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Use of PMUs in EA 
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IESO-MECS Voltage and Flows 
Measured from Lambton 

-2000

-1000

0

1000

2000

3000

4000

16:10:38 16:10:40 16:10:42 16:10:44 16:10:46 16:10:48
Time - EDT

MW/MVAr

0

50

100

150

200

250

300

kV

MW

MVAr

kV

Source: Ontario PSDR 



4 RELIABILITY | ACCOUNTABILITY 

Power System Dynamic Recorders (PSDRs) 

57
58
59
60
61
62
63
64

16:10:30 16:10:40 16:10:50 16:11:00
Time

F
re

q
u

en
cy

 (H
z)

Lambton  ONT-MI

NY-West

NY-East

-3,000

-2,000

-1,000

0

1,000

2,000

3,000

4,000

5,000

16:10:30 16:10:40 16:10:50 16:11:00Time

Po
w

er
 F

lo
w

s 
(M

W
)

New York into Ontario

PJM into New York

Ontario into Michigan

New York into New England

S
ta

rt
 o

f s
pl

it 
be

tw
ee

n 
E

as
t a

nd
 W

es
t M

I

16:10:36

D
et

ro
it,

 C
le

ve
la

nd
 s

ep
ar

at
ed

 fr
om

 W
. M

I.

16:10:38

C
le

ve
la

nd
 c

ut
 o

ff 
fr

om
 P

A

16:10:38.6

N
Y

  s
ep

ar
at

es
 fr

om
 P

A

16:10:39.5

C
le

ve
la

nd
 s

ep
ar

at
es

fr
om

 T
ol

ed
o,

 is
la

nd
s

16:10:41.9

N
Y

 s
ep

ar
at

es
 fr

om
 N

J

16:10:45.2

N
Y

 a
nd

 N
ew

 E
ng

la
nd

 s
ep

ar
at

e

16:10:48

S
pl

it 
co

m
pl

et
e 

be
tw

ee
n 

E
as

t a
nd

 W
es

t N
Y

16:10:49

16:10:30 
to 

16:11:00

16
30

 M
W

 D
et

ro
it 

ge
ne

ra
tio

n 
tr

ip
s

16:10:42

O
nt

ar
io

 s
pl

its
 fr

om
 W

es
t N

Y
 

16:10:50

O
nt

ar
io

 r
ec

on
ne

ct
s 

w
ith

 W
es

t N
Y

 

16:10:56



5 RELIABILITY | ACCOUNTABILITY 5 

NY to Ontario 345kV Flows @ Niagara 

New York to Ontario 345 kV Line Flow at Niagara 
(does not include 230 kV line flow)  
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Detroit Units Slip Poles  

Keith-Waterman (J5D) 230 kV - Tie Line
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Frequency in Ontario and New York 
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Nine Mile Point Unit 2 Trips  
Nine Mile Point Unit 2 Generation Data

(Reconstructed)
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2003 Blackout Simulations 
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8 Years Later 
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PMU Data from SONGS 
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Simulation vs. Actual Flows 
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7 Phases of Event 
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Answering Immediate Questions 

We heard there was a blackout in Southern California 
• Was it an attack tripping multiple lines? 
• Did the San Onofre plant trip cause San Diego to go 

black? 
• Was it a simple switching error? 
• Did generation trip in Mexico cause it? 
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Initial (overnight) Analysis 
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CAISO Freq/ACE 1635-1705 MST 

CISO Freq/ACE 1635-1705 MST 

From RA Tool 
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1-Min. CAISO Freq. 1500-0530 MST 

From RA Tool 
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WECC Freq ~1538 – SDGE Sep. 

From FMA Tool 
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System Separation & SONGS Trip 

Loss of San 
Onofre Gen. Loss of 

SDGE Load 

From RA Tool 
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FNET FDR Locations 
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Initial FNet FDR Angular Plot 

AZ-NM-CO  

California  
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Sequence of Events 
Analysis w ith PMUs 
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Initiating Event – Voltage Divergence 
Hassayampa – North Gila 500 kV Trip 
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Hass. – N. Gila 500 kV Line Trip 

Hassyampa –
N. Gila 500 kV 

line trip

CCM Unit 1 
generator trip

South of SONGS Current 
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Critical PMU Locations 
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Phase 4 Example 
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Phase 5 Example 
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Phase 6 Example 
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PMU Measured Phase Angles 

Using Tesla as the reference angle, zeroed 
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Questions? 
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