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Partnership with SDG&E

Utility focused oscillation detection application
- Simple for operators
- Indication of severity
- Location of disturbance
- Notification of disturbance
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Detection Methodology

Disturbance Level

S00. 00

Standard Deviation from Normal

Alarm Threshold

Detection and Email Threshold
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Dashboard for Detected Disturbances

SYNCHROWAVE CENTRAL

List of Detected
Disturbances

59.8
59.828
59.778
3/2/2016 4 PM 3/3/2016 7 AM 3/3/2016 10 PM 3/4/2016 1 PM 3/5/2016 4 AM 3/5/2016 7 PM 3/6/2016 10 AM 3/7/2016 1 AM 3/7/2016 4 PM 3/8/2016 7 AM 3/8/2016 10 PM
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Quick Access to Historical Disturbances

SEL SYNCHROWAVE CENTRAL 00437 @
4 0% ; e peg sep ok N e |]ar|?l]15l e ‘r pr My gm gl &
Standard Chart ... Disturbance Reports ..
[Frequeney = 193 Disturbances in Time Range L =
t of Detected
— Frequency 3/6/2016 2:59:25 PM IS O e eC e
(3.08 minutes) D H b
s0.08 ISsturbances
60.02 Top Locations
N PMU 1 100% 502.85
60.025 60.01 B pVvy 2 99% 498.37
60.00 ! ! I BN pMu 3 99% 497.21
Il pPvU 4 48% 243.83
59.99— | | |
L 48% 242.00
59.98 L 47% 237.28
2:59:10 PM 3:00:00 PM  3:00:50 PM  3:01:40 PM 3:02:30 PM
| 46% 233.33
59971 |I | il L 45% 226.29
' Voltage 1 Magnitude 45% 224.89
125400.00 | L 44%, 222,72
L] 44% 222.25
44% 222.25
L] 44% 222.25
l 59928 L 43% 218.73
L] 43% 216.95

Total Station Count: 81 of 83

Frequency Bins

5.00-14.00 Hz

59.878 .
Disturbance Level

600.00 Peak Frequency: 5.083

500.00

Jump to Disturbance
400.00
300.00

59.828 T 200.00

59.778
3/2/2016 4 PM 3/3/2016 7 AM 3/3/2016 10 PM 3/4/2016 1 PM 3/5/2016 4 AM 3/5/2016 7 PM 3/6/2016 10 AM 3/7f2016 1 AM 3/7/2016 4 PM 3/8/2016 7 AM 3/8/2016 10 PM 3/9/20161
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60.04
60.03
60.02
60.01
&0.00

59.99

559.98
2:59:10 PM

135400.00

&00.00

S500.00

400.00

300.00

200.00

J:00:00 PM

3:00:50 PM

3:01:40 PM

3:02:30 PM

3/6/2016 2:59:25 PM
(3.08 minutes}

Top Locations
Hl PVU 1 100% 502.95
B pVvU 2 99% 498.37
B pMmuU 3 99% 497.21
Bl pvU 4 48% 243.83
L 48% 242.00
L 47% 237.28
L 46% 233.33
L 45% 226.29
45% 224.89
44%, 222,72
L 44% 222.25
44%, 222,25
L 44% 222.25
L 43% 218.73
L 43% 216.95

Total Station Count: 81 of 83

Frequency Bins

5.00-14.00 Hz

Peak Frequency: 5.083

Jump to Disturbance

Save to Snapshots

Disturbance
Analysis Detalls

<= |_ocations Ranked by Impact

< Detection across system

<= [requency bin
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SDG&E Results

Number of disturbances per day over 1 week
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Day 4 Statistics

19 Disturbances Disturbance Type Breakdown
5 Unique Disturbances
100% Local Disturbances

9min Average Oscillation

m Oscillation
BLine
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Day 6 Statistics

24 Disturbances
11 Unigue Disturbances

91% Local Disturbances

Disturbance Type Breakdown

B Oscillation
BLine

B Gen Trip
B Load Trip
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Solar Induced Oscillation

3/6/2016 2:59:25 PM

60.04 A
(3.08 minutes}

60.03
£0.02 Top Locations

Hl PMU1 100% 502.95
60.01

Bl pPMU 2 99% 498,37
£0.00 B pPMmU 3 99% 497.21

B PMU4 48% 243.83
59.99

| 48% 242.00
59.98 L 47% 237.28

2:59:10 PM 3:00:00 PM 3:00:50 PM 3:01:40 PM 3:02:30 PM
L 46% 233.33
L 45% 226.29
\ ; 45% 224,89

135400.00 : 44% 222.72
125200.00 | 44%, 222.25
— 445 222,25

L 44% 222,25
124800.00

. 43% 218.73
134500.00, | 43% 216.95

134400.00

Total Station Count: 81 of 83

134200.00

Frequency Bins
134000.00

5.00-14.00 Hz
&00.00 Peak Frequency: 5.083
S00.00

Jump to Disturbance

400.00

J00.00

200.00
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Short Oscillation

o0
6:45:45 PM 6:46:00 PM 6:46:15 PM 6:46:30 PM 6:46:45 PM

r

133500.00

) BM.WW

132500.00
122000.00

131500.00

121000.00 |W
e PR e Ml R i P

130500.00

80.00
F0.00
&0.00
50.00
40.00
20.00
20.00
10.00
0.00 ————
-10.00

3/5/2016 6:46:08 PM
(13 seconds)

Top Locations
PMU 1 100% 79.81
m PMU 2 100% 79.73
Hl PMU 3 97% 77.02
BN PMU 4 69% 54.80
L 69% 54.80
L 68% 53.99
L 67% 53.45
66% 52.99
64% 50.81
L 62% 49.35
L 62% 49.35
59% 47.31
59% 47.19
59% 46.91
59% 46.80

Total Station Count: 62 of 84

Frequency Bins

1.00-5.00 Hz

Peak Frequency: 1.025

Jump to Disturbance

Save to Snapshots
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Oscillation Leading to Line Trip

60.02

60.02

60.0Z

&60.01

60.01

60.00

60.00

59.9%

59.99

135000.00

134500.00

134000.00

131500.00

100.00
S0.00
80.00
70.00
60.00
30.00
40.00
30.00
20.00
10.00

0.00

10:22:00 AM

10:22:30 AM

3/6/2016 10:22:05 AM
(24 seconds)

Top Locations

N PMU 1 100% 93.66
BN PMU 2 100% 93.65
BN PMU 3 97% 91.03
I PMU 4 39% 36.50
L 39% 36.17
L 39% 36.15

Total Station Count: & of 83

Frequency Bins
1.00-5.00 Hz
5.00-14.00 Hz

Peak Frequency: 1.919

Jump to Disturbance
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Line Trip

&0.04

60.02

39.96

29.94

29.92

59.90

9:48:00 AM 9:48:15 AM

134000.00

122000. 00— ———

130000.00

128000.00

126000.00

124000.00

122000.00

9:48:30 AM 9:48:45 AM 9:49:00 AM

120000.00

1800.00

1300.00

200.00

200.00

-200.00

3/6/2016 9:48:22 AM
{16 seconds)

Top Locations
 PMU 1 100% 1932.92
B PMU 2 100% 1932.25
B PMU 3 98% 1902.15
PMU 4 22% 416.80
19% 361.15
L 12% 236.04
L 12% 232.33
12% 231.10
L 12% 231.05
L 12% 230.80
L 12% 230.53
12% 230.53
L 12% 230.09
L 12% 229.68
L 12% 229.68

Total Station Count: 80 of 83

Frequency Bins

1.00-5.00 Hz
5.00-14.00 Hz

Peak Frequency: 1.934

Jump to Disturbance
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WECC Generation Trip

3/3/2016 3:04:50 PM

59.98 (42 seconds)
59.93 Top Locations
Il PMU 1 100% 671.93
55.88 H PMU 2 100% &671.68
B pMU 3 99% 668.36
59.83 PMU 4 98% 661.08
L 97% 649.51
59.78 L 96% 647.27
3:04:30 PM 3:05:00 PM 3:05:30 PM 3:06:00 PM
L 96% 647.22
L 96% 646.96
i L 96% 646.59
350000.00 96% 646.35
200000.00 [ | 96% 646.17
250000.00 L 96% 645.87
L 96% 644.93
200000.00
L 96% 644.79
150000.00 | 96% 644.61
100000.00 Total Station Count: 86 of 86
F0000.00
Frequency Bins
0.00
0.01-0.15 Hz
0.15-1.00 Hz
FOO0.00
£00.00 Peak Frequency: 0.103
500.00 Jump to Disturbance
400, 00
300.00
200.00
100.00
0.00
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SRP Results

Number of disturbances per day over 1 week

DEVAE

Day 2

Day 3

Day 4

DEVAS)

DEEVAG)

Day 7
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Day 4 at SRP Statistics

21 Disturbances Disturbance Type Breakdown
10 Unique Disturbances

100% Local Disturbances

m Oscillation
BLine
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Day 6 at SRP Statistics

11 Disturbances Disturbance Type Breakdown
9 Unique Disturbances

72% Local Disturbances

B Oscillation
BLine

B Gen Trip
BLoad Trip
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Repeating Oscillation Over Days

59.99
59.99
59.98
59.98
59.98
59.98
59.98
599

59.97
59.97
59.97

309150.00
209100.00
203050.00

208350.00
208300.00
208850.00
208800.00
208750.00
308700.00

353.00

25.00

20.00

15.00

10.00

5.00

0.00

-3.00

4:48:30 AM

4:48:45 AM

4:49:00 AM

4:49:15 AM

3/4/2016 4:48:48 AM

(1 seconds)
Top Locations
N PMU 1 100% 30.42

Total station Count: 1 of 78

Frequency Bins

1.00-5.00 Hz

Peak Frequency: 2.534

Jump to Disturbance

&50.02
&0.01
&50.01
60.00
&50.00

59.9%

259.99
12:57:00 PM 12:57:30 PM 12:58:00 PM 12:58:30 PM

207450.00
207350.00
207250.00
307150.00 4

307050.00

3065950.00

3/6/2016 12:57:22 PM
(59 seconds)

Top Locations
Il PMU 1

100% 35.31

Total Station Count: 1 of 78

Frequency Bins

1.00-5.00 Hz
5.00-14.00 Hz

Peak Frequency: 9.536

Jump to Disturbance
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Higher Resolution Leads to Better Detection

&0.07

80.05

60.03

60.01

35.97

3530000.00

200000.00

250000.00

200000.00

150000.00

100000.00

S0000.00

0.00

600.00

S00.00

400.00

300.00

200.00

100.00

0.00

-100.00

9:45:00 PM

9:53:20 PM

3/9/2016 9:37:21 PM
(21.77 minutes)

Top Locations
N pPMU 1 100% 579.17
PMU 2 28% 161.76
I PMU 3 11% 66.57
Il PMU 4 11% 61.99
L 9%  50.35
L 8% 49.07
8% 45.31
7%  40.90
L 7% 39.11
7% 38.43
L 6% 35.82
L 6% 35.16
L 6% 34.84
L 5% 31.569

Total Station Count: 14 of 78

Frequency Bins

1.00-5.00 Hz
5.00-14.00 Hz

Peak Freguency: 8.013

Jump to Disturbance

=ave to Snapshots
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Detection of Loss of Load

&0.02 3/8/2016 4:30:26 PM
(4 seconds)
&0.01 F
&0.00 - -
. Top Locations
59.9% '
- PMU 1 100% 32.09
59.98 ) PMU 2 97% 31.28
59.97 mm PMU 3 97% 31.16
59.96 e mm PMU 4 97% 31.13
59.95, 0 ) loind A7 . 97% 31.12
59.94 L 57% 31.0%
4:30:00 PM 4:30:15 PM 4:30:30 PM 4:30:45 PM
L 97% 31.07
L 97% 31.05
I 97% 31.03
43000.00 [ 97% 30.99
4000000
L 97% 30.99
S3000.00
L 97% 30.98
20000.00 97% 30.98
25000.00
L 96% 30.97
20000.00
BN poL pFR3 96% 30.96
1500000
10000.00 Total Station Count: 63 of 78
5000.00 .
Frequency Bins
0.00
0.01-0.15 Hz
35.00 Peak Frequency: 0.088
HN——— —_— e ————————— e ——————— .
7 3 Jump to Disturbance
25.00 a'fll i
20.00 L
15.00
10.00
5.00
: —_— o
0.00 |

Copyright © SEL, SRP 2016



Interesting Behavior

50.06
60.05

60,04

R ' .'m"l'w. il
60.02 | gu AT LR i I -

e

60.01

50.00

59.95

59.98

99.97
9:31:30 PM 9:32:00 PM 9:32:30 PM 9:33:00 PM 5:33:30 PM

35000000

200000.00

250000.00

20000000

150000.00

100000.00

50000.00

0.00

S0.00

70.00

30.00

30.00

10.00

-10.00

3/9/2016 9:31:45 PM
(1.52 minutes)

Top Locations
PMU 1 100% 99.35
N pMU 2 43% 43.16

Total Station Count: 2 of 78

Frequency Bins

1.00-5.00 Hz
5.00-14.00 Hz

Peak Frequency: 1.011

Jump to Disturbance
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SDG&E

and SRP View of WECC Gen Trip

59.92

4:44:00 PM

307500,

20700000

306500.00

306000.00

80.00
70.00
60.00
50.00
40.00
30.00
20.00
10.00

4:44:15 PM 4:44:30 PM

.00
-10.00

4:44:45 PM

3/8/2016 4:44:20 PM
(10 seconds)

Top Locations

L__ITVIORL 100% 79.50
PMU 2 999, 78.34
PMU 3 99% 78.31

B SvU 4 98% 7B.27

98% 7B.26
98% 78.24
98% 7B.19
98% 7B.17
98% 7B.16
98% 7B.08
98% 78.00

77.80

98% 77.74

98% 77.69

98% 77.61

ifnnnnini
8
&

Total Station Count: 82 of 82

Frequency Bins

0.01-0.15 Hz
0.15-1.00 Hz

Peak Frequency: 0.103

Jump to Disturbance

f 3/8/2016 4:44:20 PM
(11 seconds}
Top Locations
L__ITYIORL 100% B81.33
PMU 2 96% 7B.37
503 87% 70.97
L PMU 4 86% 69.55
| 85% 69.45
59.91 L 85% 69.43
4:44:00 PM 4:44:15 PM 4:44:30 PM 4:44:45 PM 4:45:00 Ph
L 85% 69.26
85% 69.19
i L 85% 69.18
250000.00 | 85% 60.07
200000.00 L 85% 69.05
25000000 L 85% 6B.99
200000.00 85% 6B8.95
) | 85% 68.92
150000.00 85% 68.87
100000.00 Total Station Count: &3 of 78
S0000.00
Frequency Bins
0.00
0.01-0.15 Hz
0.15-1.00 Hz
90.00
20.00 Peak Frequency: 0.103
70.00
50.00
50.00
40.00
3000 — — — e
20.00
10.00
0.00
-10.00
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Questions
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