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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.


RTDMS and PGDA User Training
Training Agenda — Day 2

RTDMS Alarms, Events, Configuration Kevin Chen
RTDMS Advanced Monitoring and Metrics Kevin Chen
Wayne Schmus /

: ) : Trainine E :
ands-on Guided Training Exercises Prashant Palayam

Lunch Break

PGDA Training
e Qverview of PGDA
e (Case Studies

Wayne Schmus /
Prashant Palayam

Q&A, Proficiency Evaluation
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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.


RTDMS Alarmsi Events and Confiiuration

= What will be covered:

e Monitor alarms in RTDMS Visualization Client
e Retrieve historical alarms
e User marked events
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RTDMS Server Alarm/Event

= Value violates threshold — Alarm

— Individual threshold for different PMUs and
levels/severity
— Individual time window for different PMUs and
levels/severity
= Rate of change violates threshold — Event
— Individual rate of change threshold for different PMU
— Individual time window for different PMUs

= Event also Known as Transient Event

1
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Presentation Notes
We will discuss each metric in details later


Alarm/Event Matrices and Severity Types

Metric Low 4 Low 1 High 1 High 4 Time window
Frequency \ \ \ ' \'
Voltage (Magnitude) v v v v v
Current (Magnitude) v v v v v
Threshold Violation Alarms Angle Difference v v v \' v
Active Power v v v v v
Reactive Power v v v v v
Damping ' v
Voltage Sensitivity (Magnitude and Angle) v ' v \' v
Metric Rate of change threshold Time window
Frequency \ \'
Transient “Event” Alarms
Voltage (Magnitude) v v
Angle Difference v ')

% Electric Power Group
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Alarm Implementation in RTDMS

= Alarms Trigger:
e Threshold (59.95 Hz)
e Rate of Change (40 MHz/S)
e Time delay (2 Seconds):

Time Delay: 2-Sec.

1 1
Low 1 < 2|
i i i
1 1 1
i i :
i i i
: : :
Alarm ‘r"x\ 'II' ".IJ_' ~ Time to
Starting Time Y 1 P Trigger Alarm

Alarm level: 2 levels, 4 levels and 8 levels
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Alarm Implementation in RTDMS

Example: 4-Level Threshold Frequency Alarm

Threshold Frequency Alarm Color
Low 2 59.90 Hz O
Low 1 59.95 Hz O

Normal 60.00 Hz ‘
High 1 60.05 Hz O
High 2 60.10 Hz O

* Electric Power Group
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How to use Incident Indicator
B

_WJIncident Indicator| i
MetncName
= Hover cursor
ue -
Sy over circle.
Voltage Angle &
Magnitude H1 Frequency Transient
Angle Difference Ujurlzdiction' WECC
@ Signal: CAUFORNIAS.Frequency .
MW Start TimeStamp:  6/7/2013 11:40:08 AM Tooltip opens
Current TimeStamp:  6/7/2013 11:40:10 AM for that alarm.

Current Value: 5171204

Duration: 2

Pmu Description: CALIFORNIAS
Comment: H1 Frequency Transient
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How to use Incident Indicator

il RTDMS - RTDMS Default Profile 1 [rtdmsuser / Administrators)

o Fequency . Angle Difference . - Fc-u nnmnﬂ[

, %K) Incident Indicator |

Close pop-up ' J o . E J g
!dentlﬁer when — bac Click a circle to
Wiehed. 5 | 000 ind location
' Voltage Angle & '

st ARy el 9000

Alarm location Kepbicigsimtyd Wl rgeDiierene: @O O @

pop-up identifier. | ., "X X X

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



Use of Alarms in Real-Time Operations

AL 2 Early Warning of Grid

Stress (Increasing Phase

MetricName ‘E] g
Angle differences)

=

0000000 A
inpoint Incident
. . . . . . . Location (First

Mover PMU -

. . . . . frequency, voltage etc.)
. . . . . . . Assess Incident Severity
(X X K K XK X ) (3 Metrics alarm)
Sensitivity . . . . . . . Assess Vulnerability to
Oscillation . . . . . . . Cascade (Multiple
Alarms in Large or
Damping . . . . . . . Multiple Footprints)
Composite 0000000
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Use of Alarms in Real-Time Operations

Inaident Indicator (2)

MetricName

Frequency

Voltage Angle &
Magnitude

Angle Difference
MW

MVAR

Sensitivity

Osaillation

Damping

Composite

* Electric Power Group

Early Warning of Grid
Stress (Increasing Phase
Angle differences)

Pinpoint Incident
Location (First
Mover PMU - frequency,
voltage etc.)

Assess Incident Severity
(3 Metrics alarm)

Assess Vulnerability to
Cascade (Multiple
Alarms in Large or
Multiple Footprints)
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Use of Alarms in Real-Time Operations

Inaident Indicator (2)

MetricName

Frequency

Voltage Angle &
Magnitude

Angle Difference
MW

MVAR

Sensitivity

Osaillation

Damping

Composite

* Electric Power Group

2§ 2
9
o

Early Warning of Grid
Stress (Increasing Phase
Angle differences)

Pinpoint Incident
Location (First
Mover PMU - frequency,
voltage etc.)

Assess Incident Severity
(3 Metrics alarm)

Assess Vulnerability to
Cascade (Multiple
Alarms in Large or
Multiple Footprints)
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RTDMS Client Alarm Grid View

Signal Name I SignalType Name Start TimeStamp Alarm Type Current TimeStamp Current Value Threshold Peak TimeStamp Peak Value
MP FORBES 0LFrequency Frequency 11/28/2012 11:05:03 PM  Low Low Frequency 11/30/2012 04:28:33 PM i 58.90 11/30/2012 04:28:33 PM
MHEBPNTN  OLFrequency Frequency 11/28/2012 11:05:03 PM  Low Low Frequency 11/30/2012 04:28:33 PM f 56.90 11/30/2012 04:28:33 PM
MHEBLAVZ  01.Frequency Frequency 11/28/2012 11:05:03 PM  Low Low Frequency 11/30/2012 04:28:33 PM i 50.80 11/30/2012 04:28:33 PM
MHEBKSY  O1.Frequency Frequency 11/28/2012 11:05:03 PM  Low Low Frequency 11/30/2012 PM i 59.90 11/30/2012 04:28:33 PM
AA O5SBREED 04.Frequency Frequency 1173072012 04:28:27 PM  Low Frequency 11/30/2012 04:28:30 PM 59.85 11/30/2012 04:28:30 PM

AA O5BREED 01.Frequency Frequency | 11/30/2012 04:28:27 PM  'Low Frequency 11/30/2012 04:28:28 PM 58.95 11/30/2012 04:28:28 PM

IPL PETERSBU 01.1345PETERTHOM1 § Voltage 11/28/2012 11:05:03 PM Low Voltage 11/30/2012 04:28:33 PM i 090 11/30/2012 04:28:33 PM
IPL HANNAIPL OLL345TANNEHANN @ Voltage 11/28/2012 11:05:03 PM  Low Voltage 11/30/2012 04:28:33 i 0.80 11/30/2012 04:28:33 PM
MHEBGRANDSS 01.Frequency Frequency 11/28/2012 11:05:03 PM  Low Low Frequency 11/30/2012 04:28:33 i 58.80 11/30/2012 04:28:33 PM
MHEBDSYS  OLFrequency Frequency 11/28/2012 11:05:03 PM  Low Low Frequency 11/30/2012 i 58.890 11/30/2012 04:21

IPLGUION  OLL345WHITEGLIO1V: § Voltage 11/28/2012 11:05:03 PM  Low Voltage 11/30/2012 i 0.80 11/30/2012 04:2

IPL16PRITCH 01.1138132-24 3V1 QVcltage 11/28/2012 11:05:03 PM  Low Voltage 11/30/2012 04: i 0.80 11/30/2012 04:2

HE WORTHING 01.L345WORTHMEF §l Voltage 11/28/2012 11:05:03 PM  Low Voltage 11/30/2012 04:2 i 0.90 11/30/2012 04:28:33 PM
MHEBDSY  01.Frequency Frequency 11/28/2012 11:05:03 PM  Low Low Frequency 11/30/2012 04: i 58.80 11/30/2012 04:28:33 PM
AA O5FOSTOR 02.Frequency Frequency 11/30/2012 04:28:05 PM  High Frequency 11/30/2012 04: 65.5360 60.05 11/30/2012 04:28:05 PM
AA O5FOSTOR 02.Frequency Frequency 11/30/2012 04:28:05 PM  High High Frequency 11/30/2012 04:28:33 65.5360 60.10 11/30/2012 04:28:05 PM
MMCPLACID  01.Frequency Frequency 11/28/2012 11:05:03 PM  Low Low Frequency 11/30/2012 0000 58.90 11,/30/2012 04: 3 PM

= Alarm View records and alerts abnormal situations in the system
= Alarms can be grouped or filtered w.r.t. alarm type, priority, etc.
= Alarms can be acknowledged by authorized users

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




Composite Alarms
e

E AlarmCompositeExpressionDlg HE

—Alarms

Viltage | Current | Frequency | Bystem Frequency | Angle Difference | Fower Corridor |

Map Voltage Alarm to Compasite Alarms
Alarm Name | ﬂ

46 | CALIFORNIA4, CALIFORMIAS WM L4

49 | CALIFORMIAS, CALIFORMIAS_YMHI
50 | CALIFORMIAS, CALIFORMIAS WM HZ
51 | CALIFORMIAS, CALIFORMIAS WM H3
52 | CALIFORMIAS, CALIFORMNIAS WM H4
53 | CALIFORMIAS, CALIFORNIAS_¥M L1
54 | CALIFORMIAS, CALIFORNIAS_YM L2
55 | CALIFORMIAS, CALIFORNIAS_YM.L3
56 | CALIFORMIAS, CALIFORNIAS_YM L4

57 | CAMADAL CAMADAL VMHL

—Operation

AND | OR | NOT | Add " )"l Remove " }'| Removeall'] }" Undo | Redo | Reset |

—Composite Expression

CALIFORNIA3. Frequency.L3 AND CALIFORNIAS, Frequency.L3 AND CALIFORNIAS CALIFORNIAS_VM.L1

I~ Show Enahled Alarm Ol Cancel

= User-defined logical combination of multiple conditions (AND, OR, NOT)
= Example: Voltage Sensitivity at KilleenSwitch AND Airline to KilleenSwitch Phase
Angle Difference
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Not only has steady state threshold violations or rate of change alarms, but also has composite alarms.  Fancy term, but what it really means is a logical combination of multiple conditions.  For instance, if you have a frequency deviation at area A, low voltage in the same area and a phasor angle violation b/t area A and B, all of the three conditions combined together would trigger an alarm, which bring such certain events in front of the operators.  So the application really provides the user to recognize patterns they may always want to keep an eye one, based on previous event analysis or operation experience.  Once certain pattern happens, they would be able to take corrective actions much faster.


Retrieve Historical Alarms

- T ]
[ Search Historical Alarms ey (2

Search Histoncal Alarms:
Start TimeStamye 15 Between 12/01/2012 11:20:2 [ 1270472012 11:212
Alarm Types: -
Filter for specific
Saal: alarms and click
r
Signal Type Categ © Search Alarms
bution.
Sort and hiter
':«_1rnl Mamme Start TimeSta Alarm l:,'Fk' i-""n-.-rll:,' Name l
CALIFORNIALCAUFORNIALYM 2 ¢ 117 Low Yoltage Wamang aiarms.
CALIFORMNIALCAUFORNIA LM 1 High Voltage Trarment Warrung
CALIFORMLAZ CALTFORNIAZ VM 11214 AM Low VWreltane Wiarmenn 12 M1 2 1K Matl::h lng alarrﬂs
2 i
CALIFORNIAZ CALIFORNIAZ. VM 120072012 11:71:24 AM  High Voltage Transent Warming 12002012 % agpear in |FSL
CARADAL Frequency 1202012 11:21:24 AM  Migh Frequency Transient  Warmng
Close histonical

@ ‘ Page 1 of 1875 : Total Records =937384 | "’ ( “_’ . ,.'- . - alarms

Navigate muliple pages Export alarms Print alarms

= Search historical alarm records
= Sort, filter and export alarm records
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Locate alarm on maps

@l RTDMS - RTDMS Default Profile 1 [tdmsuser / Administrators]

m . Dachboard [ Frequency U Angle Difference - Voltage [ Power [ Sens il RTOMS - RTOMS Default Profie 1 [rtdmsuser / Admiristrators]

: ' RTDMS Defaut Map | . | i Frequency  |; Angle Difference  |; Voltage
¥ 8
2.8 Close location
CareanCi UTAR
Reset \ i pop-up when
Save View As Image.- ﬁmShEd
Export View Data U N I
é.a&. Vegas
K is T_he same parent
o — display contains a
Proenix map view.

Jucson Alarm location.

Print Preview
Print
Copy Screen to Clipboard

Hermosillo
Q

Properties...

Double-click alarm
fo find location on
map, or nght-click
St Timed = alarm and select

06/07/2013 120241 M. * Find Location on

O newa 06/07/2013 LAPALPM pOp-Up menu.

NE_WAZ Frequency TEQUENCY

Acknowledge Alarms
Delete Alarms
Clear Alarms
Find Location
Historical Alarms

agnal

JRTLA

NE_WALFrequency Frequency . i
O CAUFORNIAS Frequency Frequency 06/01/2013 120241 * Selected alarm

S il e hghighied

@ PORTLAND4 Frequency Frequency
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On-the-fly alarm trending from Alarm Grid

Reset

Save View As Image...

Uz Voltage Uz Angle Difference Uz Mode Meter Uz Sensitivity Uz Thumbnail U Power

_ “Incident Indicator - West

Print Preview

Print

MetricName

[S]
o
=
Frequency .

Voltage and Current .

Copy to cpboard

Selected alarms
appear highlighted

Properties
Help - Start TimeStamp Alarm ¥

HN!:hn:1 ~ il .
12/06/2012 010044 PM  lrw Low F - Angle Difference .

Acmowledge Alarms 12/06/2012 010044 % Lowe Low Fr

=]
Delete Alarms 12/06/2012 0" SRAL P Low Low Fr an: CALIFORNIAL Freq
1 Frequency Transient
Clear Alarms 12/06/2012 010044 PM  Low Low Fr = 3/24/2014 316:50 PM i
Biatie Yescription: CALIFORNIAL-Descr [ <
J06/2012 010044 PH  Low Low Fr Vv

Export Alarms

0201000 Low Lo

122 01 044 PM i | v e OpEﬂ alarm s
signals In popup
I Uend Lha’t §anla Rosa ® S‘hcmmenm

Vataville

Historical Alsrms

Popup Trend Chart

Roseville

Q
Elk Grove

Napa

Pop up trend
from alarm
grid

bl & o SignalType Name Start TimeStamp Alarm Type Current TimeStamp
VIRTUALPMU CanadaFreq CanadaFreq L ystem Frequency 3/24/ 3:17:53 PM L3 Frequency 03/24/2014 03:17:54 PM
VIRTUALPMU.Cal_Freq CAL_FREQ £ rstem Frequency 3 L3 Frequency 03/24/2014 03:17:54 PM
SPOKANEL Frequency SPOKANEL Frequency equency 3 L3 Frequency 03/24/2014 03:17:54 PM
SEATTLE4 Frequency SEATTLE4 Frequency equency 2 3: L3 Frequency 03/24/2014 03:17:54 PM
SEATTLE Frequency SEATTLE3 Frequency equency 3 L3 Frequency 03/24/2014 03:17:54 PM
SEATTLEZFrequency SEATTLE2 Frequency equency 3: 13 Frequency 03/24/2014 03:17:54 PM
SEATTLEL Frequency SEATTLELFrequency 3/24/2014 03: 13 Frequency 03/24/2014 03:17:54 PM
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r

& New Profile..
Open Profile.
' Add Profile..
Edit Profile...
H Save Profile

&4 Publish Profile

& Reset Profile

New Display
Open Display

% Open Role

4 Tools

Preferences..

@ RTDMS Help

2 |ogOff

Save Profile As..

Frequency Line Chart - ChartTitle | &) Incident Indicator |

E

# RTDMS - RTDMS Default Profile 1 [rtdmsuser / Administrators]

ary

Pause Real-time Display

Resume Real-time Display

| Toggle Annotations

& Event Marker.. @
Open RTDMS Access Manager (RxM)

Open Geometry Editor

e —— W r—

Mg

How to Mark Events From RTDMS Client

, Event Marker

AlarmTypeName Start TimeStamp End TimeStamp Thresheld Peak TimeStamp

H1 Angle Difference Transi  ~ Priority: - Critical

Start Timestamp: 06/17/2013 10:35 PM End Timestamp: 06/17/2013 10:40 PM

Duration{seconds): Console: _

Peak Value: _ Comments: This is a critical event.

TRl (6/17/2013 10:45 PM

|"‘|f. avent
Open ever e I

marker.

= User to select time range to mark as event
= Ability to retrieve marked event and replay

A .
% Electric Power Group
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Presentation Notes
We will discuss each metric in details later


How to Mark Events From RTDMS Client

' , Event Marker

B2 Aa rmTypeMame Start TimeStamp End TimeStamp Threshold

- S
Play Event Data
Refresh List

Event Type: H1 Angle Difference Transi Priority: Critical -

Start Timestamp: End Timestamp: —
Duration(seconds): Console: _

Peak Value: Commenits:
Peak Timestamp:

Threshold:

= User to select time range to mark as event
= Ability to retrieve marked event and replay

1
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Presentation Notes
We will discuss each metric in details later


Automated Event Analyzer

B3 cotboad volage  PowerFlow  Oscltton INFD  Frequency  Thumbrad

AN LR —
B JER

Voltage Sensitivity

Angle Sensitivity

| Automated Analysis | More |[X|

| » Nearest PMU To Event : California 5
| * Lowest Frequency: 59.495 Hz
| =& Frequency; -500 mHz
| =& NW-California Path Flow: +3000 MW
| = Estimated Gen Loss: 4500 MW
. = AVoltage Magnitude:
! Oregon2:-113 &V {-21%)
> -Oregon 3:-113 &V -21%)

<0

ne
Damping - N-S

= Performs incident detection, incident classification, and incident location estimation
= Including oscillation, islanding, generation trip, load shedding events

= Summary of event facts to operators via ‘Yellow pop ups’
= Ability to bring up detailed diagnostics and the relevant metrics to operators at a glance
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Presentation Notes
Next I’d like to share with you the most powerful and unique application provided in RTDMS, which is the AEA.
Traditionally, once a disturbance or an event happened in the system, the operator would have to switch multiple displays to look at different metrics, and sometimes they may scratch their head to figure out what happened before they can take any action. This is like a hunting game. However, what makes AEA an great tool is that it does the analysis for you automatically, specifically it deals with islanding, oscillations, generation trip, load shedding, and line outage events.  Shortly after the event, it will presents all the facts associate with the event, such as  what, when and where sth happened in front of the operators’ eyes. So the operators don’t need to hunt for results any more.


- Example — Line Trip Detection

&l RTDMS - SDGE Dermo [rtdmsuser / Admiistrators] -v2.10.777 S : e e

[ Menu | - IDahboardSD| (T Thumbnail SO IZ FrequencySD U5 Angle DifferenceSD  15!VoltageSD 5 PowerSD 21Vt Sensitivity SD 2 Ang, Sensitivity SD IEPNERERRS

) TDMS Dashboard Map SD| w % Incident Indicator SD 1

w
MetricName R
[ 73]

Frequency
| !

el T

Angle Difference .

Mw 000

MVAR 000

senstvty @) @ @
Automated Event Osdillation . . .

fventAnalysis | More [X] Analyzer Popup: ) . . .
Event Type: Composite Alarm Event Type Damping
Name: Line Trip ¥p

Start Time: 04/07/2014 05/58:54 PM Event Location Composite .
Event Time

Frequency SD

A Alarms SD

RTDMS® ©Electric Power Group 2014. All rights reserved. o1t Specd 30 Samples / Second © Electric Power Group 2012. All rights reserved.

I
1
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Presentation Notes
Let me just give u an example to explain this function in detail. This was a simulated islanding condition in WECC system.  On the dashboard map, the contour in the back are for frequency signal.  Loss of tie lines between NW and Canada leads to system islanding and oscillation in the US portion of the WECC. You can clearly identify this issue by the two contract color in these two region.
The AEA correctly detects the islanding condition in real time, and presents the islanded areas and involved PMUs, as long as the post event performance of the two separated system via this yellow pop up.  Immediately the operator would know what happened instead of spending extra time performing the analysis by themselves.  This is not all the AEA can do.  Additionally, the operator can simply click the “more” button on the right corner of the pop-up, and it will bring you to this summary screen.


Example — Line Trip Detection

g Event Analyzer [Line Trip - Compasite Alarm ]

System Frequency Line Chart

— SysFreq
—SysFreq_AZ
[V — SysFreq_CFE
[¥|— SysFreq_SCE

h

B B e ARt A s s L e e B ey

05:58:30 PU 05:58:00 M (05:59:30 FM
HH:HM:SS

05:58.00 FM

Selected Voltage Magnitude Line Chart

ﬁ&E
uw.__

— IMPERIAL VALLEY
[V — MIGUEL

v
— SUNCREST

S S —p—

053500 PR
HH:HH:SS

05:5800PH 053830 PM 03:30:30FH

F

S—

-

| LR mae

Selected Frequency Line Chart

— IMPERIAL VALLEY
— MIGUEL

[Vl — MISSION

¥ — SONGS

Detailed Matrix Information Associated With Event

Mode Meter Trend Chart

B B D e b i o gt e

053500 PH 0555:00FM 055700 PM

HH:MH:SS

D5:38:00 PW

Made Freq. (Hzl

Damping (&)

Selected Angle Diffe_rence Line haﬂ

L

— Hassayampa-NorthGila
— ImperialV-Miguel

— ImperialV-Suncrest

— NGila-ImperialV

— PaloVerde-Devers

—

Faft il el
e e S L ey e

05:56:00 P 055300 PM 05:56:30 P
HH:MM:88

05:58:30 M

Sensitivity Trend Chart
._,./-"‘_"

[V -l Miguel V Sen

[ 8 N Gila-Miguel Ang Sen
B Songs-Miguel Ang Sen
[vi -l Suncrest V Sen

[Vl Taliga V Sen

[Vl - Mission V Sen

e ——

0:5:39:00 FM
HH:HM:8S

055800 Fh 05538:30 PA (:3:50:30 PM

©Electric Power Group. 2014. All rights reserved.
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Presentation Notes
From this display, it provides you all the associated information of the event. At a glance, the operator have access to multiple metrics, such as system frequency, ACE, phase angle, oscillation, voltage sensitivity, etc. 
This display is so powerful that it help the operator to validate the results of the AEA, and quickly provide all the information they need to take actions to mitigate the event.


How to use event analyzer

EEN = Dashboard | 1 'Frequency | [ Voltage

RTDMS Defwlt FrEquency Map

_ 4  Click More buton
{EventAnalysis | More w10 €XplOFE SigNA
Event Type: Composite Alarm ‘ data from event

Name: CAL and CA2 Freqg
Start Time: 12/13/2013 02:10:45 PM
| CurrentTime: 12/13/2013 02: 10-56 PM

Usalem

Clicktogoto  Shows start Click arrow butions or drag Showsend  Clicktogoto
beginning of ime ofthe scroll bar to view data at ime of the end of tme
¥ Electric Power Group time frame event different imes during event event frame



Alarms and Event: Hands-on Tutorial

= Monitor alarms in RTDMS Visualization Client

* |ncident Indicator: monitor, mouse-over function, double click
function

* Alarm Grid: monitor, ad hoc trending, filter, group

= Event marker
e Mark an event; replay marked event

1
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Recap — Monitor Alarms

J,!:if ERCOT Incident Indicator " - 1

; :; = S —= s

*.E,';\',--:' - o ﬁ = g 2

e Ik Mouse-overon |  |hGECiO g 2 £ E §%

3 4 maps and alarms =
to drill down ey 000000
2 — '-z.',’; *‘w‘. 2 — o
L 2
Oscillation (Y X X X X )
ooy O OOOO®®
Composite Y X X X X |
1-onmimcklm

= Pinpoint location of problem
= Drill down to detailed information
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Assume an disturbance happened in the system, which causes a low voltage violation.  The incident indicator will generate alarms…..
From the alarm, the user can pin point the location of where the problem happened on the map.  Here on the map the solid circle icon represents voltage at the substations. The ones in yellow …..


Recap — Pop Up Trend Chart from Alarm Grid

Men, L p——

M &4 Trend Chart
{

15 EBrOT Vgt g A,

1 EREAT Vafara

W,
Y i
M

EPTOT Angle Difference

%z ERCOT Power %) ERCCH

09/20/2013 02:05 PM Eny

ERCOT System Frequency

Alarm (1)

Alarms

Signal Name
WhitBkr@RioPecos.Frequency
Westside@Airline Frequency
TKWSW 9205/9210.Frequency
Sys20kul @Riley.Frequency
PicachoS@HnRd.Frequency
PicachoN@HnRd.Frequency
PMBSW 2580/2590.Frequency
MTDR-SPUR Frequency
MGCSW 6520, Frequency
LINGSW 9400/2405 Frequency
KLNSW 5020 Frequency
JEWET 1834 Frequency
1L4@HminRd.Frequency

% Electric Power Group

" Pop up trend from alarm grid

play Name | signaiType Name ¥
Rio Pecos

Airline

Tonkowa Switch

Riley
PicachoS@HnRd.Frequency
Hamilton Road

Permian Basin Switch
Matador

Morgan Creek

Longshore Switch

Killeen Switch

JEWET

IL4@HminRd Frequency

Start TimeStamp

09/20/2013 02:22:28 PM

09/20/2013 02:22:28 PM
09/20/2013 02:22:28 PM
09/20/2013 02:22:28 PM
09/20/2013 02:22:28 PM
09/20/2013 02:22:28 PM
09/20/2013 02:22:28 PM
09/20/2013 02:22:28 PM
09/20/2013 02:22:28 PM
09/20/2013 02:22:28 PM
09/20/2013 02:22:28 PM
09/20/2013 02:22:28 PM
09/20/2013 02:22:28 PM

Alarm Type
L2 Frequency
12 Frequency
L2 Frequency
L2 Frequency
12 Frequency
L2 Frequency
12 Frequency
L2 Frequency
12 Frequency
L2 Frequency
L2 Frequency
12 Frequency
L2 Frequency

[l — SysFreq
All

Current TimeStamp

09/20/2013 02:23:08 PM

09/20/2013 02:23:08 PM
09/20/2013 02:23:08 PM
09/20/2013 02:23:08 PM
09/20/2013 02:23:08 PM
08/20/2013 02:23:08 PM
09/20/2013 02:23:08 PM
09/20/2013 02:23:08 PM
09/20/2013 02:23:08 PM
09/20/2013 02:23:08 PM
09/20/2013 02:23:08 PM
09/20/2013 02:23:08 PM
08/20/2013 02:23:08 PM

Current Value

59.8164
59.8162
59.8164
59.8166
59.8164
59.8165
59.8163
59.8165
59.8163
59.8162
59.8163
59.8163
59.8165

Threshold

<> 0/a

+ 1 | ERCOT Incident Indicator

[
. @]
MetricName ‘ 92
w

Frequency

Voltage Angle
& Magnitude
Angle
Difference

MW

MVAR
Sensitivity
Oscillation

Damping

BaseKv Peak TimeStamp

500.00 09/20/20. :23:07 PM
500.00 09/20/2013 02:23:07 PM
500.00 09/20/2013 02:23:07 PM
500.00 09/20/2013 02:23:07 PM
500.00 09/20/2013 02:23:07 PM
500.00 09/20/2013 02:23:08 PM
500.00 09/20/2013 02:23:08 PM
500.00 09/20/2013 02:23:07 PM
500.00 09/20/2013 02:23:07 PM
500.00 09/20/2013 02:23:07 PM
500.00 09/20/2013 02:23:07 PM
500.00 09/20/2013 02:23:07 PM

500.00 09/20/2013 02:23:08 PM

Peak Value

W & & |E)

i
E

o

anhandle

Duration PriorityNar
39.81 41.00 Alert

59.8161 41.00 Alert
59.8162 41.00 Alert
59.8165 41.00 Alert
59.8164 41.00 Alert
59.8165 4100 Alert
59.8163 41.00 Alert
59.8163 41.00 Alert
59.8162 41.00 Alert
59.8162 41.00 Alert
59.8161 41.00 Alert
59.8162 41.00 Alert

59.8165 4100 Alert

® Electric Power Group 2012. All rights reserved

©Electric Power Group. 2014. All rights reserved.



RTDMS and PGDA User Training
- by

RTDMS Advanced Monitoring



Advanced monitorini

e What will be covered:

e \oltage sensitivity and angle sensitivity
e Mode meter oscillation monitoring

e Composite alarms

e Automated event analyzer

* Electric Power Group ©Electric Power Group. 2014. All rights reserved. 28



Voltage Sensitivity in RTDMS

Definition | Change in voltage as a function of power flow on a line / path
Metric kV/100 MW change
Suggested Limit — 4kV/100 MW for 500kV system
Benefit Early warning of deteriorating voltage condition

Metric Value

Sensitivity increases as system approaches the Nose Point

Sensitivity increases if an adjacent line/path trips

% Electric Power Group

©Electric Power Group. 2014. All rights reserved.




Sensitivity that is AV/ AP increases as

600

we get closer to the nose point

500
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)

400

/

kV 300

/

200

/

100 /

0

* Electric Power Group

500 1000 1500 2000 2500 3000 MW

©Electric Power Group. 2014. All rights reserved.
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Angle Sensitivity in RTDMS

Definition | Change in angle as a function of power flow on a line / path

Degrees/100 MW change

Metric Suggested Limit — 2.5 Degrees/100 MW

Benefit Early warning of deteriorating angle stability

Sensitivity increase as we approach the P MAX — maximum
power that can be transmitted

Metric Value

Sensitivity increases if an adjacent line / path trips

% Electric Power Group ©Electric Power Group. 2014. All rights reserved.
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Presenter
Presentation Notes
This is the classic slide showing Power – Angle curve for a transmission system. The curve is based on the Power equation  





gradually increasing angle of separation between Cleveland and Western Michigan for several minutes prior to the 2003 blackout – a 25 degrees angle of separation is considered normal.

One can argue that if we could monitor the growing angle of separation on that day in real time as we can do now, it could have provided valuable early warning  of the developing abnormalities during that day.


Voltage Sensitivity Monitoring

¥ RTDMS - ConEd RTDMS training [rtdmsuser / Administrators] :2.0.0350
[ Angle Difference (2) U1 Voltage @) U=Power (1) U= Mode Meter (1) | Uz Sensitivity (1) | "’ Thumbnail (1)* EENAEREREGRE

= % %4 Sensitivity Scatter Chart (1)

B Total Time Window

— Slope:0.003

Sensitivity Line Chart (1)

[v] B Fraser Sensitivity
=

| Massena Sensitivity

3]
HH:MM:SS

me: 06/17/2013 10:13.10.166 PM EDT Sampl e: © Electric Power Group 2012. All rights reserved. @ E

= Monitor Voltage Stability at the desired PMU w.r.t changes in power flow on a Path

= Provide operators real-time assessment of the Power Voltage curve and a calculation of change in
voltage per 100 MW in power flow

= Calculate linear fit to determine sensitivity value from slope

* Electric Power Group ©Electric Power Group. 2014. All rights reserved. 33



Monitoring Modal Oscillations in Power Systems

= What are system oscillations in power systems?

= Why is monitoring oscillations important?

=" What is good damping, and why is it important to monitor?
=" Ambient and disturbance induced transient oscillations

= What are the oscillation frequencies and what causes the
oscillations to occur?

= What can happen if the damping reduces or becomes negative
and oscillations start to increase?

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



®
Monitoring Modal Oscillations in Power Systems

= The components of a complex power system are always oscillating with respect

to each other

= Under normal conditions, the system oscillations are at low level, damped and

controlled. These are known as ambient oscillations

= Oscillations can be induced by faults or other disturbances in the system. These

have high power transfers and high energy, but generally damp fast

= Oscillations can be observed in power flows, frequencies or angles of the

oscillating systems

= Oscillations, if not damped, lead to instability and system collapse, e.g., 1996

WECC break-up

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


Presenter
Presentation Notes
The phasors we have seen can provide additional valuable information. Let us look at some of the advanced metrics that we can monitor using synchro-phasor technology. These are what may be considered as MRI of the power system. These are possible with high resolution time synchronized data available from the synchro-phasor technology. 

We will discuss 
 Phasor angle monitoring 
 Frequency rate of change 
 Inter-area Oscillations and their damping 
 Voltage sensitivity 
 Angle sensitivity 
 Frequency response characteristics. 
 
And it provides metrics that are better for predicting and managing reliability. Phase angle differences – true measure of stress, damping of oscillations


Characterizing Oscillations
Frequency and Damping

Oscillatory Frequency & Damping Interpretation
BTl CHOleple[Id[01aW8 Desirable: 10% Damping = 30 sec decay time; 5%

m— Damping = Decay in 60 sec
/, -ﬂ Well Damped Oscillations Ping y
| \ M\ ;'"'-"‘5 . R | Decay Rate (i.e., Damping)
| { \ J.. |.5 e'r '\ A .r'/ ™, — . A
| h '.I T i N\ Fy s - —
II‘ II’ ll'l ."l L f'fl : h
\/ Oscillation Frequency .

AN I?borlfr"".,DanTpedf{H)scifllatio,n |
| B R | Y A T Y I SR A W
.. | L
Poor: Less than 3% \ /‘ WiRY, | BYRYERYERY
| ! | \I / ,'I '| / '||I
Poor \'\ f Iu Jll ||'= ;"{I \'x.-l v Y &
Negatively Damped Oscillations N
~ N
. ~ l.u'f 1__\ I."I -\II |II|I.' '|III {II ‘IIII
Dangerous- Growing oscillations T T N N/ V[ ]

) I'l_\__..' | )‘
Dangerous \J
®Electric Power Group. All rights reserved.

Higher Damping < Greater Dynamic Stability (i.e., Desirable Situation)

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


Presenter
Presentation Notes
When we talk about oscillations, there are 3 quantities that characterize oscillations
1 – Oscillation frequency or Mode frequency
2 – Decay rate or % damping 
3 – Amplitude or energy 



Oscillations Event Example:
CAISO Radially Connected Geothermal Generator Oscillation

Srquency | biegnoss | Agion

Poorly tuned generator governor

0.8 Hz
controller

Advise generator owner to tune governor controller

55.0

Screenshot of RTDMS — Real Time Dynamics Monitoring System 35.0

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


Presenter
Presentation Notes
John provides the slide


Oscillations Event Example:
ERCOT Wind Generator Oscillation

Srquency | biegnoss | Agion

Identify generation causing oscillations, advise to

2.0 Hz Improper voltage controller settin i .
Prop & g adjust regulator settings

354.50

/l/.‘lh_f—! R JU MV k\lr\.-ﬂ"r"_"f Y\

Screenshot of RTDMS — Real Time Dynamics Monitoring System SEZA

* Electric Power Group ©Electric Power Group. 2014. All rights reserved. 38
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Presentation Notes
John provides the slide


Oscillations Event Example:
ERCOT Wind Generator Trip

Srquency | biegnoss | Agion

Improper voltage controller setting
caused undamped oscillations and  Identify generation causing oscillations, advise to

generation tripping following adjust regulator settings
parallel line maintenance outage

3.7Hz

Screenshot of RTDMS — Real Time Dynamics Monitoring System 0.96

% Electric Power Group ©Electric Power Group. 2014. All rights reserved.
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Presentation Notes
John provides the slide


Oscillations Event Example:
WECC PDCI Oscillations 2008

Srquency | biegnoss | Agion

Inadequate voltage support for DC

4.6 Hz Line power order setting

Reduce DC Line power order setting

260.00

‘.\I"V' .'\J,f\ X N Aa A I I A e A \ R A A A -
/’f WA NMANVPANAWAAANAAAMAMAMMAAMANN

f

160.00
Screenshot of RTDMS — Real Time Dynamics Monitoring System
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John provides the slide


Oscillation Stability Analysis & Monitoring

Tl RTDMS - PIM Overview BK - v.10.0.474 =T

I Dashboard [ Frequency  US) Angle Difference B Voltage U2 Power |z Mode Meter™ | % Sensitivity BRREDEERDER

% de Trend Chart - PJM Modes| Damping Scatter Chart - Mode Estimate -

2o

//\//\\ /*ﬂ 1

=036

Hode Freq. (mHz

Wodls Frequency (Hz)

/ Modal frequency

£ oo
£ oan

— 20

2

Eoz0

B R R R R R R I w10
r g 000 500 10.00 15.00 2000 2500 3000

B Diarnping %o

L =

— 100

i Damping Gauge 1 - 0.5 Hz Mode Damping

Damping (%o

2

Damping %
/\ /. \ 0:03

Energy Level '
01:51:30 P 04:52:00 PM 01:52:30 P 04:53:00 P 04:53:30 PM 01:54:00 P 01:54:30 PM 01:55:00 PM 01:55:30 P 04:56:00 PM
HH:HH:8S

Eon .5 Hz Mode : 11.01%

A3 Alarms
me: 11/26/2012 01:56.23.566 PM EST Sample Rate: 30 Samples / Second '8 Electric Power Group 2012. All rights reserved. @

= Detects oscillations of interest based on event analysis and system characteristics in each
interconnection
= Monitors modal frequency, energy, damping, mode shape in real-time

©Electric Power Group. 2014. All rights reserved.
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Mode Meter Trend Chart

_“Mode Trend Chart - PJM Modes

= Displays the oscillation frequency of the dominant mode in the system

01:51:00 PW

01:51:230 PW
HH:HH:88

= Displays damping of the obtained modal frequency
= Displays estimated energy in the modal frequency

* Electric Power Group
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Scatter Chart
Mode and Damping

Damping Scatter Chart - Mode Estimate

PR T T

|
=

I

— 0.A0

E o4

L]

0.00 10,00

Datnping S

=  This chart tracks the value of modal frequency and damping for the most recent and historical data
= This chart enables to observe the trend of different modes over a period of time.

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



Gauge View
Mode and Damping

Damping Ga 1 - 0.5 Hz Mode Dampin

20 22 30
15 -',."' H'.-.

Y

.. 39
]

104 10

3 oy :
0® 50
0.5 Hz Mode : 13.4%

= Damping Gauge View provides a real time gauge indication of damping percentage for user selected modes.

= A damping less than 3% is generally considered too low as indicated by the red band, while a damping in 3-5%

range is considered moderately low as indicated by the yellow band

* Electric Power Group

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

= Use Mode Meter Damping Trend Chart

= Use Mode Meter Damping Gauge

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

RTDMS - RTDMS_NASPI - +.09.0.210 &

% Frequency U Angle Difference ;' Voltage® Uz Power |z Mode Meter 1z Thumbnail®

Voltage Angle & Magnitude
I Angle Difference

MW

MVAR

Voltage Sensitivity
Angle Sensitivity

Damping

Signal Name Al VP { imeStamg Current Value Peak Value Duration
HE TROY_HE 01.Frequency squen 2012 (40756 PM  High Freque ansient  mHz
HE RATTS DLl Frequency = f: High Frequency Transient mHz
BULLRUN.Phasorl Voltage A High Voitage pu
MHEEPNTN  OLFrequency Frequency 2012 044 High Frequency Transient mHz
BULLRUN.Phasorl Voltage /04/2012 04 : High Voitage

MHEBPNTN 0L Frequency Frequency A High Frequency Transient

2012-04-23 16:07.57.433 PDT 30 Samples / Second

= User-defined composite alarms (logical combination of multiple conditions)
= |ntegration of external alarms
= Alarm logs & events are recorded into event files for offline analysis

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


Presenter
Presentation Notes
Not only has steady state threshold violations or rate of change alarms, but also has composite alarms.  Fancy term, but what it really means is a logical combination of multiple conditions.  For instance, if you have a frequency deviation at area A, low voltage in the same area and a phasor angle violation b/t area A and B, all of the three conditions combined together would trigger an alarm, which bring such certain events in front of the operators.  So the application really provides the user to recognize patterns they may always want to keep an eye one, based on previous event analysis or operation experience.  Once certain pattern happens, they would be able to take corrective actions much faster.


Automated Event Analyzer

E—— Voltage PowerFlow  Oscillation INFO  Frequency  Thumbrai

Voltage Sensitivity

Angle Sensativity

Automated Analysis | More || X|

|~ Nearest PMU To Event : California 5
|+ Lowest Frequency: 59.495 Hz
| =4 Frequency: -500 mHz
| =& NW-California Path Flow: +3000 MW
|- Estimated Gen Loss: 4500 MW
|- AVoltsze Magnitude:
! -Dregon 2:-113 kV[-21%)
-Oregon 3:-113 kv {-21%)

&Ll

n®
Damping - N-S

= Performs incident detection, incident classification, and incident location estimation in real-time
* Including islanding, generation trip, load shedding, and line outage events

= Summary of event facts to operators via ‘Yellow pop ups’
= Ability to bring up detailed diagnostics and the relevant metrics to operators at a glance

©Electric Power Group. 2014. All rights reserved.
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Presenter
Presentation Notes
Next I’d like to share with you the most powerful and unique application provided in RTDMS, which is the AEA.
Traditionally, once a disturbance or an event happened in the system, the operator would have to switch multiple displays to look at different metrics, and sometimes they may scratch their head to figure out what happened before they can take any action. This is like a hunting game. However, what makes AEA an great tool is that it does the analysis for you automatically, specifically it deals with islanding, oscillations, generation trip, load shedding, and line outage events.  Shortly after the event, it will presents all the facts associate with the event, such as  what, when and where sth happened in front of the operators’ eyes. So the operators don’t need to hunt for results any more.


Example: Islanding Detection

& RTDMS - Training — Do NOT change please [rtdmsuser / Administratars] - v.2.0.0.288 |

=) Frequency (4)  UZ Angle Difference (4] 2! Voltage (5)° - Power(3) U Mode Meter (3} [ Sensitivity (3) humbnail (3) = Osdllation Detection

RTDMS Default Map (3| System Frequency Line Chart {5) - System Frequency

REL§

i

m Frequency
f'kw\f N“J{ﬁ‘f Voltage Angle &
Magnitude

Angle Difference
MW

MVAR

Sensitivity
Oscillation

Damping

Sys Freq Value (3)

HH:MM:S5

'Alarms e el

Alarms o -
1 Automated Event Analysis

ignal Name | signaType Name ¥ | Start TimeStamp Alarm Type Current TimeStamp Islanding detected: Islanding

Islanding Islanding 05/17/2013 04:48:58 PM  Islanding Alarm 05/17/2013 04:4%:13 PM A"I’\\‘ﬁ Participating PMU: CANADAL CANADAZ, CANADA3
= = % = T £ Message: StartTime: 5/17/2013 4:48:58 PM
@ Ilanding Islanding 05/17/2013 04:48:01 PM  Islanding Alarm 05/17/2013 04:48:38 PM

Electric Power Group 2012. All rights reserved.

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


Presenter
Presentation Notes
Let me just give u an example to explain this function in detail. This was a simulated islanding condition in WECC system.  On the dashboard map, the contour in the back are for frequency signal.  Loss of tie lines between NW and Canada leads to system islanding and oscillation in the US portion of the WECC. You can clearly identify this issue by the two contract color in these two region.
The AEA correctly detects the islanding condition in real time, and presents the islanded areas and involved PMUs, as long as the post event performance of the two separated system via this yellow pop up.  Immediately the operator would know what happened instead of spending extra time performing the analysis by themselves.  This is not all the AEA can do.  Additionally, the operator can simply click the “more” button on the right corner of the pop-up, and it will bring you to this summary screen.


Example: Islanding Detection

@8 RTDMS - Training - Do NOT change please [rtddmsuser / Administrators] - v.2.0.0.288 E‘_Iél

EEM Slosshboad @ 5 Frequency @) UZ AngleDifference (4)  [2Voltage(5) Ui Power(3) U2 ModeMeter (3) U2 Sensitvity (3) | U= Thumbnail (3 | U= Oscillation Detection BERONNERDERRGHAR

':5 System Frequency Line Chart (5) - System Frequency O  Angle - Voltage Angle [Ref: CALIFORNIAS.CALIFORNIAS.VM ] =] :j Active Power Line Chart (1) {2) - Power Path (=] ;ﬂ Mode Trend Chart (1) (1) - Mode Trend Chart (=]

— 5000 .00

)
o
)
=}

o
o
=1

:
:
S

- 3UUU.§U
=

L 200000 r"‘_.-_.\.\./.,/'

400000 Puoint lines L
— CanadaFreq -l Alberta - Damp. = 2200
[ — sysFieq vl -l Alberta - Energy k
[Wl — USFreq ¥ -l Albenta - Freq. E oo
e A A s 4 I
| ' ! ! ! | ' ' ' | | ' i B ] ' ! | ' 1 - I el
05:15:30 P 05:16:00 P 05:15:30 P 05:16:00 Fhi el 05:16:00 Pl = 05:15:00 PR 05:16:00 P
55

HH:MM:SS HH:MM:SS ¥l —Nw-Canada .55
— Nw-Montana

.

axis title

I
)
o
ha
=3

Erergy THz) Damping (%Mode Freq. {(Hz)

Sys Freq Value (3) o @ Voltage Polar Chart (3) - Selected Voltage Polar Chart [Ref: CA O :d Sensitivity Scatter Chart (1) (1) - California 1 Voltage Sensitivity O L Damping Gauge 2 (3) - Colstrip Damping %

i

JCanadaFreq SysFreq

ected Voltage Polar Chart [Ref : CALIFORNIAS.CALIFORNIAS.\
560.00

15

560.00
540.00
530.00

520,065

510.00

500.00 Automated Event Analysis

430.00

Islanding detected: Islanding

450,00
ma—— o e i
4000.00 4500.00 Bl Total Time Window
MW | [A
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Presenter
Presentation Notes
From this display, it provides you all the associated information of the event. At a glance, the operator have access to multiple metrics, such as system frequency, ACE, phase angle, oscillation, voltage sensitivity, etc. 
This display is so powerful that it help the operator to validate the results of the AEA, and quickly provide all the information they need to take actions to mitigate the event.


RTDMS and PGDA User Training
- by

Alarms and Events



RTDMS Server Alarm/Event

= Value violates threshold — Alarm
e |Individual threshold for different PMUs and levels/severity
* |Individual time window for different PMUs and levels/severity
 General ignorable gap for all alarms

= Rate of change violates threshold — Event
e Individual rate of change threshold for different PMU
e Individual time window for different PMUs
e General ignorable gap for all events

= Event also Known as Transient Event

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


Presenter
Presentation Notes
We will discuss each metric in details later


Alarm/Event Matrices and Severity Types

Threshold Violation Alarms

Metric Low Low Low High High High | Time window
Frequency \ ' v ' '
Voltage (Magnitude) v v v v v
Current (Magnitude) v v v v ')
Angle Difference v ') v v v
Active Power v ' v v ')
Reactive Power ' v ' v v
Damping v '
Voltage Sensitivity (Magnitude and Angle) ' v \' v v

Transient “Event” Alarms

Metric Rate of change threshold Time window
Frequency v
Voltage (Magnitude) v
Angle Difference v

% Electric Power Group
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Example: Frequency Alarm Configuration

= Threshold Violation Alarm threshold
[ 59.90 Hz |
[ 59.95 Hz |
[ 60.00 Hz |
[ 60.05 Hz |
[ 60.10 Hz |

e Low 2
 Lowl1l
e Normal
e High1l
e High?2

= Threshold Alarm duration — Avoid too many alarms
e Default: 2 seconds

= |gnorable Gaps — Avoid alarm fragmentation

e Default: 1 second

| .
% Electric Power Group
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Frequency Event Configuration Example

= Event Threshold

* Frequency rate of change: 40.00 mHz/sec

= Event Duration (Time Window) — Avoid too many event

* Minimum: 2 seconds

= [gnorable Gaps — Avoid event fragmentation
e Default: 1 second

©Electric P G . 2014. All right d.
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RTDMS and PGDA User Training
Day 2

Hands-on Guided Training Exercises
Case Studies of ERCOT Interconnection


Presenter
Presentation Notes
Frank


RTDMS and PGDA User Training
- by

Case Study #5

Analysis of An Event

Presented By
Wayne Schmus
Prashant Palayam

* Electric Power Group
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e

= August 2013: Wind Farm oscillation
* 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.


DC_E
600 MW

ARKANSAS

Affected Area

. ©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.


Problem Detected:
Interconnection Frequency

e =
m . JERCON Trainng Dashbowd (2| . ERCOT Traning Frequency (7). 157 ERCOT Training Anghe Difference () (5 ERCOT Training Volsge () () ERCOT Training Power (2) [y ERCOT Thombeail (2) (5 ERCOT Training Mode (2) [y ERCOT Sensitivity

1. Situational Awareness
Dashboard (Real-Time Wide
Area Monitoring)

W ERCOT Training Dashbonrd Map (1) - % ERCOT System Frequensy (5

FRLEFL

Alarms in
Panhandle region

| Voltage Angle Spaneg

& Magnitude

oeer: 9000OO
000000
000000
000000
3%e38C 4. Assess System Vulnerability
0 000

%0060

2. Detect Emerging Problem

3. Diagnose the Situation

5. Event Summary

System Frequency

The Average b 59 974
Interconnection i@

- Frequency Indicates B o Qe o
a high frequency "
OSCi"ation lmmm-mu»”m

Observation: Interconnection Frequency signal shows oscillations, with low damping alarms.

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



Event Diagnosis:

Frequency Metric

«m’” ol ik | T M‘
“ o

‘ J ™

1. Situational Awareness
Dashboard (Real-Time Wide
Area Monitoring)

2. Detect Emerging Problem

3. Diagnose the Situation

4. Assess System Vulnerability

5. Event Summary

- 80084

Observation: Large Frequency oscillation can be identified closed to Hamilton PMU.

* Electric Power Group
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Event Diagnosis:
Frequency Metric

1. Situational Awareness
Dashboard (Real-Time Wide
Area Monitoring)

2. Detect Emerging Problem

3. Diagnose the Situation

4. Assess System Vulnerability

5. Event Summary

US/0H/2014 017 4533 PM PLT

Observation: Zoom in frequency signal on PMU 25.

* Electric Power Group ©Electric Power Group. 2014. All rights reserved. 62



Assessing Vulnerability:
Voltage Metric

! ERCOT Traiming Dashboard (7} 15 ERCOT Training Frequency (7] (5 ERCOT Training Angle Difference. 'mn__b,wé [} ERCOT Trovning Power (21 (5 ERCOT Thum FRCOT Trairing Made (21 (5 ERCOT Sensitvity
S e P05 600 B vl ()1 3557 B oge (1 [ 57 1. Situational Awareness

B, i ' ™ Dashboard (Real-Time Wide
2 Area Monitoring)

2. Detect Emerging Problem

3. Diagnose the Situation

o

4. Assess System Vulnerability

Tens Tews (1) (3]

5. Event Summary
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Observation : High frequency voltage oscillation can be identified at PMU 25.
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Assessing Vulnerability:
Mode

! BRCOT Tesnang Dshbosed (7)1 EROOT Tratruny Forgaency () (5 ERCOT Toawarg Anghe Dfierence () (5

1. Situational Awareness
Dashboard (Real-Time Wide
Area Monitoring)

2. Detect Emerging Problem

Mode 1-Damping : 0.01% 3. Diagnose the Situation
Mode 1-Energy : 0.05
Mode 1-Freq. : 3.33Hz

4. Assess System Vulnerability

5. Event Summary

1500 P 0515230 P 16000 P 051630 P
MHSLES

sl Sl (s Ve 09/08/2014 05:17.04.366 FM POT A S ommmmum“mmm

Observation : Low damping observed for mode 1 @ 5.5Hz.
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Assessing Vulnerability:
Thumbnail Display

L ERCON Training Docnibeard (7). [ FRCOIT Traning Frequency (2] 15 FROOT Trainnag Angle Derence (7 U5 BRCOT Traiming Violtage (1) [ ERCOT Trsaning Pewwer (7) Erm!l Tlﬂ-m ! ERCON Training Medde (7] [y FRCOT Sensanay

4 ERCOT System Frequency (5] 2 3 Frequency 5 8 58 Angle Difference Line Chest (4] (5] . 1. Situational Awareness
Dashboard (Real-Time Wide
Area Monitoring)

; 2. Detect Emerging Problem
P 3. Diagnose the Situation

4. Assess System Vulnerability

4 LS Bus valtage [1) 5] Veleage Pedar Chart (7). 0 ERCOT Trining Real Powwer (5) 5 . Eve nt Su mma ry
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Analysis Summary

- o) 1. Situational Awareness
What happened * Dashboard (Real-Time
» High frequency oscillation around 3.3Hz Wide Area Monitoring)
= The oscillation exist for 3.5 Minutes 2. Detect Emerging
= PMU 25 is the source of oscillations Problem

3. Diagnose the Situation

. 4. 4. Assess System
= Where did it happen? Vulnerabi)llity

= Panhandle region
5. Event Summary

= |s the system at risk after the event?
" |nitial damping was low
= But oscillations damped out eventually
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Case Study #6-8

Analysis of An Event — Student Hands-on Exercise

Presented By
Wayne Schmus
Prashant Palayam
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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
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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.


RTDMS and PGDA User Training
Day 2

Customizing RTDMS Displays
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Customizing RTDMS Displays

 What will be covered:
— Using Profiles, Displays, and Views
— Understanding Map Views and Layers
— Other Views available in RTDMS:
e Trend Views
Bar Chart Views
Numerical Views

Scatter Plot Views

Polar Chart Views

1
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Presenter
Presentation Notes
Create, edit and navigate profiles/displays/views
Create, edit and navigate layers in Map View
Angle Difference Layer
Voltage Magnitude Layer
Creating Views – using options to visualize metrics (Frequency and Voltage)
Trend View
Bar Chart View (Delta Frequency, VM)
Numerical



Using RTDMS — Hands-on Tutorial

=  Create/Edit New Profile
= Create/Edit New Display

= Create/Edit Basic View

e Map View

e Base map layer

Phase angle difference layer
Voltage magnitude layer

* Frequency layer

* How to use Layer manager
* Trend Chart View

* Frequency

* How to use trend chart
e Bar Chart View

e \oltage Magnitude

* How to use bar chat
*  Numerical View

* System Frequency

e How to use numerical view

| . . -
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Presenter
Presentation Notes
Users will perform each of the above actions as Chen Demonstrates Live


Using RTDMS — Hands-on Tutorial

= Create, edit and navigate displays with multiple views
e Map View
e \oltage Trend
e \oltage Magnitude Bar Chart

= Change Display Layout
 Dock/Undock Views
e Using the “Float” feature
e Reposition Views within a Display

1
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Quiz

= Angle line chart view in your display

= Voltage angle signals:

= Angle reference:

= Dock it to the right of your display

" Chart title: Selected Voltage Angle (in green)
= Y-axis: Degree

= Manual scale to: [ -180, +180]
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RTDMS and PGDA User Training

PGDA Training



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