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Summary: 
 

This paper is discussing the use of 
Synchronized Phasor Measurement Technology, 
which is now being used for monitoring power system 
status and dynamic transient event recording at 
Southern California Edison (SCE). This system is 
expected to enhance  AC-DC power transmission 
system reliability and capability by monitoring the 
phase angles and oscillations at several substations 
and two remote DC terminals. The system could be 
used for HVDC power modulation in future.  

SCE has been working aggressively on this 
Synchronized Phasor measurement technology for 
over eight years and obtains data from fourteen 
Phasor Measurement Units (PMUs) and the two 
Phasor Data Concentrators (PDC) on its system. The 
data from the PMUs is now being collected and being 
used for analysis of system disturbances. SCE also 
obtains the data from Bonneville Power 
Administration Grand 

 
Coulee generating substation, which is over 900 miles  
away, and close to the Northern HVDC Pacific Inter-
tie terminal and monitors the phase angle between the 
north and the south HVDC Pacific Inter-tie terminals. 
SCE is continuing to work on this technology with 
Bonneville Power Administration (BPA) and Los 
Angeles Water and Power to investigate the possibility 
implementing it for real-time monitoring and control. 
SCE is also working with other Western Electric 
Coordinating Council (WECC) members for 
information exchange. It is believed that the 
technology has great potential for enhancing power 
system stability and power transmission system 
capability of an AC-DC inter-tie system. This 
technology is also being used for monitoring the 
system stability and resulting information can assist in 
avoiding major system disturbances like the one that 
occurred on August 10, 1996 in WECC and on August 
14, 2003 in Northeast United States and Canada.  

______________________ 
*email: bhargab@sce.com 
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Introduction  

Operation of electric power systems is 
becoming more and more complex and posing many 
more challenges every day as the power systems are 
expanding and the power generation and transmission 
utilities are deregulated. There are many more 
independent power generators adding generation to the 
electric system and an increasing push for small-
distributed generation. On the other hand, the demand 
for higher reliability and power quality is increasing as 
the industrial consumers add power electronics driven 
sensitive loads. Also, under the competitive 
deregulated market conditions, the utilities are finding 
it more difficult to plan and upgrade the transmission 
systems as in the past and are unable to keep up with 
the growing loads and the added generation. The 
power systems have also become so inter-dependent 
that the events in one area can cascade and have 
significant impact on other remote areas. This was 
recently witnessed in Northeast US blackout, which 
occurred on August 14, 2003. This change in the 
industry is putting pressures on development of new 
tools to monitor wide area system stability and 
reliability is becoming very essential. 

The advances in the field of communications, 
computers and Global Positional System (GPS) 
technologies have enabled the development and use of 
Synchronized Phasor Measurement technology in 
monitoring and managing dynamic system security of 
large power systems [Ref. 1-5]. Southern California 
Edison (SCE) Co., which is part of the Western 
Electric Coordinating Council in United States, has 
been working on the “Synchronized Phasor 
Measurement Technology” for last eight years and has 
installed a network of Phasor Measurement Units, 
Phasor Data Concentrators, a high speed reliable fiber 
optic communication system and suitable data storage 
servers to collect the phasor data. SCE also exchanges 
data from a Phasor Data Concentrator installed by 
Bonneville Power Administration from its Dittmer 
station in real-time. SCE has also developed a 
program, entitled “Power System Outlook (PSO)” to 
view and analyze the data collected by the PDCs. The 
data from this Phasor Measurement System has been 
collected and analyzed over several years for different 
types of disturbances. 

This paper describes the SCE Phasor 
Measurement system, and its usefulness in monitoring 
the phase angle separations, the inter-area oscillations 
occurring in the WECC system and reviews some of 
the power system operation events recorded by the 
Synchronized Phasor Measurement System (SPMS) 
system. 

 
Need for reliable operation of the WECC System 

The Western Electric Coordinating Council 
system is one of the largest Interconnected power 
transmission networks in the United States, extending in 
north to Canada and in south to northern Baja Mexico 
covering a wide geographical area. Because of the large 
power system interconnections with the long 
transmission lines, generators and active HVDC and 
other FACTS device controls, some of the major areas 
can suffer from dynamic power system oscillations with 
respect to other areas. Some of these inter-area 
oscillations occur at very low frequencies ranging 
between 0.10-1.0 Hz. These low oscillation frequencies 
are typical of large power system masses connected by a 
relatively weak or long transmission system and thus 
limit the power transfers on the inter-connected 
transmission lines. These oscillations occur when two 
large areas in an interconnected power system swing 
with respect to each other. This swing is characterized by 
power flow back and forth from one area to another.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1: WECC system in Western USA showing major  
  system  interaction paths. 
 
 Figure 1 shows some of the major inter-
connections and interaction paths of WECC.  Figure 2 
shows the spring–mass model that can be considered to 
represent major generation/load areas. Normally these 
power flow oscillations are damped by the system, but if 
the interconnecting system is relatively weak or 
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stressed, then these oscillations can grow.  These 
growing oscillations led to the major system 
disturbance in the WSCC on August 10, 1996 causing 
blackout to several million customers in California 
alone.   
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Figure 2: The spring-mass system representation of the 
      WSCC system.  
 

Figure 3 shows power flow oscillations 
recorded at Malin substation by Bonneville Power 
Administration leading to a break-up of the WECC 
system on August 10, 1996.  The recent August 14, 
2003 blackout affecting much of state of New York 
was also caused by some events occurring in Ohio  
state hundreds of miles away. 
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Figure 3: Growing oscillations seen at California   
 Oregon border at Malin substation on  

August 10, 1996. 
 

Need for monitoring system stability and reliability 
 The above system disturbances demonstrate 
the need of monitoring reliability and security of the 
large power systems and the wide area system 
monitoring. Earlier, tools like SCADA were developed 
for monitoring line loadings, reactive reserves, voltage 
changes etc. As the systems have grown they have 
become extremely inter-dependent and their stable 
operation is coming under increasing risks. New tools 
that monitor stability and reliability are now required.   

 Ideally, the key system reliability parameters that 
are desirable to monitor are:   
1. Static and dynamic power system stresses that are 

the static and dynamic phasor angles and their 
deviations between different locations.  

2. Monitoring inter-area oscillations, their levels and 
their damping  

3. Event diagnostics  (Post event analysis) 
4. Identification of key high stress locations and levels 

(Disturbance location & severity) 
5. Quick stress elimination & system restoration 

(Providing help library, Artificial Intelligence tool 
and Analysis Tools & References) 

 
System Oscillation frequencies and their 
dependence on system Transmission strength 

Under normal system operating conditions the 
inter-area oscillations although present, are of very 
small magnitude less than a db and are generally well 
damped.  However, a fault in the system, a large 
generator trip or a major load drop or line outage can 
excite these low level oscillation modes by weakening 
the system with large power movements from one area 
to the other.  The frequency of these oscillations is 
dependent on the inertias in the system and the 
transmission system stiffness interconnecting them.  
Table I shows the frequencies for various system 
strengths for an assumed two mass system.  The 
frequency in this Table has been calculated using 
formula Wn = sqrt(377xKij/(Mi+Mj)) and frequency = 
Wn/6.28 assuming a simplified two mass system with 
masses Mi and Mj and the spring constant Kij between 
them.   

Table I 
  Kij       Mi+Mj         Wn      Frequency    System 
Stiffness         2H radians       Hz           Status  

 MW/Radian  MW-Sec  per second   
        
1,000      4,000  9.71      1.54       V. strong 
1,000    10,000  6.14      0.98        Strong  
1,000    20,000  4.34      0.69       Marginal 
1,000    50,000  2.75      0.44       Weak  
1,000   200,000  1.37      0.22     Very weak   
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As is seen in the Table I, the frequencies reduce 
as the system weakens or as the ratio of the mass 
inertia to system stiffness increases. The WECC 
northwest-southwest mode has frequencies in the 
range of 0.24 – 0.30 Hz as can be seen in figure 3. 
Loss of several 500 kV transmission lines in the 
Pacific Northwest in August 1996 caused the 0.3 Hz 
oscillation frequency of the north-south mode to drop 
and the oscillations to grow and resulted in the 
breakup of the WECC system.   
 
Importance of phasor angle measurements and 
voltage support at intermediate substations 

Transmission of electric power in the AC 
system is dependent on the phase angle separation 
between the sending and the receiving end. The phase 
angle separation is dependent on the power flow and 
the path impedance. A system can operate at angles 
of up to 30 degrees without the mid-point voltage 
sagging too much, but systems operating over 30 
degrees require voltage support at the intermediate 
stations.  

Table II 
Phase angle     Voltage at middle     Transmission   
  separation      point             Status      
 
     30      0.966                ok 
     45      0.924                       Marginal 
     60       0.866                Dynamic instability  
     90       0.707         Unstable 
     90  
            60 
 
           30 
 
 
 
      0  
 
 
 
  
 
 
 
 
Figure 4: Phasor display with intermediate voltage     

support at two points for a 90 degree 
operating phase angle. The mid point voltage 
could reduce to about 0.7 per unit.  

 
This voltage support at intermediate 

substations is very essential when systems operate at 
high angles, and the loss or lack of intermediate 

voltage support can result in dynamic or transient 
instability and can lead to system separation.  Table II 
and figure 4 show phase angles for a hypothetical 
system with phase angles between two remote 
locations operating at about 90 degrees. By providing 
intermediate voltage support at say, two equidistant 
phasor locations, the minimum voltage is reduced to 
about 0.966 pu with two intermediate voltage supports 
from 0.71 pu with no voltage supports. Basically, the 
phase angle separation of 90 degrees can be reduced to 
30 degrees by providing intermediate voltage support 
and the mid-point voltage raised to stable limits.    
 
Application of Synchronized Phasor Measurement 
System for improving AC/DC power system 
reliability 

A Synchronized Phasor Measurement System 
(SPMS) can enhance the reliability of a large AC/DC 
power system by: 
• Monitoring the phase angle separation between 

two or more remote locations. The phase angle 
separation between two locations can be 
considered as the direct indicator of the stress on 
that part of the system. The static phase angle is 
the static stress from the normal operating 
condition of the system, while the dynamic phase 
angle change caused by a system event is the 
direct dynamic stress caused by that event on that 
part of the system. The dynamic stress can 
increase the static phase angle between two 
monitored locations or it can reduce the static 
phase angle between these locations. If the 
dynamic stress increases the static phase angle, 
then, it can be considered to be an additive or 
positive dynamic stress and if it reduces the static 
phase angle, then it can be considered to be a 
subtractive or negative static stress. When the 
dynamic change in the phase angle causes the 
phase angle separation to increase on an already 
stressed system, then it is putting additional stress 
and can lead the system into separation. SCE is 
monitoring the static and dynamic stress by 
monitoring the phase angle separation between 
Grand Coulee generating station in the BPA area 
with Devers and Vincent substations in SCE area.  
It has been observed that at the time of two system 
events this static phase angle between these 
substations had exceeded 90 degrees and the loss 
of some transmission lines or load in the 
northwest increased the stress further causing a 
system disturbance on August 10, 1996 and a 
system event on August 4, 2000.  

• Monitoring voltage support at various substations 
on the AC tie lines and ensuring adequate reactive 
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margin. Figure 5 shows the phasor display plot 
for the August 4, 2000 system event. This file has 
been created by merging the BPA and the SCE 
PDC event files. The plot shows the phasor 
separation between Grand Coulee in north and  
Vincent/Devers substations in south and also the 
intermediate voltage supports at Table Mountain, 
Seattle and some other substations.  
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Figure 5: Phase angle display showing the phasor  

(phase angle and magnitude) from the 
various 500 kV substations.  
 

• Monitoring dynamic oscillations and system 
separations. A system will show high dynamic 
stability when the static stress is low, but may 
show poor dynamic stability when the static 
stress is high.  As the static phase angle or the 
system loading increases, the system may start 
showing the signs of instability. This is generally 
seen in the reduced damping of a particular mode 
of the system and increasing time durations for 
the oscillations of the system. The modal 
oscillations are generally present in the system 
although are at a very small level. The oscillation 
magnitude can increase as the system is stressed. 
Monitoring these oscillations and their damping 
can alert if the system starts weakening or 
become dynamically unstable. The SPMS can 
monitor the AC system oscillation modes, 
damping and oscillating power to identify signs 
of instability. Figures 6 and 7 below show the 
plots from this SPMS system for the August 4, 
2000  system event.  

• Providing effective modulation input signal to the 
HVDC converter terminals from the 
Synchronized phasor angle measurements taken 
at the two ends of the DC line. The proper tuning 

and phase angle adjustments are essential for 
maximizing their effectiveness in improving 
transient and dynamic stability. The DC systems 
generally do not participate in the system 
oscillations caused by an event. The DC systems  
can however participate if the power is modulated 
based on the frequency of system oscillations.  
The SPMS can also determine the amount of 
power flowing on the HVDC system in a 
particular mode or bandwidth. The Phasor 
measurements can be processed to extract and act 
on the desired oscillatory mode. The phase angle 
delay can be adjusted to optimize the impact of 
modulation. The phasor angle measurements can 
also be used for coordinating other active fast 
acting controls like power system stabilizers, 
governors, exciters and FACTS controllers etc. 
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Figure 6: Fast Fourier Transform (FFT) showing the  
 frequency spectrum at Vincent substation.  
  

 
 
Figure 7: Table  from  Power  System  Outlook   

program showing modal frequencies, damping 
and time constants for first four modes from 
the above FFT plot.   

 
• Monitoring df/dt to identify the area/location and 

the severity of the system disturbances such as 
generation and load drops. Df/dt can also provide 
information on the extent of generation dropped in 
a specific area.   
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Scope of Synchronized Phasor Measurement 
Technology 

It is believed that the Synchronized Phasor 
Measurement Technology which has been evolving 
over the last several years, today has reached the point 
where it is capable of being used for wide scale 
applications in large power systems and can meet most 
of the above requirements. The equipment typically 
required are, the Phasor Measurement Units (PMUs), 
the Phasor Data Concentrators (PDC), the fast and 
reliable communication system and software to access 
the stored files, view and analyze the phasor system 
data.  
 
Synchronized Phasor Measurement System at 
Southern California Edison Co. 

The PMUs in use at SCE record three phase 
voltages, currents and frequency at a rate of twelve 
samples per cycle, convert the voltage and current 
phase quantities to positive sequence phasor data. 
Using the GPS system, the PMUs time tag the phasors 
recorded at the different PMU locations with a high 
degree of accuracy. This phasor data is transmitted to a 
central location to the PDCs every two cycles or thirty 
samples a second and tabulated based on the time 
stamp. The basic records in the disturbance file consist 
of the time tagged voltage, current phasors and 
frequency deviations. The megawatts and megavars are 
calculated easily from this phasor data. The phasor data 
at SCE can be accessed from this PDC or the servers 
where the data is stored.   
 Figure 8 shows the PMUs installed at SCE 
showing transmission of data to the PDCs. The PMUs 
can thus monitor and help in managing the system 
stress on the system. Basically it has the capability to 
monitor the voltage phase angle separation between 
different busses where the PMUs to the PDCs.   
 The data from the various PMUs and the BPA 
PDC is transmitted to the SCE PDCs located at SCE 
Grid Control Center and transferred to IT servers. The 
data can be accessed by SCE engineers/staff through 
the network. Files are also time compressed in various 
time lengths for viewing a longer time span as may be 
necessary. The files are stored as event files or as 
stream files. The event files are created by the PDC 
whenever there is a disturbance in the system and the 
frequency, rate of change of frequency, voltage or 
voltage deviation set limits are exceeded. The stream 
files are files that are continuously downloaded and 
recorded. The stream files are also used to create time-
compressed files. Each event file or the stream file is 
three minutes long. The event file has one minute of 
pre-trigger and two minutes of post trigger data.  The 
data can be viewed using a program called “Power 

System Outlook”, or the Phasorfile viewer developed by 
BPA. SCE has developed its own program called 
“Power System Outlook” program to view and analyze 
the event or the stream files or any of the time 
compressed files. 
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Figure 8:  PMUs installed at SCE system  

communicating to PDC at SCE Grid Control 
Center.  

 
Power System Outlook (PSO) program for viewing 
PDC files  
 The PSO program developed by SCE has the 
capability to display the frequency, frequency 
deviation, voltage magnitude, voltage magnitude 
deviation, relative voltage phase angles – intermediate 
substation voltage/Var support etc. The program also 
has the capability to join successive disturbance or 
stream files, merge files from different PDCs created 
near the same time.  
   
High static stress and low dynamic Stress system 
Event 

The August 4, 2000 system event is a good 
example of “High static stress, low dynamic stress’ 
situation when the system was operating with an angle 
greater than 90 degrees between Devers and Grand 
Coulee. A 500 kV tie-line between Alberta and British 
Columbia in Canada which was exporting power from 
British Columbia to Alberta opened. Loss of this tie 
line resulted in increasing the power flow with 
additional 450 MW and putting additional positive 
dynamic stress between Devers and Grand Coulee.  
Figure 9 shows the voltage plot from various 500 kV 
substations in the merged files. Large voltage 
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magnitude variations are observed at the intermediate 
substations at Malin and Keeler showing limited 
dynamic Var support. In fact, the correct operation of 
a shunt capacitor bank near Keeler substation added 
the Var support and brought the Static Var 
Compensator within its dynamic range, where after 
the oscillations started to damp out faster. This can be 
seen as the voltage step increase in figure 9 at Keeler 
substation.  

Figure 10 shows the voltage phase angle plot 
for various PMU locations. The reference is Colstrip, 
which in this case leads the Grand Coulee by about 
22 degrees. The phase angle difference between 
Grand Coulee and Devers is about 90 degrees (static 
stress) before the event, which increases by about 18 
degrees (dynamic stress additive 18 degrees) to 108 
degrees. The combined effect is that the system 
oscillated for about 60 seconds, showing fairly low 
damping.  
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Figure 9: Voltage  magnitude  plot  for  the 500 kV  

busses from the BPA and SCE system event 
file. Large voltage variations at Malin can be 
clearly observed.  
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Figure 10: Voltage phase angle plot for the 500 kV 

Busses. from the BPA and SCE system event 
merged file. The angle reference is Colstrip 
and leads Grand Coulee by about 22 degrees. 
The dynamic stress is 22 degrees (112-90) 
additive.  

Figure 11 shows the frequency plot from 
various PMUs in the merged BPA and SCE files. The 
inter-area oscillations occurring between the PMU 
locations in the north and in the south can be seen on 
this plot.  
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Figure 11: Frequency  plot  from  all  the  SCE  and   

BPA PMUs. The plot shows frequencies from 
the two major masses in opposition, while the 
substations at the middle of the oscillating 
masses show small oscillations.   
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  Figure 12: FFT plot of power flows on the Malin-  

  Round Mountain lines.  
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Figure 13: FFT plot at BPA’s Big Eddy 230 kV  

substation feeding Celilo poles 3 and 4 (2000 
MW). Without the HVDC modulation, the DC 
line does not take any swing, while the AC 
system picks up the entire swing. Modulating 
HVDC could help in reducing the AC system 
swing and add to the system reliability.  
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Figure 12 shows the FFT plot for power flow 
at Malin substation. The dominant mode is 0.286 Hz 
with about 2.5 % damping. Figure 13 shows the FFT 
plot at the Big Eddy 230 kV substation which feeds 
the Celilo HVDC converters 3 and 4. The interesting 
thing to note here is that all the oscillations are on the 
AC system and in absence of the HVDC modulation, 
the HVDC system provides no help in stabilization of 
the overall system. Modulation of the HVDC could 
help in the overall stability of the system.  Also, the 
damping observed at Big Eddy is higher than the 
damping observed at Vincent substation.  
 
September 13, 2000  Big Creek system event 
 Similar oscillations were also observed on 
September 13, 2000 at SCE Big Creek system. These 
oscillations occurred at much lower phase angle 
separation as there was not much dynamic 
intermediate voltage support on this system.  
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Figure 14: Voltage plot for the 230 kV voltages from  

the Big Creek oscillations recorded on  
September 13, 2000 
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Figure 15: Voltage phase angle plot for the 230 kV   

bus voltages from the Big Creek system 
oscillations recorded on September 13, 2000.  
 
Figure 14 shows the voltage plot for this 

event. Several lines were lost because of fires. The 
system was operating at high load and started 

oscillating when these lines tripped. The oscillations 
were damped when a shunt capacitor bank closed at 
Antelope substation providing voltage support at the 
intermediate substation. Figure 15 shows the phase 
angle plot. The figures 16 and 17 show the FFT plot 
and the Table showing the first four modes of 
oscillations. The damping reduced to 0.7 percent and 
the oscillations continued for about four minutes. 
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Figure 16: FFT plot for the Big Creek system  

oscillations of September 13, 2000. The 
dominant mode is 0.564 Hz.  
 

 
 
Figure 17: Table showing the first four modes of   

oscillations for at the Big Creek on September 
13, 2000 event. 

 
October 9, 2003 System Oscillation event detected 
at Vincent substation  
 The SPMS was able to detect oscillations on 
October 9, 2003 which occurred in Montana, but the 
oscillations were detectable at SCE’s Vincent 
substation. These oscillations also continued for 
several minutes at very low damping level. Figure 18 
shows the FFT plot at Vincent substation for these 
oscillations and the figure 19 shows the first four 
modes of oscillations. The dominant frequency was 
0.562 Hz, with a damping of 0.7 %.These oscillations 
were also recorded by the BPA PDC in the north.   
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Figure 18: FFT plot showing modal frequencies at  

the Vincent substation from a remote system 
event of  October 9, 2003.   
 

 
 
Figure 19: Table showing the first four modes of   

oscillations at the Vincent substation from a 
remote system event of  October 9, 2003.   

 
Measurement of df/dt to determine the location 
and severity of an event  

Figures 20 to 22 show an AC system event 
when an AC line fault occurred in northwest tripping 
three 500 kV lines on  October 8, 2002 at 15:31 PM.  
The remedial action scheme operated by applying the 
1400 MW Chief Joseph brake and tripping about 
2800 MW of generation in the northern WECC 
system. This resulted in a sharp drop of frequency 
and a very high df/dt in the BPA area. The system 
frequency dropped to 59.620 Hz. Figure 20 shows the 
500 kV voltage plots, figure 21 the frequency plot 
and the figure 22, the df/dt plot. High df/dt in the 
range of 8-12 Hz/second/second indicates a 
significant generation loss. The high df/dt is also a 
characteristic  of the 1400 MW brake application. 
The df/dt recorded by the PMU will be highest at the 
place where the generation or load is dropped and can 
be used to determine the location of generation or the 
load trip.   
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Figure 20: Voltage plots for 500 kV bus voltages.  
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Figure 21: Frequency plot showing high rate of change  
  of frequency in BPA area.  
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Figure 22: Df/dt plot for this event shows the  

maximum df/dt at BPA indicating brake 
application and generation trip.  

 
HVDC Probing Tests of August 7, 2003 
 The DC power probing tests are conducted 
frequently Bonneville Power Administration to 
determine the AC system response and the damping in 
the WECC system. The signal is basically injected at 
one of the dominant modes and the response of the AC 
system is monitored and analyzed. One such series of 
tests was conducted during July 23- August 8, 2003 at 
every 21st minute of the hour during day time. The 
signal injection however was random and not timed or 
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sized to increase or decrease system damping of any 
specific oscillatory mode. The SPMS at SCE was 
used to analyze one of these probing tests.  

Figure 23 shows the probing signal injected 
in Celilo poles 3 and 4 in one of these tests. Similar 
injection was done in poles 1 and 2 as well. The total 
power injected in all four poles was about 250 MW 
square wave, peak to peak at 0.25 Hz.  
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   Figure 23: DC power plot for Poles 3 and 4 at Celilo   
  substation. 
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Figure 24: FFT plot at Big Eddy 230 kV substation  
showing signal injection at 0.25 Hz square 
wave frequency.   

 
Figure 24 shows the FFT spectrum showing 

the Harmonic frequencies of the injected signal. The 
signal was injected at 0.25 Hz, but the odd harmonics 
of 0.25 Hz  injected signal were also detectable and 
can be seen in the FFT plot in this figure because of 
the square wave signal injection. Figures 25 shows 
the AC system response observed at the Vincent 
substation. Vincent substation is close to the southern 
HVDC terminal. The peak power change observed at 
Vincent substation is larger than the injected signal. 
Figure 26 and 28 show the FFT plots before and 
during probe signal injection and figures 27 and 29 
show the first four modes before and during signal 
injection observed at the Vincent substation.  It will 
be noticed that the probe signal injection reduced the 
damping on this mode from about 27 percent to about 
8.5 percent, but increased the damping of the 0.3 Hz 

mode from 15.1 percent to 22.2. The signal injection 
however was random and not timed or phased to 
increase or decrease system damping mode. The 
SPMS could be used to time and inject a processed 
signal.  
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Figure 25: Plot showing AC system response at  

Vincent substation and changes in total 
power on three Midway-Vincent lines.  
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Figure 26: FFT plot at Vincent substation before  
    signal injection.  
 

 
 
Figure 27: Table showing first four modes at   
 Vincent substation before signal injection.  
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 Figure 28: FFT plot at Vincent substation during  
    DC probe test.    

 

 
 
   Figure 29: First four modes of oscillation at Vincent  
  substation before DC probe test. 

 
Conclusions 

The paper presents the use of Synchronized 
Phasor Measurement Technology project at SCE and 
its use for increasing power system stability and 
reliability. Analysis of several actual recorded cases 
by SPMS has been presented.  

Considerable development and progress has 
been made in using this technology for monitoring the 
system stability and system stresses, modes of 
dynamic oscillations and their damping. This 
technology can provide many more benefits for 
monitoring system events, understanding system 
dynamics and can help in improving the operating 
reliability of the electric power systems.  Many many 
more such events have occurred and have been 
recorded by this Synchronized Phasor Measurement 
system. The records are available for viewing in the 
system within a few minutes. They will be available at 
the Grid Control Centers immediately once the real-
time monitoring system is installed.  

SCE is continuing to work with this 
technology to provide real-time voltage phasor angle 
and magnitude displays to Grid operators and 
California ISO so that the system stress, dynamic 
system oscillations and associated damping can be 

monitor continuously for improving the system 
reliability.  
 

Note/Disclaimer 
This paper represents the views of its author 

and does not necessarily represent the views of 
Southern California Edison Co. or its parent 
organization Edison International. 
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