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Presenter
Presentation Notes
Frank
Good Morning.  My name is Frank Carrera.  I head up the implementation and support of Electric Power Group’s suite of synchrophasor solutions.  I’m here with Kevin Chen our product manager, and Mark Woodall, lead researcher and analyst of power systems using synchrophasor data.  Today we will take you through the Real Time Dynamics Monitoring System, or RTDMS.  We will use both simulated data within PJM’s Test Environment, and live data currently streamed into PJM’s Stage Environment. 

Vivek: in case you do not get the data from Quanta, please change your speech to reflect that. In fact it will be a good idea to state that the original intent was to use simulated data but since that is not available you’re forced to use live data/stored.


THE ERCOT PMU PROJECT

Bill Blevins

ERCOT Operations

Sept 2014



THE ERCOT SYNCHROPHASOR (PMU) PROJECT

- Awarded to CCET - Texas 501(c)6 non-profit formed in 2005

« CCET Members and Mission: 21 corporate members and 5 university cooperators.
Mission - enhance the safety, reliability, security, and efficiency of the Texas electric
transmission and distribution system through research, development and
commercialization of emerging technologies (http://www.electrictechnologycenter.com)

- Awarded Jan 4, 2010: DE-OE-0000194; Value $27 million (DOE 50%); 17
participants; 3 Components — Synchrophasors, Smart Meter Texas Portal, and Smart
Grid Community of the Future; 3 phases — Planning, Design, Demonstration

- Title: Discovery Across Texas: Technology Solutions for Wind Integration in ERCOT

- Goal: Demonstrate a synergistic approach to managing fluctuations in wind power
(currently 8 GW increasing to 18 GW) in the ERCOT transmission grid through better
system monitoring capabilities, enhanced operator visualization, and improved load
management

- Synchrophasor Project Participants: ERCOT, TOs, Electric Power Group — Lead for
Synchrophasor portion of the project

r ERCOT | SEPT 16, 2014



CURRENT STATUS OF THE SYNCHROPHASOR NETWORK

e Total 94 PMUs (Locations : 40 locations)
— AEP: 54 N %
— ONCOR: 17
— Sharyland: 5 NN lﬁ:‘”
— LCRA:18 (Coming soon)
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THE SYNCHROPHASOR DATA COMMUNICATION NETWORK

Sharyland LAN
PMU
& i ONCOR LAN
: J
JQ Local Storage il PMU PMU
Remote DC RTDMS Client
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ERCOT ROS SYNCHROPHASOR TASK FORCE

A [ search > |
News | Careers | Feeds | FAQ | Contact Us

About ERCOT Services Committees and Groups Market Rules Market Information Grid Information

Home > Committees and Groups > ROS = PMTF

Mesting Calendar PHASOR MEASUREMENT TASK FORCE

Board of Directors The purpose of the PMTF is to formalize a framework of requirements and criteria associated
with the provision of phasor measurement data to ERCOT through the initiation of

TAC appropriate Protocol and Guide changes after consideration of the capabilities of the

technology, the expected and required uses of the data, and the relevant policy

COPS considerations.
PRS _
Contact Information
B Chair: Kristian Koellner
ROS Vice Chair: Bill Blevins
BSWG Send an email to this group: pmtf@lists.ercot.com
(Subscribe @ to this email list.)
CIPWG
oW Scheduled Meetings and Meeting Details [0
January 08, 2014 February 05, 2014 March 07, 2014
April 09, 2014 May 14, 2014 June 04, 2014
NRWG June 11, 2014 July 09, 2014 August 06, 2014
owe September 03, 2014y October 01, 2014 October 29, 2014
December 03, 2014
PDCWG
PLWG (Subscribe to calendar and receive meeting updates. Get help & with calendar subscription.)
RDWG KE)‘ Documents
ERCOT PMTF 2014 Roster
SPWG (03/18/2014, xls, 45 KB)
sSWeE Phasor Measurement Task Force Scope ROS Approved March 6 2014
(03/06/2014, doc, 46 KB)
VRTH PMTF Issues List 030714
s (03/18/2014, doc, 52 KB)
&l information is posted as Public in accordance with the ERCOT Websites Content Management Corporate Standard.
Other Groups
Inactive Groups Archives
Market Participants 2013 Archives
@ 2005 Electric Reliability Council of Texas, Inc. All rights reserved. Feedback Site Map Glossary Terms of Use Privacy
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HOW SYNCHROPHASOR DATA IS BEING USED IN ERCOT

* Post-Event analysis "
— Frequency analysis = || =

EREd
e 55

— System Oscillations

™ 1 v et

s razsamey VT

P ¢ § & § i 1
|

D
s

tart Time: 26-um 2913 23:08:40 COT
E Tione: 28Jan 2013

— Generator model validation/tuning

* Post Event Analysis
— Re-create the oscillations as captured by the PMU
— |dentify the cause and solutions to mitigate the oscillations o
+ Benchmark study using PMU data 115

¢ Proposed solution based on simulation studies
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Introduction to RTDMS

INTRODUCTION TO RTDMS

DASHBOARD

ALARM PANEL

HIGH RESOLUTION FREQUENCY DISPLAY
MULTIPLE LAYERS

o Geographical Map
o Transmission Lines
o Weather
o Angle Differences
o Frequency
e CLUTTER MANAGEMENT
e AUTOMATIC EVENT ANALYZER

RTDMS® © Electric Power Group 2014. All rights reserved



RTDMS and PGDA User Training
Training Agenda — Day 1

Training Kickoff and ERCOT Project Overview | Bill Blevins

EPG Team Introductions Wayne Schmus

Using Synchrophasor Technology

e Fundamentals Wayne Schmus

* Metrics

e Real-Time Operation Use Cases

RTDMS Platform Overview Kevin Chen

Navigating RTDMS Iknoor Singh

Hands-on Guided Training Exercises Wayne Schmus /
Kevin Chen

* Electric Power Group ©Electric Power Group. 2014. All rights reserved.


Presenter
Presentation Notes
Frank

Today’s session is organized in 6 segments as outlined on this page. Our goal is that by the end of today, we have provided you with a understanding of how to use the RTDMS Visualization Solution, and how to configure the display’s therein to meet your needs.


The Electric Power Group Team

Wayne Schmus, P.E. Kevin Chen, P.E. Prashant Palayam
Sr. Principal Engineer Sr. Engineer Sr. Engineer
RTDMS Product Manager PGDA Product Manager

:?"..;
(§
Iknoor Singh Pankaj Mishra
Engineer Training Coordinator

* Electric Power Group ©Electric Power Group. 2014. All rights reserved. 10



RTDMS and PGDA User Training
Day 1

Using Synchrophasor Technology
in Real-Time Operations



Using Synchrophasor Technology
in Real-Time Operations

= What will be covered:

— Synchrophasor Technology Infrastructure

— Using Synchrophasor Technology in Control Rooms -
Monitor, Diagnhose and Act

— Major Blackout Events - Lessons Learned

— How Synchrophasor Technology can Help Operators in Real-
Time

* Electric Power Group ©Electric Power Group. 2014. All rights reserved.



Synchrophasor Technology Infrastructure

Flow of Information

Substation
3. Data
1. Measurement from EEY Aggreg?tlon
CT’s and PT’s ar.rd Time
2. Conversion to Alignment
PHASOR quantities

v

4. Data Transport

5. Wide Area Visualization N S
Secure Internet

% Electric Power Group ©Electric Power Group. 2014. All rights reserved. 13



Synchrophasor Technology Infrastructure

Courtesy: Adapted from EIPP presentation

Measurement (CT, PT)

Conversion to phasor
qguantities - PMU

Alignment
Data Transport

Wide Area Visualization

Data Aggregation and Time
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©Electric Power Group. 2014. All rights reserved. 14
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Kei Attributes of Sinchroihasors

1. High Resolution — 30-60 measurements/second
v" Dynamics (Modes, Sensitivities etc.); Improved Observability (MRI Vs. X-Ray)

v Event Signatures

2. Time Synchronized— GPS based UTC time stamped
v" Wide Area View in Real Time
v" Phase Angle Differences

v Inter Area Dynamics

3. Vector (Angle + Magnitude)

v" Phase Angle measurements

* Electric Power Group ©Electric Power Group. 2014. All rights reserved. 15



Phasor vs. SCADA Measurements

Phasor technology is NOT a replacement for SCADA.

Rather, it complements existing SCADA system:s.

ATTRIBUTE SCADA PMU
. 1 sample every 2-4 seconds 10-60 samples per second
Resolution . . . .
(Steady State Observability) (Dynamic/Transient Observability)
Measured Quantities Magnitude Only Magnitude & Phase Angle
Time Synchronization No Yes

Local utility monitoring &

Focus
control

Wide area monitoring & control

|
% Electric Power Group ©Electric Power Group. 2014. All rights reserved.


Presenter
Presentation Notes
So what does phasor technology and PMU measurements bring to the table that isn’t currently available through the conventional SCADA systems:

1 – they directly measure phase angles in addition to the traditionally measured quantities such as voltage and current magnitudes, flows, frequency.
2 – they do this 10-60 times a second as opposed to once every 2-4 seconds – offering a new level of visibility into power system dynamics.  At SCADA measurement rates, we can only observe the static or steady state system behavior.
3 – the PMU measurements are precisely time synchronized at the source and are therefore more conducive for wide area monitoring and control.
4- the SCADA systems have mostly been used for local control areas, the synchro-phasor technology enables us to receive data from other far away control areas and we can monitor events happening in remote areas as well. 

Additionally, because of these above mentioned properties, there are additional key system stability metrics (damping for example) that can only be obtained from phasor measurements and not from SCADA.

In spite of their advantages, they should be viewed as a complement and NOT replacement to SCADA – providing a secondary layer of backup visibility should the primary SCADA systems fail.


Observability — SCADA vs. PMUs

QUESTION: Detection of Frequency Differences Across the Interconnection

Observability =

60.02 000

G

|
509 i

53.96.

T B
= 59.90 -4 ' T T T
18:56.:20 8.56.22 186624 186626 1856.28 18:56.300

__ PMU Observability YES!

L ome H | e

0% - 1 BRASY: o
VU

5988 s998

5386 — e o

59.64

T T T T T
18:56:10 18:56:20 18:56:30 18:56:40 18:56:50 18:57:00 185710

ANSWER: SCADA - Frequency appears to be similar at all locations — no oscillation PMU’s Frequency
measurements from different locations show variations — indicates inter-area dynamics or oscillations

* Electric Power Group ©Electric Power Group. 2014. All rights reserved.
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Presenter
Presentation Notes
This is the frequency dip for 11/7/2008 western event – generation loss.  Frequency dip was 0.11 Hz


Synchrophasor Fundamental — Voltage Phasor

In a simple AC generator, this two-pole rotor is
an electro-magnet, creating a magnetic field in

the surrounding stator
It rotates at 3600 rpm, or 60 cycles per second

In the stator, the moving magnetic field creates
an alternating voltage in the windings

In a time graph, the voltage looks
like this

* Electric Power Group ©Electric Power Group. 2014. All rights reserved. 18



——— e —

Adding the axes and labels, we have a time graph of a
voltage phasor. A sinusoidal function whose magnitude V,,
frequency (w), and phase (6,) are fixed at a given time.

/T\ V, Voltage Magnitude

‘ t / lw 8, Voltage Angle

w = L Frequenc
/ \ T omt 9 y

Y

6,

T=0
00

Sinusoidal Waveform

* Electric Power Group ©Electric Power Group. 2014. All rights reserved. 19



This is the same voltage phasor, but shown in polar
coordinates. It is typically rotating counter-clockwise at 60
cycles per second.

90°

It has magnitude V,, a time
reference T=0 at 0°, and a
voltage phase angle 0,

v
270°

Phasor Representation

* Electric Power Group ©Electric Power Group. 2014. All rights reserved. 20



Example

This voltage phasor has a magnitude of 236 kV, at an angle
of 45° referenced to 0°.

236 kV

459

* Electric Power Group ©Electric Power Group. 2014. All rights reserved. 21



——— e e

The following are properties of a voltage phasor:

Magnitude
Phase Angle
Time Reference
Frequency

moOoOw>»

Location of the Measurement

Voltage angle cannot be measured by SCADA in real-time.

* Electric Power Group ©Electric Power Group. 2014. All rights reserved.
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Voltage Angles Determine Power Flow Direction

High Voltage Angle Low Voltage Angle * AC Power System: Power

- flows from a point of high
voltage angle to a point of
low voltage angle

= Voltage Angles across a
network change when
something happens (e.g.
line outage, generation
trip, or load change)

: & = Voltage Angle difference
SEICICHIOIL | g across a network is an
________ indicator of stress

Angle difference

* Electric Power Group ©Electric Power Group. 2014. All rights reserved. 23



Cleveland — Michigan Angle Difference

Why Voltage Angles Are Important

-20

= Normal Angle ~ -25°

—1

-_*

Voltage

| Angles

4:10 pm '\

Diverged

Prior To

Relative Phase Angle

45 dpg rpp\:

Blackout

\
115 degreég *

15:05:00 15:32:00 15:44:00 15:51:00 16:05:00 16:06:01 16:08:05 16:10:38

Time (EDT)

* Electric Power Group

©Electric Power Group. 2014. All rights reserved.
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Change the plot


* Electric Power Group ©Electric Power Group. 2014. All rights reserved.



Major Blackout Events - Lessons Learned

= Hot Summer Day

= Problem started in Idaho, propagated to
Oregon, and led to system collapse into
four islands within two hours

BRITISH

TOTAL WECC IMPACTS
Load Lost 30,489 MW
Generation Lost 27,269 MW
Customers Affected 7.49 Million
Outage Time Up to 9 Hours

Synchrophasor technology
provides wide-area visibility to
monitor diverging phase angles

to enable operators to take timely
action.

* Electric Power Group ©Electric Power Group. 2014. All rights reserved. 26



0 - Cleveland — Michigan Angle Difference
-10
-20
30 =—— Normal Angle ~ -25°
B A
-50 § — 7'y f
o -60
® ,13:05pm |
< .80 112 degrees 3:30 _h I Phase
s -9 25-degrees iy 9
o . I\
: _100 4710 ph\, :.:/erged
z -110 Prior To
& _120 45 deqrees
S = Blackout
@ -130 \
-140 \v
-150
115 degrees ’
-160
'170 T T T T T T T 1
15:05:00 15:32:00 15:44:00 15:51:00 16:05:00 16:06:01 16:09:05 16:10:38
Time (EDT)
Note:

Angles are based on data from blackout investigation. Angle reference is Browns Ferry.

* Electric Power Group

Major Blackout Events - Lessons Learned

Problem started in Ohio, and over
several hours, propagated into Canada

and New York

OUTAGE IMPACTS

Load Lost 61,800 MW

Generation Lost 55,000 MW (508 Units)

Customers Affected 50 Million

Few hours up to 2

tage Ti
Outage Time weeks

Synchrophasor technology
provides wide-area visibility to
monitor diverging phase angles

to enable operators to take timely
action.

©Electric Power Group. 2014. All rights reserved.
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Change the plot


= Mu

tiple Issues leading up to the blackouts

= [ac
= [ac

= [ac

kK of Wide Area Situational Awareness

k of Time Synchronized data

< of Unified Displays and monitoring tools

= |nability to monitor Grid Dynamics

1
% Electric Power Group ©Electric Power Group. 2014. All rights reserve




Using Synchrophasor Technology in Control Rooms

Operator’s Mission: Keep the lights on!

WIDE AREA
VISUALIZATION =

* Electric Power Group ©Electric Power Group. 2014. All rights reserved. 29



How Synchrophasor Technology Can Help Operators
=  Wide Area View - Situational Awareness

=  Phase Angle Difference

= Voltage Sensitivities
WIDE AREA

=  Damping and Oscillation v 8
= Synchrophasor Technology Enables Operators to:
« Monitor Grid Dynamics
- Integrate Renewables
« Improve Asset Utilization
« Prevent Blackouts
- Enable Faster Recovery

* Electric Power Group ©Electric Power Group. 2014. All rights reserved. 30



How Synchrophasor Technology can Help Operators

=  Wide Area View — Situational Awareness

=  Phase Angle Difference

WIDE AREA
o VISUALIZATION

* Electric Power Group ©Electric Power Group. 2014. All rights reserved. 31



Power Flow Model - 8 Bus System

* Load: 6600 MW (Buses B, D, E, F, G and H)
= Generation: 6600 MW (Buses A, C and D)

SVStem Stable = Key Phase Angle Paths:

B C PHASE ANGLE BASE

'1 é A-G 10°
200
—(®) 2600 nr .

A-D 6°

600

1200 2800

WIDE AREA
e VISUALIZATION

[ 1 No Change
] Event
[ ] Mitigation

* Electric Power Group ©Electric Power Group. 2014. All rights reserved. 32



Power Flow Model - 8 Bus System
Base Case — Event — Mitigation

Event: Line Trip (A-G)

—(@) 2600

A D
B C
200 1%()
3000 (~)—
E F
A-G Angle '1 '1
Difference 800 1000
increased
from 10° to G H
iy
1200 2800

[ 1 No Change
] Event
[ ] Mitigation

* Electric Power Group

600

* Load: 6600 MW (Buses B, D, E, F, G and H)
= Generation: 6600 MW (Buses A, C and D)
= Key Phase Angle Path Changes:

PHASE ANGLE BASE LINE TRIP
A-G 10° 45°
A-E 7° 16°
A-D 6° 24°

A-G Phase Angle
increases to 45°

ACTION: |
Redispatch T=

WIDE AREA
VISUALIZATION

Line Trip

©Electric Power Group. 2014. All rights reserved.
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Power Flow Model - 8 Bus System

Base Case ~ Event — Miiq:on

Mitigation Options = |ssues:
A D = A-G Angle at 45°
B C = Assume 30° needed to close CB
| Ié = Options for Redispatch:
200 SENSITIVITY
1000 @ 2600 ACTION X°/100MW
3000 @—
E F Reduce G Load 2.60°
Il’ Il’ Reduce H Load 1.85°
800 1000 Reduce D Load and/or Increase D Gen 1.28°
G H 600 Increase C Generation 1.10°
45° 1200 2800
REQUIRED ACTION:
Reduce angle across A-G to WIDE AREA
@ . . l VISUALIZATION
30° to permit CB closing 5
[ 1 No Change
[ 1 Event
[ ] Mitigation

*Gen A adjusted to balance network load

* Electric Power Group ©Electric Power Group. 2014. All rights reserved. 34



Power Flow Model - 8 Bus System
Line Trip — Mitigation Options and Effectiveness

Effectiveness of Mitigation Options In Reducing A-G Angle

Angle Across Open A-G Circuit Breaker

Required A-G Angle: 30° A-G Angle After Event: 45°
Recommended Action
- -500 MW
-620 MW
Required Mitigation 900 MW
MW —+ -1000 MW
-1300 MW

*Reduce load, then increase generation to mitigate

* Electric Power Group ©Electric Power Group. 2014. All rights reserved.
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How Synchrophasor Technology can Help Operators

WIDEAREA |
. VISUALIZATION <3

=  Damping and Oscillation

* Electric Power Group ©Electric Power Group. 2014. All rights reserved. 36



Oscillation Frequencies

0.35.0.45 Ha Typical Inter-Area Frequencies
_ ' |
i il 0
0.6-0.7 Hz :
0.2§- by G i <
0.28 Hz 0.6 Hz O L
E 0 ' 0.35
Hz
0.3 Hz El
WECC g
ERCOT
T N
0.01 Hz to 0.8 Hz Wide Area Check Damping
0.8 Hzto 3.0 Hz Local Area (BA) Check Generator Controls
3.0 Hz to 10Hz Wide or Local Area  Check DC/FACTS Devices

* Electric Power Group ©Electric Power Group. 2014. All rights reserved. 37



Characterizing Oscillations

Frequency and Damping

Oscillatory Frequency & Damping Interpretation

Desirable Condition

/r"-, ) Well Damped Oscillations
\ A
‘| _I'i \I". .’(-\'\ ~
|J 1 ;f ‘\ / .\\ r"/\\- N P .
WI ! 1 I{ \-. \,\ d_.l \ S N ry —
/ lll\ i'l \ r.’ .\_/. -
A P TEYT
‘#—>" Oscillation Frequency

Il]\."u [ ] J'llll'wi'

I{.’
/

\ f\ ¥ A A iHati
\ J‘Ia \,J_ I?d;orlfn\Damfedf,g\)scw]atlc?r\s ,

| rlll |‘I .!I[ T / |'|‘ J.'I \III I[_. I'.l )‘1 ..lﬂl

Poor

|
]

/

* Electric Power Group

Dangerous

Decay Rate (i.e., Damping)
Well Damped: 10% or
Higher Damping

Poorly Damped: Less
Than 3% Damping

Growing Oscillations-
Negative Damping

Mode : 11.67%
Damping

Meter

Screenshot of RTDMS — Real Time Dynamics Monitoring System

©Electric Power Group. 2014. All rights reserved. 38



Example - Wind Farm Oscillation

= Oscillation Detection
= Diagnostics

= Mitigation

* Electric Power Group ©Electric Power Group. 2014. All rights reserved. 39



Wind Farm Oscillation Detection & Mitigation

= Oscillations first observed on RTDMS when it was turned on by
an analyst

| rrmr rrr fime
i iy

'N

| Hl“ | ‘ HHHH 'HH M

MAM W I il
‘ " H" \ '

Oscillations only in No osc:|llat|ons in other ;
wind farm PMU signal frequency signals :
scilla
i

[
ly (i

h

Mu "'
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Rewind/Replay to Determine the Start

pablag
il Eibigt ) “‘*#!*1 i !v'y‘n-‘-'i"f'-%‘i'!f:"?!il_,l‘l‘llﬂfl‘{‘]‘ il

il
l ] "--'l-l L!u I l.“! ,m ..U.L!.l L ’,,."'
'"”"!'l"l'x’vv‘uWrx‘ﬁﬂ‘fﬁ‘;‘t’l'lllkﬁ'n‘fi'i"'!H‘I"H4H‘i'i'lliillﬁli!l’ll”“”“”

Start of
oscillations 06-14 PM

= QOscillation started 6:14 p.m. the previous evening
= Not detected/observed on SCADA/EMS for over 14 hours

©Electric Power Group. 2014. All rights reserved.



Not Observable on SCADA
o

71.40 71.40

SCADA Data I PMU Data

71.00

z
70.80 g 7080
2

- I\ End Of

Yol Mag. [Kv]

o I ilati
u
20 70.20— : ‘ ‘ ‘ ‘ : . . .
- 1059-00 10:52:00 105300 1054-00 105500 10:56:00 105700 105800 J05800 110000 10:50:00 10:51:00 10:52:00 10:53:00 10:54:00 10:55:00 10:56:00 10:57:00 10:58:00 10:59:00

Comparison between voltage signal from the event as captured by SCADA vs. PMU data

= Observability of oscillations in real-time
= QOscillation damping and frequency tracking in real-time

* Electric Power Group ©Electric Power Group. 2014. All rights reserved. 42



Determine Mode Characteristics in Real Time

Low damping oscillations with a modal frequency of 3.3 Hz

Mode Freq. (Hz)

Constant frequency indicates presence
of a single mode of oscillation

Damping % o

ooz

gz

Less than 1% _

Zoam

Damping (%)

= oopd

L ooon

= .f Electric Power Group ©Electric Power Group. 2014. All rights reserved.



Most Likely a Local Control Problem
S

Oscillation Frequency Typical Cause

0.01-0.15Hz Speed Governor
0.15-1.00 Hz Inter - Area

—» 1.00-5.00 Hz Local Control —
5.00-14.0 Hz HDVC / FACTS* Controller

e 3.3 Hz oscillations fall under “local control” causes

— ¢ Indicated local wind farm near the PMU —

* Helped identify the “root cause”.

* FACTS: Flexible AC Transmission System

. . . 44
* Electric Power Group ©Electric Power Group. 2014. All rights reserved.



O
Wind Farm Oscillation Event Visualization in RTDMS

WIND FARM OSCILLATION EVENT VISUALIZATION
IN RTDMS

RTDMS® © Electric Power Group 2014. All rights reserve d


Presenter
Presentation Notes
RTDMS Alarms
Angle Difference
Sensitivity
Composite
RTDMS Automated Event Analyzer
Event Tracking
Multiple Metrics – Event Signatures
Frequency, Voltage, Angle Difference, Voltage Sensitivity, Angle Sensitivity
RTDMS Replay Features
User Defined Event Marking
 
Case Description
2012 Summer Case (with SONGS fully on-line)
SDGE Loading: 4800 MW
Internal Generation: 3500 MW
Imports: 1300 MW
South of SONGS Power Flow: 700 MW
N. Gila – Imperial Valley line: 950 MW
Tijuana – Otay Mesa line: 185 MW
Event
Devers – Palo Verde 500 kV line relays carrying 1400 MW tripped.
Power flowing on that line is redistributed to the remaining 500 kV lines (East-of-the-River lines)
 



Recap - How Synchrophasor Technology can Help

=  Wide Area View — Situational Awareness

=  Phase Angle Difference

WIDE AREA

= Voltage Sensitivities r Sy O

=  Damping and Oscillation

= Synchrophasor Technology Enables Operators to:

Monitor Grid Dynamics
Integrate Renewables
Improve Asset Utilization
Prevent Blackouts
Enable Faster Recovery

* Electric Power Group ©Electric Power Group. 2014. All rights reserved. 46



RTDMS in ERCOT Control Center
Overview



RTDMS Use at ERCOT for Real-Time Operations
N

=  Wide Area View - Situational Awareness
=  Phase Angle Difference
WIDE AREA

=  Voltage Sensitivities P (eeatlild) O

=  Damping and Oscillation

= RTDMS Uses:
« Monitor Grid Dynamics
« Integrate Renewables
« Improve Asset Utilization
- Prevent Blackouts
- Enable Faster Recovery

* Electric Power Group ©Electric Power Group. 2014. All rights reserved. 48



Operator Use of RTDMS

 \Wide area monitoring — normal state
 Event detection — alarms
 Diagnose event situation

e Assess system vulnerability

% Electric Power Group ©Electric Power Group. 2014. All rights reserved.



How to Use RTDMS during Event
in Real-Time Operations

1% ERCOT Training Frequency (2) (1) U5 ERCOT Training Angle Difference (2) (1) [ ERCOT Training Voltage (2) (1)  [Ey ERCOT Training Power (2) (1) = ERCOT Thumbnail {2) (1) U ERCOT Training Mode (2} (1) [ ERCOT Sensitivity |u Eiu.. .! ?

ERCOT Incident Indicator (3) (1)
]
-] = =
B £ B
MetricName s 8 E 2 % §
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RTDMS Key Applications

Wide Area Situational Awareness (Dashboard)
Automated Event Analyzer

Phase Angle and Grid Stress Monitoring
Voltage Stability Monitoring

Angular Stability Analysis & Monitoring

Flow Gate and Inter-area Power Transfer
Frequency Stability Monitoring

Oscillation Stability Analysis & Monitoring
Oscillation Detection

10 Intelligent Alarms

11. RTDMS Daily Reports / Summary Reports/ Online Reports

© NV AWN R

1
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Presenter
Presentation Notes
Sample list of rich applications; some key ones I’d like to point out are AEA, Voltage, angular stability monitroing, and oscillation detection, analysis and monitoring, which I’ll go through in more detail in a second.


ERCOT Synchrophasor System Architecture

Visualization
Client Application

‘ Control Center | /J @
(
\J

/ WEB
\ VPN
LAN

>
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Presenter
Presentation Notes
Use ERCOT system; Individual TO PMUs sending data to ERCOT;  common ERCOT view


Training on RTDMS Visualization

= Dashboard: Unified displays and metrics

= Navigation: Drill down and root cause assessment
= Visualization: Maps, charts, tables of key metrics
= Alarm: System conditions, query and acknowledgment

= Playback: Event replay for diagnostics and training

1
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Presentation Notes
Frank


RTDMS Client Visualization Hierarchi

PROFILE

Display 1

—

Display 2 Display 3
| |
|

View 1la View 1b View 2a View 2b View 2c¢ View 3a

* Electric Power Group ©Electric Power Group. 2014. All rights reserved. 54



What is a View?

= Aview is a single frame or chart of visual
representation

= Examples of views

— Polar chart, Bar chart, Trend chart, Alarm panel, Map,etc.

% Electric Power Group ©Electric Power Group. 2014. All rights reserved.



What is a Display?

= Adisplay is a combination of views that together, in a meaningful way to
provide related information

= Displays may be variety of different types of “views” including charts, maps,
incident indicators, alarm grid, etc.

(S RIDMS Dashboard Map|

The Dashboard is a special

Angle Difference

w kind of display that

MVAR

S combines geo-spatial,
alarms, key metrics etc.

= Displays are arranged as “tabs”, in the display toolbar.

1
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Visualization - Profiles, Displays and Views

%! Frequencies

e .
% Electric Power Group

One or More Displays Make Up A Profile

12! Angle Differences

%z  Voltages Uz  Power Flow*® %' Oscillation U2 Sensitivities U Oscillation Detection ;' Thumbnails

One Or More Views Make Up A Display

©Electric Power Group. 2014. All rights reserved.

IDRNEREREGAHE

> Alarm Indicator -~ I

MetricName

PacificNW

Frequency

Voltage Angle & Magnitude
Angle Difference

MW

MVAR

Sensitivity

Oscillation

Damping

Composite

System Frequency Trend

Frequency Display



Presenter
Presentation Notes
Frank – cover per outline – 
Introducing the Dashboard
Building Visualization Screens
Monitoring Phasor Data in Real-Time
Reviewing Historical Data�



[

I

I

I

I

Dashboard

Frequency

Angle
Difference

Voltage

Oscillation

* Electric Power Group
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Loading the Training Profile

s cov v ==

RTDMS Login PR
Login using RTDMS authentication or Active Directory authentication. c/},

Active Directory: [l

[ 1

Login
J it

Username: rtdmsuser
Password: rtdms1234

1
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Presentation Notes
Steps to load a profile
Ask audience to load the default profile
Show front end of application: toolbar/status bar,…
H/O: Not Required



RTDMS and PGDA User Training

Navigating RTDMS



Navigating RTDMS

=  What will be covered:

— Dashboard
— Displays
* Frequency Monitoring
e Voltage Angle Difference Monitoring
e Voltage Magnitude Monitoring
e Power Flow Monitoring (Active & Reactive)
e  Thumbnails

— Layout Options
= Navigation Actions

— Change display layout
— Close and open displays, dock

1
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Dashboard

|| CERCOT Frequency (5 FRCOTVoltage |5 FACOT Visltage Anqgle () FRCOT Angle Difference ) ERCOT Powes ) FRCOT Oscillaiaes. (12" ERCOT Thumbnail
e ERCOT Map

I | [~
= JNSE 4

7t

Voltage Angle
& Magnitude

?Jl;}"f;nl;:ence 000000
MW 000000
MVAR 000000
sensitvity @@ OO @@
Oscillation . . . . . .
Damping . . .

composte. @O OOO®

System Frequency

0.97

Sysrreq

= Map - Wide Area View

= System Frequency

= Incident Indicator

= Alarm Panel — Auto Hidden

= Click Frequency Tab to Switch to Frequency Display

1
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Frequency Display

[ ERCOT Dashboard | U= ERCOT Frequency |- ERCOT Voltage =) ERCOT Voltage Angle Uz ERCOT Angle Difference 2! ERCOT Power 2! ERCOT Osdillations 1= EF[d

- T Frequency Chart IS Tl Frequency

G0.015

60.010

o

I g ! : 4 I ! ! ! ! I i ! ! ; ! 4§ q i ! I
10:44:30 Pht 10:45:00 PM 10:45:30 PM 10:44:30 F M 10:45:00 Fh
HH:MM:SS HH:MM:SS

= PMU Frequency near Generation and Load Center
= PMU Frequency near Wind Farm
= Click Voltage Tab to Switch to Voltage Display

% Electric Power Group ©Electric Power Group. 2014. All rights reserved.



Voltage Display

[z ERCOT Dashboard ~ UZ) ERCOT Frequency | U ERCOT Voltage |2 ERCOT Voltage Angle

|/ 7345KV Bus voltage | % 138kV Bus Voltage Chart | # 69KV Bus voltage |

'] 1
HH:MM:S5

L T West Texas

1.0400
1.0400

o R WA AL AN
e Ve i e S STt S A e
et e b b e BTl 3
b 1]
e s e e e e AR AN i o
1.0100

1.0100 . 1.0000 1

A0 " I 10 > I - h
HH:MM:S5 HH:MM:SS HH:MM:SS

nd Data Time: 09/18/2013 10:47.20.433 PM PDT Adapter Speed: 30 Samples / Second © Electric Pawer Group 2012 Al ights reservec. [ 4 | (8] ]

= Voltage Magnitude - Grouped by Voltage Levels
= Voltage Magnitude in Per Unit — Grouped by Region
= Click Voltage Angle Tab to Switch to Voltage Angle Display
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Voltage Angle Display

Iboard U2 ERCOT Frequency 2! ERCOT Voltage | Us ERCOT VoltageAngle | U] ERCOT Angle Difference 1! ERCOT Power U3 ERCOT Oscillations 15 ERcOT Thumbrnail - BRI B B EIBE G EE

~ /-Voltage Angle West & Panhandle VA

Rt e U\ e e et P e e et e

e e AP i, i P e A o oy
A e U e A N A A T i P AR A P PR

e i o g T g ]
e e e e D et
| Y v ' ' 1 1 1 1 1 ' ' g 4

11:01:00 Fi 11:01:30 PM 0200 Pha
HH:MM:SS

-10.00

11:01:00 P 11:01:30 FM 0200 Fhd
HH:MM:SS

Data Time: 09/18/2013 11:02.25.966 FM PDT Adapter Speed: 30 Samples / Second ‘8 Electric Power Group 2012. All rights reserved. E] E]

= Polar Chart - Phasor Representation of Voltage Angles to Common Angle Reference
= Trend Charts — Grouped by Region
= Click Angle Difference Tab to Switch to Angle Difference Display
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Angle Difference Display

Iboard I ERCOT Frequency %) ERCOT Voltage U ERCOT Voltage Angle | s ERCOT Angle Difference =) ERCOT Power % ERCOT Oscillations 2! ERCOT Thumbnail

L /-ngle Spread el - Angle Difference Line Chart

nd Data Time: Adapter Speed: 30 Samples / Second @ Electric Power Group 212 All rights reserved.

= Polar Chart - Phasor Representation of Angle Differences
= Trend Chart - Phase Angle Differences across Key Flow Gates and Angle Pairs
= Click Power Tab to Switch to Power Display

% Electric Power Group ©Electric Power Group. 2014. All rights reserved.



Power Display

lboard 2 ERCOT Frequency V=) ERCOT Voltage U2 ERCOT Voltage Angle ERCOT Angle Difference | - ERCOT Power U= ERCOT Oscillations %! ERCOT Thumbnail

Real Power

11:10:40 P

Reactive Power

11:10:90 Pl
HH:MM:SS

=  Monitor actual MW and MVAR flows along a transmission line or across a flowgate
= Track flows with respect to predefined thresholds

Electric Power Group ©Electric Power Group. 2014. All rights reserved.



Power Flows

Path

230KV Line

500KV Line

345KV Line

DC Line

Below 230kV Line

L

* Monitor actual MW and MVAR flows along a transmission line or across

a flowgate

* Track flows with respect to predefined thresholds

| .
% Electric Power Group
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RTDMS Display Layout Options

Tile Style Dock Style

[rere—ryr——

* Electric Power Group ©Electric Power Group. 2014. All rights reserved.
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Navigating RTDMS — Hands-on Tutorial

* Navigate through the Dashboard

— Map view, incident indicator, system frequency
trend, numerical value

* Navigate Multi-view display for monitoring
— Example - Voltage Monitoring:

e Map View, voltage trend, voltage magnitude bar chart,
voltage polar chart

 Change display layout
 Close and open a display

1
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Understanding
RTDMS Views



nding RTDMS Visualization

 What will be covered:
— What does each view mean
— Work with different views
— Edit views’ properties

* Electric Power Group ©Electric Power Group. 2014. All rights reserved. 72



Working with Views

" Multi-layered Map Views

= Standard Views & Charts
— Trend Charts
— Polar Charts
—  Numerical
— Incident Indicator

» Other Visualizations Available
— Bar Graphs
— Contours
— User Definable Scatter Chart
— Double Y Axis Charts

% Electric Power Group ©Electric Power Group. 2014. All rights reserved.



Understanding Map Views

= Map Layer Elements

— General order of map layers
e Base map, e.g., topography, street view, etc.

* Shape files, e.g., state boundaries, ISO boundaries, Transmission
zones, Transmission lines, etc.

 Measurements, e.g., frequency, voltage, power flow, etc.
e Other, i.e., weather, fire, traffic, lightening, etc.
= Managing Map Views
— Toggle on/off layers
— Adjust layer transparency
— Zoom Levels
— Clutter Management — PMU Clustering

1
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= Bird’s-eye view of the high and low voltage regions
= The color of the Voltage Signals on the map reflects how close the voltage magnitude is to the alarm
threshold value
= Green—Normal
=  Grey - Invalid

* Electric Power Group ©Electric Power Group. 2014. All rights reserved. 75



i I ER@@TMap

=2/

Voltage Magnitude (Clustered) view displays together the voltage measurements in closer geographic
proximity

Number on the cluster is the number of measurement points clustered
Color of the cluster is determined by the worst voltage measurement (closer to threshold)

* Electric Power Group
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understanding v

= Trend Chart (Frequency)

= Trend Chart (Voltage)

= Voltage Magnitude and Angle Polar Chart
* Numerical Value

= |ncident Indicator

* Electric Power Group

©Electric Power Group. 2014. All rights reserved.

77



Trend Chart (Frequency)

/7w Frequency Chart -

=  Where the system is operating at
=  Where the system has been

% Electric Power Group ©Electric Power Group. 2014. All rights reserved.



Trend Chart (Voltage)

“%%345kV Bus voltage| 5 138KV Bus Voltage Chart | 2% 69kV Bus voltage -

s B e L PNV G C ST I SR S e e SRR S VR

i i ot st o

M Pt

— BWNSW10840/10835. V1LPM — BWNSW10845/10850 V1LPM W — CBFSW11140/11135 VILPM M — CPSSW 8070 VIPM
— DMTSW10945/10940. VILPM — Gulfwind TR2-345.¥1 — LNGSW 9400/9405. V1LPM — MGCSW B520.v1LPM — ODEHV11425/11420.¥1LPM
— Penascal TR1-345 V1 — SCOSWI0715/10710V1LPM — SWESW10510/10515 V1LPM — Sys10kuz@Riley V1 — TKWSW 9205/9210.V1LPM
All

T
A:15 AM

“North Texas e

A A A IS Ao Ao R LY Rt e

e L e L T L S L

= Tracking Voltage Magnitude over User Selected Time Window
= Absolute Value or Per Unit

|
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Voltage Magnitude and Angle Polar Chart

_"Voltage Angle =

= User selected reference phasor.
* The voltage magnitudes (represented by needle length) are displayed in per unit for easy comparison.
= Alarge swing in a phasor indicates a system disturbance.

* Electric Power Group ©Electric Power Group. 2014. All rights reserved.
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Numerical Value

SysFreq (1)

System Frequency

= 1-sec average data

= AtaGlance

* Color Indication of Alarm Level

= The threshold values are also displayed below the numerical value

AL . . .
.1}% Electric Power Group ©Electric Power Group. 2014. All rights reserved.



Incident Indicator

ERCOT Incident Indicator

4
=

MetricName

ERCOT

o

@ West
. East

. Central
. Valley

. Panhandle

Frequency
Voltage Angle

& Magnitude . . . . . .
Angle

Difference . . . . . .

MW 900000
MVAR X X X X X |
Sensitivity . . . . . .
Oscillation . . . . . .
Damping . . .
Composite . . . . . .

* The Incident indicator groups the PMU measurements into corresponding jurisdiction areas
= The Incident indicator color change to red indicates problem in the corresponding area

|
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Understanding RTDMS: Hands-On Tutorial

=  Work with the Map View
* Base Map
e Infrastructure
e Show PMU
* Angle Difference, Voltage Magnitude and Frequency
e Zoom
= Work with other views
 Trend Chart
e Polar chart
e Numerical Value, etc.
= Change views’ properties
e Axis, Title, Legend, Color

* Electric Power Group ©Electric Power Group. 2014. All rights reserved.



Configurable Multi-layer support for Maps (base map layer, measurement layers, electrical infrastructure
layers, shape file, environmental layers etc.)

e De-cluttering features in maps

* Electric Power Group ©Electric Power Group. 2014. All rights reserved. 84
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~ Layer Manager »H
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Pause and Replay Functions

e The Pause function can pause displays so that you can view
the data in the displays' views as of the time they are paused.
When you resume the displays, the views will adjust back to
show real-time data

 The Replay function has 3 options:
— Replay from RTDMS real-time database
— Replay from Event Markers
— Replay from COMTRADE files

* With the Replay function, the user can review the historical
information as it was streamed during that time period

% Electric Power Group ©Electric Power Group. 2014. All rights reserved. 86



Pause Mode

4l RTDMS - RTDMS Default Profile 1 [rtdmsuser / Administrators]

m 'E'Dashbuard l-’él Frequency ; Angle Difference ;' Voltage

Orange border R uelot Map
ndicates dsplay T ‘“ﬂuﬂ B
s paused ;p %5@‘

RO
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Presenter
Presentation Notes
If the operator happened to miss something just happened, then the replay mode comes in handy. By simple click on the replay button on the top of the application, it can bring the application to replay mode almost instantly, for example here we are looking at the voltage profile across eastern interconnection on the main map, and the voltages at key substations using both trend chart and bar chart.  This replay function provides the way to fast investigate what just happen, to help the operators to make actionable decisions. In addition, such as ERCOT, the operating engineers also use the replay function to perform event analysis, find root cause of events, and also help them to establish/fine-tune alarm limits used in RT operations.


How to pause display

Pause display.

f evam— - > -
il RTDMS - RTDMS Default Profile 1 [tdmsuser / Administrators]

m New Display

| Open Display
Edit Display
‘Wl [ Save Display

!
I Ch

*Yd ['] Save Display As

Remove Display

- Save Display as Image

¥ [ Export Display Data

¥ Close Display
Close Other Displays

Detach Display

Layout

Reset Views
Pause Real-time Display

b Resume Real-time Display

le Difference

% Voltage

* Electric Power Group

&l RTDMS - RTDMS Default Profile 1 [rtdmsuser / Administrators]

IVIETIL

fdh New Profil..
® Open Profile.
7 Edit Profile..
[ save Profile
"] Save Profile As..
© Publish Profile
& Reset Profile

& Export Profile Data

& New Display
] Open Display

& Open Role

% Tools
. Preferences...

@ RTDMS Help
/ LogOff

(X Bt

’- Dashboard

Uz Frequency ;- Angle Difference ;- Violtage

Resume Real-time Data

j Toggle Annotations

4 Event Marker..
Open RTDMS Access Manager (RxM)
Open Geometry Editor

©Electric Power Group. 2014. All rights reserved.

Pause all displays
in the profle.

88



- Replay Mode

[ RTDMS - RTDMS Default Profile 1 - v.1.0.0.107 e g [—m— — _— —r &j.
U2 Dashboard U2/ Frequency V- Angle Difference | U-/Voltage U= Thumbnail (o Tab!u H: Erciic Power o8 07/16/2012 0245 7 [ [EREEN 07/16/2012 02:47 o [l 3 @E] BB || &l 4 | @

RTDMS Default Voltage Map

@B et

...... e T TTE e Chartliile | B

=

085

F
t
|

HH:M:i

09/25/2012 13:38.18.350 PM PDT 60 Samples / Second [ cl—

Red border appears ~ White adapter tme and sample Replay bar shows
around display rate textturn yellow replay's progress

* Electric Power Group ©Electric Power Group. 2014. All rights reserved. 89


Presenter
Presentation Notes
If the operator happened to miss something just happened, then the replay mode comes in handy. By simple click on the replay button on the top of the application, it can bring the application to replay mode almost instantly, for example here we are looking at the voltage profile across eastern interconnection on the main map, and the voltages at key substations using both trend chart and bar chart.  This replay function provides the way to fast investigate what just happen, to help the operators to make actionable decisions. In addition, such as ERCOT, the operating engineers also use the replay function to perform event analysis, find root cause of events, and also help them to establish/fine-tune alarm limits used in RT operations.


How to use Replay from RTDMS Database

Expanded replay - BEAE0 ﬂﬂﬂﬂiﬂlﬂlﬂl
toolbar includes g v ?|su

controls and .
buttons for using I s | s .
[\ I\ W B

replay features. o

Select whether
or not you want
the replay to
continually loop.

@

Specify the start date and ime and the end date and tme of the
sample you wantto replay. The calendar drop downs help you select

start and end dates. Type exact start and end times
* Electric Power Group ©Electric Power Group. 2014. All rights reserved.

Select the sample
rate to control the
speed at which the
replay is shown.

14 15

18 19 20 21 22
24 (25|26 271 28 20
0 1 2 3 4

[ JToday: 9/25/2012
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How to use Replay Function

@ Run the replay Run the replay

backwards from end forwards from start
tme to startime. ime to end time.
Stop the replay.
Resetthe time frame
to the most recent /
five minutes. ) )

- - el

- IPNEQEEDEGE

Pause the replay. The forward and
backward butions change to resume
buttons, which you can click when
you are ready to resume the replay.

|

91
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How to use Replay from COMTRADE file

Expanded o006

COMTRADE toolbar —-
@ includes controls and
buttons for playing
COMTRADE fles

mmme

Nl ||f'||l:
'|. l| |:
‘\

- 2EB8E0 IIHEEUIIIHBI

- 1

o

& A o '
AA ah;..._a-;:.:'-;_p.d P '
- LY e

AR

1000mHz.CFG . 1000mHz.DAT
Select whether
or not you want ' Sii?ygﬂim
wmnﬁnrf;ﬁ;gp Selectthe the time of the
COMTRADE fles replay to be in
you want to play daylight savings
fime

* Electric Power Group

Select the sample

rate fo confrol the

Ix speed at which the
' replay is shown.
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Understanding RTDMS: Hands-On Tutorial

= Pause functions

e Pause an individual display; Pause all displays within the
profile

e Resume paused displays
= Replay functions — replay from RTDMS DB

e Fast short term replay: change speed, rewind, forward
e Replay historical data: set start & end time, looping

= Replay functions — replay from COMTRADE file *

1
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RTDMS and PGDA User Training
Day 1

Hands-on Guided Training Exercises
Case Studies of ERCOT Interconnection


Presenter
Presentation Notes
Frank


Hands-On Guided Training Exercises

e What will be covered:

* Training cases — actual events to familiarize you how to use
RTDMS

. ©Electric Power Group. 2014. All rights reserved.
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Presentation Notes
Frank


RTDMS and PGDA Training Cases Analysis Template

SYNCHROPHASOR CASE ANALYSIS
DATA COLLECTOR

CASE TITLE DATE OF EVENT
WHAT CHANGED  START TIME TYPE OF DISPLAY PMU OBSERVATIONS*
* OBSERVATIONS

Frequency : minimum, maximum, rates of descent and recovery, when back to normal
Voltages: highest, lowest, rates of descent and recovery, grouping of pmus behaving similarly
Voltage angle: largest changes, direction of change, grouping of pmus behaving similarly
Line current: significant changes, overloads

Oscillations: observed in frequency, voltage or current

Start/stop times

Oscillation frequency

Damping (growing, sustained or decaying)

I _
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RTDMS and PGDA User Training

Case Study # 1

Analysis of An Event

Presented By
Wayne Schmus
Kevin Chen

* Electric Power Group

. ©Electric Power Group. 2014. All rights reserved.
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e

= June 2013: Wind farm trip after storm

* Power Point Presentation Summary
e RTDMS Demo

. ©Electric Power Group. 2014. All rights reserved.
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Presenter
Presentation Notes
Hello everyone.  Let’s shift gears and now look at an Transmission line trip event happened in the Eastern Interconnection.
Again, let’s first walk through the power point presentation summary, and then we will replay it in RTDMS and show how to navigate and analyze the event in RTDMS as in Real Time.


99

©Electric Power Group. 2014. All rights reserved.
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Presenter
Presentation Notes
Now we are looking at a brief transmission network of the Unites Sates.  
The event was a 765kV  Rockport – Jefferson transmission line trip in              ???? (state)
As shown in the map, the neighboring areas around            ???(states)     were affected.  Those areas are basically in MISO and PJM footprint. 


Monitoring, Event Detection
and Diagnose with RTDMS

Monitoring, event detection and post event analysis with RTDMS are
accomplished by carrying out the following process:

1. Situational Awareness Dashboard (Real-Time Wide Area Monitoring)
2. Detect Emerging Problem

3. Diagnose the Situation

4. Assess System Vulnerability

5. Event Summary

* Electric Power Group ©Electric Power Group. 2014. All rights reserved.
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Presentation Notes
Here is the systematical approach we conduct for event analysis.
We categorize it into several steps, and we will walk you through each step one by one.
First let’s look at situational awareness.


Real-Time Situational Awareness Dashboard
Pre-Event

Menu -_:m.ﬁqw" & ERCOT Training Frequency (! ERCOT Trainieng Angle Difference (5 ERCOT Training Vokage () ERCOT Training Power (57 ERCOT Thominail i| & b a0

ERCOT TriingDrhowrd Mg < T e ey BRY <ot st 1. Situational Awareness

e St - e - 3 ] N . .
ik Metricttame 9 Dashboard (Real-Time Wide
L g f

ol Y X Y 1 1 ) Area Monitoring)
Voltage Angle

&JM;;iitundg; 000000
Angl

D?f?e?ence . . . . . .
Mw 000000 . he S| .
MVAR 000000 3. Diagnose the Situation
sensitvity @GOG OGO

olain 9O OO0 O 4. Assess System Vulnerability
pampig Q@ OOOOO

composte: @ OOOO®

Frequency

o

2. Detect Emerging Problem

5. Event Summary

ERCOT Tesning Sysfreq
System Frequency

99.986

Sl e Tiata T GO/OR/2014 122916733 PM POT Adgires Speest- 30 Sampless  Becondd ammmm.un-mm

WO 12208 P
HH-MM:SS

& Comitreeiilan corinbston

ERCOT Training Alacm

Observation: System is operating at normal condition before the event.
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Presenter
Presentation Notes
This is the MAIN display which shows Real time situational awareness of the ENTIRE interconnection – for example here you see the EI…
Central picture shows the angle difference on key paths.  Angle difference is monitoring the difference between voltage angles of two selected area.  Phase angles is key metric for grid stress.
Please be clear that an angle pair path is not necessary linked to a certain physical transmission line.  It shows the general power transfer between two ends.
Status of each of the Key Metrics are thru traffic Lights, those circles.  They are color-coded, and they will point out any emerging problems VISUAL INSTANT.
Just want to point out that if you notice, the damping metric light is black.  This is because the algorithms we use for calculating oscillation modes require data for at least 10 mins or so.  Since we are replaying an event file which only contain 3 mins data, this metric can not be calculated.

So this is the screenshot of RTDMS client before the event.  From the dashboard, we can tell the key metrics are showing green, which means the system is operating at normal condition.


****   More details for each metric from the gauges – gives an instant indication of the magnitude of the metric for each of the 13 RC’s in the EI
****    Everyone RC/Oper has the same view (instead of seeing different things)



Emerging Problem Detected:
Interconnect Frequency

d* | U ERCOT Training Frequency
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Observation: Frequency signals exceed thresholds and trigger alarms.
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Presenter
Presentation Notes
This is the MAIN display which shows Real time situational awareness of the ENTIRE interconnection – for example here you see the EI…
Central picture shows the angle difference on key paths.  Angle difference is monitoring the difference between voltage angles of two selected area.  Phase angles is key metric for grid stress.
Please be clear that an angle pair path is not necessary linked to a certain physical transmission line.  It shows the general power transfer between two ends.
Status of each of the Key Metrics are thru traffic Lights, those circles.  They are color-coded, and they will point out any emerging problems VISUAL INSTANT.
Just want to point out that if you notice, the damping metric light is black.  This is because the algorithms we use for calculating oscillation modes require data for at least 10 mins or so.  Since we are replaying an event file which only contain 3 mins data, this metric can not be calculated.

So this is the screenshot of RTDMS client before the event.  From the dashboard, we can tell the key metrics are showing green, which means the system is operating at normal condition.


****   More details for each metric from the gauges – gives an instant indication of the magnitude of the metric for each of the 13 RC’s in the EI
****    Everyone RC/Oper has the same view (instead of seeing different things)



Event Diagnosis:
Frequency Metric
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Observation: Swing in Frequency in all regions of the system.
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Presenter
Presentation Notes
This is the MAIN display which shows Real time situational awareness of the ENTIRE interconnection – for example here you see the EI…
Central picture shows the angle difference on key paths.  Angle difference is monitoring the difference between voltage angles of two selected area.  Phase angles is key metric for grid stress.
Please be clear that an angle pair path is not necessary linked to a certain physical transmission line.  It shows the general power transfer between two ends.
Status of each of the Key Metrics are thru traffic Lights, those circles.  They are color-coded, and they will point out any emerging problems VISUAL INSTANT.
Just want to point out that if you notice, the damping metric light is black.  This is because the algorithms we use for calculating oscillation modes require data for at least 10 mins or so.  Since we are replaying an event file which only contain 3 mins data, this metric can not be calculated.

So this is the screenshot of RTDMS client before the event.  From the dashboard, we can tell the key metrics are showing green, which means the system is operating at normal condition.


****   More details for each metric from the gauges – gives an instant indication of the magnitude of the metric for each of the 13 RC’s in the EI
****    Everyone RC/Oper has the same view (instead of seeing different things)



Assessing Vulnerability:
Voltage Magnitude Metric
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5. Event Summary
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Observation: Voltage magnitudes in all regions sag during event, but recover quickly.
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Presenter
Presentation Notes
This is the MAIN display which shows Real time situational awareness of the ENTIRE interconnection – for example here you see the EI…
Central picture shows the angle difference on key paths.  Angle difference is monitoring the difference between voltage angles of two selected area.  Phase angles is key metric for grid stress.
Please be clear that an angle pair path is not necessary linked to a certain physical transmission line.  It shows the general power transfer between two ends.
Status of each of the Key Metrics are thru traffic Lights, those circles.  They are color-coded, and they will point out any emerging problems VISUAL INSTANT.
Just want to point out that if you notice, the damping metric light is black.  This is because the algorithms we use for calculating oscillation modes require data for at least 10 mins or so.  Since we are replaying an event file which only contain 3 mins data, this metric can not be calculated.

So this is the screenshot of RTDMS client before the event.  From the dashboard, we can tell the key metrics are showing green, which means the system is operating at normal condition.


****   More details for each metric from the gauges – gives an instant indication of the magnitude of the metric for each of the 13 RC’s in the EI
****    Everyone RC/Oper has the same view (instead of seeing different things)



Assessing Vulnerability:
Angle Difference Metric
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Conclusion: Angle Differences across the system change in response to event.
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Presenter
Presentation Notes
This is the MAIN display which shows Real time situational awareness of the ENTIRE interconnection – for example here you see the EI…
Central picture shows the angle difference on key paths.  Angle difference is monitoring the difference between voltage angles of two selected area.  Phase angles is key metric for grid stress.
Please be clear that an angle pair path is not necessary linked to a certain physical transmission line.  It shows the general power transfer between two ends.
Status of each of the Key Metrics are thru traffic Lights, those circles.  They are color-coded, and they will point out any emerging problems VISUAL INSTANT.
Just want to point out that if you notice, the damping metric light is black.  This is because the algorithms we use for calculating oscillation modes require data for at least 10 mins or so.  Since we are replaying an event file which only contain 3 mins data, this metric can not be calculated.

So this is the screenshot of RTDMS client before the event.  From the dashboard, we can tell the key metrics are showing green, which means the system is operating at normal condition.


****   More details for each metric from the gauges – gives an instant indication of the magnitude of the metric for each of the 13 RC’s in the EI
****    Everyone RC/Oper has the same view (instead of seeing different things)



Analysis Summary

* What happened? b e it
» Frequency drops to 59.902Hz Area Monitoring)
= Voltage dips but not severe 2. Detect Emerging Problem
= Transient observed in frequency, voltage 3. Diagnose the Situation
" Power re-dispatched 4. Assess System Vulnerability

5. Event Summary

= Where did it happen?
= West side of the grid

= |s the system at risk after the event?

= Frequency recovers back
= No sustained low voltage
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RTDMS and PGDA User Training
- bz

Case Study #2-4

Analysis of An Event — Student Hands-on Exercise

Presented By
Wayne Schmus
Kevin Chen

* Electric Power Group
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Monitoring, Event Detection
and Diagnose with RTDMS

Monitoring, event detection and post event analysis with RTDMS are
accomplished by carrying out the following process:

1. Situational Awareness Dashboard (Real-Time Wide Area Monitoring)
2. Detect Emerging Problem

3. Diagnose the Situation

4. Assess System Vulnerability

5. Event Summary

* Electric Power Group ©Electric Power Group. 2014. All rights reserved.


Presenter
Presentation Notes
Here is the systematical approach we conduct for event analysis.
We categorize it into several steps, and we will walk you through each step one by one.
First let’s look at situational awareness.


Thank You!

Wayne Schmus Prashant Palayam
schmus@electricpoowergroup.com palayam@electricpoowergroup.com
Heng (Kevin) Chen Iknoor Singh
chen@electricpowergroup.com singh@electricpowergroup.com
Pankaj Mishra Sandeep Dua
mishra@electricpowergroup.com dua@electricpowergroup.com

* Electric Power Group

201 S. Lake Ave., Ste. 400
Pasadena, CA 91101
626-685-2015
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RTDMS Platform Overview

|

Data & Information Bus

I

Alarm, Configuration
Calculations l Correlation Event SDK/API 9
. Mgmt.
Detection

Real Time Database

g1

y [Visualization} [Monitoring} {AlarmingJ [ Analysis J Planning
* Electric Power Group v

Parsing
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Maps/GIS Server




Client Architecture

Data Layer

Real Time Historical Meta Data Security

Core Components

Shell Designer Geospatial Charting

Visualization/Presentment Layer

Displays and Views Ul Client Functions
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The RTDMS Platform

Open, Extensible Platform

T e Datainput — standard C37.118 format Configurability
ata Hu :
. * Open architecture ' « Central Configurability on Server
e Data CoIIect'lon, * Integrate data sources, APl’si.e., Fnet « Local Configurability on Clients
* Pre-processing e Modular build — ability to plug in new « Facilitates “plug-n-play”.
* Archiving and Acce§s functionality, algorithms, monitoring « Allows for online modification/ expansion
» Central Server Design tools/techniques as new devices are added or removed.
with Configurability,

Data Filters

Output Formats PLATFORM SERVICES

Visualization

 Dashboard Display Reporting

e Tiered Visualization Architecture
e Wide-Area Displays

 Local Displays

 Configurability

A
v

e PMU Performance

¢ Baseline — Trends

e Alarm Logs

 Daily/Monthly Reports
(Customizable)

Monitoring/

Algorithms/Metrics . . Offline
« Voltage — Magnitude & Angles Real Time Alarming « Event Files
* Angular Separation * Real Time Alarming on Threshold * Replay
 Frequency and Rate of Change Violation ¢ Event Analysis — Forensic,
¢ Real and Reactive Power o Engineering Thresholds or » Performance Analysis
e Small Signal Stability (% Damping) Mandatory Standards
* Voltage/Angle Sensitivities « Automatic Notification

 Configurability REPORTING & ANALYTICS
WIDE AREA SITUATIONAL AWARENESS
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Presenter
Presentation Notes
Change screenshot to 2012
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