NASPI CRSTT Task Team Breakout Session

Update on Using Synchrophasor Data for Phase
Angle Monitoring Paper

Team Members: Sarma (NDR) Nuthalapati (ERCOT),
Michael Cassiadoro (TRS) and Sam Chanoski (NERC)

Chicago, IL — October 14, 2015

[ |

N A s P North American
SynchroPhasor Initiative



Phase Angle Monitoring

Phase angle monitoring is an important use case of
synchrophasor technology

Indicates stress in the system
» During disturbance
» Post-disturbance analysis

Key objectives of paper:

» Learn how PMU data and synchrophasor application
outputs are being used for phase angle monitoring in the
industry

» Share grid operator and electric utility experiences

» Collect videos to demo operational tools
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NASPI CRSTT Application Template

NASPI ConNTROL RooM SOLUTIONS TasK TEAM PAPER — PHASE ANGLE
ALARMING USING SYNCHROPHASOR DATA

SUBMITTED BY: (NAME OF THE ORGANIZATION)

1. Application name:

2. Objective of the application:

3. Application requirements (hardware, software, visualization telecommunications, etc.):
4. Definition of data requirements (e.g. phasor, SCADA, resolution, etc.):

5. Identifyv the incremental improvement or benefit to be derived by using this application in
the real-time operating environment:

6. Current status of the application ( in development, testing, in operation):

7. If in operation, where?

8. Application provider or developer:

9. Application software (open source, proprietary):

10. Applications ability to integrate with EMS/SCADA systems or data historians (e.g. PI):
11. Describe how the application could be operationalized (i.e. used in real-time):

12. Tvpe of application GUI

13. Identifv operating entities that are using the application

14. Any other relevant information
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Requests for Participation

* Organizations contacted — 17 responded out of 27

e Alstom Grid V&R Energy
* Dominion Virginia Power (DVP) * Washington State University (WSU)
* Duke Energy * American Transmission Company (ATC)
* Electric Power Group (EPG) * Pacific Gas & Electric (PG&E)
* Electric Power Research Institute (EPRI) & e Swissgrid
PowerTech Labs * Peak Reliability
* Entergy * New York ISO (NYISO)
* Electric Reliability Council of Texas (ERCOT) * Southern California Edison (SCE)
* Lower Colorado River Authority (LCRA) * Florida Reliability Coordinating
Transmission Services Corporation Council/Florida Light and Power (FRCC/FLP)
* Midcontinent ISO (MISO) XM, Columbia

* 1SO New England (ISO-NE)

* National Instruments

* Pacific Northwest National Laboratory (PNNL)
* Power System Operation Corporation, India
* PJM Interconnection

* Quanta Technology

* Rensselaer Polytechnic Institute (RPI)

e Schweitzer Engineering Laboratories (SEL)
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Requests for Participation (Cont.)

User Responses Vendor Responses

Dominion Virginia Power (DVP) * Alstom Grid

ISO New England (ISO-NE) * Electric Power Group (EPG)

American Transmission Company (ATC) * Electric Power Research Institute (EPRI) &
PJM Interconnection PowerTech Labs

Power System Operation Corporation, India * Quanta Technology

(POSOCO) * Schweitzer Engineering Laboratories (SEL)
Peak Reliability * V&R Energy

Southern California Edison (SCE)

LCRA Transmission Services Corporation
Duke Energy

Electric Reliability Council of Texas (ERCOT)
XM, Columbia
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Dominion Virginia Power — Template Response

Application name: EFG RTDMS. OSlsoft Pl Historian

Objective of the application: Provide visualization and analytical processing of
synchrophasor data (real-time and historical data), including phase angles across the
system, and alarming options.

Application requirements (hardware, software, visualization telecommunications,
etc.): For phase angle visualization and alarming, must send synchrophasor data to
each application. Then in each tool, a number of ways to visualize phase angles, such
as trend charts, polar charts and geographic displays.

Definition of data requirements (e.g. phasor, SCADA, resolution, etc.): Our focus
for phase-angle visualization and alarming is using synchrophasor data at a resolution
of 30 phasors per second.

Identify the incremental improvement or benefit to be derived by using this
application in the real-time operating environment: Phase angles are not readily
available with today's EMS/SCADA data. Having phase angles from synchrophasor
data will allow more insight into the real-time operations of the grid. including new angle-
based metrics for grid stress, manual breaker reclosing angles and even blackstart
situations when connecting small sections of the grid back together.

Current status of the application (in development, testing, in operation): RTDMS is
in operation in DVP engineering departments and in development for getting RTDMS
screens in front of System Operators. Pl is still under development and early
implementation stages at DVP.

Application software (open source, proprietary): Both applications are proprietary.

Applications ability to integrate with EMS/SCADA systems or data historians (e.g.
Pl): Our PI Historian will be the main repository for all synchrophasor data and
SCADA/EMS data at DVP. This will allow Pl to be one place where all data can be
visualized and analyzed together with state of the art analytical tools.

Describe how the application could be operationalized (i.e. used in real-time):
Phase angles are not readily available with today's EMS/SCADA data. Having phase
angles from synchrophasor data will allow more insight into the real-time operations of
the grid, including new angle-based metrics for grid stress, manual breaker reclosing
angles, and even blackstart situations when connecting small sections of the grid back
together.

Type of application GUI: Both RTDMS and Pl applications have a server end that is
the engine to collect all input data, store to database, and make available to client side
applications. Both RTDMS and Pl applications have client side applications that users
use on standard Windows computers.

Identify operating entities that are using the application: Below are links to EPG
and OSIsoft website which identify their respective clients:

http/www _electricpowergroup. com/salutions/mdms/deployments_html
http/www. osisoft. com/value/industry/PowerUtilities/

Any other relevant information:
Screenshot of voltage phase angle display at DVP is as shown in Figure 4.

Figure 4: Display of Voltage Phase angles in Dominion Virginia Power System

7

NASP

North American

SynchroPhasor Initiative



ISO New England — Template Response

Application name: Alstom Phasor Point

Objective of the application: As communicated by Alstom, the application has the
ability to collect synchrophasor data from 40 substations in New England; archive all
data for three years; provide visualization of real-time and historic synchrophasor data;
provide analysis of data.

Application requirements (hardware, software, visualization telecommunications,
etc.): The vendor can pTvide this information.

Definition of data requirements (e.g. phasor, SCADA, resolution, etc.): Phasor

Point utilizes only synchrophasor data and provides full resolution (30 data points per
second) for all functions (archiving, visualization, and analysis).

Identify the incremental improvement or benefit to be derived by using this
application in the real-time operating environment: ISO-NE is evaluating potential
benefits of using synchrophasor data in the real time environment but does not currently
use this data in the real time environment.

Current status of the application (in development, testing, in operation): The
Phasor Point application is currently in operation for post event analysis.

If in operation, where? Phasor Point is currently being used in post event analysis.
Application provider or developer: Alstom/Psymetrix
Application software (open source, proprietary): Proprietary software.

Applications ability to integrate with EMS/SCADA systems or data historians (e.g.
Pl): The vendor can provide this information.

Describe how the application could be operationalized (i.e. used in real-time):
ISO-NE Is evaluating this possibility.

Type of application GUI: The vendor can provide this information.

Identify operating entities that are using the application: The vendor can provide
this information.
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ATC — Template Response

Application name: Alstom (Psymetrix) PhasorPoint
Objective of the application: Visualization, Monitoring and Notification

Application requirements (hardware, software, visualization telecommunications,
etc.): The application serves as a Phasor Data Concenfrator (PDC) and visualization
engine that resides on a server. | believe redundancy can be implemented but we have
not pursued that at this time.

The application needs to have access to a live synchrophasor data stream. The end
users run an application that connects to the server to display data. Some alarming is
built into the tool that could be used to identify times when angle differences exceed
defined thresholds but we are more focused on integrating the system and using EMS
alarming so | can’t provide much detail on those existing alarm capabilities.

Definition of data requirements (e.g. phasor, SCADA, resolution, etc.): The
application does not use SCADA inputs. We are currently using 30 sample/second
phasor data as an input. | believe it can accept data at higher rates if desired. Phase
angle pairs need to be defined but once configured they can be used for visualization
displays, trending, and angle difference alarming.

Identify the incremental improvement or benefit to be derived by using this
application in the real-time operating environment: Initially the application could be
used in conjunction with our existing interface monitoring tools which are based on
MVAMWSs across the interface. Having the angle data in real time to compare fo the
interface flows could eventually lead to changes in how we monitor the operation of the
system If we determine the angle limit provides a more easily understood measure of
the stress on the system.

Current status of the application (in development, testing, in operation): We've
had the application running on our development network for the past year with limited
operations access. We've been waiting to push the application to production/operations
until we have hooks to our EMS alarm application. The intent is that the alarm system
would be used to notify the Operators when they should look at the visualization
displays versus expecting them to monitor this special application 24x7.

Application provider or developer: Alstom (Psymetrix)

Application software (open source, proprietary): Proprietary
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ATC — Template Response (Cont.)

Applications ability to integrate with EMS/SCADA systems or data historians (e.g.
Pl): PhasorPoint has the ability to integrate with Alstom’s EMS software as well as their
visualization application eterraVision. We have tested these interfaces and while they
can be made to work the configuration process had some issues we needed to work
through. We hope to address that in 2015.

Describe how the application could be operationalized (i.e. used in real-time):
Operationalizing the application requires good hooks to existing tools for our Operations
fo accept it. As stated above, we do not expect our Operators to monitor this special,
stand-alone application 24x7 so it needs to integrate well with our existing operator tool
set. Most notable any alarms generated by the system need to be presented to the
Operators via our existing EMS alarm system.

Type of application GUI: Proprietary

Identify operating entities that are using the application: Please contact Alstom for
a list of companies using the application. | have a general idea who has it but do not
have permission to share that information from the other companies.

Any other relevant information: The application has worked well with the 110 PMUs
we are scanning. We have seen some issues with performance on save times with this
larger configuration but the real time displays are reliable and provide timely updates.

We have been working through licensing as they are fransitioning their licensing
structure from the Psymetrix model to something more in line with the standard Alstom
licensing scheme.

Example: Can you provide a sample video clip demonstrating the capabilities of
the tool: Yes. Video provided.

PhasorPoint.mp4
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Figure 5: Display of Voltage Angle Information at ATC Using PhasorPoint
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PJM Interconnection — Template Response

Application name: EPG RTDMS

Objective of the application: RTDMS is a synchrophasor software application for
providing real time, wide area situational awareness to Operators, and Engineers, as
well as the capability to monitor and analyze the dynamics of the power system.

Application requirements (hardware, software, visualization telecommunications):
One special need is RTDMS requires at least 1GB video card memory.

Definition of data requirements (e.g. phasor, SCADA, resolution, etc.):
30samples/sec phasor data

Identify the incremental improvement or benefit to be derived by using this
application in the real-time operating environment: Monitoring Phase angle
difference will provide another type of indicator of system stress in the wide area.

Current status of the application (in development, testing, in operation): Testing
Application software (open source, proprietary): Proprietary

Applications ability to integrate with EMS/SCADA systems or data historians: Can
be integrated with PI.

Describe how the application could be operationalized (i.e. used in real-time): If
limitations are derived using engineering-based post-contingency limits (ideally dynamic
calculated recognizing system topology) phase angle limits then could be then provide
value operationally beyond being based upon statistical normal/abnormal limitations.

Type of application GUI: Windows application GU|

Identify operating entities that are using the application: The application is available
to 12 PJM transmission owners and & of them are using it.
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POSOCO — Template Response

Application name: Synchrophasor Central =

Objective of the application: Visualization of synchrophasor data real-time as well as POSOCO_Phase angle alarm.mpé4
historical data.

Application requirements (hardware, software, visualization telecommunications,
etc.): Historian, Phasor Data Concentrator, Synchrophasor Central Software of SEL.

Definition of data requirements (e.g. phasor, SCADA, resolution, etc.): Measured
phasorvoltage or phasor current.

Identify the incremental improvement or benefit to be derived by using this
application in the real-time operating environment: “Phase Angle Alarming” is very
useful in realtime grid operation. It provides early waming signals.

Current status of the application (in development, testing, in operation):

In.operation.

If in operation, where? At National Load Dispatch Center Control Room.
Application provider or developer: SEL
Application software (open source, proprietary): Proprietary

Applications ability to integrate with EMS/SCADA systems or data historians (e.g.
Pl): Not known

Describe how the application could be operationalized (i.e. used in real-time): It is
being used in real time grid operation.

Type of application GUI: Color change indication along with text.
Identify operating entities that are using the application: Northern Regional Load

Dispatch Center, Southern Regional Load Dispatch Center, Northern Regional Load
Dispatch Center.

Any other relevant information:
Video is attached.

7

N A SP North American
SynchroPhasor Initiative



Peak Reliability — Template Response

Application name:
ALSTOM Psymetrix PhasorPoint (PP) Workbench and e-Terravision

Objective of the application:
Psymetrix PP is the engineering tool to monitor dynamic disturbance of Western
Interconnection system operations, including, but not limited to:
a) Westemn inter area oscillation Mode Meters (MM) (North-South modes A & B
presently) e g. oscillation mode frequency and damping ratio
b) Oscillation Detection Monitor (ODM) (forced oscillations by system switching and
generating unitdynamic)
c) Wide area angle separation monitoring-generate warning/alarming when a pre-
specified PMU bus voltage angle pair difference exceeds its thresholds
d) Islanding detection by PMU signals
e) System Disturbance monitoring
f) Frequency, Voltage Magnitude/Angle, P & Q flows
g) Composite event alarming
h) Live PMU data review and historical PMU data retrieval {up to ~3 months)
i) Efc

Note items a, b use Montana Tech developed Modal Analysis Software (MAS) engine to
compute MM and ODM solutions. The rest are original Psymetrix functionalities.

E-terravision is Alstom’s new generation graphical visualization tool for wide area
situational awareness. It has the ability to import both real-time applications and offline
study results. E-terravision can import and visualize the results of the following real-time
applications:

a) EMS-5CADA ICCP measurements/Quick Network Analysis (QKNET)

b) EMS-State Estimation

c}) EMS-Real-Time Contingency Analysis (RTCA)

d) Raw PMU data stream from OpenPDC

e) MAS-MM and ODM results received from the PP workbench.

f) Busvoltage Angle Pair separation monitoring in the context of PMU, SE, CA and

SCADA applications

Application requirements (hardware, software, visualization telecommunications,
etc.): OpenPDC servers, Phasor Pl servers, Data transfer/Link between EMS servers
and e-terravision/OpenPDC/PP servers.

Definition of data requirements (e.g. phasor, SCADA, resolution, etc.):
s SCADAICCP refresh rates: 10 seconds for Analog points and exceptional for Status
points.
e  PMU incoming streams: 30 sample per second.
Identify the incremental improvement or benefit to be derived by using this
application in the real-time operating environment:
Maijor benefits achieved thus farare:
a) Validated PMU voltage angle values are used in improving SE solution quality
and identify the modeling issues.
b) PMU serves independent data source for RC to gain the system situational
awareness in case of EMS system fails e g. ICCP link/OAG servers down.
c) Monitor system oscillatory events.

Current status of the application (in development, testing, in operation): Intesting
and validation phase.

If in operation, where? N/A

Application provider or developer: Alstom Grid (integrated with Montana Tech MAS
engine) and Washington State University developed Oscillation Monitoring System
{OMS) tool (on off-line validation phase).

Application software (open source, proprietary): Montana Tech MAS engine is open
source.

Applications ability to integrate with EMS/SCADA systems or data historians (e.g.
Pl): Alstom PhasorPoint Workbench is able to integrate with EMS/SCADA system.
WSU OMS tool has interface with PIL

Describe how the application could be operationalized (i.e. used in real-time):
Peak plan to complete the validation fest in 6-months, and run the PMU applications in
a trial mode for base lining, implement RC friendly visualization, and develop actionable
operations procedures/guides in next year or two.

Type of application GUI: Vendor provided GUI and Peak costumed visualization
displaysin SCADA and Pl

Identify operating entities that are using the application. Not sure
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Southern California Edison — Template Response

Application name: Power On (GE's new name for the XA/21 platform)

Objective of the application: Synchrophasorvisualization, alarming and system
control.

Application requirements (hardware, software, visualization telecommunications,
etc.): Very detailed for a short answer. Think an EMS system requirements.

Definition of data requirements (e.g. phasor, SCADA, resolution, etc.): High speed
trends and 1 sample per second for general alarming and display

Identify the incremental improvement or benefit to be derived by using this
application in the real-time operating environment: Analysis Pending

Current status of the application (in development, testing, in operation):
Operation on hold pending NERC CIP verification

If in operation, where? Control room.

Application provider or developer: General Electric.

Application software (open source, proprietary): Proprietary

Applications ability to integrate with EMS/SCADA systems or data historians (e.g.
Pl): Yes

Describe how the application could be operationalized (i.e. used in real-time):
Same application as our EMS system.

Type of application GUI. Same application as our EM5 system.
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LCRA — Template Response

Application name: EPG RTDMS 2012/2015
Objective of the application: Detect angle discrepancies that exceed normal values.

Application requirements (hardware, software, visualization telecommunications,
etc.): Referto EPG documentation re: RTDMS software requirements

Definition of data requirements (e.g. phasor, SCADA, resolution, etc.): 30-sample
per second real-time PMU data from each bus of interest. PMU data must include a
voltage source that is on the “far” side of the open line; not on the transmission line
itself, otherwise the measurement will be inaccurate.

Identify the incremental improvement or benefit to be derived by using this
application in the real-time operating environment: From time to time, lines may not
be able to be reclosed because the angle difference across the line exceeds the sync
relay seitings or some other limit. Knowledge of the angle in realtime can help
Operators adjust the system to provide for system restoration. Visualizing the angle can
demonstrate the angle improving or worsening as system modifications are made.

Current status of the application (in development, testing, in operation): In testing
by Operations engineering staff; not yet released to Operators on a 24x7 basis.

If in operation, where? N/A. Although the Big Hill to Kendall double-circuit series
compensated 138 mile 345-kV line is a prime candidate for this type of functionality.

Application software (open source, proprietary): RTDMS platform
Applications ability to integrate with EMS/SCADA systems or data historians (e.g.

Pl): Our EMS vendor has confirmed that RTDMS may be integrated within the LCRA
TSC EMS system.

Describe how the application could be operationalized (i.e. used in real-time):
Angle differences will be integrated into system-wide visualization displays for system
operator awareness. Under nommal system conditions, this will mostly provide
awareness to an operator for how and to what magnitude power is flowing across its
system. When restoring lines to service, angle measurements will be usedto ensure the
difference in angle across an open circuit breaker will not exceed circuit breaker sync
limits. Angle monitoring and visualization will be especially important to operators during
Black Start restoration.

Type of application GUIl: RTDMS platform with dashboard-style alerts and trended
measurementvalues.

Identify operating entities that are using the application: Refer to EPG's customer
list for RTDMS.

Any other relevant information: Functionality was documented in a section of this
technical paper available on SEL's web site:

hitps:/mwww.selinc.com/WorkArea/DownloadAsset.aspx?id=104253.
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Duke Energy — Template Response

Application name: EPG RTDMS

Objective of the application: To derive meaning from the phasor measurements
installed across the system

Application requirements (hardware, software, visualization telecommunications,
etc.): Multiple servers, RTDMS Software

1

Definition of data requirements (e.g. phasor; SCADA, resolution, etc.): Phasor
data, 30x/second

Identify the incremental improvement or benefit to be derived by using this
application in the real-time operating environment: Angles can be measured directly
instead of calculated using state estimation

Current status of the application (in development, testing, in operation): Testing
Application software (open source, proprietary): License required

Applications ability to integrate with EMS/SCADA systems or data historians (e.g.
Pl): Able to send alarm data to EMS, points to Pl

Describe how the application could be operationalized (i.e. used in real-time):
Alert operator to problem using integrated alarming to EMS, operator can look at phasor
data to quickly determine problem.

Type of application GUI: RTDMS Application
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ERCOT — Template Response

Objective of the application: To provide real-time, wide-area situational awareness
and real-time dynamics monitoring of the power grid for use by Operators, Reliability
Coordinators, Planners, and Operating Engineers, as well as the capability to analyze
system performance and events. The major use cases of the application within ERCOT
are the ability to observe and alert operators to voltage angle differences across the
interconnection, detect and mitigate local and system-wide oscillations, and the ability to
save and replay system events recorded by PMUs across the system.

P——] -

Figure 6: isualization of Phase Angles using RTDMS Sstem at ERCOT

Application requirements (hardware, software, visualization telecommunications,
etc.): Please refer to the Electric Power Group (EPG)’s requirements.

Definition of data requirements (e.g. phasor, SCADA, resolution, etc.):
Accepts phasor data input from a Phasor Data Concentrator (PDC) using either
C37.118 or PDCStream data format.

Identify the incremental improvement or benefit to be derived by using this
application in the real-time operating environment:

Current State:
* Used in confrol room by shift engineer as well as by support engineers to
monitor voltage angles and oscillations across the system
¢ Developing a PMU-based operator tfraining simulator

Future Goals:

e Build out redundant PMU monitoring system

o Develop procedures for operators and complete the PMU operator fraining
simulator

¢ Addin PMU Estimation on interfaces as a backup for Interconnection Reliability
Operating Limits (IROL)

+ Monitor grid disturbances and notify Generators to collect data for model
validation on these events
Add PMU data into EMS for improved state estimation
Control Room event reporting including dynamic system performance

Current status of the application (in development, testing, in operation): In use by
shift engineers and operations support

If in operation, where? Control room and Operations Support Dept.
Application software (open source, proprietary): Proprietary

Applications ability to integrate with EMS/SCADA systems or data historians
(e.g. PI): Currently, RTDMS is a completely separate system from EMS/SCADA. There
are no immediate plans to integrate the two systems, although ERCOT is opentoitin
the future. The capability does exist, and ERCOT is in the initial stage of determining
the level of integration it would like to implement.

Describe how the application could be operationalized (i.e. used in real-time):
Currently, the RTDMS is being used in the control room at the shift engineer's desk
and by control room support engineers. The primary purposes of the system are to
monitor voltage angles and system oscillations, as well as replaying system events for
post mortem analysis. There are no official procedures or protocols in place for using
the system, since there is not a redundant or backup system. In the future, ERCOT is
looking to implement a PMU-based monitoring system into a full production
atmosphere, with a redundant system with failover capabilities, operational procedures,
and an operator training simulation program.

Type of application GUI: The RTDMS user interface is made up of many tools for
visualizing data and monitoring alarms. It consists of a hierarchy of layers that together
provide a rich user experience for viewing data.

Any other relevant information: Video provided.

WA WY
Oscillation_Demo_l.wmy Oscillation_Demo_2.wmv
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XM, Columbia — Template Response

Application name: Phasor Alarming Platform

Objective of the application: Real Time Monitoring of the evolution of predefined
indexes based on synchronized phasor measurements supplied by the Colombian
Wide-Area Monitoring System (WAMS). Central and Cut Set Angles indexes reflect the
current stress of the operation. These indexes are designed fo be displayed in the
control room to give indications of abnormal or yery stressed situation to the operator in
order to take remedial actions.

On the other hand the indexes can also be used as source of information for a
WAMPAC, intended to protect the integrity of the power system under events of large
impact and low probability of occurrence. Currently this protection system is under
research.

Application requirements (hardware, software, visualization telecommunications,

etc.):
¢« The final implementation of this platform requires a high reliability and wide

coverage WAMS which is currently under continuous development.

A high reliable “internet” of phasors, states and commands is a mid-term goal.

A visualization tool has been developed to show the control room operator in real

time the angle indexes.

Baselining required tg_ relate the operation period, demand, generation of each

zone, efc. to define angle limits for operation under certain conditions.

Definition of data requirements (e.g. phasor, SCADA, resolution, etc.):

Currently there are 44 PMU installed across the Colombian Transmission
system. 40 more will be installed in the following year.

Currently the WAMS uses a rate of 10 (pps) phasors per second. It is going to be
increased to 30 pps at the end of 2015.
A new version of SCADA system is about to be implemented. This new Eersion
incorporates phasor measurements into the State Estimator along with
conventional measurements.

Identify the incremental improvement or benefit to be derived by using this
application in the real-time operating environment: We expect to develop a tool that
can incorporate voltage angles as a new indicator of operative problems in the system.
Intuitive displays and alarms will arise in the control room to wam the operator of

abnormal or much stressed operation. Automatic control actions are also planned to
protect the system against partial or total blackout.

Current status of the application (in development, testing, in operation): In
development

Application provider or developer: The developer is XM in collaboration with UPB
University (Medellin, Colombia).

Application software (open source, proprietary): The application is being developed
on top of GPA’s OpenPDC using its action adapter.

Applications ability to integrate with EMS/SCADA systems or data historians (e.g.
Pl): So far the application is not integrated with EMS/SCADA, and is developed
externally in Microsoft Visual Studio due to the need of specialized calculation to obtain
the proposed indexes. Some adjustments are going on to integrate the application to
the EMS State Estimation.

Describe how the application could be operationalized (i.e. used in real-time): In
order to obtain a complete visualization of phasor alarming indicators, it is necessary to
deploy the PMUs needed by Cutset angles (AngC) and Center of Angles (COA) theory
applied to Colombian power system. Besides, telecommunication infrastructure and
architecture that has to be updated to transmit all the phasor data measures to the
National Dispatch Center. Also, the angle characterization of Colombian power system
has to be done in order to obtain the angle alarms for a specific situation.

Once all the information is available, the visualization platform is able to illustrate the
behavior of the indicators.

Type of application GUI. The user interface and some displays of the tool are shown
below.

Identify operating entities that are using the application: The application is not
being used yet, it is in a development state. The idea is to be used in the future by The
Colombian National Dispatch Center.

Any other relevant information:
Some snapshots are as shown below in Figure 6 and Figure 7.
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XM, Columbia — Template Response (Cont.)
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Figure 8: Typical Display of Phase angles at XM, Columbia
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Alstom Grid — Template Response

—

Application name: e-terraphasorpoint; e-terravision

Objective of the application: Ability to monitor and alarm on:
1. Phase Angle Differences as an indicator of grid stress.
2. Phase Angle Rate-of-Change to detect and characterize grid disturbances.

Application requirements (hardware, software, visualization telecommunications,
etc.):
 Hardware: Physical Servers or Virtual Machines (requirements depends WAMS
system sizing such as number of PMUs).
¢ Software: Windows or Linux
¢ Telecommunications/Formats: PMU/PDC data streamed in C37.118 format.

Definition of data requirements (e.g. phasor, SCADA, resolution, etc.):
s Phase Angle Difference: Sub-second phasor data (alterately, down-sampled via
SCADA or State Estimator phase angles).
» Phase Angle Rate-of-Change: Sub-second phasor data.

Identify the incremental improvement or benefit to be derived by using this
application in the real-time operating environment:

» Phase angle differences to indicate increased grid stress (due to greater power
transfers or line outages) between major sources and sinks in the grid on a wide
area basis.

» Phase angle rate-of-change to detect and characterize events on the grid (e.g.
location, event type such as line trip or generator loss). This is especially
valuable to identify a disturbance outside the SCADA/EMS footprint where PMU
data may be available.

Current status of the application (in development, testing, in operation): The
functionality described above is part of our WAMS products which are deployed at over
40 1S0s/TOs across 6 continents including North America, South America, Europe,
Africa, Asia and Australia

If in operation, where? The application is being usedin real{time operations in Iceland,
ScottishPower and Australia.

Application software (open source, proprietary): Proprietary software, however can
utilize standard interfaces such as IEC 60870-5-104.

Applications ability to integrate with EMS/SCADA systems or data historians (e.g.
Pl): The application can be integrated with ALSTOM or 34 party EMS/SCADA systems,
or historians (e.g. Pl) using standard interfaces such as IEC 60870-5-104 or IEEE
C37.118 protocols.

Describe how the application could be operationalized (i.e. used in real-time): To
operationalize the application, in addition to monitoring and alarming capabilities,
operators need the ability it predict potential risks along with appropriate guidance.

As a leading EMS vendor, our WAMS applications integrate with the EMS applications
such as Contingency Analysis and Dynamic Security Assessment capabilities to be able
to alert operators when certain outages may cause angles to exceed their stability limits,
as well as suggest corrective actions to bring angles back to safe operating conditions.

Type of application GUI: Our GUI capabilties on phase angle based monitoring
include:

+ (Geospatial displays.

» Substation one-lines.

+ High-speed trending.

« Tabulars for alerts and alarms.

Identify operating entities that are using the application: The applications are being
used by 150s, Regional Transmission Operators (RTO) and Transmission Owners.

Any other relevant information: Examples of screenshots provided below.

Figure 9- Geospatial displays showing angle difference monitoring in ALSTOM Grid Tool.
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Alstom Grid — Template Response (Cont.)
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Electric Power Group — Template Response

Application name: EFG RTDMS.

Objective of the application:
+ Calculate phase angle difference
s Trigger alarms and events based on user configured limits
+ Visualization of phase angle differences values and alarms resulis for operators
and engineers

Application requirements (hardware, software, visualization telecommunications,
etc.):_This application will be part of the RTDMS Server. Typical hardware and software
configuration for production servers are:

Server 1 Hardware Requirements

Will run EPG'S RTDMS Server software

Micrasoft Windows 2008 R2
2.5GMz

2 Physichl Proce 1o

8 Gigabytes Minimum

1 Network Interface Card [NIC) supporting 1GbPS
100 Gigabytes

Server 2 Hardware Requirements - Beal Time Data Storage
Will rum EPG's RTOMS Database hosted in Mic[~gaft SOL Server
0 Migrasah Windews 2000 R2
Microzaft S0L Server 2008 R2

2.5GHz

2 Physicsl Processors (ench with guad-core)

24 Gigabytes Minimum

1 Network Interface Card [NIC) supporti ng 1GhPE
2.5 T8 Disk Storage (200 PMUs for 30 Days RAW
phasor dats, calculated date, slarms, and events)

Individusl PC Hardware Requirements

‘Will run EPG's RTDMS Client Application

D Microsoh Windows 7, 32 or 64-bit.

2.5GH:z

Intel Coreld Qubd oF i7 prodessar

B Gigabytes Minimum

1 Metwork Interface Card [NIC) 1 GRPS

AMD Radeon 7500 seriesor better, or HD 6500 ar
betves, oF FirkPro V730D or bette, with 268 RAM o
more

Figure 12: Typical hardware requirements for EPG's RTDMS Tool

Definition of data requirements (e.g. phasor, SCADA, resolution, etc.):

* Phasor data at the rate available at the entity using the application, usually 30
samples/second.

+ oltage phasor and current phasor measurements for locations of interest

Identify the incremental improvement or benefit to be derived by using this
application in the real-time operating environment: The phase angle separation
between different locations is an indicator of the grid stress. A sudden rise in angle
difference implies an impedance increase mostly caused by change of system topology,
or an increase in power transfer between the monitored two locations. Either of the
above causes will result in increased grid stress.

Monitoring angle separation can increase transmission system reliability by indicating
and identifying excessive stress if the safe limits are approached or exceeded. With
topology changes, power flows across an interface may remain unchanged leading an
operator to believe conditions are satisfactory, while for the same topology change,
phase angle separation changes point to increased grid stress and potential
vulnerabilities that require operator attention. RTDMS monitors key phase angle
separations in real-time, and the application alarms on abnormal conditions based on
predefined thresholds.

Current status of the application (in development, testing, in operation):

If in operation, where? RTOMS was deployed at NYISO, ConEd, PJM, Dominion,
Duke Energy, ERCOT, Oncor, LCRA, AEP, Southern Co., California Independent
System Operator (CAISO), Salt River Project (SRP) and Los Angeles Department of
Water and Power (LADWP).

Application software (open source, proprietary): The software is proprietary.

Applications ability to integrate with EMS/SCADA systems or data historians (e.g.
PI): RTDMS can integrate with historical data systems and EMS/SCADA systems using
DNP3, OPC. It can also integrate with OSI Soft Pl systems. ICCP adapter is under
development.

Describe how the application could be operationalized (i.e. used in real-time):
Please see #5 above.

Type of application GUI: Typical RTDMS Displays with phase angle difference
maonitoring:

The phase angle display can be configured in any way that fits the user's need. using
various view templates in RTDMS.

Identify operating entities that are using the application: This application is used at
NYISO, PJM, Dominion, Duke Energy, ERCOT, Oncor, LCRA, AEP, Southern Co.,
CAISO and SRP.
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Electric Power Group — Template Response (Cont.)

aEmE

Figure 13: Typical dashboard with phase angle difference layer in map in EPG's
RTDMS Tool. Corresponding alarm shows in alarm panel on the right.

: o7 D,
Figure 14: Hover over angle difference layer on map showing detailed info with alarm
threshold, signal value, data quality, etc. in EPG’s RTDMS Tool
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signal in trend chart in EPG’s RTDMS Tool
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EPRI & PowerTech Labs — Template Response

Application name: VOB - Visualization of Operating Boundaries

Objective of the application:
« Visualize the relation between angle separation and system stability
« Visualize transfer limits
+ Dril-down/root cause analysis
« Consolidation of multiple data sources in one display: PMU, VSA results, TSA
results (VSATSA: Voltage/Transient Stability Assessment)

Application requirements (hardware, software, visualization telecommunications,
etc.):

» Web application in an intranet environment

» Host server computer for the intranet environment

» Client workstation, can be laptop or desktop connected to intranet

Definition of data requirements (e.g. phasor, SCADA, resolution, etc.):

« Transient and voltage stability assessment results provided by real-time DSA
analysis in a universal XML format specified in VOB's manual
« PMU data in IEEE C37.118 format streamed through a TCP port

Identify the incremental improvement or benefit to be derived by using this
application in the real-time operating environment:
» Visualize the relationship between angle separation and system stability
* Consolidation of PMU results super-imposed on a traditional transfer analysis
display

Current status of the application ( in development, testing, in operation):

« PMU enhancement to VOB is under development/testing
+ The VOB project in general has gone through several iterations since 2012

If in operation, where?
» Under development/testing
Application provider or developer:

Provider: EPRI
Developer: PowerTech's Labs Inc.

Application software (open source, proprietary):
Proprietary. Available to EPRI members

Applications ability to integrate with EMS/SCADA systems or data historians (e.g.
PI):
+ [ntegrates with PMUs/PDCs/other application that streams PMU data in IEEE
C37.118 format
+ Integrates with online/offline security assessment results (both VSA and TSA)
« Can connect with any software so long as it outputs/converts output to the
universal XML format described in VOB's manual
+« Currently PowerTech's Lab's WSAT and TSAT already outputs this format

Describe how the application could be operationalized (i.e. used in real-time):
It requires the followings:
« Visualize a consolidated transfer limit display of VSA, TSA and PMU data on one
merged display in real-time as soon as results become available

Type of application GUI
« Web-based intranet application
+« GUl accessed from an internet browser (Internet Explorer, Firefox, Chrome)

Identify operating entities that are using the application:
+« The PMU portion of VOB is still under developmentitesting. Case studies have
been performed by a couple utilities such as Southern Company and ISO-NE.

Any other relevant information

« Visualization of Operating Boundaries (VOB) 2.0.
3002001161

« Visualization of Operating Boundaries (VOB) 3.0.
3002002874

« Visualization of Operating Boundaries: Case Study for ISO-NE. EPRI, Palo Alto,
CA: 2014. 3002004872

+« Visualization of Operating Boundaries: Case Study for Southern Company. EPRI,
Palo Alto, CA: 2013. 3002002496.

+ “Realtime Visualization of Security Boundary” Presentation at WECC JSIS
Meeting, March 2015

EPRI, Palo Alto, CAZ 2013.

EPRI, Falo Alto, CA: 2014.
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EPRI & PowerTech Labs — Template Response (Cont.)
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Transfer Analysis: North to South Transfer Enable Filter I Edit Filter | Transfer Analysis: E+N to South Enable Filter I Edit Filter l
Variables: North Flow [+] Contingencies: All [+] Variables-X: East Flow (MW) [v| cContingencies: Al v
Units: MW (=] Critaria= All =] Variables-Y: North Flow (MW)  [+] Criteria: All v
<> SCADA Base: 384.0MW No Recommended Actions | > SCADA Base: [312,6MW, 312.55MW] No Recommended Actions
u PMU Base: 384.0MW (01/24/15 15:33:43) PMU Base: [312.5MW, 384.0MW]
. (01/24/15 14:53:02)
Base Increasing Transfer B4 <
384 448 513 577 642 706 771 835 900 964
800
Unit: ’;«
Deg [=] E 600
2
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B Secure o
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Quanta Technologies — Template Response

Application name: (Voltage) Phase Angle (Difference Monitoring and) Alarming

Mote: This application is limited to voltage phase angle difference monitoring and
alarming between a pair of nodes of a grid for angle stability monitoring purpose. The
“‘phase angle difference” and “phase angle” may be used to mean the same “voltage
phase angle difference” in this document.

Objective of the application: Provide grid operators with a new real-time dynamic grid
stress level monitoring and alarming tool to assist operators in

Visualizing system stress levels correlated to monitored phase angles

Generating alarms to alert grid operators to any approaching and occurring
conditions that may lead to major system disturbances

Application requirements (hardware, software, visualization telecommunications,
etc.):
* PNUs installed at required locations

A system including at minimum communication networks to transfer
measurement data from PhMUs to grid control centers, software system for data
collection and validation, phase angle difference visualization (on geospatial /
one-line, dial chart, trending chart, etc.), alarm generation, display / sounding,
logging and management

Definition of data requirements (e.g. phasor, SCADA, resolution, etc.): For all
intended uses of the application as described in 2

30 frames/s or higher synchrophasor data rates

sub-second latency

Identify the incremental improvement or benefit to be derived by using this
application in the real-time operating environment: Phase angle alarming is
important when certain phase angles directly linked to the angel stability of part of the
system (e.g. phase angle difference between a remote generation station and main
grid)
* Generate an audible / visual aarm when a phase angle exceeds a
predetermined threshold frees operator from constantly monitor the phase angle
while still can respond to the situation quickly
Generate an audible / visual alarm when a phase angle and the change of the
phase angle indicate that it is moving towards to exceeds a predetermined
threshold — this will provide an early warning to operators for an developing
condition, which will provide operator time to take corrective actions to prevent it
developing into a major disturbance

The visibility of stress level provided by high resolution and low latency phase angle
difference visualization is extremely useful in assisting operators in assessing various
grid operating conditions where phase angle difference will determine the actions
needed

Generation / load control — adjust dispatching to make the angle difference within
a pre-determined threshold

Assist operators in adjusting generation and load to bring the phase angle to be
within the limit — used to be done based on past experience or trial & error

Current status of the application ( In development, testing, in operation):

Phase angle monitoring and alarming application is available in off-the-shelf products
from several suppliers (see 8 below).-It is generally available as part of their products
which have been installed at a number of utilities. The specific features, functionalities
and performance may vary from product to product though (e.g. not all use rate of
change of phase angle for alarming)

If in operation, where? If this means the product has been installed, then YES, a
number of DOE SGIG recipients and a few utilities have installed various products that
included this application.

If this means it has been used in the daily operation. then it is still a NO for many users.
Enhanced data validation tool, baseline studies, new operation procedures, and proper
operator training are needed for the application to be operational use ready. Many users
are still in the process to work these out

Application provider or developer: Here is an incomplete list of suppliers: ABB,
Alstom, EPG, GE, SEL, Space-Time Insight (STI) and Siemens. There are many
oversea suppliers not listed here.

Application software (open source, proprietary): Proprietary for those suppliers
listed above

Applications ability to integrate with EMS/SCADA systems or data historians (e.g.
Pl): In general, there is no major technical barrier for such integration. Alarms generated
by the application can be sent to EMS/SCADA for display and data archiving by data
historians. The major challenge is on EMS/SCADA side as getting such data to a
particular EMS/SCADA system is supplier dependent and not the same for all
EMS/SCADA systems.
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Quanta Technologies - Template Response (Cont.)

Describe how the application could be operationalized (i.e. used in real-time):
It requires the followings:
« Validated synchrophasor data at phasor data rate as input to the application
« Operational use related studies to establish various threshold settings for angle
stability monitoring and alarming for selected angles
 (Operation procedure for its uses (e.g. breaker reclosing, what operator should do
when an alarm is generated)
 Operator training in a realistic operation environment — e.g. operator must be
trained to simultaneously use both EMS system and the synchrophasor system
to handle various operation situations if both systems are used in a control center

Type of application GUI
The followings should be included for angle and angle changes:

« Angle real-time visualization GUI

o System view (either geospatial or one-ling system view) that show
the angle difference being monitored and the alarms
o Angle visualization in dial chart

o Angle difference trending chart
« Alarm view and management GUI

o Real-time visualization — could be part of a dashboard view or other
customized view

o Alarming log view — generally is part of an alarm log view for all
alarms

« Configuration GUI — for defining angle pairs to monitor, setting alarm thresholds

7
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SEL — Templ

Application name: SEL SynchrowAve Central

Objective of the application: SynchroWAVe Central provides situational awareness to
operators and engineers through real-time visualization and post event analysis.

Application requirements (hardware, software, visualization telecommunications,
etc.): SEL SynchroWAVe Central requires a C37.118 data stream from each location
where phase angle visibility and alarming is desired.

Definition of data requirements (e.g. phasor, SCADA, resolution, etc.): SEL
SynchroWAVe Central can display and alarm at any C37.118 data stream message
rate.

Identify the incremental improvement or benefit to be derived by using this
application in the real-time operating environment:

SEL SynchrowAve Central phase angle alarming and visualization provides awareness
of system stress conditions and provides the information necessary to take action.

Current status of the application (in development, testing, in operation): SEL

SynchrowAve Central

» Realtime and historic synchrophasor visualization application with an installed base
world-wide.

« Applications range in size from local generation monitoring with a signal PMU to
wide-area monitoring with mare than 100 PMUs.

If in operation, where? Please reach out to SEL for more information on application
installations.

Application software {open source, proprietary): SEL SynchroWAVe Central code is
proprietary.

Applications ability to integrate with EMS/SCADA systems or data historians (e.g.
Pl): SEL SynchroWwAVe Central supports multiple C37.118 data stream inputs.

Describe how the application could be operationalized (i.e. used in real-time):
SynchroWAVe Central provides phase angle alarms to operatgrs from the dynamic
dashboard. Phase angle alarm threshold information is provided lipon selection of the
alarm. Angle differences between locations can be displayed via geospatial displays,
chart trends and phasor diagrams for real-time visualization.

ate Response

Type of application GUI: SEL SynchrowAVe Central ServenWeb-client application for
easy access and sharing of customizable displays.

Identify operating entities that are using the application: Please reach out to SEL
for more information on application installations.

Any other relevant information:
Example: Can you provide a sample video clip demonstrating the capabilities of
the tool
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SEL — Template Response (Cont.)

WECC Voltage

WECC Voltage Angle \
/ Angle Difference

. estusavaage | e
Over Tlmi

Figure 16: Alarm Panel Display in SEL's SynchroWAVe Tool ] S " Frequency

Figure 18: Customized Phase Angle Display in SEL's SynchroWAVe Tool

WECC Voltage Angle

Asserted: > Hight Alert (30)
Asserted at: 3/12/2015 7:03:13 AM

SYNCHROWAVE CLNTRAL
-

Asset: Pullman_WA
Quantity: Voltage 1 Angle
Reference: Vacaville_CA

Clear Jump To Event

{

Figure 17: Alarm Overview Display in SEL's SynchroWAVe Tool

Figure 19: Geospatial Angle Difference Display in SEL's SynchroWAVe Tool
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V&R Energy — Template Response

Application name: Region of Stability Existence (ROSE)

Obj

ective of the application: Objectives of the application include:

State Estimation:

o Traditional — uses SCADA data;

o Linear — uses synchrophasor measurements;

o “Hybrid” — uses both SCADA data and synchrophasor measurements.

Power flow;

Real-time AC contingency analysis:

o N-1, N-1-1, and N-2 AC contingency analysis while modeling complex real-
time RAS actions.

Voltage stability analysis:

o Computes voltage stability margins under N-k contingency conditions.

o Computes transfer (interface) limits. Simultaneously monitors and enforces
voltage stability, voltage constraints and thermal overloads during
computations

o Performs PV-curve, QV-curve analyses.

Phase Angle Limit Computation;

Automatic remedial actions:

o Automatic corrective actions to alleviate voltage, thermal, and voltage stability
violations;

o Automatic actions to increase voltage stability margins.

Boundary-based solution;

Analysis of cascading outages.

Application requirements (hardware, software, visualization telecommunications,
etc.):
Typical hardware configuration for production servers are:

o AX XEON ET-4870 @ 2.4 GHz with 32 GB RAM.

= k00 GBto 1 TB hard drive is sufficient. However, this depends on the amount of
archived data that will be kept on the server.

» Mo specific requirements for other hardware components (video card, network
card, etc.)

Software requirements for production servers are:

* Microsoft® Windows® Server 2008
» Microsoft® Internet Explorer 9

e [ISVT

* _Met Framework 4.0

Typical hardware configuration for des

« Corei7-3930K, 16GB. 17B

« Application is optimized for screen resolution 1920 x 1200
Software requirements for desktop computers are:

« Microsoft® Windows® 7

+ Microsoft® Internet Explorer 9

« |ISVT

+ Net Framework 4.0

Definition of data requirements (e.g. phasor, SCADA, resolution, etc.)
For “hybrid” — based ROSE, phasor and State Estimator data sets are required:
+« Phasor data at the rate available at the entity using the application, usually 30
samples/second.
« State Estimator data at the rate available at the entity using the application,
usually 3 ta 5 minutes.
For measurement — based ROSE, phasor data is required:
« Phasor data at the rate available at the entity using the application, usually 30
samples/second.
Identify the incremental improvement or benefit to be derived by using this
application in the real-time operating environment

The application provides continuous real-time determination of exact system limits:

o Voltage stability limits, including:

+ Computing interface limits;

* Performing PV-curve and QV-curve analyses;

+ Determining the region of secure system operation and its boundary.
o Phase angle limit:

* Across any user-defined bus pairs;

* Across locations, automatically identified by ROSE.

Depending on the implementation computations are based on:

+ Combination of model and measurement data for *hybrid"-based ROSE:
In this implementation, the limit is computed using State Estimator data at
State Estimator sampling rate, and current operating point is computed using
synchrophasor data at synchrophasor sampling rate.
OR

« Linear state estimation for measurement-based ROSE:
In this implementation, both the limit and the current operating point are
computed using synchrophasor data at synchrophasor sampling rate.

+ The application computes the EXACT ACCURATE VALUE. NOT
APPROXIMATION. of the voltage system limits. including voltage stability

margin. and phase angle limit.
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V&R Energy - Template Response (Cont.)

Current status of the application {in development, testing, in operation).

If in operation, where?

ROSE was deployed at Peak Reliability, and is designed to become part of suite of
applications used by Peak Reliability in its operations.

ROSE application has been successfully deployed at ISO-NE and demonstrated the
efficiency for on-line power system security estimation and monitoring. Application is
used by engineers today and ISO-ME has developed synchrophasor technology
roadmap to migrate the technology into control room.

As a result of new DOE project, ROSE will be also deployed at Bonneville Power
Administration (BPA), CAISO. Idaho Power Company (IPC). San Diego Gas &
Electric (SDGE) and SCE.

Application software (open source, proprietary): The software is proprietary. Code
for customization, interfacing, and visualization that is developed for a particular entity is
transferred to that entity.

Applications ability to integrate with EMS/SCADA systems or data historians (e.g.
Pl): ROSE has been already integrated with EMS systems and data historians. State
Estimator cases and RAS status points (when applicable) are read by ROSE Real-Time
on a schedule basis 24/7; alarms (both State Estimator and PMU) are sent back from
ROSE to the EMS. ROSE Off-Line performs the same analysis as ROSE Real-Time
when initiated by a user.

Describe how the application could be operationalized (i.e. used in real-time) See
item 6.

Type of application GUI: “Hybrid"-ROSE utilizes both State Estimator and PMU data to
compute voltage stability limit and phase angle limit and margin. Values of phase angles
at given buses are computed at the base case and at Voltage Stability Limit. The
difference between the phase angle values at the voltage stability limit and base case is
phase angle margin. ROSE computes phase angle margins, and triggers alerts/alarms
when phase angle margin viclates user-defined threshold.

Peak-ROSE GUI is shown in Fig. 19. This is a *hybrid"-ROSE implementation, which
utilizes both State Estimator and PMU data.

Identify operating entities that are using the application: |50 New England and
Peak Reliability are using the application. Five entities are starting a project to deploy
ROSE. They are BPA, CAISO, IPC, 3DGE. and SCE.

Seenarie

Voitage Stabiity Anabysis - Real Time (RAS)

Last Rlum: U52013 5:50:35 AM

Figure 20: GUI of V&R Energy's ROSE tool at Peak

ISONE-ROSE GUI is shown in Fig. 20. This is a “hybrid"-ROSE implementation, which
utilizes both State Estimator and PMU data.

----- g S P LD B B, TOM i, L mt Lea
o ant e © S I i
| -
—— - "
- . :
CEEEE -
[ e
,,,,, ———
e . ———
by g

s
P~
5
i
1

O 1

€ B3 (URTD MOS8 . D AR5

Figure 21: GUI of V&R Energy's ROSE tool at ISO New England
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V&R Energy — Template Response (Cont.)

Bus voltage angle difference is one of the metrics for operating margin in ROSE.
PMU data reflects current operating point and trigger alert/alarm if operating margin
violates user-defined thresholds. See Fig. 21.

Shows the most severe violation of all
calculated scenarios:

B - No violations

[[] —Alert threshald violation

I —Alarm threshald violation

Alarm/Alert thresholds
Current Operational Margin

ROSE Las| Run Power Sy status PML Soam Raportng
ResiTene 20040172 125800 ] (| - wnaie)

Current angle

1w _N-2_50] I #l A3
crame_2 v [ 1] Ws 78
Figure 22: Phase Angle Alarming in V&E Energy's ROSE tool

PMU angles to display the limits and current system state are shown in Fig. 22.

3-min plot: 1-D and 2-D views Trend plot: Real-Time and Historical
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Figure 23: Use of Phase Angles to Compute Current Operating Point and the Limit in
V&R Energy's ROSE Tool

A real-time event observed on the plane of phask angle difference across an
interface triggered phase angle alarm, when the operating margin dropped below the
Alarm threshold, as shown in Fig. 23.

A

Limit
30
10
0 \

Actual angle
16 43

16 00 1700 1800

Figure 24: Expressing an Interface Limit as Angle Difference Across this interface in
V&R Energy's ROSE Tool

Measurement-based ROSE GUI is shown in Fig.24. It utilizes only PMU data.

Figure 25: Measurement -Based GUI in V&R Energy's ROSE Tool
*  Figures 20- 23 were prepared by ISONE using ISONE-ROSE.
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Conclusions

The CRSTT received responses from 17 of the 27 parties
requested to participate

Several responders have tools in place to:
* Monitor phase angles across important locations
* |dentify growing angular separation
* Alarm for conditions that indicate increased stress across
the electrical system

When operationalized, these tools increase awareness of
system conditions that may require corrective action to
ensure the grid reliability

N A S P North American
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Next Steps

1. Revise Using Synchrophasor Data for Phase Angle
Monitoring Paper to incorporate feedback received
during review period.

2. Finalize paper with embedded videos and post on
the NASPI website.

3. Work with NASPI Leadership Team to develop a
Phase Angle Monitoring Workshop for a future
NASPI Work Group Meeting.
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Patrick Gravois and Sarma MNuthalapati

ISO New England (ISO-MNE) — David Bertagnolli

Lower Colorado River Authority (LCRA) — Kris Koellner, Spencer Burks, Matt Boecker

Pacific Northwest National Laboratory (PNMNL) — Yuri Makarov

Peak Reliability — Hongming Zhang

FPower System Operation Corporation India (FOS0CQO) — PK Agarwal

PJM Inc. — Fabian Robinson, Nancy Huang, David Hislop, Jing Liu

Quanta Technology — Yi Hu, Lisa Beard, Damir Novosel

Schweitzer Engineering Laboratories (SEL) — Greg Zweigle

V&R Energy — Marianna Vaiman

XM Columbia — Ramon Alberto Leon Candela

Total Reliability Solutions — Michael Cassiadoro (NASPI CRSTT Co-Lead)

Alison Silverstein Consulting — Alison Silverstein (NASPI Froject Manager)

Members ofthe CRSTT
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Questions?
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(ndrsarma@ieee.org)
(Sarma.Nuthalapati@ercot.com)
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