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Ms. Nancy Bruce, Senior Project Manager, PVNGS

Mr. Steve Kessler, Electrical Engineering Section Leader, PVNGS
Mr. Harvey Leake, Senior Consulting Engineer, PVNGS

Mr. Stephen Peace, Owner Services Consultant, PVNGS

Dear Ms. Bruce and Messrs. Kessler, Leake, Peace:

Enclosed for your records is a copy of the final report for the 2002 Palo Verde/Hassayampa Operating
Study: A Sensitivity Study Evaluating a Single-Line-to-Ground Fault at Palo Verde with 7%
Generation Margin and 900 MVARs Bucking. Authored by Tom Isham of APS, this report
represents the completion of a significant effort to 1dent1fy the stability ltmxts fox the Palo
Verde/Hassayampa Common Bus.

Should you have any questons on this matter, plcasc contact Tom Isham at (602) 250-1499 or at
Tommy.Isham@aps.com. - . .
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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 Verde/Hassayampa 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:

Hassayampa-North Gila-Imperial Valley-Miguel 500kV line
Hassayampa-Nonh Gila S00kV line

- North Gila-Imperial Valley-Miguel 500kV line

Palo Verde-Devers 500kV line two segments

Palo Verde-Devers S00kV line one segment out on the Arizona side

L ol ol o

Lines out of service; -

Hassayampa-North Gila 500kV line
Hassayampa-Kyrene 500KV line

Palo Verde-Devers S00kV line

One Palo Verde-Westwing 500kV line

LeENA

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. RESULTS/CONCLUSIONS

The original study was- most- limited by the light spring base case with the Palo
Verde/Hassayampa units bucking 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 summarized 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 bucking up toa 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 546IMW of Palo Verde/Hassayampa generation can be realized up to
S65MVARs bucking. Beyond S65MVARSs, 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 536IMW. From-these two points, the operating
nomogram shown in Figure 1 was obtained up to a total of 1000MVARs bucking. The
powerflow base cases and stabilxty results are summarized in Table 1.

eri aci initiallv-out-of-service. -

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

assa; a- ila- Vallg - S00kV line

With all the series compensation;out 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.

assa ort line

With the series compensation out of the Hassayampa to North Gila line, the stabxhty ©o

limit without unit tripping was reduced from 5461IMW to 5411MW. The limitation

was the 40-cycle voltage dip duration at-the Palo Verde 500kV bus. Unit tnppmg :

160MW with the maximoum generation output of 5461IMW was stable

ila-Imperial Valley- el ine

With the series compensation out of the North Gila to Miguel line, the stab1hty 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 S46IMW was stable,

4. Palo Verde-Devers 500KV 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 526IMW. An
increase of 100MW more resulted in an unstable case, Unit tripping S00MW with the
maximum generation output of 5461IMW was stable.

With two new units on at Hassayampa with 1100MW for a total of 4961MW, the
smglc-hne-to-ground fault and double line outage was stable.

S._Palo Verde-Dem’ S00KYV 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 tripping was.reduced from
5461MW to 5361MW. The limitation was the 40-cycle voltage dip duration at the




Palo Verde 500kV bus. Unit tnppmg 320MW with the mammum generation output
of 5461MW was stable. o

Lines out of service: -

3} a-North 1Ia k hne

With the Hassayampa to North Gila line initially out of servxce the stabxhty limit is
3601IMW. An increase of 100MW more resulted in an unstable case. Tlus was with
the Palo Verde’ generatmg units bucking a net 300MVARs.

assa a-K V line

With the Hassayanipa to Kyrene line initially out of service, the stability limit is
3152MW. An increase of SOMW more resulted in an unstable case. Thls was with
the Palo Verde generatmg units buckmg apet 235MVARs, -

alo V. S V line

With the Palo Verde to Devers line initially out of service, the stabﬂxty limit is
3701IMW. An increase of 100MW more resulted in an unstable case. “This was with
the Palo Verde generating units-bucking a net 294MVARs, '

e Palo Verde-Westwin ine

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 5111MW, 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 three-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 465IMW. This was with the Palo Verde generating units -
bucking a net 363MVARs. Unit tripping was not applied. The result for one unit was
taken from that original study. The stability limit with one unit generating 410MW
was 4271IMW. This was with the Palo Verde geperating units bucking a net
32IMVARs. 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)
MAXIMUM
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TABLE 1
2002 SINGLE-.INE-TO-GROUND SUPPLEMENTARY STABILITY STUDY SUMMARY

ALL LINES IN SERVICE .
) . : POWER FLOW (MW) : COMMENTS
SE PRE-PROJECT SCIT  EOR  PDO. PVAIASS  FVGEN  PVNET HASS “HEW  P¥- - ~PY  PVHSP-—.-.
0. CASE DESCRIPTION FLOW FLOW FLOW VARFLOW GROSS VARS NETVARS -GEN  WEST - EASY 707
A - O2LSPS6TME1600) 10522 3977 1858 468 405 567 9 1600 1980 MM 5453 7 T2 REDHAYYK ¢ 1 ARLINGTON
B . 2LSPBOME1500) 10524 X985 188 a1 4056 381 . 3 1500 1970 1M LY%<) 2 REDHAYK + 1 ARUNGTON

STARILITY RESULTS COMMENTS
BUS Vdlp %

BAESLG FLTTWO PY-WWG Pvs0 0820 ~ 219% GStablas and wall damped; anothsr EOMVARS unstabla

BASSLO FLTTWO PY-WWG PvsD 0745 B0% Stabla and well dampad, another SOMW unstabls

’




TABLEZ
2002 SINGLE-LINE-TO-GROUND $TUDY SUMMARY

_, PALO VERDEIHAGEAYAMPA POWER FLOW SUMMARY TABLE .
a : POWER FLOW 00V N COMMENTS
case PRE PROJECT SGT  EOR  ¥0O  PVAASS PVGEN  PVNET .  TASS New PV PN PVisP
HO. CASE DESCRUPTION FLOW _FLOW _FLOW _VARFLOW GROSS _ VARS NETVARS _ GEN _ WEST _ EAST  TOT
A A [RLSPAXMEIS00) w2 W3 s A 485 129 s 600 MMZ MIT SI53 IREDMAWK 1 ARUNGTON
§ - EILSPHASNIGSC1400) s 1 uw 199 105 i s 100 NS 3B - 5153 IREDHAWCE 1 ARUNOTON
) BY . (RLSPHASMIGSC) Cowss w5 s s s me 9 1500 1830 36T SIS IREDIMIKS 1 ARLINGTON
B2 - E2LSP HASNIGSCH100) w5 5 4R 189 5% 483 45 M0 7 3159 ANIT IREDHAMKe ) ARLNGTON
C- (2L SPIASHGSCISS0) 1028 TR P 56 450 a 1550 1t B’ S0 2REDHMA 1 ARLINGTON
Cf .PILSPIASNGSD T R R prs 458 an s 1600 - 1988 365 SI3  JREDHAMKe 1 ARUNOTON
D . [ILSPHGMIGSCIES0) L I m as . am 4 50 ST 6 I IREDHAKe 1ARUNOTON
D1 . JOLSPHGNIGSQ W ¥ w7 492 nE 4@ . 100 19020 351 SISI IREDHAWKe 1 ARUNOTON
: £ . FRLSP BVDVSCYI) © sz wm . wa ts s A ¢ I W22 M 5153 JREDHAMKe T ARLINOTON
j £1 . [ILSPPVDVSG w72l n a%  am s B0 115 W8 I3 IRECHAWKe1ARLINGTON
i B2 - PALSPPVDVSCH100) s BO 7 v 0% 488 45 MI 1633 30 433 REDHAWKe 1 ARUNGTON
b’ FopusPRVOVISCIST) | W2 B e 3 as 4@ 3 450 (808 3545 S353  JREOHAWK 1 ARLINOTON
: Fi - GILSPIVOVISQ SRR T IR 9 4% e 9 1500 T 36 SI53  IREDHMK 1 ARLINGTON
c.mLsPan wmt MGt g8 ns s o - ) 93 252 360
.- EILSPHAKYRYISZ) Cqass 361 a7 " ::_m; m # v s wa awn
1. RILSP-PVOVITE) : ey v By .0 395 RE x ¢ s, w2 am
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ST-1 BASE A
ST-2 BASEB

ST-3 BASE B1

ST BASE B2
ST-5 BASEC

ST-8 BASE C{

ST-7 BASED

ST-8 BASE D1

ST-9 BASEE

§T-10. BASE E1

ST-11 BASEE2

ST-12 BASEF

ST-13 BASE F1

ST-14 BASEG
ST-15 BASEH

ST-16 BASE|

* TABLE 3

2002 SINGLE-LINE-TO-GROUND STUDY SUMMARY
PALO VERDE/HASSAYAMPA STABILITY SUMMARY TABLE

—STABIITY RESULTS __ COMMENTS |
BUS Ydlp %
SLG FLTTWO PV-WWG PV500 . 0.840 20.0% Stable and well damped ’
SLG FLTTWO PV-WWG . PVE00 0.780 248% Stabls and well damped; qnst_ablo with 100MW more
8LG FLT 2 PV-WWG OUT ) PV500 0.770 © 28.7% Stable and well damped
- WTREDSOOMW ~ T - TPy > U L
SLG FLT 2 PV-WWG OUT PV500 0760  27.8% Stable andwell damped .
SLG FLT TWO PV-WWG . PV500 0.76 276% Stable and well dampad; 40 cycle duration
SLG FLT 2 PV-WWG OUT PV500 0.78 257% Slabls and well damped
U/T RED 160MW ’
SLG FLT TWO PV-WWG PV500 0.78 25.7% Slable and well dampad; 38 cycle duration
SLG FLT 2 PV-WWG OUT PV500 0.79 24.8% Stable and well damped
U/T RED 160MW
SLG FLT TWO PV-WWGa ) PV500 0.780 25.7% Stable and well damped; 40 cycle duration
SLG FLT 2 PV-WWG OUT PV500 0.750 286% Slable and well damped; 40 cycle duration
U/T RED 500MW '
SLG FLT 2 PV-WWG OUT PV500 0770 - 28.7% Stable and well damped
SLG FLTTWO PV-WWG - | . PV500 0780 . 257%  Stable and well damped; 38 cycle duration,
SLG FLT 2 PV-WWG CUT PVS00 - 0.780 25.7% Stabls and well damped; 40 cycle duration
UIT RED 320MW '
SLG FLT TWO PV-WWG PV500 ] 0.770 28.7% Stable and well damped; unslable with 100MW mors
SLG FLT TWO PV-WWG PVS00 0.820 21.8% Slable and well damped; unstable with SOMW more
SLG FLT TWO PV-WWG PV500 0.750 288% Slable and well damped; unslable with 100MW more

* Base case Identifying letter can be found in Table 2. 7




: TABLE 4
2002 SINGLE-LINE-TO-GROUND SUPPLEMENTARY STABILITY STUDY SUMMARY

ONE PALO VERDE-WESTWING S00KV LINE INITIALLY OUT OF S8ERVICE .
: M : — Eowsnﬂow MWy _ _ COMMENTS
CASE ... .. PREPROJECT . ...  SCT. EOR PDO  PVHASS PVGEN  PVNET HASS = KEW - - PV PV PUMSP
NO, CASE DESCRIPTION " ~'- FLOW - FLOW FLOW VARFLOW GROSS VARS NETVARS  GEN  WEST EAST 70T
3. P2LSPBIPVIWWH2S) . 10522 368 18W 0 aA 8 ‘a0 2%, WA w510 2REDHAWK » § ARLINOTON
K.OILSPRASIANGGY - 10211 321 88 2 1056 ) A B UM w7 4651 § REDHAYVK + § ARLNGTON
L. O2LSPARISDS o s 18w S8 4 @ 25 . o4 15 N 1 REDHAWK of § ARLINGTON -
R STABILITY RESULTS __ COMMENTS ’
D BUS Vdip % -
{t BASEJ 3PFITAVWWGOUT ., Pval0 0820 S 219% Stﬂblamdwvﬂdlmpod; ancthar SOMW unstebla
2 BASEKCIPFLTFVWWGOUT ~ - '° PVEOD 0720 - 314% Stahhandwwlldampnd; :nodeDMWunstabla
‘3 BASELPFITAVWWEBOUT . PVEDD 0730 snsaa sum.mmmm nndhtrﬂIMWumhblo
* Ranults fakan fom orgine! study titled '2[[12 Ptb Vnrdo/l‘laanyarnpa Oparntmn Siudy®,
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TABLE 5
2002 SINGLE.LINE.TO.GROUND SUPPLEMENTARY STUDY
_OPERATING LIMITS

.

CATEGORY : Total Generation
Pajo Verde Heas Units

Amount of Hass,
Generation requlred

to tripped

All lines In service 3361 1600. 3 . 8481(-385MVARs)
All linss In service 3361 . 1500 .3 ., 8361(-780MVARs)
{See Nomogram )
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HAY 18, 2001 . .
STAD, 3P FAILT CN PV S0 oV SUS§ PU-13G OUMNY C OUR FLT W/PV-183G)
7c TRIP REDRO,ARLO,20% INDCT. MTMIO?L.SPZI.DYD

cum:ms'uz 10 AREA COORBINATORS MAY 18, 2001
AREA COORDINATOR COMMENTS DUE TO STAFF MAY 25, 2001
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