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Agenda

• Introduction: Tools and Use Cases

– MontanaTech’s MAS/Mode Meter

– Washington State Univ.(WSU) Oscillation Tools

• Oscillation Events and Study Cases

– Forced Oscillation Events

– BC Mode Low Damping Case Study

– TSAT Simulation on August 1996 Blackout events

• Conclusion
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Peak’s Oscillation Monitoring Tools

• MAS/Mode Meter is running to calculate 5 inter-
area system oscillation modes in every 10s

• Implement low damping alarms on North-Source 
Modes similarly as BPA does for validation test

• Deploy WSU real-time forced oscillation detection 
and source locating tool (FODSL) in Test servers

• Install stand alone SL tool in Prod for offline study

• Review real-time FODSL and Mode Meter results 
weekly and report new findings with entities
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North-South Modes Monitoring 
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1. Low Damping 
Alarmed if

1-A. NS-A <7%
1-B. NS-B <4%

2. System 
Oscillation 
Alarmed if all 
conditions are 
met

3. Alarms sent 
to NetApps
team only for 
validation

4. No system 
oscillation 
alarm found 
since last Oct



Mode Meter Results on a Event
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An exemplary case:

Mode Meter (the solution 

results integrated in EMS 

and PI) correctly detected 

low damping on N-S mode 

B during BPA PDCI probe 

test on May 23 2018



RT-FODSL Tool UI and Use Cases
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FODSL tool can identify and display (1) multiple oscillation modes; 
(2) top oscillation source candidates; (3) selected mode shapes. 



Offline Source Locating Study Case
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* This oscillation source is located to a hydro unit that  

injects oscillation on “ramping” or  “rough zone” mode

~20 MW in oscillation magnitude



Oscillation Events by FODSL

• 8/31/2017 1.23 Hz Forced Oscillation (lasting 
for 6 hours) found at a hydro plant

• 11/13/2017 0.4 Hz (NS-Mode B) Oscillation 
showed low damping for 6.5 hours

– FODSL identified the unit that generated biased 
input signals and caused Mode B false alarm
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British Columbia (BC) Mode Study

• BC Mode refers to the generation in British 
Columbia is oscillating against Pacific 
Northwest. The frequency is 0.55 ~ 0.6Hz

• BC Mode shows most low damping issues
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* Study Statistics  data (08/21/2017-11/30/2017) 



BC Mode Low Damping Case Study
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Modal Analysis by WSU Tools
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Frequency: 
Continuous mode 
existence

Damping ratio: 
Continuous low 
damping ratio 

PSD energy: 
Continuous high 
PSD energy 

Confidence level: 
Continuous high 
confidence level

The low damping oscillation mode continuously existed.
According to the continuously high PSD energy and confidence 
level, it is believed there is a forced oscillation. 



Mode Shapes
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FODSL Study Results

• FODSL localizes the source generators 
associated with a given forced oscillation.

• Data source: SCADA & PMU

• Two units are suspected for the source
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Mode Analysis on Individual PMU

• PMU signal on a 345kV line flow connecting 
one of suspected units confirms the oscillation
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~0.6hz 

mode



Verification by SCADA Data in PI

• The hydro units in Helxxx carried 50% Pmax
load and was operated in “Rough Zone”, which 
resulted in this forced oscillation
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Analyzing N-S Modes by Simulation

• Peak leverages online TSAT models, ePMU, 
SSAT and Oscillation analytical tools to

– Perform correlation and sensitivity study on N-S 
modes e.g. critical contingencies, transfer levels, 
system conditions, and bus angle separation

– Validate BPA’s mitigation plans for NS modes

– Build an offline study process to enable engineer 
validating mode meter results using SSAT and 
ePMU tools and developing training cases
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2017 Summer Heavy Loading Case

• We simulated Sept 11 2017 peak hour case in TSAT 
under ambient situation plus a number of events 
leading the August 10, 1996 blackout

• SSAT study was performed against each event

• ePMU data stream was imported into WSU DMO tool 
to extract the modal characteristics

• TSAT simulation contains 30min data including

– 10min ambient after the Chief Joe Brake insertion at t=0

– Followed by 0min of events sequence (Event 1 to 9)

– 10min ambient after COI transfer increase by 5% in 20s
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SSAT Study Results



SSAT vs DMO 
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• The SSAT results table shows 
the effect of tripping lines on 
the damping of Modes A, B, 
and East-West



Analysis of Simulation Results

• Both SSAT and DMO estimate N-S Modes 
damping mostly between 8-10% on the case

• System events e.g. the line and unit tripping 
does not necessarily lowers modes damping

• Damping decreases with transfer increase e.g. 
Increase the loads in SCE and PGAE areas by 5% and the 
generation in AESO and BC Hydro on a 2017 highest peak load 
case, the damping of Mode A decreases from 12. 5% to 4.5%. 

20



Conclusion

• Peak uses both MAS/Mode Meter and WSU’s 
RT-FODSL tools to monitor system oscillations

– Many oscillation events were detected/analyzed in 
collaboration with entities over the last years

– Set initial alarms for N-S Modes for validation and 
create weekly oscillation report for routine review

– Work with WSU to improve its oscillation software

– Generate ePMU data from online TSAT tool for N-S 
Modes analysis using SSAT and DMO tools
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