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Synchrophasor Measurement

PJ Phasor format

1 2 3
Angle Difference increases with 0

*  Power flow
* Impedance (weakened network) GPS .

Timestamp

Synchrophasors: Key Features

Full per-cycle detail
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— Next generation measurement
technology.
(voltages, currents, frequency,
frequency rate-of-change, etc)

— Higher resolution scans
(e.g. 30 samples/second).
— Improved visibility into dynamic
grid conditions.
— Early warning detection alerts.

— Precise GPS time stamping.

— Wide-area Situational Awareness.
— Faster Post-Event Analysis.

“MRI quality (3-D color) visibility of power
system, compared to X-ray (2-D b/w) quality
visibility of SCADA” — Terry Boston (PJM)

Event ooourred at 8:16:41
PM. 4igcond SCADA data
showed a small change.




The changing landscape

Synchrophasor measurement devices are being deployed
aggressively in the US and globally

— By 2012, will be a five-fold increase in PMUs across US —
over 1000 PMUs deployed

— Each PMU provides 10-12 separate sub-second
measurements

— Measurements include voltages, currents and frequencies
— Augments traditional 2-4 second SCADA

Facilitates wide-area monitoring systems (WAMS) and
future wide area control (WAC) - self-healing grid

This I1s the next SCADA frontier —

“fast, sub-second measurements and fast, automated
controls”

ALSTOM
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NASPInet — Future Vision for North Ame

SynchroPhasor Network

GOAL: Develop an “industry grade” secure, standardized & distributed data communications
infrastructure to support SynchroPhasor applications in North America.

| Monitoring Center X

By 2015,

Almost all utilities, TOs & ISOs
will have access to

_— . 1000+ real-time PMU data
from across the North America

e——————

/

Source: NASPI Website (www.naspi.org)




Phasor Measurements...

Changing Grid Measurements to:
higher resolution, more accurate readings.

Benefits:

* More accurate Control Center understanding of the Grid’s state

« Faster operator alerts and improved visibility of fast, dynamic
grid conditions

« Maximize utilization of congested corridors by operating closer
to 'true' operational limits

* Prompt identification of un-damped grid oscillations to prevent
outages

« Quick identification of grid disturbance location(s) increasing
speed of response

* Quicker post-event re-creation of actual disturbance scenarios
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Synchrophasor Impact on Grid Operations

“An Unprecedented Transformational
Change

to help operate the grid
More efficiently, reliably and

to facilitate integration of Green energy
resources”
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Holistic Generalized Grid Security Analysis

Traditional
MODEL-BASED
Analysis

(EMS)

Other EMS State
Applications Estimator
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Wide Area Situational Awareness - WASA

Situation Awareness
Wide Area Visualization

ah

Grid Security Monitor

Ul
Navigation

ul
Navigation

WAMS

Alerts Wide Area

Security

Local PMU angles &
Ul & Oscillation
Storage Monitoring

PMU-based Apps
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Dynamic
Security

Steady State
Security

Correlation

EMS RT Small signal _
Non-operational
Network Voltage
_ _ Data
Analysis Transient

Network Model-based Apps

/—lwer system Grid

Condition monitoring
Weather information




EMS Integrated with SynchroPhasor Solution

Real-Time
Controls

Damping
control

Eransient Stability

Analysis
Small Signal
Stability Analysis
Voltage Stability
Analysis

VAN

SE snapshot | | (1 per min)

Energy Manageméﬁt System (EMS)
— Improved State Estimation
—Grid Security Assessment
—SynchroPhasor State Estimator

-

PMU based Information/Alerts

(few seconds)

PMU Data
(1 per second)
Phasor Data
Concentrator
PDC
PMU Data .
(30-60 per second)

SynchroPhasor Applications

Framework

— Oscillatory Stability Monitoring
— Disturbance Detection

— Composite Events

— Islanding/Restoration/Blackstart

Copyright ALSTOM Grid

— Post-Event Analysis, Baselining
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Online Stability Solutions

Integrated measurement-based and model-based stability

N3

PMU measurement-based analyses OPEONITOR - =
identify problems immediately ‘

PREDICT & MITIGATE

Model-based analyses
provide the corrective actions

ALSTOM
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ALSTOM Solutions

4 I
Powertech g

EMS Model-based dynamic analyses:
< > -Voltage Stability Analysis (VSAT)

PMU Measurement-based Analyses

PhasorPoint : A pp lications -Small Signal Stability Analysis (SSAT)
Synchrophasor Framework -Transient Stability Analysis (TSAT)
Synchrophasor Applications k
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Combined Measurement- & Model-based Approach
for Model Validation
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why PMU-based analysis?

Improve Security

Increase Transfer

System Analysis
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0.05-04 Hz I 04-0.54 Hz I 054-0.7 He 0.7-0.9 Hz

X
Mode Damping

5] PSS
ENABLED

PSS

 RIBRRED e

BT 1100 " 1z00 1300 400 1500
Time
—PDX2-20
07:00:53 17/03/07 09:31:00 16315

Mode Frequency | Mode Damping | Mode Amplitude

o | ALSTOM




nchrophasor Applications Framework and Prod

b

DATA ANALYSIS SYNCHROPHASOR VISUALISATION
MANAGEMENT TOOLS APPLICATIONS FRAMEWORK

Interfaces Analytics MeasurementTrends Real-time Dashboards

Tiered Views

F‘-.ﬂgl’ﬂﬂiﬂ[iﬂn (FDC) DiEEﬂ'-"EI'}' Ml:'ﬂiI.C'r'ir'lgn"f':".|-':'lf'r'l"|5 {\Wide Area & Local}

Storage Notifications Diagnosis/Response Asynchronous Regions

Integrate o EMS/

Data Access ine Pratection/Contral - . .
Reporting Situational Awareness

Products Main Features / Options Delivery
Server Central PDC (optional) Software
Historian

Standard Applications
Advanced Applications

Integration
Regional PDC Local Archive (supports automatic data gap filling) Software
Substation PDC Local Archive (supports automatic data gap filling) Firmware & Software
Controller Protection/Control Applications Firmware & Software
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Oscillatory Stability Management

Simultaneous multi-oscillation detection and Operations
characterisation direct from measurements
Early warning of poor damping (2 level alarms)

Measured P/f/ 6 Unlimited oscillation frequency sub-bands

For each oscillation detected, alarm on:

mode damping and/or
mode amplitude for

Mode - Mode decay time T —— |
Frequency Exp(-t/z i ey
.4/ | p( h ) - 2 .::\;ik'mw
_

Mode locus plot with alarm
thresholds

Fast Modal Analysis: Alarms
Trend Modal Analysis:  Analysis

___ | ANl AW~ A
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Congestion Relief

P

Model limit  Limit with Thermal
with margin  measured limit
damping
Great Britain Australia Active Powar
Scotland — England Queensland — NSW i I ( (] |q
Interconnector Interconnector : Wﬁ ]ﬂ‘ ﬁ ( 1
8 e A l
! e ~"\ﬁ«/va«*Mh\,"./\/\/\\\/\ | \/
V-
it
i I L

Damping Measurement for Real-Time Constraints
« Modelling uncertainty requires large margin




Improved Reliability: Operator Guidance

Oscillation observability is not

sufficient for taking corrective
action — you need to know what is
contributing to the oscillation’s
power flow across the grid

P Psymetrix PhasorPoint Workbench - User: appAdmin
Fie View Settings Hebp
| Overview | Vokage | Freauency | Osclistary Stablky | Tremsients |

Q1 Istending | Live Data | Historical Data | My Views || Adwin

0.09 Hz
e N W
Opposing phase
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[ Alarm View | Mode Power Path View |
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oscillations
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Identify sources of oscillation
problems

Choose remedial action

Define longer term performance
improvements

Identify contributions to oscillations
from regions

“‘Regions” can be any size

All region boundaries monitored
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Islanding, Resynchronisation & Blackstart

|dentify islanding quickly

Alarm raised

Islands clearly visualised

Improve system visibility in blackstart
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Disturbance Location

A sudden disturbance causes a traveling wave that can be detected by

PMU data across the grid:

Vigmia OSZELDA of 501 MW ard -22.6 MVAR trioged Vigna OSZELDA of 501 MW and -22.6 MVAR trioped
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Use PMUs and SCADA data to triangulate &
precisely locate the origin of the disturbance

Source: VirginiaTech FNET

ek e |:>

o

;
At




Model Validation
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Governor controller tests:
Sensitivity of mode damping /
amplitude to governor
parameter changes
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AVR, PSS and Governor Tuning
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Wide-Area Composite Alarms

Grid Alarms

— Synchronised data - synchronised alarms

— Logical combinations - wide-area alarms

— Flexible logic combine alarms to notify significant threats
— Applicable to voltage stability alarms
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Real-time dynamics monitoring in
control rooms since 1997




Eskom, South Africa - 2009

Local Modes (various)

Pilot project complete, next stage 4200 phasor system

Key features

— Flexible user configurable displays (e.g. wallboard)

— Flexible alarms (level, ROC, composite) & notification (via EMS)
— Oscillatory stability

— Disturbance capture & analysis

— High availability

Exploring new application areas e.qg.
—_Constraining by angle 0.3Hz SAPP Mode 0.7Hz Interarea Mode

0.05Hz Common Mode

e
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N
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Landsnet, Iceland 2007

Oscillations & PSS Tuning
Governor stability

Disturbance analysis B
Islanding & Resynchronisation

Planned - Wide Area Defence

P Psymetrix PhasorPoint Workbench - User: appAdmin
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lceland - 2007

PSS Tuning & Dynamic Model Validation
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MPP Application in Iceland

asorPoint Workbench - User: appAdmin
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Line View
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XM, Colombia - 2009

ldentifying & resolving frequency instability
Governor testing & tuning

Islanding, Resynchronisation & Blackstart
Control room warning/response

Planned

— Generator Modelling & Test tools
- Wide Area Defence Scheme




XM Colombia - 2009

Modes Observed in Colombia (Inter-Area and Co

| Overview | Voltage quumcy[()lcilmm Transients [P&O}Lwo[)am[lﬁloncdl)ah Admin |

1.1Hz

10s
7

U guajira

Inter-area mode at 0.49Hz
(Colombia-Ecuador).
Opposing phase in South

Governor common-mode:
whole system oscillates in
coherent phase
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Powerlink Australia - 2000

Transfer Constraint Relief

True Damping Limit

Model Damping Limit

Australia

Model Damping Limit

Queensland — NSW ) )
with Margin

100 200 300 400 500
Time (sec)

Copyright ALSTOM Grid

Available
Transfer
Capacity (MW)

Applied in
Australia & UK
+300MW

Thermal Limit

Transient / Voltage
Stability Limits

N

Capacity available
provided measured
damping is acceptable

ALSTOM
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Baselining for Assessment and Issue identificati

Assessment. Dynamic Performance Reporting

Oscillatory Stability
Mode Behaviour, Band 3 (0.20-0.30 Hz )

mode: o
whole system =
oscillates in =
coherent phase v

Governor

(s e R TR RN R EEE SR DA
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UTC Time (days)

Issue Identification: Governor Stability

- s

Baselining:

Monthly reports identify normal
& unusual oscillation behavior
and patterns.

Characteristic behaviour pattern

Mode Amplitude
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Evening peaks in mode amplitude
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Reporting, Alarm Configuration, Operator Guidance

dynamics reporting
- Event reporting Dynamics interpretation &

Oscillatory Stability _
Mode Behaviour, Band 3 (0.20-0.30 Hz ) 1'M0nth ReV|eW, 026HZ MOde

ec)  Frequency (Hz)
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Control System Tuning

AVR, PSS & Governor Controller Tuning
« System survey and prioritising tuning work
* Model building & validation

« Control system commissioning testing

WAMS observation of e
system stability y:

T ‘

, \ Generator Test Signal 1/O - Continuous read-out of
! - and Visualisation key generator data
: (P.Q,V, o)

Isolation, amplification and manual
over-ride of injected test signal

GRID

ALSTOM




PG&E SynchroPhasor Project — 2010 to 2013

Technical Lead: Vahid Madani, PG&E

Strategic Team: PG&E, ALSTOM, GE, Mississippi State Univ., Quanta
Academic & Testing Partners: GeorgiaTech, Omnicron/VirginiaTech, Washington State Univ.

Control & Asset Management Centers

EMS Visualization and Alarming Platform
(Cognitive Task Analysis & Information Processing) g m m
- == =] =)}

Grid =
Interfaces PMU Stability EMSApps i
(Data Exchange Apps :
with Neighbours) Apps simulaticn
— IEC 61850 | [ IEC 61850

Substation - i DTS

State Estimator

IIardlr Fast i3 r||:| State
Fault Locator

Mode Compare

Enhanced SE . :
E
\ 4

i i PMUs PMUs IEDs

Substation
SynchroPhasor Applications for the Control Center IEC61850 Backbone for Wide Area Automation

ALSTOM

Disturbance
Locator
Data Archival

IEC 61850

Other WASA
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Wide Area Situatio
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Voltage Stability Assessment =

Voltage Contours, MW Margins, Weak Elements, Remedial Actions

& Viewport [1] - Real Time - esca60_ov_interface 1025 opt - VSA

Scenario  Status . Ignore
EST-MUST-CTG
EAST-NORT-LN

(] 841 Voltage
[m} 2382 Instability
1] ] 981 VAR Reserve
L
]

Interfaces ~ ‘

1241 Margin
2582 Max NORT

Scenario Details - E...

Identify weak elements
(i.e. regions most prone
-to voltage instability)

D AT T P It o

.........
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Small Signal Stability

Modes shapes, amplitudes, damping, frequency, etc

[HEIES
CIZEX YK
= ‘ ' e : Track oscillatory:

= stability in real-time.,
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Contact Info:

Jay Giri — jay.giri@alstom.com THAN K YOU

Manu Parashar — manu.parashar@alstom.com
Douglas Wilson — douglas.wilson@psymetrix.com
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