
 

Project Brief

TIP 348: Measurement-Based Voltage Stability Assessment  
 

Context 
Voltage stability methods can be classified into (a) model-
based methods and (b) measurement-based methods. Model-
based methods use a full-topology state estimator model to 
perform contingency analysis and to find real-time voltage 
stability limits. Model-based approaches, when applied 
correctly, are usually better for finding voltage stability 
limits, as was demonstrated during NASPI voltage stability 
workshop in October 2014.  
BPA Technology Innovation Office is currently funding TIP 
325 by V&R Energy on demonstrating ROSE application for 
model-based voltage stability assessment.  
Measurement-based approaches, though, have their place as 
well in voltage stability assessment. First, measurement-
based approaches do not need a full-topology state estimator 
model. So, should the state estimator model be unavailable, 
(e.g. after a severe contingency) measurement-based 
approaches can be used a back-up. Measurement-based 
approaches have also shown to work well in local networks. 

Description 
Boundaries of a voltage stability area are approximated with 
Thevenin equivalent sources. Source impedance and voltage 
are estimated from real-time data. Then, voltage stability 
analysis, which could also include contingency analysis, is 
done for the local area. 
Voltage instability events are very rare (fortunately). 
Therefore, it is very difficult to verify the claims of a 
measurement-based algorithm performance on historic data. 
On another hand, capacitor and reactor switching occur very 
regularly on the system. A measurement-based application 
can be used to calculate the expected change in voltage due 
to capacitor/reactor switching. The application can also be 
used to determine the bus voltage sensitivities and 
robustness, and to flag conditions when voltage sensitivity 
becomes excessive.  
In developing this application, the following tasks will be 
accomplished: 
Task 1: Test Cases and Success Metrics 
Generate simulation cases where the system impedance is 
known. Select cases of shunt capacitor / reactor switching in 
BPA system. Develop success metrics for the algorithm. 
Task 2: Thevenin Equivalent Calculations 
Develop test cases and evaluate the methods for estimating 
Thevenin equivalence of system equivalents. Validate these 
calculations using actual synchrophasor data from power plants, 
where these values are known. 
 

 
Task 3: Thevenin Equivalent Prototype Development 
Prototype several reduced-order models: 

- Single Thevenin equivalent 
- Multiple Thevenin equivalents 
- Kalman filter 

Task 4: Validate Thevenin Equivalent Models 
Test the Thevenin Equivalent models against the test cases 
developed: 
• Accuracy of the prediction of voltage change  
• Robustness with respect to bad data 
• Robustness with respect to data drop outs 

This task will also include back-test on historic data. 

Task 5: Test in BPA synchrophasor lab environment  
The application will be further tested on the streaming data in 
BPA synchrophasor lab. Because reactive switching events 
are very frequent, there will be ample opportunities for 
validation of the application algorithm. 
Task 6: Develop self-assessment capabilities  
The goal is to make the application capable to perform self-
assessment. We will build intelligence for the application to 
detect actual reactive switching events and to compare actual 
voltage change against what was predicted by the application. 
Task 7: Develop application displays  
Finally, display capabilities will be developed to convey the 
information to the users. We envision two options, display 
indications of voltage robustness; and display indications of 
voltage change due to BPA capacitor / reactor switching. 
 

Why It Matters 
The project further develops the real-time monitoring and 
voltage stability assessment using BPA's installed 
synchrophasor network. 

Better situational awareness helps with flexible operations 
and reliability.  Knowing when voltage stability issues are 
arising will help operators to maintain flexibility in their 
operations and not be forced into difficult situations. 

Goals and Objectives 
This project will advance the Technology Readiness Level 
(TRL) of the researched method by (i) developing and 
adapting the methodology to BPA requirements, and (ii) 
demonstrating the application in BPA synchrophasor lab. 
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Reports & References  
Related Technology Innovation Projects 
TIP 325: Real-Time System Operating Limits (SOL) 
Computation and Visualization for BPA 
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Funding  
Total Project Cost: $575,000 
BPA FY2016 Budget:  $ 60,000 
 
 
For More Information Contact: 
BPA Project Manager:  
Dmitry Kosterev, Electrical Engineer, Transmission 
Planning dmkosterev@bpa.gov 
 
BPA Co-Investigators 
Tony Faris, Electrical Engineer, Measurement Systems 
Greg Stults, Electrical Engineer, Measurement Systems 
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