Successful Utilization:
Phasor Data in Closed Loop
Control




Areas of Success

+ Rector S\VVC Control

+ EMS Data Integration

+ 2009 Rate Case Submission

+ Real Time Stability Measurement

* SMART: Synchronized Measurement and
Analysis in Real Time

* Event Analysis
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Planned Corridor Upgrades

Ely Cresk Hy dregeneratlen
Appeeriansbaly S000 HW (islberival madeers welssidast wiped
Tonly-bew belivbinal yesesalor sally
Benan 0 k' sl ballana

VUEST Ledt EAST Ledl

=)
E

Hiiemam  yYYYY

SOUTHERN CALIFORNIA
An ELNEON INTERNMATIONALY Company


Presenter
Presentation Notes
The planned corridor upgrades will resolve two constraints or power flow limitations.

 The first critical power flow limitation takes place during heavy summer load conditions with maximum hydrogeneration. Because of unbalanced loading between the east and west legs of the corridor, north-to-south overloads occur on transmission lines L5 and L6. 

The second critical power flow limitation takes place under moderate-to-high summer load levels and reduced hydrogeneration in the north. Due to a combination of insufficient local area generation and unbalanced loading between the east and west legs of the corridor, south-to-north overloads occur on transmission lines L1 and L2.

To address these two critical transmission limitations, a single transmission project (the “loop”) was identified as a solution. Figure 2 shows how this project integrates the looping in of transmission Line L9 into Rector Substation. This loop requires a minimum amount of new 230 kV construction compared to all other upgrade alternatives. It more efficiently balances the loading between the east and west legs and increases transmission capacity for both north-to-south and south-to-north flow into Rector Substation.
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Presenter
Presentation Notes
The bid for the system upgrade was awarded to Mitsubishi Electric Power Products Inc. (MEPPI) based on Edison evaluation criteria including: soundness of design, optimal life-time ownership cost, and ability to meet delivery schedules. Figure 3 shows the schematic plans for the SVC. It was designed to have eight branches– two sets of three harmonic filters, three Thyristor Switched Capacitors (TSC) and three Thyristor Controlled Reactors (TCR). 
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Rector SVC Operating Characteristics
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Presenter
Presentation Notes
Figure 4 provides the following operating characteristics for the Rector SVC.

Capacitive Susceptance

Inductive Susceptance

V nominal p.u.

V minimum dynamic p.u.

V maximum continuous, p.u.

V minimum continuous, p.u.


Coordinated Voltage/Var Control

Scheme
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Presenter
Presentation Notes
Figure 4 illustrates the coordinated control system for the Rector SVC system. The SVC’s primary function is to control the dynamic voltage change at the Rector 230 kV bus (REC-AVR). 

The SVC steady-state control: 

• Operates the steady-state reactive power output (SVC-AQR), 

• Provides supplementary regulation of the 230 kV Big Creek #3 bus voltage via phasor measurement unit (PMU) (BC-AVR), and 

• Controls a 79 MVAR, 230 kV shunt capacitor in the Rector substation (SC-Control).
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Presenter
Presentation Notes
The operator interface screen for the SVC SCADA EMS is shown in figure 8, with color inversion provided for clarity. It was developed to mimic the remote HMI provided by the manufacturer with a few alterations and additions. The operators were able to contribute ideas and customizations to the SCADA interface Screen so the screen fit within the normal operating parameters they were accustomed to. 
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Presenter
Presentation Notes
There are three priorities for the Rector SVC coordinated control.



The first priority is to maintain Big Creek #3’s 230 kV bus voltage within its upper (VH2) and lower (VL2) limits as shown in Figure 7 (BC-AVR) and SVC steady-state output within QCmax and QLmax (SVC-AQR);


Rector SVC Coordinated Control
Priorities 2 & 3

¢+ Maintain Rector 230 kV bus voltage within
Its upper (VH1) and lower (VL1) limits with
Priority #1 maintained (REC-AVR)

+ |f Big Creek #3 230 kV bus voltage is below
VL2, the SVVC should control 1t within VL2
with Priorities 1 and 2 maintained
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Presenter
Presentation Notes
The second priority is to maintain Rector 230 kV bus voltage within its upper (VH1) and lower (VL1) limits with Priority #1 maintained (REC-AVR); 

Third, if Big Creek #3 230 kV bus voltage goes lower than VL2, the SVC should control it within VL2 while maintaining the first two priorities.
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Presenter
Presentation Notes
Figure 7 also shows the V-Q characteristics of the Rector SVC coordinated control scheme.


Effect of SVC Operation on Big Creek

244 200

242 Mv/f%\
RN

e e e W
240 oy 3 ~
7 N NN
238 N‘_ﬁ —e— Rlector Average
I 1} 100
—m— Rector Max
] ’J \\ Rectar Min
236 - —— BC 3 Average
——BC 3 Max
] A?¢k::§3 ——BC 3 Min
234 T %0 —s— SV Average Output

232
10

230

A — — 50

SOUTHERN CALIFORNIA o@ Q@ Q@ G@Q QQQQQQ o@ Q@ QQ‘Q QQ‘Q o@ Q@QQ@ @Q QQQQ@Q Q’@ GQ-P o‘gg o‘gg (S-é] Q’@ G-@ GQ-P

S S S
E D I S() P | FIFFFFF TS F I FF e

An ELNEON INTERNMATIONALY Company


Presenter
Presentation Notes
Rector SVC off line Oct 21


Effect of SVC Operation on Big Creek
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Presenter
Presentation Notes
Rector SVC on-line Oct 28

Big Creek Coordination active

Settings for bandwidth at Rector: 229kv-233kv

Settings for bandwidth at Big Creek: 238kv – 242kv


Voltage Calibration Need
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EMS Data Integration

¢ State Estimation
¢ Data Historian
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2009 Rate Case Submission

+ Transition to “Commercial” Applications

+ Wide Area Monitoring
= View of entire WECC

+ \Wide Area Control
= \/oltage/Var resource optimization
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Real Time Stability

+ Stability Measurement due to synchronized
sampling

+ System configuration independent

* Project proposed for fall 2008/spring 2009
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Presenter
Presentation Notes
The planned corridor upgrades will resolve two constraints or power flow limitations.

 The first critical power flow limitation takes place during heavy summer load conditions with maximum hydrogeneration. Because of unbalanced loading between the east and west legs of the corridor, north-to-south overloads occur on transmission lines L5 and L6. 

The second critical power flow limitation takes place under moderate-to-high summer load levels and reduced hydrogeneration in the north. Due to a combination of insufficient local area generation and unbalanced loading between the east and west legs of the corridor, south-to-north overloads occur on transmission lines L1 and L2.

To address these two critical transmission limitations, a single transmission project (the “loop”) was identified as a solution. Figure 2 shows how this project integrates the looping in of transmission Line L9 into Rector Substation. This loop requires a minimum amount of new 230 kV construction compared to all other upgrade alternatives. It more efficiently balances the loading between the east and west legs and increases transmission capacity for both north-to-south and south-to-north flow into Rector Substation.
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T SMART: Synchronized
Measurement and Analysis In Real

Time
* Real Time Visualization
* Placed in Grid Control Center

+ Has identified “issues’” to grid operations

¢ Co-Winner of Automation Project of the
Year Award at Distributech 2008
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Event Analysis

+ Years of experience analyzing events
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