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Maximizing Use of Synchrophasor Technology for Everyday Tasks

Welcome!
The meeting will begin at 2:00 p.m. ET / 11:00 a.m. PT Jan. 18, 2017

Todayos Topi c: Btelhgerdce io BMSda Dse in Operations

Registration URIhttps://electricpowergroup2.webex.com/
Webinar Teleconference Number:650-479-3208
Access codé866 672 715

Please mute your phone during the presentation

We will encourage discussion at planned QA session.
Thank you for your cooperation

For any technical issues with this webinar, please contact Kosareff@electricpowergroup.com or call (626) %85
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What Will This Do?

A Enable EMS/SCADA with Synchrophasors

Dynamics: Oscillation®haseAngles Sensitivities, etc.

Dynamic Alarms and Composite Alarms e.g. Low Damping, Island
Frequency Disturbance Source Location

Transmission MW Flow Constraints

Improve State Estimation

Improve GridResilience

AData Exchange with | SO"s a

%*é Electric Power Group

Raw PMU Measurements (voltages, currents, frequency, etc.)

Calculated &ues(angle differencesystem frequency, real/reactive
power, mode, sensitivitygscillation, etc.)

Alarms/Eventgthreshold violation, rate of changaolation,
composite alarms, global alarms etc.)

© Electric Power Group. 2017. All rights reserved. Page3



Synchrophasor Information Available to EMS

PMU Measurementy Linear State Estimato Applications Alarms/Events
(Telemetered) (Estimated) (Calculated) (Calculated)

il Voltage Magnitude & Voltage Magnitude & Real & Reactive Power Threshol®iolations
Angle Angle (Alarm)

Oscillation Energy for al High voltage/Angle
4 frequency bands SensitivityAlarms

7 CurrentMagnitude & Current Magnitude & Corridor Real & Reactivi Rate of Chang#&/iolations
Angle Angle Power (Event)
<| Frequency & DF/DT Angle Difference Global Alarms & Global
Events
2! |EEE 37.118 digitals System Frequency Islanding, Generation Tri
and Load Drofevents
5| IEEE 37.118 analog: Voltage & Angle Compositélarms
Sensitivity
Mode Frequency, Oscillation & Low
Damping Ratio, and DampingAlarms
Energy
*
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EPG ICCP Gateway

A Designed under the Guidance of Industry Partners

A Va
Ap
A Inc

idated and Trustworthy Data through Synchrophasor
nlications (DataNXT, RTDMISSE, etc.)

ependent of EMS ProprietaBrotocols

A Web-based Configuration GUI

A Real Time Monitoring of Communication & Data Flow
A Extensiva.ogging

A Flexible Deployment Physical, VM; Standalone, Cluster
A High Performance & High Availability

A Provides rolebased accessontrol

A Uses FieldProvenSISCO ICGRack

%*é Electric Power Group
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ICCP Gateway Servi€ariented Architecture
Gateway Service & Web App
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RTDMS/DataNXT Services > Oscillation Synchrophasor
S/ 2ervices Distribution
el DataNXT .
i Config File E e - Service
O [ e "
g & <« > . (SDK in C/C++, C#,
. Service
* Measurements M M . Brea;\lé‘ﬂ Status Python’ )
° Estlmatz.ad States . Estimated phasors
* Calculations T 1\
G ICCP Adaptor| &  Alarms | " Pub/sub
/ (Gateway Service & Web App) — - \ N
Link Status l. I
Monitoring
Y v .
| !
1 W
I/u_.’ E
< -/I § . Measur
7 . Estimats
ICCP Gateway Web App  o—\ ICCP Gateway Service e Calculat]
. General Configuration Config / . Alarms
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* Electric Bower Group © Electric Power Group. 2017. All rights reserved. Pages




ICCP Gateway Design Key Features

A Open Standards baséadtegrationVs. Proprietary
Coupling/Bokon

A ICCP Gateway Service runs as Windows Service
I Flexible Deployment

I Decoupled from Application®ataNXTRTDMS, etc.) using
SDS Pub/Sub interface

I Service Oriented Architectur&oA

A Control Data Rate Exchange between Synchrophasor
Applications and EMS/SCADA. For Example:
I Average
I Downsampled

* Electric Power Grou . .
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NYISO Use-Case for Using PMU data in EMS

EMS UseCase for using PMU data at NYISO o IE® Ty

SYSTEM OPERATOR



Benefits of Providing Synchrophasor Data to

EMS
A Supplying PMU data to EMS over ICCP provides additional data not
AOAET AAT A ET 3#!$! AOI T OEA 1Al AR

A Provides EMS with another source of data to use in its State
Estimator and Intelligent Source Selection Application

A Pass alarms to the EMS in order to integrate RTDMS alarms into
OEA / DPAOAOI 060 AOOOAT O "I AOi -11

A PI Trends using PMU data provide easy comparison to SCADA data
to uncover configuration and calibration issues.

A Other purposes for PMU data in the EMS
A Currently, 1800+ ICCP points for synchrophasor data & alarm from

RTDMS to EMS
EMS UseCase for using PMU data at NYISO = FEE

SYSTEM OPERATOR
—



PMU Data Stale Monitor

| O ET %-3 OOAA AU / PAOAOE
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PMU Data Used by State Estimator Application

Case Title Snapshat DatefTime Day Type Exacution Execution Date
Status

WALID SE SOLUTION 11-Jan-2017 DQ:48| Weelkday walid 11-Jan-2017 09:48

Analog Measurement MNarme Measurement | SE Value | hMeasurement Morm heasurement Covariance
“alue Residual Residual Confidence /Sigma

Fu Pl 354.9 3543 0.6 0.54 0.36
KW P, 357.6 356.4 0.7 0.7 0.39

K PhAl 230.2 230.8 -0.68 -0.55 0.8
Ky PRl 353.2 3525 0.7 0.68 0.32
Ky Phill 356.7 3557 1.0 1.02 0.43
k' PhAl 751.6 752.4 -0.9 -0.87 1.01
BW P 239.0 241.7 -2.8 -2.79 0.5
Ko P 237.4 239.5 -1.9 -1.66 0.82
KW P J52.8 351.5 1.2 1.18 0.52

B Pl 230.8 2337 -2.9 -2.94 0.3s
Ky Phdld 357.1 355.7 1.4 1.4 0.43
Ky PhAl 232.0 233.7 -1.8 -1.78 0.3s
Ky P 357.4 3574 -0.4 -0.43 0.9s

KW P 238.0 241.7 -2.7 -2.74 0.5
Ky P, 233.5 2378 -4.2 -4.25 0.67

KA PhAL 230.1 2308 -0.6 -0.65 0.6
Ky PhAl 231.2 230.8 0.4 0.42 0.6
Ky Phl 237.6 238.3 -1.7 -1.75 0.82
B Pl 237.7 239.5 -1.6 -1.64 0.82
Ky P 117.8 116.4 1.2 1.21 0.61

RO P, 352.7 3515 1.2 1.22 0.52

kv PhAl 754.9 755.9 -1.0 -1.03 0.67

Ky Pl 351.9 350.2 1.7 1.68 0.63
A NI K PhaA 7R7 5 7R7 A -n A3 -n= 10K

o ) PSRN (RO PN DN RN RN RN DN DUNFON RO o ) (PR RPN DY DR PR RN o Y TN RN ENPRY RS Y
S O o e o O e o o o O o oo O
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PMU Data Used in Voltage Intelligent Source Selection
(Custom NYISO Application)

PMU source has been selected as best choice
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Synchrophasor Global Alarms

Alarm Types

EMS Alarm Message

PMU_ANGLE_DIFFERENCE_WIOLATION
PMU_CURRENT_MAGNITUDE_VIOLATION
PMU_CURRENT_R-O-C_WIOLATION
PMU_VOLTAGE_MAGNITUDE_VIOLATION
PMU_VOLTAGE_R-0-C_WIOLATION
PMU_FREQ_MAGNITUDE_WIOLATION
PMU_FREQ_R-0-C_WIOLATION
PMU_FLOW_MW_MAGNITUDE_VIOLATION
PMU_FLOW_MWVAR_MAG_VIOLATION
PMU_INTERFACE_MW_MAG VIOLATION
PMU_INTERFACE_MWVAR_MAG_VIOLATION
PMU_SYS_FREQ_MAGNTUDE_VIOLATION
PMU_SYS_FREQ_R-0-C_WVIOLATION

Event Date/Time Message
TTMANSZOTT 044423 _FMU PMU_FREG_R-O-C_WIOLATION FPMU Exceeds Rate-Of-Change Limit 2 RTN
TTANSZOTT 044423 _FMU - PMU_FREG_R-O-C WIOLATION PMU Exceeds Lo Rate-Of-Change Limit 1 BT
TTMANZOTT 044418 _FMU - PMU_FREG_R-O-C WIOLATION FMU Exceeds Lo Rate-Of-Change Limit 1
TTMANZOTT 044418 _FMU - PMU_FREG_R-O-C WIOLATION FPMU Exceeds Rate-Of-Change Limit 2
TTMANS2O0TT 04:29:32 _PMU PMU_VOLTAGE_R-O-C_WVICLATION Pt Exceeds Rate-Of-Change Limit 2 RT
TTMANS2O0TT 04:29:32 _PMU PMU_VOLTAGE_R-O-C_WVICLATION Pt Exceeds Lo Rate-Of-Change Limit 1
TTMANSZOTT 042846 _PMU PMU_VOLTAGE_R-O-C_WVICLATION Pt Exceeds Lo Rate-Of-Change Limit 1
TTMANSZOTT 042846 _PMU PMU_VOLTAGE_R-O-C_WVICLATION Pt Exceeds Rate-Of-Change Limit 2

EMS UseCase for using PMU data at NYISO
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Pl Trends to Compare SCADA Data to Synchrophasor
Data

ROSETON PMU MW COMPARE

500
400

303 MW_PMU

400

500
1/13/2017 4:05:47 AM #_%,8.00 hours b 1/113/2017 12:05:47 PM

EMS UseCase for using PMU data at NYISO o FEE) s

SYSTEM OPERATOR




Angle Difference Used to Determine 345 KV Line
Reclosures

| Reclosure
2 Reclosing N Ang|e D|ff
P S " o Limits
' 32
35
46
ErT IFA
0
-1
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Example of
Incorporating PMU Measurements in
the CAISO EMS/Control Room
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CAISO Use-Case for Using PMU data in EMS

A Angle Difference Monitoring & Operation Procedure for
Reclosure 1 Displayed on EMS One-Line

A MW Flow for Major Tie Lines used in AGC Calculation
(Resiliency), e.g. COI

A Frequency Measurements for Redundant Inputs (Resiliency)
I AGC Calculation
I Islanding Detection
I Black Start
A Frequency Disturbance Source Location
A Local Oscillation Detection
I Electro-mechanical or
I Control Issues at Power Plant

A Share Data with TOs through ICCP, e.g., Line Angle Difference
Limits

&> California ISO Page 17



CAISO Synchrophasor Activities

A CAISO will have the following capabilities

I predict the potential phase angle difference before the
line trip (State Estimator and contingency analysis).

I show the actual observed phase angle difference
after the line trip

A These functionalities will allow the system operators
I to be prepared before the contingency

I to know the actual system conditions after the
contingency

&> California ISO Page 18



CAISO Line Closure Procedure with Phase Angle

BUSMAINA 211086

[BUSMAINC 21108

Phase Angle Difference

SE CALC

PMU

Substation A - Substation B
|Substation C - Substation D

10.1 OEG
9.2 DEG

9.3 DEG

Limit

100DEG [JODEG |

70 DEG

1833 M
+16 MR

Redispatch Rule of Thumb:
Curtail 100 MW of PVYWEST Schedule and increase 100 MW of
_generation for every 5 DEG

&> California ISO




CAISO Synchrophasor Project Overview
Future Activities

A dynamic phase angle difference limit i study the
usefulness of combining real-time PMU measurements
with model-based programs (OMS, DSA, RTCA, etc)

A additional studies on oscillation mode detection and
analysis I combined efforts with adjacent balancing
authorities to write operating procedures

A linear State Estimator and hybrid solutions
I looking at LSE to help improve data quality

A joint efforts with the Western Utilities and United States
Department of Energy

&> California ISO



Demonstration & Key Take-aways

ICCP Gateway & ICCP Web App




L smoseR

ICCP Web App
(Config & Monitor)

|

RTDMS j[&—>1 ICCP Gateway

|

ICCP Test Server
(to EMS)

A 4

ePDS
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Summary

A Bridges the Gap between Synchrophasors and EMS

A Enables companies to realize value from Synchrophasors via
Integration with EMS and Dataxchange

A ICCP Gateway Provides

* Electric Power Group

Production Grade Solution
Commercial Off heShelf
One ICCP Gateway with Many Eaint Connections

Twoway data transfer (i.e. import breakstatus & limitsnto Synchrophasor
applications)

Designed to meet Redundancy and High Availability Requirements

Easy to Configure & Monitor ICCP Links through Web Browsers Locally or
Remotely

Built on Industry Standard SISCO Stack
Security Management Features for IT Administration

Page23
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Q&A, Discussion

Your Practice, Use Cases, Suggestions

Electric P
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g&A, Discussion
A Q&A
A Synchrophasor Application &

EMS Integration
— Your Practices
— Use Cases

— Pain Points

— Suggestions

A Next Webinar Focus
— Priority

— Other topics

25
* Electric Power Group
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EPG Webinar Series

Use Cases of Linear State Estimd®chnology foGrid Resiliency (Feb 2017)

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

Using alarms & events for proactive actions

Mining large data archives for events of different types, e.g. oscillations, generator trip
etc.

Othertopics?

* Electric Power Grou
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Thank you for participating

If you have any guestions regarding any part c
please contactus

* Electric Power Group

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


mailto:Contact@electricpowergroup.com
http://electricpowergroup.com/webinars.html

