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Event Description

m Disturbance was initiated by a failure on a 138 kV switch.

m T,ocal primary protection and local back-up breaker failure
protection was disabled for troubleshooting

m Remote backup protection relays performed delayed clearing of the
138 kV fault (1¢ fault evolved into 3¢ fault)
w Disturbance outcome (FRCC Report):
@ 25 transmission lines tripped - involved in remote clearing
@ Generation loss: ~ 2,500 MW near fault + 1,800 MW across
FRCC
o Load shedding: 2,300 MW for initial fault clearing
@ Under-Frequency Load Sedding: 2,200 MW between UFLS
zones in FL (other regions did not participate in UFLS)
@ Other: delayed clearing produced low voltages; two nuclear
units tripped as designed

m Noticable interarea oscillations in the EI = for our analysis
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Available PMU Data

m  Unavailable data from NY due to communication upgrades, some data loss from
several other regions.
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Event Propagation Snapshots
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Modal Analysis from Active Power Signals

m How are the modes propagated across the network?

m - Analyze the power oscillations in different points of the EI.
> Power oscillations from each mode indicate how the disturbance is being

propagated.

m  Shelby and Freeport are very close to Cordova.
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[dentified Modes from Power Oscillations

m  Two oscillatory frequencies: f1 = 0.22 Hz with 1 = 15.97 %, and f2 = 0.49 Hz with

(2 =8.6%

ERA Approximation of Active Powers at Orrington, Duval, and Dorsey

Duval Power — ERA Approximation
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PMU Measurements and Frequency Components from ERA Approximation

Orrington Power — ERA Approximation
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Cordova PMU Measurements and Frequency Components from ERA Approximation

Cordova—Freeport Power — ERA Approximation

Cordova—Benton Power — ERA Approximation
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Active Power Oscillations of 0.22 Hz and 0.49 Hz

Active Power Oscillations 0.22 Hz Components
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Active Power Oscillations 0.49 Hz Components
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Propagation of 0.22 Hz and 0.49 Hz Power Oscillations

0.22 Hz Power Oscillations 0.49 Hz Power Oscillations
Dorsey Dorsey

Orrington Orrington

AP=0.325 AP=0.185

AP=0.972 AP=0.549

Cordova AP=0.467 Cordova AP=0279
AP=0.086 Phipps AP=0.054 Phipps

Benton, AP=0,206, - Bent 03

Shelby {Taywood Shelby wood

AP=0.058 N ‘VOI"““‘“‘ AP=0023 1
o S AP=0.138
7 ! Run ' Bar { R
AP=041 =0.156

AP=0.306 AP=0,

AP=0.579 AP=0.56146

t = 3 sec. Duval t = 1.93 sec. Duval

L. Vanfretti (RPI) (RPI) FL Blackout Data Analysis June 4, 2009 13 / 20



Simultaneous identification of Interarea Modes using
Voltage Angle and Magnitude

PMU Measurements and Frequency Components from ERA Approximation
Voltage Angles

Cordova Voltage Angle — ERA Approximation

Orrington Voltage Angle — ERA Approximation

Volunteer Voltage Angle - ERA Approximation
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0.22 Hz Oscillations in the Voltage Angles - Modeshape

Volage Angle (deg)

Voltage Angle Oscillations 0.22 Hz Components

Voltage Angle Oscillations — 0.22 Hz
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0.49 Hz Oscillations in the Voltage Angles - Modeshape
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Spectral Analysis of Power Signals

w  Two oscillatory frequencies: fi1 = 0.2 — 0.3 Hz and f» = 0.45 Hz

Periodograms of Active Powers at Orrington, Duval, and Dorsey
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JF Power Periodgram vs Frequency Periodogram

Power Periodogram Frequency Periodogram
Jacksons rerry Jacksons Ferry
Zoomed Image representation of Weighted Periodogram Zoomed Image representation of Weighted Periodogram
15 minute frames - 150 second segments - 50% overlap - Half-Sine Weighting Function 15 minute frames - 150 second segments - 50% overlap - Haf-Sine Weighting Function
1 1 45
10
50
A 09
b 08 55
5 07 60
5 10 E 06 65
g 15 g
: 20 3 . "
Z g s
2 g 0440 = ¥ .
= 25 I < A 7
30 e 80
35 02 ¥ . 65
041 82 £ saaill ¢
40 0ot L ) Ay y «
. A e T g
0 6 8 1 12 14 1 18
Frame start ime - hours
L. Vanfretti (RPI) (RPI) FL Blackout Data Ana June 4, 2009 18 / 20




Conclusions

m Oscillatory modes using bus angle and line active power can be
used to trace propagation of interarea modes.

m Disturbance Data
> (.22 Hz mode - Duval vs Orrington & Dorsey (South vs North)
> 0.49 Hz mode - More complex mode shape (caterpillar type)
m  Ambient Data
> 0.45 Hz mode - Persistent (light damping)
> 22 0.2-0.3 Hz mode - not visible in JF and BRun Frequency
(pivot of the system)
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Thank youl!

Questions?
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