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* Power ' transfer economics and system reliability are
competing goals.

*» Systems are designed considering the worst loading
condition scenarios and for loss| of one element.

*» Systems are generally well planned and designed as
they withstand outage of one element

*» Vlost disturbanices occur, not for: loss of one element,
but muyltiple contingerncies occuyring over an extended
time period

* Very often, the line loadings and margins are not

adjusted when line outages occur' outside one’s control
ared.

% Tools are needed to momnitoy Wider Aveq and for
keeping an eye on other systems as well




Wie can increase transmission capuocity using SPVS by .
*» Establishing static plinse angle limits

% Increasing loadings if margin is there

% Reduycing londing if the safe limits are exceeded

“ Compuring phinse anglenedsiyenents with bencly imarked
cuses ann lseeping alequate Aynainic murgin

% for critical outages

*» Muaintaining adequate margins if line outages occuy and
adjusting phase angles as necessary.

* Mionitoring Modwl oscillationsifrequencies ani damping

* Modal damping showld not fall below. 7 to. 8 percent o any
mode

* Modual frequencies shouwld not continue to drift lower

* Vionitoring voltuge support wt interinedivte locations
* when operating at large phase angles separations.

s Event reconsuriiction ani nonel-oilidution




SMART Viewing capabilities
» Voltage 500, 230, 115 and 66 kV O
Currents on the monitored circuits
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SIVIART prograin
Showing July 24, 2006 event
at 22:28:30 GMT

System freguency to 59.841 Hz
momentarily and normal in six minutes
when BPA Vantage-Hanfiord 500 kV Line
relayed and approximately: 1550 MW of
generation tripped via remedial action
scheme.
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SCIEEN S emMISECESIVIARINPIGGENNSIICWIRNG
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500 k\V system events (WECE)

Phase Angle separation between Grand Coulee (BPA) and Devers (SCE)
Date Static phase  Dynamic phase Stanility:
angle angle swing Type
Aug. 10, 1996 (Simul.) Unstable — dynamic
Aug. 4, 2000 Dynamic / stabile

June 6, 2002 Tiransient / stable
July 15, 2002 Transient / Stable
June 14, 2004° 55 deg. Trransient / stable
Aprilf20; 2006 Transient / Stable

200 K\ system event (SCE Big Creek system)

Phase Angle separation between Big| Creek and Vincent
Sept. 13, 2000 Dynamic / stable
.|




Big Creek 3
— Alamitos
San Onofra
Kramer
— Devers-115
— Antelope

—Walley
— Magunden

— Eldarado

—Lugo
— Mira Loma

—Vincent
— Mohave
— Devers
— Contral
— Serrang
—BPA

| D0:LERE

| 05'0E7ZZ

| 0¥ DECT

| DE0EZT

| D2 DEZT

20)0)6) v/ elp)i

| 0L0EZZ

| DO-DEZT

24

| 0LEZET =

| DOBZ2T

Frequency Profile

| 058222

| O 2Te

| 0E'2E72

| 0Z:222T

| OL2EZe

— Marth (Path 26) wNOT

— East [Path 43) Dy

—— SONGS-Gen SNO1
Morth-East (Path 49) LUGO

— South of Luge LUGO

001572
Fosioszz
| ovioezz
Focoszz
| ozioezz
FoLoszz
looioezz ]
Fosezze .m

C:\PDCStreamDat\5tream_Data_JuWZ4-UG\SCEP_UGU?24223EI.élst

P

| 00'EZZT
| 05 22T
| OF8ZZT
| 022272
| 0Z 8222
| 0b22eT

Path Power Profile

Window  Hel

phs

M path Power

Replay Mode: Speed: x1. Loop: True, Files: 4

Eile Miew Gra

M SCE - S.M.AR.

=)
=
=
S
=
D
S
g
=)
-
o
T
A
=G
=
Cp)
LL
O
Cp)
S
-
©
=
Cp)
=
&
~
&
Cp)

oetif) gawer ilaows ziniel ifaetieniey ior July




SIVIAIKT program

Showing [anuary 23, 2007 event
at 21:46 GMT

System freguency te 59.765 Hz
momentarily and normal i 12 minutes
due te less of 2935 MW of generation in

BCHA contrel area.
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SCIEENNSHoN oM SCESIVARINOEE FAMISHeWING
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PDCI 1000 kV DC Line appeared to block and

restart. Significant voltage dip felt throughout
western portion of SCE system.

System frequency swung between 59.94 Hz and
60.06 Hz momentarily.

We lost 525/230 kV transformers at Big Eddy

PDCI ramped to zero, WECC Transfer Path 65
unavailable. System frequency to 60.06 Hz
momentarily and normal in five

minutes. Oscillations and swings stopped.







11/26/08 Event at 14:05 Pacific Time (01/26/08 at 22:05 GMT

217.4
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<
[
o
o
=
O
>

160.2
14:05:00.0014:06:40.0014:08:20.0014:10:00.0014:11:40.0014:13:20.0014:15:-00.01

Pacific Time




01/26/08 Event at 14:05 Pacific Time (01/26/08 at 22:05 GMT )

~ Big Eddy 230 Bus3
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01/26/08 Event at 14:05 Pacific Time (01/26/08 at 22:05 GMT )
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Bus Voltage Angles of some WECC busses
from SCE SMART Program

from 14:08 to 14:13 PDT
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» Monitoring system stress (Phase angle separations)

» Monitoring critical voltage support

» Monitoring frequency and df/dt

» Monitoring critical path loadings & generation

» Monitoring dynamic power swings

» Monitoring modal oscillations and modal damping

* Integration with SCADA, EM & State Estimator systems

» Real-time control such as on HYDC Modulation and
FACTS devices

«+ Alarms and triggers for stressed conditions

“* Monitoring machine excitation and governors

“* Voltage and reactive power management

“ Al and Pattern recognition tools for quick event analysis

* @

o,

L)

L)

o0

4

L)

)

L)

¢ 00

L)

* @

L)

® @

L)

L)




“* Voltage plots & Voltage deviation
“»» Power flow & Reactive power flow

“* Phase angle & System stress (Phase angle
separations) & Phasor display plot

“»* Monitoring critical voltage support

“* Monitoring frequency and df/dt
“* Monitoring critical path loadings & generation
< Monitoring dynamic power swings
“* Real time software in Grid Control Center
“* Review & Replay of some past events
*» January 26, 2008 event




Conclusions:

7

% Synchronized Phasor Medasurement
> isia maturing and accepted Technology
> can provide Redl-time system) monitoring,
for: reliability and post event analysis
> can be used for active system component control like
FACTS, HVIDC control /modulation etc.
» con beintegrated with existing SCADA / ENMS
Sy/stems
> can avoid disturbances like the Northenst-2003" and
Western system = 1996 blackouts
% System can provide information on event locations and
severity, Situational Awareness and quick system
restoration dfter'system disturbances







