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Uses for PMUs within ERCOT

Examples of experience using PMU data



ERCOT uUse FOR PMU

1. System Oscillation events
— SCADA cant detect or alarm for system oscillation events
— Addresses RC visibility for
» Wide Area Oscillations
» Inter-area Oscillations

2. Generator Model Validation
— NERC MOD-26 Excitation Model verification
— NERC MOD-27 Turbine/Governor Model verification
— Addresses requirements for:
* Transmission Planner
e Generator Owner

3. Post Event analysis/reporting
— PRC-002 Disturbance Monitoring and Reporting Requirements
— Applies to:
e TO'’s
« GO’s
« ERCOT
———
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EXAMPLES OF ISSUES PMUS OSCILLATION EVENTS

Resampling ru
True,DownSampling, 30
True
DownSampling

0

iuarcy
47511470 Fronuuncy
& reiawany

a2
1

1510 15160 BootStrapC onfidencel ¢
75

Absolute
Algorithm Vuld
fule_Walker_Spectral
)

e :

15:13.00

fndow MTDR-... | Calculation Reference Signal
20131015 151.27.000 20131015 151624777

Preprocess Options

356,00
35500
354.00+
_ 3sam0
= i
5 sa00-
353 00 4
350,00
382 00
38100 - - 348
19.00 00 20000 23.00.00 00.00.00 01.00.00 02.00.00
Stavt Teme- 2130413 180143525 End Tme: 201304 UEVI VM End Time: 2010413026748 931 Bileronen

ERCOT JANUARY 08, 2014 4 ERCOT PUBLIC



EXAMPLES OF HOW PMUS cAN BE USED WITHIN ERCOT FOR
MODEL VALIDATION
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POST EVENT ANALYSIS SYSTEM FAULT
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A fault should in general cause an impulse drop in voltage and a corresponding rise in current.
In the report, the Odessa (345 kV) , Permian Basin (138 kV) and Morgan Creek (345 kV) all indicated a drop in voltage similar to expected
response and also a sharp, temporary increase in current magnitude. Even the PMUs at CPSSW and GAVSW showed minor indications of the
fault but the deviation at these locations was small.

The interesting responses were recorded at LNGSW and Gonzales.

At Gonzales, the current magnitude also saw a sharp drop along with the voltage. But looking at the power (MW) plot showed the reason. In
general power was flowing into Gonzales from the rest of the system. So a major portion of the current flow would be redirected into the fault,
thereby reducing the current flowing into Gonzales by a proportionate amount.

Even more interesting is the fact that there was little to no fault current recorded at LNGSW, even though it is located in between Morgan
Creek and Odessa both of which showed fault current. The reason is that the PMU at LNGSW directly measures the output of 3 wind farms.
Since wind farms produce little to no fault current, the PMU only recorded the sharp change in voltage (magnitude and angle) and no change
in current or power flow (MW).

/ﬁ\
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POST EVENT ANALYSIS FREQUENCY

Phasor Dynamics Event Summary

The RTDMS captured the following event at the time of 21:47:25 on XX/XX/XXXX. The Advanced Network Applications group studied the dynamic characteristics of this
event based on recorded phasor data from 55 available PMUs. The system frequency recovered to 59.95 Hz in around 110 seconds.
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WHERE TO PUT THE PMUS

 Given that so many approaches exist and are based on
sound research and testing, the question is how to
decide which approach adds the most value to
monitoring the electric grid while giving the other
benefits the PMU can provide.
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TECHNICAL PAPERS ON PLACEMENT OF PMUS

 Analyzed publications related to identifying locations for
PMUs.

— “Generator Black Start Validation Using Synchronized Phasor Measurement” by
Kris Koellner, Chris Anderson and Roy Moxley [1]

— PMU Placement Considerations — A Roadmap for Optimal PMU Placement” by
V. Madani

— “Applications of Synchrophasor Measurement Units (PMUSs) in ERCOT” by Surya
Santoso and W. Mack Grady

— “Optimal PMU Placement to Ensure System Observability under Contingencies”
by Ranjana Sodhi, S. C. Srivastava, and S. N. Singh

— “Optimal PMU Placement for Improving Hybrid State Estimator Accuracy” by
Markos Asprou, and Elias Kyriakides

— “Use of Synchronized Phasor Measurements for Dynamic Stability Monitoring
and Model Validation in ERCOT” by Jian Chen, Prakash Shrestha, Shun-Hsien
Huang, N.D.R. Sarma, John Adams, Diran Obadina, and John Balance
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PMU LOCATION ALGORITHM TOOL

Weights based on a scale of importance from 1 to 4
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