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System Events Analysis

+ Usage of Phasor Data concentrator (ePDC)
and Phasor Grid Dynamics Analyzer (PGDA):

Reduced time for system events reporting and
analysis since PMU data and tools (ePDC, PGDA) are
readily available

PMU data accessibility using ePDC for system events
reporting

In depth system event analysis using PGDA features
Communicate with TO personnel on details of events

+ System events analysis using PMU data were
utilized for NYISO Operators’ training for
practical PMU applications



System Event Analysis Tool

+ PGDA for off-line analysis of system events
(e.g. BPS line tripping, force outage above
300 MW generation, other system events)

Frequency response
Transient voltage recovery
Modal analysis

Ringdown analysis

System Stress analysis (Voltage phase angle
differences)
Other analysis if needed:

 Response validation of system component response
(SVCs, StatCom)

« Power system control system responses



+ Time : 0930 HRS
+ Event : Malfunctioning

Generator AVR Control
System

+ Observations:

Nearby 345 kV buses
oscillated £2 kV (most
western buses had this)

Farther 345 kV buses did
not oscillate unlike western
buses

Voltage oscillation was
local

e 1.25 Hz oscillatory mode was
present during the oscillation
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May 21, 2013 - Local Oscillation

+ Time : 0930 HRS e 1 [ o]
+ Event : Malfunctioning R

Generator AVR Control |

System

+ Observations: Sesaet € S Y
Nearby 345 kV buses s

Stat Time: 2013.05-21 03:2320.0030  End Time: 2013-05-21 0333:17.0078  Reference: 1

O S C I I I a.ted 12 kV (m O St Oscillation performance for Kintigh 345 kV power flow.

western buses had this) o %%

Farther 345 kV buses did S 1
not oscillate unlike western
buses |
Voltage oscillation was S e

0.00

I O C al : 09:25:00 09:30:00 09:35:00 09:40:00 09:45:00
0.020

e 1.25 Hz oscillatory mode was . O

present during the oscillation oo

0.000

Ampuiitud

09-25:00 09-30-00 09-35:00 09-40-00 09-45-00

Start Time: 2013-05-21 09:20:00.000 End Time: 2013-05-21 09:49:55.966 Reference:

© 2014 New York Independent System Operator, Inc. All Rights Reserved. 6



NEW YORK
INDEPENDENT
YSTEM OPERATOR

July 3, 2013 - Generation Trip

L4 Tlme - 0742 HRS 6 minutes
. . o A
¢+ Event : Generation Unit | ( \
trip 1018 MW £ W
+ Observations: am
Frequency dipped to ol L1 L1 1l |

about 59.96 Hz and
recovered in 6 minutes

St Tomer VO3 07 35 00008 Ered Temer JOV307003 07 45 HED R

Frequency performance from 0735 to 0750 HRS.

« 1018 MW loss resulted to 6 mi”AUteS —
0.04 Hz frequency dip '-wwmwf’“"’ﬁ! ,,,,,,,,,,, \«: IIIIII ."
ACE performance from Pl | /
validates frequency L f
recovery from PMUs |

ACE performance from 0735 to 0750 HRS
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July 3, 2013 - Generation Trip

COOPERS COR 1.W1YPM.WVM  —— NYCLAYD1.B345_A Bus_ W +5SW. WM

354.00

+ Time : 0742 HRS

+ Event : Generation Unit

trip 1018 MW o

+ Observations: .
Upstate voltages dropped : . 2.kV il

6 kV

ol Mag. [Ky]

to magnitudes depending 073500 07300 074000
on thelr prOXImIty to Start Tima: 2013.07.03 07:35.00.000 20130703 074559966 Fisferance

1.00

tripped unit due to | EEERE g 0w
Increase power transfer o]

0.00

T T T T T T
from West to eaSt 07:36:00 O07:38:00 07:40:00 07:42:00 074400 074600 07:48:00
35.00

Damping [*]

OSCiIIatory mOde 12:22: 07:38:00 074000 07-42:00 o0 ovde00 o074s00

0.00
07:36

oonz2

000
0008 —
0.006 —
0004 —
0.002—
0000 —
07:36:00 07:38:00

07:40:00 07:42:00 07:44.00 07:46:00 074800

Ampulitude

Start Time: 2013-07-03 07:35:00.000 End Time: 2013-07-03 07:49:59 966 Reference -
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Time : 2018 HRS

Event : Generation 300
MW trip caused by SLG
Fault at a 345 kV bus

Observations:

Voltages dropped but
recovered very quickly,
less than a second
 Phase A voltage has 80
kV drop, phases B and C

voltages have less than
20 kV drop

SVC boosted system
voltages by providing
Mvar

« Compensated about 300
Mvar

© 2014 New York Independent System Operator, Inc. All Rights Reserved.

Wol. Mag. [Kv]

— Roseton SY VAWPM WM

380.00

July 23, 2013 - SLG Fault with Generation Trip

Roseton SY WBWPM WM — Roseton SY VCWPM WM

340.00 —

320.00 —

280.00

— 80 kV

260 .00
20:18:13

—

T
20:18:14

Reference

300 Mvar

20:18:1E

0: 18:16.000 Reference



Time : 2018 HRS

Event : Generation 300

MW trip caused by SLG

Fault at a 345 kV bus
Observations:

Power of 112XPM_PP_orig

Post fault resulted to

oscillatory modes,
1.59 Hz and 1.74 Hz

Start Time: 2013-07-23 20:15:00.000

© 2014 New York Independent System Operator, Inc. All Rights Reserved.

Mode 0. 26H=
Mode 0. 47H=
Mode 0.65H=
Mode 0.84H=
Mode 1.03H=
Mode 1.28H=
Mode 1. 4TH=
Mode 1.57H=
Mode 1.72H=
Mode 1.87H=

Damping [% Frequency [H]

Ampuliude
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July 23, 2013 - SLG Fault with Generation Trip

Mode Shape Mode Estimate

a0

0.604 16.000
0.452 — 12.000 |
= 0.299 = I
0. 648H=z = = -
—=— 1.590H=z = £ 8.000 _|
—— 1.747Hz = 0.147 =]
4.000 | -
-0.005 _
0.000
’0-1577,43 1Nz oo ous 0T oaa 0.00 :J.AIt:J :J.IB:J 1.‘23 1.:53 2.
Real Mode Frequency
300.000
295.000 -
£ 290.000
=
285.000+
280.000 T T T T T
20:18:14 20:18:16 20:18:18 20:18:20 20:18:22
Start Time: 2013-07-23 20:18:13.755 End Time: 20013-07-23 20:18:22. 266 Reference:
200
1.50—
1.00—+
0.50—
0,00 T T T T T T
20:16:00 20:15:00 20:20:00 20:22:00 20:24:00 20:26:00 20:28:00
35.00
30.00
25 .00
2000
15.00 -
10.00 - !
el -‘V’\..«»M’Jw%'
000 —
-5.00 T T T T T T
20:16:00 20:15:00 20:20:00 20:22:00 20:24:00 20:26:00 20:28:00
0060
0045 |
0030 \
0075 _| j \
0.000 =ty -—
20:16:00 20:15:00 20:20:00 20:22:00 20:24:00 20:26:00 20:28:00
End Time: 2013-07-23 20:25:59 566 Reference
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August 13, 2013 - Generator Oscillations

+ Time : 0536 HRS

+ Event : Malfunctioning
Generator PSS

+ Observations:

Voltages oscillated not
only near the vicinity of
generation complex

Identified oscillatory
mode 0.90 Hz

KINTIGH WVTYPM VM OAKDALE 345 VIVPM WM

354 00

352.00

350.00

Wol. Mag, [Kv]

348 00

346.00 —

344 00

T
05:36:00

Start Time: 2013-08-13 05:35:06.327

T
05:-37-00

End Time: 201

T
05:38:00

3-08-13 05:42:18.507

T
053800

Reference:

© 2014 New York Independent System Operator, Inc. All Rights Reserved.

T
05:40:00

T
05:41:00

T
05:42-:00

ol Mag. [k

MNYVOLNEYD3 L345_6_VP +SV.VM

— NYSCRIBAD3 B345_A Bus_V +SW. VM

360.00

[
w’ﬁ lwwll PR LT PR N e URURION |

358.00

356 00
354 00
352 00 T T T T T T T
05:36:00 05:37:00 05:38:00 05:39.00 05:40:00 05:41:00 05:42.00
Time: 2013-08- 06.327 End Time: 2013-08-13 05:42:18.507 Reference
—— FRASER.FRASER-OAKDALE_W. VM NYEDICA B245_B Bus_V +SV.WVM
354 50
354 00 |
353 50 |
= 35300+
= “n»,-l"""
= 352 50
352 00 |
351 50|
351.00 T T T T T T T
05:36:00 05:37:00 05:38:00 05:39:00 05:40:00 05:41:00 05:42:00

Start Time: 2013-08-13 05:35:06.327 End Time: 2013-08-13 05:42:18.507 Reference:
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August 13, 2013 - Generator Oscillations

+ Time : 0536 HRS

+ Event : Malfunctioning
Generator PSS
+ Observations:

Voltages oscillated not
only near the vicinity of
generation complex

Identified oscillatory
mode 0.90 Hz

© 2014 New York Independent System Operator, Inc. All Rights Reserved.
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Mode Shape Mode Estimate
4.010 20.000
2.669 16.000
0.898Hz2 S 1.329+ g 12.000
1.004Hz = £
1.293Hz £ -0.0114 =1 8.000+
-1.351 4.000 -
-2.691 T T T T 0.000 T T T T
-as5 298 128 000 1em 24y 0.00 040 0.80 1.20 160 2.00
Real Mode Frequency
950.000
945.000
940.000
935.000 +
L Power of L345_21_IP F 930.000
925.000
920.000
915.000
910.000

Start Time: 2013-08-13 05:35:56.000

1.00

T T T T
05:35:56 05:35:58 05:36:00 05:36:02 05:36:04

End Time: 2013-08-13 05:36:05.000 Reference

Mode 0.18H=
Mode 0.93H= 020

0.60 —
040 —

Frequency [Hz

020+

0.00

T T T
05:36:20 05-36:40 05:37-00

30.00

25.00+

2000+

15.00—+

Damping [%]

10,00+

5.00

T T T
05:36:20 05:36:40 05:37:00

0400
0. 350
0300+
0250
0. 200
0. 150
0100+
0050

Ampultude

0000

Start Time: 2013-08-13 05:35:00.950

T T T
05:36:20 05:36:40 05:37:00

End Time: 2013-08-13 05:37:12 485 Reference: Roseton
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+ Time: 1010 HRS

+ Event: 2-765kVlines and
FACTS Tripping

+ Observations:

SLG fault at Phase B :
phase B voltage dropped
the most

FACTs trying to provide
Mvar/damping support
before tripping

© 2014 New York Independent System Operator, Inc. All Rights Reserved.
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September 3, 2013 - Multiple Elements Tripping

Roseton SY VAVPM WM —— Reseton SY VBVPM WM —— Reseton SY VCVPM VM
370.00
360.00
350.00
=
=
= ~— 28 kV
340 —
330.00 -
320.00
o2
Start Time: 2013-05-03 10:05:55 000 End Time: 2013-05-03 10:10:04 000 Reference
— MARCY345. Power of M245_STATCOM_I1.PQ
_— 40. —
=3 here
=
5
= 2 —
2
=
Prat
o —
o000
-40 —
DDDDDD
2 o4
Tirm 13-0:94 End Tim 3-09-0x

13




NEW YORK

INDEPENDENT
YSTEM OPERATOR
September 3, 2013 - Multiple Elements Tripping
« Time: 1010 HRS I
+ Event: 2 -765KkV lines and o S D

FACTS Tripping L

+ Observations:
dentified 0.85 Hz oscillatory "

Vale

580.000 T T T T
10:09:58 10:10:00 10:10:02 10:10:04

Start Time: 20130303 100357.0050  End Time: 2013:090310:10:050000  Reference: 1

Ringdown analysis for Marcy to Coopers Corners 345 kV (UCC2-41) line power flow.

1.00

Mode 0. 35H=
Maode 0.51H=
Mode 0.67H= o.80—
Mode 0.87H=
Mode 0.99H=
o.60

Fraquency [Hz|

o0 —

0.20 T T T T T
10:10:20 10:-10:40 10:11:00 10:11:20 10:171:40

35.00
2000 —
25 00 —
20.00 —
15.00
10.00 —

5.00+

o000

Damping [ %]

1D.‘IID.2D 1D:‘IID.4D ‘ID.‘II1.DD ‘ID.1I1:2I3 ‘ID.‘II1:4D
140
1200
100 —
030 -
os0 —
o0 —
020
000

Ampuliude

coooooo0o

10:10:20 10:10:40 10:11:00 10:11:20 10:11:40

Start Time: 2013-05-03 10:05:02 500 End Time: 201309032 10:11:58 962 Reference

14
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—— GOENVCWPMWM

— GOEWVBWPM WM

[ /

06:22:37

T
06:22:36

T
05:22:36

T
05:22:36

Reference:
_STATCOM_I1.PQ
T
06:22:34

Reference

T
05:22:34

T
DB:22:33

~— 30 kV
~ 130 Mvar

GOEWVAWPM WM

—— MARCY245 Power of M245
T
06:22:32

—
T
05:22:32
End Time: 2013-09-25 05:22:37.000

T
D6:22:31

260.00
36500 —

0522 HRS

September 25, 2013 - Three-Phase Fault

« Time

T
05:22:30

245,00 —
340,00 —
335.00
3320.00
325 00
180.00
150.00
140.00
120.00
100 00 —
80 00 —
50.00 —
40.00 —
20.00 —
0.00

LAl -amag | 0¥34

05:22:30
Start Time: 20132-09-25 05:22:20.000

(] By fop

Start Time: 2013-05-25 05:22:25 858 End Time: 2013-05-25 05:22:37 852

WA'TA” v91-804'Q¥0Y NOSNISOY
WA'TAT597-908'AY0H NOSNIGOY
WAWATA'SPEITIOLS

WAAST dA~ 2L 0EZTSSATLLNNH
WA'SNE3S TA'Y 0EZVHYOVIN
WAWAA TAIUNDYALY M
WA'ASHASNE S 0E28 Z0QUYIIYAN
WAASHASNEE0EZ8 Z00HVIDVIAN
WAASH dA 21 S¥ETEORINTOAN
WAASH A SNE 8 SPES EOVAINDSAN
WAASH dA 08 0EZTSSATLLNNH
WA'WAATA SPE VANV

WA WAZTA HOLNIX

WATWAATA'Y SITTIM

WATAT TSWINTYNISSYI

WAASH dA”0F OEZ8 TONSDINNGAN
WAAS* dA”0E OEZE TONYINNNAAN
WAASHA SN ¥ SKED'EIIQIN
WA'ASH A SNG § 0EZE TOYILHOIAN
WA'ASH dA 8L DEZTSSATUNNH
WAASHA SNY SPEE TOAVIIAN
WA'ASHSNE NLL GPED ONVILODSMINAN
WAASH dA H66 0EZ8' TOWYQUALLOMAN
WA'TA” J103-U3SVHS HASVEd

= WA'WdABAI0D

WA IABA Ml

WA WAATATOD

WA'WAABA MOD

WA AAYA NYS

WA WJAYA MOD

WAASH A b6 SPETZOSAITIN
WAASHdA 26 SPETZ0SAITN
WA'WAATA'T 40D SH3dO0D
WA'WAZTA T 0D SH2d00D
WAWAATA M

WAWAADAHLW

WA'WAAYA ANY

WNIAYA HLA

WA'WAAYA'AT

WANAADA WYY

WAWAABAAYd

WA WA TA VY

m
W
=
=

New

IP Was In

Three-phase fault at a =-|

138 kV bus
¢+ Observations

Per-Unit Impact (345 and 230 kV Buses)

Voltage profiles reveal that the
StatCom voltage response

highest voltage d

York City

WAWAAVYAETS
WAINATAANY
WA AADA ANY
WA'WEADA QMW
WA YA QAN
WAWAADA TN
WAAYAIA

Event

12

S T T
a o o c
adeyop uun-aad

©

*

15

EMaxpu M Dipped from Nominal
Per-unit voltage profile for 345 kV and 230 kV buses during the three-phase fault at Dunwoodie 138 kV bus.

EMINpu
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September 25, 2013 - Three-Phase Fault
+ Time : 0522 HRS i S ey
+ Event: Three-phase faultata =& .. | Fad
138 kV bus T:m Y TR TR A im 0:.: c«c T 8

+ Observations: -
ldentified 0.90 Hz oscillatory mode ﬁﬁ]»ulmm“w‘%ﬁwwm”

5
5 375.000-
COUPERS COR 2 Puwer of 4PN FRang

Angle differences are in synchronism

365,000

all throughout the disturbance -

355,000

T T T T T
Sk 05:22.33 ez M 052235 05226 052237 0522:38

indicating SyStem SeCurity Stat Tire: 201309250522 00,2000 End Time: 20130925 05222300001 Pledeserce: 1

1.00

Mode 0.50H=
W48-Dunkirk =—— Wd8-Kintigh —— \W438-Packard = \43-Rofirdam WAS-Willis —— Mode D.88H=z *-‘\——.—*—..._.
0.80 4
.

~20.0000— 0.20 T T T T
05:22:00 05:22:30 05:23:00 05:23:30 05:24:0(
30.00

-25.0000— 20 00

15.00 -4

Frequency [Hz]

0.40+

Damping %]

10.00

5.00 . r n .
05:22:00 05:22:30 05:23:00 05:23:30 05:24-0C
0.350
0.300
0 250
0.200
0.150
0.100
0.050
0.000

-40.0000 T T T T
05:22.28 052230 052232 052234 05:22:00 05:22:30 05:23:00 05:23:30 05:24:0¢

-30.0000—

-35.0000—

Ampulitude

Start Time: 2013-09-25 05:20:59.866 End Time: 2013-09-25 05:24:.00.604 Reference:

Start Time: 2013-03-25 052227 9760 End Time: 2013-09-25 0523260000  Reference: [
© 2014 New York Independent System Operator, Inc. All Rights Reserved. 16



Time : 1453 HRS

+ Event: Doubleline to
ground fault at 138 kV bus
(tripped several elements
and load)

+ (Observations:

Voltage response at bus
confirms LLG fault (AB fault)

StatCom and SVC response

Angle differences are in
synchronism all throughout the
disturbance indicating system
security.

—— w4S-Leeds —— WéS-NewScotland —— \W43-Packard —— WiéS-Scriba —— WaS-\Watercure ESillis

DDDDD

T

DDDDDDD

T T T
14:52:50 14:53:00 14:53:10

Start Time: 2013-10-23 14:52:44.151  End Time: 2013-10-23 14:53:15.570  Reference

© 2014 New York Independent System Operator, Inc. All Rights Reserved.
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October 23, 2013 - Double-line to Ground Fault

WA VAVPM VM —— WaS VBVPM.VM — W4IVCVPM VM
400.00
350.004 1 V
300.004
=
: oo — 220 kV
=
200.00-
150.00+
00 ; .
14:52:55 14:52:56 14:52:57 14:52:58
Stat Time: 0 52.55.000 End Time: 2013-10-23 14.52:58.000 Reference:
Transient voltage performance at West 49th 345 kV bus.
raser SWVC —— MARCY345 Power of M345_STATCOM_I1.PQ
400.00
300.00
= il
é 200.00 270
H T
&
= 10000
0.00 +
-100.00 T T
14:52:55 14:52:568 14:52:57 14:52:58
Start Time: 2013-10-23 14:52:55.000 End Time: 2013-10-23 14:52:58.000 Reference:
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October 23, 2013 - Double-line to Ground Fault

¢+ Time: 1453 HRS

+ Event: Double line to
ground fault at 138 kV bus
(tripped several elements

and load)
+ Observations:

ldentified 0.86 Hz
oscillatory mode

© 2014 New York Independent System Operator, Inc. All Rights Reserved.

0.248Hz
0.867H=z
1.090H=z

rower of ITSPM.PP.orig

Start Time: 2013-10-23 14:52:55.900

Mode 0 26H=
Mode 0.47TH=
Mode O G60H=
Mode 0.7 1H=
Mode 0 83H=

Imaginary

Damping %] Frequency[Hz]

Ampultude

Start Time: 2013-10-23 14:51:29 261

Mode Shape

Mode Estimate

2.463 15.000
-2.955 -
11.250
-8.373 =
= 7.500
-13.790 = —
3.750
-19.208
-24.626 T T T T 0.000 T T T T
-323 033 408 TTE 1148 1S4z 0.00 D40 ©.80 1.20 1.60 2.00
Real Mode Frequency
0.000
-20.000
= -40.000 |
=
-60.000
-80.000 — T T T T T
14:52:56 14:52:57 14:52:58 14:52:69 14:53:00 14:53:01 14:53:02
End Time: 2013-10-23 14:53:02.000 Reference:
1.00
0.80
0.60 —
040 —
0.20 -
0.00 T T T T
14:52-30 14-53:00 14:53:30 14:-54-00 14:-54-30
35.00
30 00—
25 00 —
20.00 —
15 .00 —
10 .00 —
5 00— T T T T
14:52:30 14:53:00 14:53:30 14:54:00 14:54:30
0.020
00237 |
D,D157
o.oos_|
0,000 — T T T T
14:52:30 14:53:00 14:53:30 14:54:00 14:54:30
End Time: 2003-10-23 14:54:53 756 Reference
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Using PMU Data for System Events

+ Synchronized system dynamics
Reduced time for system event reporting and data gathering
Wide area visualization
Understanding system and equipment responses

+ Confirm what we know and beyond
Frequency response during system events
Voltage response to faults
Equipment response to system events
Oscillation analysis
+ Confirm what we are seeing and what others are
seeing
El oscillatory modes
Fault data from TOs
Neighbor 1SOs

ew York Independent System Operator, Inc. All Rights Reserved. 19



The New York Independent System
Operator (NYISO) is a not-for-profit
corporation responsible for
operating the state’s bulk electricity
grid, administering New York’s
competitive wholesale electricity
markets, conducting comprehensive
long-term planning for the state’s
electric power system, and
advancing the technological
infrastructure of the electric system
serving the Empire State.

WWW.NyISO.com
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