa to North Gila line initially out of service, the stability limit is
3601MW. An increase of 10OMW more resulted in an unstable case. This was with
the Palo Verde'generating units bucking a net 300MVARs.

7. Hassayampa-Kyrene 500kV line
With the Hassayampa to Kyrene line initially out of service, the stability limit is
3152MW. An increase of 50MW more resulted in an unstable case. This was with
the Palo Verde generating units bucking a net 235MVARs.

8. Palo Verde-Devers 500kV line
With the Palo Verde to Devers line initially out of service, the stability limit is
3701MW. An increase of 10OMW more resulted in an unstable case. 'This was with
the Palo Verde generating units bucking a net 294MVARs.

9. One Palo Verde-Westwing 500kV line
For this category, the critical outage is loss of the remaining Palo Verde-Westwing
line initiated by a three-phase fault at Palo Verde. With the three new units on line,
the stability limit was 511M1W, 1250MW above the 3861MW maximum Palo Verde
generation leveL This was with the Palo Verde generating units bucking a net
230MVARs. This was consistent with the original all lines in service operating study
that evaluated a tbree-phase fault with the double line outage. The results for two
units were taken from that original study. The stability limit with two units
generating 790MW, was 4651MW. This was with the Palo Verde generating units
bucking a net 363MVARs. Unit tipping was not applied. The result for one unit was
taken from thai orignal study. The stability limit with one unit generating 410MW
was 4271MW. This was with the Palo Verde generating units bucking a net
32LM-VARs. Unit tripping was not applied.
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FIGURE 1
2002 PALO VERDE/HASSAYAMPA OPERATING LIMITS

WITH UP TO THREE NEW UNITS ON LINE
(MAXIMUM 1600 MW)
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TABLE I

2002 SINGLE-LINE-TOQROUND SUPPLEMENTARY STABILITY STUDY SUMMARY

ALL LINES IN SERVICE

POWER FLOW (MWI COMMENTS

PRE-PBDJECT
CASF DEscRIPTION

SCrT EOR PDCI. PV4JASS V GEN PV fET
FLOW FLOW FLOW VAR FLOW GROSS VARS

HIASS NEWH PYV - ' PV PVMSP--'-*
hETVARS GEN WEST EAST TOT

A. (2LSP.57UE1600

. . (0ZLSP.30UE1500)

10522 3977 1853 468 4056 -567

.31 4Q56 .781

,. ., - w~ v ** - ! I .. "I_ - , , :;' :. ' ..

9 1600 1980 3473 5453 2 REDHAFWIK 1 ARUNGTON

3 15W 1970 3383 5353 2 REDHAMt * I MRUNOTON

STWAIILITY RESULTS COMMENTS
BUS Vdip %

BASSLGFLTTWO PY-WWG

BASSLOFLT IWO PY-WWO

pvm

Pv5W

0.320 212% Stabloandwli dampa4 another &TiARVMcutable

0.715 9jU% Stabis and well damped. another 50MW unrlabla
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TABLE2

2002 SINGLE-INE-TO.GROUND STUDY SUMMARY

PALO VERDKASSAYAMPA POWER FLOW SUMMARY TABLE

I
I

POawn FtOW (IW COUREMaES
CASE
NO.

?r!PR1OJEcr
CASE OESWRIPTIDN

sat EOR pra PVmss P YGE"
FROW FLOW FLOW VARMROW GROSS

A. 112LSPAWKMEI60( 12 3 tlow

18. p2tLsPJ ASN 1SCIOO0) 1652 3 2 It"

Of . P2Lsp41m GSq i0se 39 115.9

DZ. pF2LSP4(ASNGSC101 1O52 0 11s5

C. f2LSP4lASH1SC15M 2 3940 155T

Cl .2LSPjISHGSQ .1 ., 3 148

: - .7.pllmcs M o MD. j37 LS P 4 G WG S C 1 S 5 O . 8 2 3t 1 847

Di .2LSP-HGVGSQ 1121 3l 1347

L . p2LSP VSC141 10572 312E 114T

El - p2LSP-PVDVSC0 l102 334 1t47

E2 . p2LSP'VDVSCf110) tesr 303 tt47

F1. pIZLSP-PVDVVSC0 1t52 3234? 1347

ft . p7L5P 4'VDV ISQ 105 1 3 0 1347

G . P2LSPMG3IZI) t0291 397 1847

t . p2LSP1AAY low 361 1847

1- PZI.SP*1VDV ITOI) 1C243 3514 18U 7

.111

.1n

.1TS

.109

.132

201

.192

22
tS
tT

9

-75

4'

$3

4056

4058

4058

4058

4056

4058

4856

41056

4056

4856

4656

4056

4056

.3356

341*

3358

PVMET . lsS NEW PV py PVISP
VARS NETVARS GER WESI EAST TOT

93 tst ISI 3471 us53

An5 4 14 1105 3448 525

441 . 1sm 1830 382 5453

483 .15 ¶100 1774 3159 4117

45i 3 150 18el 35 5403

393 . 6 1es 3 6 5453

.495 .4 15 1891 30 1403

.4 .1 1600 1"Z 3551 5153

MI 6 1sm 1t722 3531 5253

43 S 16120 745 37 5453

48 .15 110 1693 3240 4331

482 9 Ism leas 545 5353

.436 -3 1 00 117 3 6 3153

.311 .24 0 1093 22 3.1

2m .24 . Q 1105 1448 31t5

.195 .24 a f79 27 3718

IREDWYM * 1 NUNOJTON

2 REf1WKA * 1 MUNOhN1 MO I & I ARt}OD

I AED~M< * 1 MUNOTON

2 RED~ < I ARUNOTON

1 ISEDKVsX # 1 &RIJNOTOC4

I REtK * I ARUNOTON

2RE1 W *< 1 AR NOI1

3 PEDJAA4( 1 A$IUNOTON

I REf4C 1 ARUNOTON

1RE0-W+ARNT0

I RFM11 *I 1 NARUNO

21RE01H1M# 1 ~uHTO1N

.6
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; TABLE 3

2002 SINGLE-LINE-TO-GROUND STUDY SUMMARY

PALO VERDEIHASSAYAMPA STABILITY SUMMARY TABLE

CT.I n1 RFC.lIt V. ~%1O&M-M0S
BU VdID .~

; ,, .

ST-1 BASE AO

ST-2 BASE B

ST-3 BASE B1

ST-4 BASE B2

ST-5 BASE C

ST-8 BASE Cl

ST-7 BASE D

ST-8 BASE Dl

ST-9 BASE E

ST-10. BASE El

ST-1I BASE E2

ST-12 BASEF

ST-13 BASE F1

ST-14 BASE 0

ST-i5 BASEH

ST-16 BASEI

SLt FLT TWO PV-WWG

SLG FLT TWO PV-WMWG

SLG FLT 2 PV-WWO OUT
U/T RED 500MW

SLG FLT 2 PV-WWG OUT

SLG FLT TWO PV-WVWG

SLG FLT 2 PV-WWNG OUT
U/T RED 160MW

SLG FLT TWO PV-WWG

SLO FLT 2 PV-WWG OUT
UIT RED 160MW

SLG FLT TWO PV-WWG

SLO FLT 2 PV-WWG OUT
UIT RED 500MW

SLG FLT 2 PV-WWG OUT

SLO FLT TWO PV.WWG

SLO FLT 2 PV-WWG OUT
UVT RED 320MW

SLO FLTTWO PV-WWG

SLG FLT TWO PV-WWG

SLG FLT TWO PV-WWG

PV500

PV500

PV500

PV500

PV500

PV500

PV500

PV500

PV500

PV500

PV500

PV500

PV500

PV500

PV500

PV500

0.840

0.790

0.770 -

0.7BO

0.78

0.78

20.0Xh Stable and well damped

24.8% Stable and well dampod; unstable with 100MW more

26.7% Stable and well damped

27.8% Stable and well damped

27.6% Stable and well damped; 40 cycle duration

25.7% Stable and well damped

0.78 25.7% Stable and well damped; 38 cycle duratlon

0.79 24.8% Stable and well damped

0.780

0.750

0.770

0.780

0.780

.770

0.820

0.750

25.7% Stable and well damped, 40 cycle duration

28.8% Stable and well damped; 40 cycle duration

28.7% Stable and well damped

25.7%° Stable and well damped; 38 cycle duration.

25.7% Stable and well damped; 40 cycle duratson

28.7% Stable and wel damped; unstable with 100MW more

21.9% Slable and well damped; unstable with 50MW more

28.8% Stable and well damped; unstable with 100IMW more

, Base case IdenUtfyin latter can be found In Table 2. 7
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TABLE 4

2002 SINGLE-LINE-TO-GROUND SUPPLEMENTARY STABILITY STUDY SUMMARY

ONE PALO VERDE-WESTW1NG 500KV LINE INITIALLY OUT OF SERVICE

POWER ftOW fIlm COUUEHTS

CASE ,. .PRE.PROJECT ..
un &Ace nFccrflpntn l l

sCar EOR Poa PYVIASS PVGEH
tiLm. FLOAU FtOW VADrFLW GROtS

PV NET
trace

WASS NEW- - PV
NFTVARS GEI WES

PN PVI1SP
PACY TOT

nu. �L. - -.. I 1-.. . 1-.. .-.. 1-.. .1 - .- .-.- --.

J. 02LSP231PVlWW`1250)

K . P2LSP4U5SA36U

L . V2LSP.1RA5D0^

,1-5? 1988 1i8%

1ezr1 m121 ta59

.. '. ' 711 36 185

STABILITY RESULTS

.120D

-32

.16

COMMENTS

4093

231

.31

'14

4!5

1250.

D0

450

mn1174

1721

3m0

177

2511

5103

4551

.4271

2 REDHMA~ t I ARUJNOTON

I REDW.iW4K M 1 RLtOTON

i REDoWKvr 1 ARLINOTON -

. BUs Vdlp %
:t RASE J 3P FLT PV-V4W OUr . P~mXR n.B20 21.9% Stable end wal daempa; 2nothfr Sd? unstable

.2 BASE K3p FLT Fv-vWr ouT - O 0.72- 31.4% Stabhl.wvildamnpoctanoathie MWunstable

3 BASE L 3P FLT PV-WWG OUT POJ]WS 0 730 33.5% Stable and wal damped andherGMP unstable

Results taken fern odgdiil study tilled 202 Palo Verde/llaesreyma Operatina Study'.
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TABLE 5

iJ)PERATIM131 I IMST

All lines In service
All llne In service

Isom Nomogran

3561 1600. 3 6481(.SSMVARs) MIA
3861 , 1500 3 ,5351(.780MVA-s) . NM

3161 1400 3 5261 NWA
Hosmynipa-Mgul 3861 1600 3 551 660
Gri MP q. av~ 8610 249.

Hassaysnipa-KNOll 3861 1550 3 5411 320

N.OlbMlgu.I 3561 1550 3 5411 320

Palo Verde-Dovers 3861 1400 3 261 NWA
serie corm. 3861 1500 3 5U61 60

Pdo VYrd--D-vers . -

*edre camp. 3651 1600 3 5341 500

Ha :N.G ice llno1

.2 _

PV-DOvYrs lIne

3861 1250 3 - 5111. NIA
One PV-WWU line 381 . 790' 2 2 4741 NIA

*Obtained fron the odgnal study Utled '2002 Palo Vorde/Hassayan pa 9perafng Study.
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