Electric Power Group Presents
Maximizing Use of Synchrophasor Technology
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2:00 p.m. EDT /11:00 a.m. PDT
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Outline

= Reports - Needs & Solutions
> Daily Operations Performance

> Event Reports & Root Cause Diagnosis — Generation Trip, Oscillations,
Faults, Line Trips etc.

— Real-Time report for Operators
— On Demand report for Reliability Coordinators & Managers
— Offline analysis report for Engineers & Planners

> Reports - Summary
= ERCOT Experience
* Discussion

> Your Practice, Use Cases, Suggestions
= Summary
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Reports That Operators, Engineers and Managers May Need

" Daily Operation Performance — Highlights from Previous Day
= Event Root Cause Diagnhostics

" Gen Trip and Frequency Response

" Oscillation Events Root Cause Analysis

* Model Validation

" Fault Analysis

= Data Quality

* Electric Power Group



Daily Operations Performance




Daily Operations Performance

" Need — Quick Review of Previous Day’s Operating Highlights

= Sample Daily Report Content
> Top 10 Events
> System Alarm Summary
> Oscillation Events
> Max/Min Phase Angles
> Frequency, Voltage Daily Performance
> Key Substation PMU Data Quality Performance

= Automatic Distribution by Email

* Electric Power Group
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Sample Daily Operation Reports

Daily Data Quality :

GridSmarts

Daily Summary showmg Frequency, Voltage, PMU Quality, Alarms, Angle Statistics
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Event Reports & Root Cause
Diagnosis




Event Reports

Real-Time Operator * Monitor Location of the event
* Diagnose Type of event
* Act Current Situation
Severity of the event
Key Metrics
Near Operating e Stay Informed on Generation Trip:
Real-Time/ Engineer current system Location of the Unit trip
On Demand  Reliability conditions & events Largest voltage dip & largest voltage deviation, T —— "
Coordinator, * On demand Largest angle swing -
Management customized reports NERC Frequency response points A,B,C
e.g., PMU Ringdown analysis results — mode estimate @  =Fc-ee - —=
performance over last  (frequency, damping) and mode shape
3 -months Oscillation Event:
* Periodic system alarms Modal Frequencies present in the signal, Identify -
and event summary root cause e.g., control system issues. Damping %
e.g., How many events and Energy of the oscillation
in last 3-months? Data Quality, PMU Performance
Offline Operating e Validate system Plot Analysis, Modal Analysis, Spectral Analysis, ot v . E— ——
Analysis Engineer performance Ringdown analysis, Frequency response, Fault | e
Planner e Alarms and Settings analysis, model validation, Statistical analysis, —
Protection e Relay Operation sensitivity analysis S— S
Engineer * Fault Analysis -

e s =

 Validate models



Event Root Cause Diagnostics

Real Time Report for Operators




Real-Time Needs

= Be aware of the current situation — Monitor

= Diagnose the event when it happens
> Where did the event occur — location?
> What is the type of the event?

> How severe is the event and what action might be required?
= Take action to bring the system back to normal conditions

= Event metrics at operators’ fingertips

* Electric Power Group
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Real-Time Event Analyzer Report

Event Metrics at A Glance for Operator Assessment and Action

= Monitor multiple events
> Oscillations
Voltage and Angle Sensitivity

>

> Islanding
> Generation/Load Trip
>

Composite Alarms

= Show associated event information
> Location
> Type

> Occurrence time

> Participating PMUs

= Present relevant information only

= Displays
> Templates of critical metrics
> Dynamic signals
> Automated on the fly

* Electric Power Group
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Event Analyzer Pop-up Shows Event Type & Location

Example: Detection of Oscillations
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Event Analyzer Report - Event Location, Metrics, Severity

= Event Analyzer [PMU 1 Hydro Oscillations - L3 Damping]

e
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Event Reports

On Demand Report for Reliability Coordinators ¢ Managers

* Electric Power Group | 14



On-Demand & Near Real-Time Needs

= Comparison Performance
> Prior Day vs. Today
> Peak Day vs. Today
= Quick Review of Recent Performance
> Last Hour, Last Shift, Last 24-Hours
= Periodic Performance Trends — weekly, monthly
> Events, Alarms
> Types, Severity
> Key Substation Locations
= Detailed Event Report
> Frequency Response, First Responding PMU, Largest Swing
> Oscillation Location, Damping, Energy

* Electric Power Group
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On Demand Event Reports Contents

= Generation Trip Report
> Location of the generation trip — First responding PMU
> Largest voltage dip and largest voltage deviation
> Largest angle swing and location
> NERC frequency response points A,B,C (Lowest point)
> Ringdown analysis results — mode estimate (frequency, damping) and mode shape

= Oscillation Report

> Oscillation type — Inter-area, local controller

> Damping %

> Energy of the oscillation

> Source of oscillations — Wind farms, HVDC, Nuclear, Hydro

* Electric Power Group
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Example: Gen Trip Report

Event Location and Description

Event Metrics

Frequency & Voltage Response

Ringdown Analysis
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Event Root Cause Diagnostics

Offline Analysis Report for Engineers ¢ Planners




Offline Analysis Needs

» Did the Grid Perform as Planned?

= Are Alarm & Parameters Set Correctly?

= Are the System and Power Plant Models Valid?
= Are the Protection Settings Correct?

= What’s the Root Cause and Sequence of the Event?

* Electric Power Group



Offline Analysis - PGDA

Using PMU Event Signatures for Classification of the Event

et P o
el A A 7 - ~\“’
il . e |
i \mw E - |
A: Drop, Rebound and Slow Recovery - Generation Trip B: Sharp Change and Immediate Recovery
| -
l‘ I\ iy ]
000000 |t i U YA T -
C: Transient and Ringdown - Line Trip D: Transient and Drop - Line Trip and Generation Trip
Sl ::: éh“, "‘\)‘\ i"\/\/\./V\'= —{ v VV ATATAY! \,f\j \‘/A\f\f\_"f\f \VAVAVAVAVAVAVAVAVAVAVAV VLV
E: Rise and Slow Recovery - Load Trip F: Separation — 2 Signals : Islanding
_— 7 Typical Event Signatures from Event Analysis

G: Oscillations
* Electric Power Group | 20
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Example of PGDA Report

Event Summary

Plot Analysis

Modal Analysis
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Spectral Analysis
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Reports - Summary

Real-Time On Demand

Daily Performance
Event Report

Oscillations

Generation Trip and
Frequency Response

Fault Analysis
Model Validation

Data Quality

N S\ I S

N N N

NN X N X
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ERCOT Experience
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ERCOT PMU
Event Reporting
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I ERCOT PMU Event Reporting

« Four metric analyzed for each event with frequency
dropping to 59.9 Hz and below

System frequency and location with largest frequency deviation
Location with the largest swing in voltage magnitude

Location with the largest voltage angle swing with respect to a
reference PMU in central Texas

Ring-down analysis to calculate associated dominant mode(s) and
damping

« The Phasor Grid Dynamics Analyzer (PGDA) application
by EPG is used for this analysis

* Report is sent out internally

PUBLIC

ercot=
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Ilmport PMU Data into PGDA

* For events such that frequency drops to 59.9 Hz or below,
event files (COMTRADE) are automatically created by
RTDMS

* For rare times that event file is not created, PMU data can
be pulled into a .csv file using the ePDC Database Tool

« Either COMTADE file or .csv file is loaded into PGDA

« COMTRADE File is more effective since the majority of
bad data is filtered out

* Following slides show an analysis of a ~814 MW trip in
September of 2015

C~
ercot> -
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IVoItage Magnitude Analysis
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ILargest Voltage Sag Due to Fault
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ILargest Voltage Sag Due to Loss of Generation
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IVoItage Angle Analysis
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I Largest Voltage Angle Swing
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I Ring-Down Analysis of Largest Angle Swing
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I Ring-Down Analysis of Largest Angle Swing
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I Ring-Down Analysis of Largest Angle Swing
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IFirst Frequency Response
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Q&A, Discussion
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Q&A, Discussion

" Q&A

= Event Report
- Your Practices
- Use Cases
- Pain Points
- Suggestions

" Next Webinar Focus
- Priority
— Other topics

* Electric Power Group | 39
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EPG Webinar Series

Configuring alarms and validate parameters to provide meaningful results for operators.
Mining large data archives for events of different types, e.g. oscillations, generator trips, etc.
Using alarms & events for proactive actions.

Providing secure remote access to users in real-time for monitoring and diagnostics during normal
times and emergencies.

Sending data & alarms to EMS.

Leveraging existing one-line diagrams to map synchrophasor data.

Extending grid synchrophasor observability with Linear State Estimation technology.
Other topics?

* Electric Power Group
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Summary

= Reports - Needs & Solutions
> Daily Operations Performance

> Event Reports & Root Cause Diaghosis — Generation Trip, Oscillations,
Faults, Line Trips etc.
— Real-Time report for Operators
— On Demand report for Reliability Coordinators & Managers

— Offline analysis report for Engineers & Planners

" Quickly Creating Reports using RTDMS, GridSmarts, PGDA
= ERCOT Experience
= Discussion

* Electric Power Group
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Thank you for participating!

[f you have any questions regarding any part of the course,
please contact us at

* Electric Power Group

201 S. Lake Ave., Ste. 400
Pasadena, CA 91101
626-685-2015
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http://electricpowergroup.com/webinars.html

