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PREFACE

The California Energy Commission Energy Research and Development Division supports
public interest energy research and development that will help improve the quality of life in
California by bringing environmentally safe, affordable, and reliable energy services and
products to the marketplace.

The Energy Research and Development Division conducts public interest research,
development, and demonstration (RD&D) projects to benefit California.

The Energy Research and Development Division strives to conduct the most promising public
interest energy research by partnering with RD&D entities, including individuals, businesses,
utilities, and public or private research institutions.

Energy Research and Development Division funding efforts are focused on the following
RD&D program areas:

¢ Buildings End-Use Energy Efficiency

¢ Energy Innovations Small Grants

¢ Energy-Related Environmental Research

e Energy Systems Integration

¢ Environmentally Preferred Advanced Generation

e Industrial/Agricultural/Water End-Use Energy Efficiency
¢ Renewable Energy Technologies

e Transportation

Research, Develop and Deploy Production Quality Advanced Synchrophasor Technology Applications at
California ISO for Renewables Integration is the final report for the California ISO Synchrophasor
Technology Investment & Implementation project (contract number PIR-10-068) conducted by
Electric Power Group, LLC. The information from this project contributes to Energy Research
and Development Division’s Energy Systems Integration Program.

For more information about the Energy Research and Development Division, please visit the
Energy Commission’s website at www.energy.ca.gov/research/ or contact the Energy
Commission at 916-327-1551.
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ABSTRACT

The California Independent System Operator is a leader in advancing electricity grid
technologies including synchronphasor technology. This project used high-resolution time-
synchronized data at the California Independent System Operator control center to enable
operators to monitor grid dynamics over a wide-area and deliver the benefits of improved
reliability, renewables integration, and increased use of existing transmission networks.
Synchrophasor technology collects data at 30 to 60 samples per second over a wide-area,such as
the entire Western Grid, and is several hundred times faster than current state of the art
technology currently used in control centers. This research provided the California
Independent System Operator with support for applications and technologies that could be
used in the control center for wide area monitoring, oscillation detection (fluctuations in the
electricity system), identifying pre-cursors for grid stress and taking timely corrective action to
prevent blackouts and cascading events. This is consistent with their Five Year Synchrophasor
Plan and integrating California Independent System Operator technology with the Western
Interconnection Synchrophasor Program.

Using synchrophasor technology is new and continued research and development support is
recommended for improving data quality and reliability; data analysis for improved planning
and operations using data mining technologies; new applications; technologies and systems for
operator training; and addressing cyber security challenges. This project benefits California
consumers by providing next generation technology for the California Independent System
Operator that will reduce the likelihood of blackouts, prevent cascades, efficiently integrate
renewable resources, allow grid dynamic impacts monitoring (such as harmful oscillations and
corrective actions), and use existing transmission assets more effectively. The California
Independent System Operator is in a better position to take advantage of the growing
deployment of phasor technology and can perform wide-area monitoring and situational
awareness of the grid.

Figures/diagrams without citations are sources by author.

Keywords: enhanced Phasor data concentrator, phasor measurement unit, phase angle baseline
analysis, production grade visualization, integrating phasor data with PI historian and EMS,
automatic event analyzer, phasors, situational awareness displays
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EXECUTIVE SUMMARY

Introduction

Major blackouts such as the August 10, 1996 and September 8, 2011 blackout in the Western
United States and the August 14, 2003 blackout in North Eastern United States and Canada
impose billions of dollars in damage to the economy and disrupt people and businesses in their
daily lives. Investigations of these and other major blackouts around the world found some
common contributing factors:

e Operators did not have visibility of the power grid beyond their control area such as
lack of real-time wide-area visibility and situational awareness.

e Data across different parts of the grid was not time-synchronized data leading to delays
in diagnosing grid problems and confusion about root causes over a wide-area.

e Operators could not monitor grid dynamics, such as oscillations, in real-time.
e Models were inaccurate and did not reflect the current system state.

e Traditional technologies did not provide metrics that could be used to detect grid
vulnerabilities of wide area grid stress

The California Energy Commission (Energy Commission) has been a leader in providing
research support to advance the next generation technologies in California. This research
focused on using synchrophasor technology, which collects real-time data at 30 to 60 samples
per second (compared to current technology of one sample every 2 to 4 seconds), throughout a
power system for example, the entire Western Grid. Building on prior research funded by the
Energy Commission, the Electric Power Group, LLC conducted research that addressed
shortcomings of existing synchrophasor technologies and delivered tools and technologies to
the California Independent System Operator (California ISO) to benefit California consumers.
Electric Power Group developed a Real Time Dynamics Monitoring System (RTDMS) that is a
robust platform for analytics and visualization designed for control center use to deliver state of
the art wide-area visualization and real-time grid monitoring using synchrophasor technology.

Synchrophasor technology holds the promise of improving reliability, increasing transmission
asset use, reducing electricity costs, and facilitating integration of intermittent renewable
resources and distributed smart grid technologies. Synchrophasor technology has the potential
to deliver these public benefits as it offers:

e Time-synchronized high-resolution data at 30 to 60 samples per second compared to one
sample every 2 to 4 seconds with current Supervisory Control and Data Acquisition
technology.

e Wide-area real-time situational awareness and ability to observe the entire
interconnection rather than by utility or California ISO footprint.



e Ability to measure grid dynamics that are indicators of the grid health of the grid such
as phase angles, oscillations and damping, frequency coherency, voltage and angle
sensitivities that allow power system operators to use measured values in real-time
operations, rather than values based on engineering studies or estimated values from
models.

Deploying phasor measurement units in the grid provide high-resolution (30 to 60
samples/second) and time-synchronized measurements of important system parameters
(voltage and current phase angles, frequency deviation and rate-of-change). This real-time
information offers a dynamic visibility into the power system, which helps to identify:

e Grid Stress: identified by higher phase angle of separation between predefined phasor
measurement units.

e Grid Robustness: identified by damping status and trends.

e Dangerous Growing Oscillations: identified by oscillations with high energy and low
damping.

e Frequency Instability: identified by large frequency variations or incoherency at
different measurement points across interconnections.

e Voltage Instability: identified by any sudden drop in voltage magnitude from its normal
operating conditions.

e Reliability Margin: identified by a calculation of power voltage and power angle
sensitivities that can provide power system operators with an indication of reliability
margins.

The Energy Commission has made a significant investment in phasor technology research to
maintain and enhance California’s technology leadership. As a result of this and earlier Energy
Commission-funded synchrophasor research, the California ISO now provides their system
operators with accurate wide-area situational grid awareness by the RTDMS platform
developed by Electric Power Group.

Project Purpose

The California ISO has been at the forefront of using synchrophasor technology, having
implemented the first generation RTDMS developed by Electric Power Group in 2003. The
California ISO’s management determined that there is value using synchrophasor technology in
real-time operations and requested that Electric Power Group develop a plan to transition this
technology from the current research and prototype system to a production quality system
appropriate for an operational environment.

The key research areas are listed below:

e Procure and install the necessary hardware to ensure the California ISO’s synchrophasor
network is a production grade quality and can reside on the operating side of their
computer network.



e Provide the necessary software interface to allow critical phasor data and information
from the RTDMS application to transfer to the California ISO’s Data Archiving System.

e Provide real-time operations with an automated event analyzer that will summarize
critical grid metrics immediately after detecting an event.

e Transition RTDMS Visualization platform to a production grade quality.

e DPerform analysis to establish alarm limits that alert operators of deteriorating grid
conditions and to take corrective action.

Project Results

The Energy Commission funded Electric Power Group to address the limitations of existing
technologies and deliver tools and technologies to the California ISO to benefit California
consumers. Electric Power Group developed a RTDMS that provides state of the art wide-area
visualization and real-time grid monitoring using synchrophasor technology. The RTDMS was
then tailored for the California ISO to meet their needs for wide-area situational awareness with
state of the art high-resolution visualization using sub-second phasor data.

Procure and Install Production Hardware at California ISO's Facilities

The California ISO’s management determined there is value in using synchrophasor technology
in real-time operations. A plan was developed to transition this technology from the current
research and prototype system to a production quality system appropriate for an operational
environment as outlined in their Five Year Synchrophasor Plan.

The Energy Commission provided the funding to procure the necessary hardware for Electric
Power Group and the California ISO to design and implement a production grade phasor
network and allowed the California ISO to use phasor technology in an operational
environment. In addition, the California ISO was able to interface with the Western
Interconnection Synchrophasor Program project participants exchanging phasor data and
information and helping manage the California and interconnected electric grid.

Integrate Phasor Data with California ISO's Performance Index Historian and Energy
Management System/Supervisory Control and Data Acquisition

The California ISO wanted the enhanced Phasor Data Concentrator and RTDMS data integrated
with their performance index historian system and Energy Management System/Supervisory
Control and Data Acquisition.

This project implemented an end-to-end solution that directly integrated raw and processed
phasor data from the RTDMS Data Management Server into the Performance Index Historian
and Energy Management System/Supervisory Control for the operating staff to access through
their normal workstations.

Automatic Event Analyzer

Electric Power Group developed a tool that, after detecting an event on the grid such as a
blackout, will automatically retrieve and compile the relevant phasor metric information into a



meaningful summary of the event. This automatic event analyzer will describe the condition of
the grid immediately before the event and identify the sequence of events (within the limits of
the phasor points being monitored) leading up to the event. Having access to this information
almost immediately following an event will enable the power system operators to begin system
restoration more quickly.

Transition Real Time Dynamics Monitoring System Visualization to a Production Grade Quality

As new requirements develop and technologies advance, RTDMS has been re-architected.
Power system information must be organized and presented in a manner that allows the user to
immediately become aware of any condition requiring urgent attention, to quickly grasp the
most significant aspects of a situation, and to have fast access to related data for the
investigation of details presented. In addition, the system should adopt simple, fast, and
unambiguous operating and navigating procedures to guard against user errors. Where
feasible, a single-step procedure is used such as initializing a function by clicking a button for
frequently used functions and for critical functions.

Phase Angle Baseline Analysis

The objectives for this task is threefold: (1) review and compare the phasor data being received
at the California ISO with the California ISO’s state estimator data; (2) to perform an initial
phase angle baseline analysis for the California ISO’s portion of the Western Electricity
Coordinating Council grid; and (3) to document the entire analysis process and

Project Benefits

Previously the California ISO's synchrophasor network was viewed as a research-grade system
and not suitable for real-time operations. The funding provided by the Energy Commission for
these projects has allowed the California ISO's synchrophasor network to transition to a
production grade system with state of the art advanced metrics, such as oscillations detection
and damping. The associated network hardware and visualization of the California ISO's
synchrophasor network is ready for real-time operations, and in fact, the visualization was
rated as an industry leader at a recent North American SynchroPhasor Initiative visualization
workshop.

California's expected benefits from the significant upgrades and enhancements to the California
ISO's synchrophasor network are four fold:

1. Improved reliability through avoidance of large-scale outages, such as the Pacific
Southwest outage on September 8, 2011, as a result of improved situational awareness,
early detection, enhanced visualization, and decision support tools.

2. Production grade hardware and visualization that meets operational reliability and
performance needs and a secure network.

3. Improved ability to facilitate integrating and using renewable resources.



4. Increased use of existing transmission capacity such as on the California-Oregon Intertie
through dynamic graphic calculations that provide a more accurate picture of available
capacity compared to current static methods.

This research continues to position the California ISO as an industry leader in harnessing the
benefits of synchrophasor technology in operations and planning. This techoloygy also delivers
the benefits to California citizens by improving electricity reliability, increasing transmission
asset use, reducing electricity costs, and integrating intermittent renewable resources and
distributed smart grid technologies.






CHAPTER 1.
Procure and Install Production Quality Hardware at
California ISO’s Facilities

1.1 The Goal

This task transitioned the California Independent System Operator (California ISO) phasor
system onto production grade hardware to run synchrophasor software applications.

The California ISO management determined that there is value in using synchrophasor
technology in real-time operations, and they developed a plan to transition this technology from
the current research and prototype system to a production quality system appropriate for an
operational environment. This research provided the California ISO with the necessary support
for applications and technologies that could be used in the control center for wide area
monitoring, oscillation detection, identifying pre-cursors for grid stress and taking timely
corrective action to prevent blackouts and cascading events, consistent with their Five Year
Synchrophasor Plan and integrating California ISO technology with the Western
Interconnection Synchrophasor Program.

1.2 Approach
The following provides a summary of the work done under this portion of the research project:

e Worked with California ISO to procure and install the production quality hardware to
run synchrophasor applications at California ISO.

e Reviewed phasor network architecture design for reliability. The architecture for a
production grade network at the California ISO included:

0 Production Environment;
0 Staging Environment; and
0 Testing Environment.

e Faciliated integration with the Western Electricity Coordinating Council (WECC)
developing phasor network.

e Prepared and provided a draft and final architectural design diagram of the proposed
system.

e Downloaded, tested, and installed Electric Power Group, LLC’s (EPG) Real Time
Dynamics Monitoring System (RTDMS®) and enhanced Phasor Data Concentrator
(ePDC™) software in use at California ISO on production quality hardware, and
assisted in installation of hardware and software at California ISO’s primary system,
backup system, and test system at Folsom and Alhambra, California.



1.3

Background

Computer hardware architecture is the conceptual design and fundamental operational
structure of a computer system and addresses these concerns:

1.4

Maintainability - the ability of the system to undergo changes with a degree of ease
when adding or changing the functionality, fixing errors, and meeting requirements.

Availability -the proportion of time that the system is functional and working.

Interoperability - the ability of a system or different systems to operate successfully by
communicating and exchanging data and information with other external systems.

Performance - the responsiveness of a system to execute any action within a given time
interval. It can be measured in terms of latency or throughput.

Reliability - the ability of a system to remain operational over time. Reliability is
measured as the probability that a system will not fail to perform its intended functions
over a specified time interval.

Scalability - the ability of a system to either handle increases in load without impact on
the performance of the system or the ability to be readily enlarged.

Security - the capability of a system to prevent malicious or accidental actions outside of
the designed usage, and to prevent loss of information.

Testability - the ability to have a test environment to evaluate the performance of
software revisions, patches, or new software in a safe environment with no impact on
the operational system.

Usability - how well the performance of the applications residing on the hardware
meets the expectations and requirements of the user.

Phasor Network Architectural Design

Collaboratively, the California ISO and EPG staffs worked closely to define data storage and
hardware requirements and then the design for the hardware architecture to address the above
concerns. First, EPG provided the California ISO staff with a data storage calculator to help
define storage requirements for the hardware.


http://www.wikipedia.org/wiki/Computer

Figure 1: Phasor Data Storage Calculator

EPG Phasor Data Storage Calculator

Number Of Days 90
Sampling Rate 30
Number of PMU 150
Number of status per PMU 1
Number of frequency channels per PMU 1
Number of phasor channels per PMU 2
Number of power channels per PMU 2
Number of digitals per PMU 0
Number of analogs per PMU 0
Number of corridor channels 50
Number of angle difference channels 50
Number of system frequency channels 1
Number of alarms/events per second 20
Ratio of event data over raw data 02
Estimated Disk Storage for raw data (in Gigabytes) 80864

Estimated Disk Storage for raw & calculated data (in Gigabytes) 1,210.87

The phasor data storage calculator (Figure 1 above) shows an example of the data storage
requirements for 300 phasors (assumed to be comprised of 150 phasor measurement units
(PMUs), and each PMU has 2 Phasors (1 voltage, 1 current), 1 Frequency, 1 Status Word, 0
Digitals, 0 Analogs, at 30 Samples/Sec for 30 days, including aggregated channels & alarms: 50
power corridors, 50 angle pairs, 1 system frequency, 20 alarms/events per second, and an event
table filling up ratio to raw data is 0.2 (maximum ratio). This calculator stores high-resolution
data associated with an event such as frequency transient.

California ISO and EPG agreed on the hardware requirements to meet the data storage
requirements including Intelligent Synchrophasor Gateway (ISG), and database (Figure 2).



Figure 2: Hardware Requirements

Server 1 Hardware Requirements
Will run EPG's ePDC and RTDMS Server software

Operating System ‘ Microsoft Windows 2008 R2

Processor Speed 2.5GHz

Processors- Cores/CPU ‘ 2 Physical Processors

% 8 Gigabytes Minimum

1/O ports 1 Network Interface Card (NIC) supporting 1GbPS

Hard Disk Storage 100 Gigiabytes

Server 2 Hardware Requirements
Will run Intelligent Synchrophasor Gateway (ISG) hosted on IIS

Ol -AS gl Microsoft Windows 2008 R2

 Processor Speed PRIl

Processors-
Cores/CPU 2 Physical Processors

Memory 8 Gigabytes Minimum (Sugguested 16 GB)

I/0 ports 1 Network Interface Card (NIC) supporting 1GbPS

REICEDIH IS IEEEN 100 Gigiabytes

Server 3 Hardware Requirements - Real Time Data Storage
Will run EPG's RTDMS Database hosted in Microsoft SQL Server

Operating
System Microsoft Windows 2008 R2

Database
System Microsoft SQL Server 2008 R2

Processor
Speed 2.5GHz

Processors-

Cores/CPU 2 Physical Processors (each with quad-core)

Memory 24 Gigabytes Minimum

I/0 ports 1 Network Interface Card (NIC) supporting 1GbPS

Hard Disk 2.5 TB Disk Storage (200 PMUs for 30 Days RAW phasor
Storage data, calculated data, alarms, and events)

Individual PC Hardware Requirements
Will run EPG's RTDMS Client

Operating
System

Microsoft Windows 7, 64-bit.

Processor
Speed

2.5GHz

Processor

Intel Core2 Quad or i7 processor
Type

Memory 8 Gigabytes Minimum

I/O ports 1 Network Interface Card (NIC) 1 GBPS
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The final design and architecture for the California ISO's production grade phasor network
describes how each system is interconnected (Figure 3).

Figure 3: Architecture for a Production Grade Phasor Network

BTous ]

RTDMS RTDMS RTDMS RTDMS
ci__ INTERNET / INTRANET c-i—\__ INTRANET
hitps I net.tcp httﬁ{ net.tcp t net.tep net.tcp

5
&

W=t

ePDC/RTDMS Server  ¢ppC/RTDMS Server ePDC/RTDMS Server  ePDC/RTDMS Server

UDF/TCP UDP/TCP { UDF/TCP UDP/TCP
California & California & California & California &
WECC Utilities ! WECC Lhtilities . WECC Utilities WECC Utilities
# (37.118 Data C37.118 Data C37.118 Data C37.118 Data
Streams Streams Streams Streams
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1.5 Procurement of Hardware

In January 2012, the California ISO staff provided EPG with the final number of machines
required at both Folsom and Alhambra, specifications for the machines, and a cost quote from
their preferred vendor. On January 24, 2012, EPG sent a purchase order to Applied Computer
Solutions (California ISO's hardware vendor) to purchase the desired equipment. The itemized
equipment purchased for the California ISO at both Folsom and Alhambra was delivered to
Folsom and Alhambra in March 2012 (Figure 4 and Figure 5).
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Figure 4: Hardware Purchased for California ISO Folsom, California Facility

Production Quality Hardware for CAISO
Folsom Facility

1) 8 583914-B21 HP DL380G7 SFF CTO CHASSIS $1,622.00 $12,976.00 20.63% $1,287.36 $10,298.88
2) 8 583914-B21 ABA  LL.S.- ENGLISH LOCALIZATION $0.00 $0.00  0.00% §0.00 $0.00
3) 8 587493-L21 HP X5670 DL380G7 FIO KIT $1,999.00 $15,992.00 23.24% $1,534.49 $12,275.92
4) 8 587493-B21 HP X5670 DL380G7 KIT $1,999.00 $15,992.00 23.24% $1,534.49 $12,275.92
5) & 587403-B21 0D1 FACTORY INTEGRATED $0.00 $0.00 0.00% §0.00 $0.00
6) 48 500862-B21 HP 8GB 2RX4 PC3-10600R-9 KIT $199.00 $9,552.00 23.24% $152.76 $7,332.48
7) 48 500662-B21 0D1 FACTORY INTEGRATED $0.00 $0.00  0.00% §0.00 $0.00
8) 16 512547-B21 HP 146GB 6G SAS 15K 2.5IN DP ENT HDD $389.00 $6,22400 23.24% §298.61 $4,777.76
9) 16 512547-B21 0D1 FACTORY INTEGRATED $0.00 $0.00  0.00% §0.00 $0.00
10) & 481041-B21 HP SLIM 12.7MM SATA DVD OPTICAL KIT $90.00 $720.00 23.23% $69.09 $552.72
11) 8 481041-B21 0D1 FAGTORY INTEGRATED $0.00 $0.00  0.00% $0.00 $0.00
12) 16 503296-B21 HP 460W CS GOLD HT PLG PWR SUPPLY KIT $229.00 $3,664.00 23.24% $175.79 $2,81264
13) 16 503296-B21 0Dt FACTORY INTEGRATED $0.00 $0.00 0.00% $0.00 $0.00
14) 1 HG925A3 HP 3 YR NEXT DAY W/DMR HW SUPPORT $0.00 $000  0.00% $0.00 $0.00
15) 8 HG925A3 7G3 PROLIANT SERVERDL38X HWSUPPORT $98.00 $784.00 100.00% §0.00 $0.00
16) 8 TC278AAE HP IC ML/DL/BL BUNDLE E-LTU 24X7 SW $449.00 $3,592.00 26.00% §332.25 $2,658.00
17) 16 LPE11000-E Emulex 4Gb PCle 2.5Ghz x4 Single Channel Fibre $1,175.00 $18,800.00 28.00% $846.00 $13,536.00
Channel HBA-EMC
18) 1 ACS-DISC ACS Discount ($570.00) ($570.00)
Total List: $68,296.00 Sub-Total: $665,950.32
Sales Tax: $5,111.15
Shipping: $1,538.66
TOTAL: $72,600.13

Figure 5: Hardware Purchased for CALIFORNIA ISO Alhambra, California Facility

Production Quality Hardware for CAISO
Alhambra Facility

HP DL380GT
13 ssa4-B HP DL90G7 SIT GT0 GHASSIS $1.622.00 $4,866.00 2065 $1.267.36 $3,862.08
# 3 583014-B21 ABA  US. - ENGLISH LOCALIZATION $0.00 $0.00 0.00% $0.00 30.00
3 3 serasEln HP Xs870 DL320GT FIO KIT $1,999.00 $5.507.00  2324% $1.534.49 $4.603.47
4 3 s&7Te0B HP X5670 DL3#0GT KIT $1.999.00 $5.997.00  2a2e% $1.534.49 $4.603.47
5 3 587483-B21 0D FACTORY INTEGRATED $0.00 $0.00 0.00% $0.00 $0.00
€ 18 S008E2-B21 HP 8GB 2RX4 PC3-10600R-9 KIT $199.00 $3,58200  23.24% $15276 $2.74068
N 18 so0se2-B21 oD FACTORY INTEGRATED $0.00 $0.00 0.00% $0.00 $0.00
@ 6 512547-B21 HP 146GB 6G SAS 15K 2.5IN DP ENT HDD $360.00 $2.334.00 23.24% 298,61 $1.791.66
g & 512547-B21 001 FACTORY INTEGRATED $0.00 $0.00 0.00% $0.00 $0.00
w3 asod-Ba HP SLIM 12.7MM SATA DVD OPTICAL KIT $90.00 $270.00 3.2 $59.09 $207.27
i 3 481041-B21 0D FACTORY INTEGRATED $0.00 $0.00 0.00% $0.00 30.00
12) & 503208-B21 HP 460W CS GOLD HT PLG PWR SUPPLY KIT $220.00 $1,37400 2324% $17579 $1.054.74
1% 6 503296-B21 0D1 FACTORY INTEGRATED £0.00 $0.00 0.00% $0.00 $0.00
14 1 HG925A3 HP 3 YR NEXT DAY W/DMR HW SUPPORT $0.00 $0.00 0.00% $0.00 30.00
15) 3 HGO2SAT 7G3  PROLIANT SERVERDL3SX HWSUPPORT $98.00 $204.00  100.00% $0.00 $0.00
16) & TCITHAAE HP IC MUDL/BL BUNDLE E-LTU 24X7 3W $a20.00 $1,347.00 26.00% 33255 $905.75
17 6 LPE1000-E Emulex 4Gb PCle 2 5Ghz x4 Single Channel Fibre $1.175.00 $7.050.00 28.00% $846.00 $5.076.00
Channel HEA-EMC
18 1 ACSDISC ACS Discount ($350.00) ($350.00)
Total List:  $33,111.00 Sub-Total: $24,595.12
Sales Tax: $2,182.07
Shipping
TOTAL
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1.6 Transfer of Hardware Ownership

Under the grant contract between the Energy Commission and EPG, the hardware procured
under this project became the property of EPG. The California ISO, however, requested that
ownership of the hardware reside with the California ISO for control of system operations and
support. On May 30, 2013, EPG transferred ownership of the hardware to the California ISO.

1.7 Conclusions

The Energy Commission provided the funding to procure the necessary hardware for EPG and
the California ISO to design and implement a production grade phasor network. Production
grade network and the production grade RTDMS software application allows the California ISO
to use phasor technology in an operational environment. In addition, it allows the California
ISO to interface with the WISP project participants in the exchange of phasor data and
information in support of their overall management of the California and interconnected electric
grid.

13



CHAPTER 2:
Integrate Phasor Data with California ISO Performance
Index Historian/Energy Management System

2.1 The Goal

End-to-end solutions were implemented that directly integrates EPG’s software applications
that are used at California ISO (RTDMS and the offline Phasor Grid Dynamics Analyzer
(PGDA)), with the California ISO’s Performance Index (PI) Historian to support the following
objectives:

e RTDMS Data Management Server archived raw and processed phasor data into the
Performance Index (PI Historian), which the operating staff had access to through their
normal workstations.

e Allowed the PGDA to directly access historical raw and processed data from the PI
Historian for offline engineering analysis within PGDA.

As part of the ongoing synchrophasor technology research for the California ISO, EPG waived
the license cost for the RTDMS application, but that was not the case for the PGDA application.
EPG provided the California ISO staff with a trial version of the PGDA application, but at this
time, the staff elected not to purchase the full license. Therefore, EPG was unable to integrate
their PI historian with the PGDA application.

In EPG's discussions with the California ISO staff, it was determined there was a desire to have
the RTDMS application integrated with both their PI system and their Energy Management
System/Supervisory Control and Data Acquisition (EMS/SCADA) as opposed to either one or
the other. It was determined that EPG could take on this additional effort with no negative
impact on the project and as a result the requirements were modified to accommodate this
change.

2.2 Approach
The following items were required as part of this effort:
e Integrated phasor data performance assessment to either:
0 Connect directly into PL
0 Use aredundant link to EMS such as the ABB PCU 400 platform.

e Prepared Functional Specifications and Database Schematic Specification documents for
integration of the RTDMS application with PI Historian/EMS.

e Reviewed Specification documents with California ISO staff.

e Prepared Test Cases and Test Procedures for testing interfaces.
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¢ Implemented RTDMS-PI/EMS interfaces and conducted factory and field testing at
California ISO.

¢ Conducted a demonstration at California ISO of EPG’s software integrated with the PI
Historian and EMS.

2.3 Background

The California ISO used the RTDMS from EPG to provide the wide-area monitoring through
phasor functions under the project ‘Phasor Development, Analysis, and Research for
Implementing Various Aspects of Phasor Technology at the California ISO Network, Grant
Award Number PIR-10-068." To meet the requirements of the contract task “Integrate Phasor
Data with California ISO PI Historian”, the following was completed: (i) development of the PI
interface that allowed for tag management and data archiving into PI; and (ii) the use of
California ISO’s PI Application Programming Interface license for implementation on the
California ISO PI system. EPG licensed the PI Software Development Kit and completed the
development of the PI interface that allows for tag management and data archiving into PI.

In addition, California ISO was using the ePDC from EPG to provide the wide-area monitoring
through phasor functions for Energy Commission PIR-10-068 Project. To meet the goals of
“Integrate Phasor Data with California ISO PI Historian and EMS,” in addition to the design
and functional specification of RTDMS to PI interface to California ISO, EPG submitted the
functional and design requirements to integrate phasor data into California ISO’s EMS/SCADA.

2.4 Functional Specifications

2.4.1 Functional Specifications and Database Schematic Specification for integration of
the RTDMS Application with Pl Historian

2.4.1.1 Functionalities of the RTDMS to PI Historian Interface

RTDMS to PI Historian Add-on (RTDMS to PI interface) was an optional RTDMS output
adaptor. The output adaptor was designed to enable easy storage of phasor data into PI
Historian. Like other RTDMS output adaptors, the RTDMS to PI add-on allowed users to select
PMUs/channels, sample rate, and maximum cut-off latency options. The add-on performed the
following functionalities:

e Configurable to enable/disable automatically create PI tags with configurable default
tag attributes.

e Automatically detected input PMU/PDC configuration change and automatically
resynchronized tags with PI server when automatically creating PI tags was enabled.

e Automatically generated I/O rate tag and periodically populated I/O data rate value.
e Map data quality flags to RTDMS status digital set.

e Archived all raw measurements including status, analog, digital, voltage phasor, current
phasor, frequency, and df/dt, and calculated values including power, angle difference,
power flow gate, mode, sensitivity, and oscillation along with PMU’s date/time.
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e Allowed selection of PMUs/signals for archiving.
e Configurable archiving sample rate.

e High performance, no compression, and supported PI Application Programming
Interface Buffering.

e PI Collective aware.

e Fully integrated with RTDMS so that there was no additional service to manage and
failover.

¢ Inauto PI point generation mode, point mapping through extended description and
point source instead of tag name so that tag were are allowed to be changed.

e In manual PI point mapping mode, RTDMS supported reusing existing points in PI
historian.

e Supported PI Software Development Kit (SDK) v1.4.x.

2.4.1.2 Functional Specifications

The Functional specifications for the RTDMS — PI Historian interface is included in Appendix A,
”Integrate Phasor Data into PHI Historian through RTDMS, Functional and Design
Specification for RTDMS Output Adaptor for California ISO PI Historian.” Topics covered in
the specifications are:

e RTDMS to PI Tag Matching & Generation;

e RTDMS to PI Historian Output Configuration;

e DI Collective; and

e RTDMS to PI Historian High Availability through PI API Node Buffering.

For detailed description of these components of the interface, please refer to the corresponding
Functional Specifications provided as Appendix A.

2.4.1.3 Activities Completed by EPG
EPG performed the following activities:

e Reviewed specification documents with California ISO staff.
e Prepared test cases and test procedures for testing interfaces.

¢ Implemented RTDMS-PI interface and conduct factory and field testing at California
ISO.

e Conducted a demonstration at California ISO of EPG's software integrated with the PI
Historian.
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2.4.2 Functional Specifications and Database Schematic Specification for Integration of
the RTDMS Applications with EMS

2.4.2.1 Functional Requirements of the RTDMS to EMS Interface

RTDMS archives raw data and calculated values of grid metrics, alarms and events in the
RTDMS data base. The goal of this task was to establish a data link from RTDMS to the CAISO
EMS. This was accomplished by building an adaptor for Distributed Network Protocol (DNP)
that takes output from the RTDMS Server to integrate with the California ISO EMS. This was
designed to be responsive (referred to as a slave) to requests from EMS, whether from CAISO
servers at Folsom or Alhambra locations. For this purpose, EPG used DNP version 3.0 (DNP3)
operating on Transmission Control Protocol/Internet Protocol transport {DNP/Internet Protocol
(IPCalifornia ISO DNP Clients were configured for exception polling (Class 1 - Object 60,
variation 2) for analogs and statuses. Default response was Object 32, variation 2 for analogs
and Object 2, variation 2 for statuses. Master station address was 100, remote addresses was 1.
IP address and specific IP port numbers for each slave was provided at time of implementation.

2.4.2.2 Functional Specifications

The functional specifications for the RTDMS — EMS interface are included in Appendix B,
‘RTDMS Functional & Design Specification of RTDMS & EMS Integration through Distributed
Network Protocol version 3.0 (DNP3)’. The topics covered in the specifications are:

e RTDMS DNP3 Protocol Compliance;
e Signal Processing and Input/Output Features; and
e RTDMS Configuration Graphical User Interface (GUI) Design.

For detailed description of these components of the interface, please refer to the corresponding
Functional Specifications provided as Appendix B.

2.4.2.3 Activities Completed by EPG

EPG performed the following activities:
e Reviewed specification documents with California ISO staff.
e DPrepare test cases and test procedures for testing interfaces.

e Implemented RTDMS-EMS interface and conduct factory and field testing at California
ISO.

¢ Conducted a demonstration at California ISO of EPG’s software integrated with the
EMS/SCADA.

2.5 Conclusions - RTDMS Integration with California ISO's Pl and EMS/SCADA

e EPG licensed the PI SDK and completed the development of the PI interface that
allowed for tag management and data archiving into PI.
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EPG developed the functional specifications for the RTDMS with the California ISO PI
Historian and EMS/SCADA interfaces. The functional specifications are included in
Appendix A and Appendix B respectively.

EPG sent these specifications to California ISO on May 15, 2013 for their review and
comment and were accepted by California ISO.

During September of 2013, the California ISO implemented the EPG provided PI and
EMS interface software that allows them to transfer phasor data and information to their
PI historian and EMS/SCADA.
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CHAPTER 3:
Event Analyzer Integration

3.1 Goals

The goal of this task was to develop a tool that automatically retrieved and compileds the
relevant phasor information into a meaningful summary of an event. This automatic event
analyzer described the condition of the grid immediately prior to the sudden event and
identified the sequence of events (within the limits of the phasor points being monitored)
leading up to the sudden event. Having access to this information almost immediately
following a sudden event enabled the operators to begin system restoration more quickly.

3.2 Approach
The following items were required as part of this task:

e Conducted an assessment of the types of automatic analysis that can be performed using
available data from the California ISO phasor measurement system.

e DPrepared draft and final functional specifications and an analysis framework for
integration of an automatic event analyzer into the California ISO phasor measurement
system.

e Met with California ISO staff to review specification document.
e Integrated automatic event analyzer with RTDMS visualization display system.
e Reviewed prototype system with California ISO staff.

e Conducted a demonstration at California ISO of a prototype automatic event analyzer
system integrated with RTDMS.

3.3 Background

The Automated Event Analyzer (AEA) application of RTDMS runs in real-time and utilizes
PMU data to provide grid operators with information immediately following a system event, to
enhance the corrective actions of the operators and to improve the stability and reliability of the
electric grid.

The AEA application continuously performs event detection, classification, location estimation,
and analysis in real-time, including oscillations, islanding, generation trip, load shedding and
line outage events. AEA then presents to operators a summary of results of all the relevant
information via ‘yellow pop ups.” Also, a “more” button immediately brings up more detailed
diagnostics and shows grid operators all of the relevant metrics at a glance.

This application consists of the following modules:
e Oscillation Detection Module;

e Mode Meter Module;
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e Voltage Sensitivity Module;

e Angular Sensitivity Module;

e Islanding Detection Module;

e Generator Trip Detection Module;

e Load Shedding Detection Module; and
e Line Outage Detection Module.

One or more synchrophasor signals are independently input into each module via an input data
block and each module operates independently, which can be turned on and off individually. A
simplified AEA system architecture diagram is shown in Figure 6. Each module exchanges data
with RTDMS Phasor Archiver Database, i.e., fetching input signals from database and saving
analysis results back to database. Downstream applications then pick up the results and present
to the users.

3.4 System Architecture

The automatic event analyzer system architecture is shown in the figure below.

Figure 6: Automatic Event Analyzer System Architecture
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3.5 Functional Specifications

The topics covered in the functional specifications are briefly described below. For more details
please refer to the Automatic Event Analyzer Functional Specifications included in Appendix C,
‘RTDMS Automated Event Analyzer Functional Specifications.’

3.5.1 Oscillation Detection Module

The Oscillation Detection Module (ODM) is designed for rapid identification of system
conditions at the time of a disturbance. It automatically detects electromechanical frequency
oscillations and damping levels immediately following system disturbances, and it is intended
to complement detection methods traditionally used in steady state conditions. The AEA
application will detect oscillations that may be unexpected or unknown to operators.

3.5.2 Mode Meter Module

The Mode Meter Module (MMM) utilizes phasor measurement data to identify poor damping
and wide-area oscillations on the grid by identifying the dominant oscillatory mode
frequencies, magnitudes, and damping.

3.5.3 Voltage Sensitivity Module

The Voltage Sensitivity Module (VSM) provides the users with a current real-time assessment of
the slope of the PV or QV curve and alarms them when the sensitivities exceed a user
predefined threshold. The voltage sensitivity can be defined as change in voltage as a function
of power flow on a transmission line given in kV per 100 MWs change or kilovolts (kV) per
megawatt (MW) change. By monitoring the rate of change or slope, the margin from the nose
point can be approximated.

3.5.4 Angular Sensitivity Module

The Angular Sensitivity Module (ASM) provides the users with a current real-time assessment
of the slope of the d-PV curve and alarms them when the slope exceeds a user predefined
threshold. The angular sensitivity can be defined as change in angle as a function of power flow
on a transmission line, and it can be measured in degrees per 100 MWs or degree per MW. A
user will be able to select critical corridors or load pockets to monitor for potential angular
stability problems in the system.

3.5.5 Islanding Detection Module

The Islanding Detection Module (IDM) is a very efficient tool for detecting islanding conditions
in the power system. IDM utilizes the frequency signals and/or voltage angle signals as input to
the module, i.e., the frequency difference method and the change of angle difference method.
The users can select either of these two implementation methods or use both simultaneously.

3.6 Conclusion — Automatic Event Analyzer

A major objective for the deployment of synchrophasor technology in real-time operations was
to provide power system operators with a tool that detects and alarms when excessive grid
stress is indicated. Having this capability provides power system operators with greater
situational awareness of the grid, but sudden unanticipated events can occur, and this
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technology can be used to support real-time operations when they occur. The research and
development of the automatic event analyzer supports real-time operations by immediately
providing the operator with information, as opposed to more data and alarms, which recaps
what the various metrics detected. Below is a sample of the pop-up window that is presented
to the power system operator with event information, and by clicking the "More" button (top
right) the detailed event analyzer display will come up.

Figure 7: Sample Automatic Event Analyzer Pop-up

Il Automated Event Analysis

Islanding detected: Islanding

‘L Participating PMU: CANADAL CANADA2 CANADA3
' Message: StartTime: 5/17/2013 4:48:58 PM

Figure 8: Sample Detailed Automated Event Analyzer Display

The automated event analyzer is an integrated module of the RTDMS application and with this
enhancement, the application has become an industry leader in synchrophasor visualization.
The module was be integrated into the California ISO's RTDMS in December of 2013.
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CHAPTER 4.
Transition RTDMS to Production Quality Grade

4.1 Goal

The goal of this task was to improve the situational awareness displays for the California ISO
system operators.

4.2 Approach

e Coordinated with California ISO users to determine operational and engineering display
needs and preferences.

¢ Conducted a literature search to determine the best display technologies available and
which are compatible with the California ISO user needs.

e Prepared and developed a functional specification for the proposed display
improvement and review it with California ISO staff.

e Implemented and evaluated changes in a test environment.
e Transitioned to display improvements to the operational system.

¢ Conducted a demonstration at California ISO of an improved display capability

4.3 Background

The California ISO had been using the RTDMS to perform wide-area monitoring of the system
through phasor functions. To meet the requirements of the contract task “Transition RTDMS to
Production Quality Grade,”, EPG was required to submit the design and functional
specification of RTDMS 2012 to California ISO. These specifications include a new set of
displays that best fit current needs of the California ISO operators.

4.4 RTDMS 2012 Design and Functionality

Power system information needs to be organized and presented to the user in a manner that
allows the user to immediately become aware of any condition requiring urgent attention, to
quickly grasp the most significant aspects of a situation, and to have fast access to related data
for the investigation of details of the information presented. In addition, the system should
adopt simple, fast, and unambiguous operating and navigating procedures to guard against
user errors. Whenever feasible, single-step procedures should be used, such as initialization a
function by clicking a button, for frequently used functions and for critical functions. Common
and frequently employed actions shall be initiated from toolbars.

In the design of displays there was a thoughtful use of borders or frames to visually group
information that logically belongs together. Colors were used sparingly for only the following
purposes: to distinguish different dynamic states, for clarification purposes, and to highlight
important information.
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In designing the system, EPG provided the necessary functionality to address the above needs,
as listed below RTDMS:

e Provides a global view of key metrics.
e Allows users to define metric alarms and threshold values.
e Alerts users visually via color-coded traffic lights.
e Provides drill-down architecture that enables the users to:
0 Identify which metric is being violated.
0 Identify the location of the problem.
0 Assess the current system vulnerability.
0 Reach conclusions on what actions should be taken.
e Metrics include the traditional as well as advanced metrics, such as:
0 Angle differences;
0 Oscillations;
0 Damping;
0 Sensitivity (MW and angle); and

0 Ability to develop composite alarms.

On September 15, 2011, EPG met with California ISO operating staff to review and get their
comments on EPG's proposed production grade displays associated with RTDMS 2012.

4.5 RTDMS 2012 System Architecture

The architecture of RTDMS 2012 is shown in the figure below.
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Figure 9: RTDMS 2012 Architecture
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4.6 Functional Specifications - Main Items

The functional specifications developed by EPG are extensive and cover a wid- range of areas of
interest to the California ISO operators. Below is a list of the items addressed in these
specifications.

e Functional Requirements;

e Design Goal and Overall Architecture;
e User Interface Design;

e Geospatial View Design;

e Chart View Design;

e Alarm View Design;

e Location Indicator View Design;

e Annotations;

e Data Service, Logging Service, and other Utility Services;
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e Administrator Web App;

e COMTRADE File Replay;

e User-determined refresh rates for map/contour;
e User Preferences;

e (lass Diagrams and Package Diagrams; and

e Interaction Diagrams.

Each of these 15 items are extensible explained in the “Real Time Dynamic Monitoring System
(RTDMS) 2012 Visualization Wizard Design Specifications (Final)” attached as Appendix D.

4.7 Research Findings

Currently, synchrophasor technology is being deployed throughout North America and more
specifically it is being deployed in the west in an on-going effort to improve grid reliability for
both California and the entire WECC interconnected grid. Synchrophasor technology is the
most significant control center data improvement tool introduced in the last decade. Collecting
phasor data and efficiently delivering it to operators in a structured fashion enhances the
quality, speed, and effectiveness of operator actions.

Advanced visualization software, such as RTDMS, allows control room operators to see what is
happening on the grid within fractions of a second, rather than the industry standard practice of
every four seconds. This technology provides operators with precise snapshots of current
conditions, provides clear, timely information on unfolding events, and helps operator analyze
the situation and take informed mitigation actions to protect and enhance grid reliability.

In July 18, 2012, EPG sent the California ISO a draft version of the functional specifications for
their review and comments and on May 15, 2013, a copy of the final functional specifications
was sent for their review and comments.

4.8 Conclusions

EPG and the California ISO are very active participants in the NASPI and on February 28, 2012,
EPG provided a demonstration of RTDMS 2012 visualization at a NASPI visualization
workshop. The goal of the workshop was to look at how the visualization tools display specific
grid events and to give control room operators the chance to comment on the clarity,
effectiveness, and intuitiveness of differing displays. EPG's visualization demonstration
received very high ratings from the review panel.

On June 14, 2012, EPG installed the beta version of RTDMS 2012 on the California ISO's test
system and, on June 11, 2013, EPG installed the production grade version of RTDMS 2012 on the
California ISO's test system. In September of 2013, the California ISO staff transitioned the
application to both the stage and production systems. In December of 2013, EPG coordinated
with the California ISO and had the latest version of the RTDMS application installed.
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CHAPTER 5:
California ISO Phase Angle Baseline Analysis

51 Goal

The goal of this task was threefold: (1) to review and compare the phasor data being received at
the California ISO with the California ISO’s state estimator data; discrepancies discussed with
the appropriate Transmission Owner (TO) for their resolution; (2) to perform an initial phase
angle baseline analysis for the California ISO’s portion of the WECC grid; and, (3) to document
the entire analysis process and determine the feasibility of developing an annual automated
process. The sections of this report discuss EPG's findings relative to data quality of the phasor
data being received from the California ISO. Appendices F, ”"Data Quality Report Phasor-State
Estimation Comparison for July 28, 2012,” and G, "Data Quality Report Phasor-State Estimator
Comparison for August 9, 2012,” of this report show examples of the data quality issues.

5.2 Background

One of the goals of the Energy Commission contract award PIR-10-068 was to review and
compare the phasor data being received at the California ISO with the California ISO’s state
estimator data and discuss discrepancies with the California ISO and the appropriate TO for
their resolution. To accomplish this goal, EPG determined one year’s worth of phasor data and
state estimator data would allow making a comparison that captures the different condition of
the cycle. Previously, as part of another Energy Commission project (Contract #500-08-048), EPG
received archived synchrophasor data recorded by the California ISO for the period of February
2, 2011 to July 30, 2011. Initial processing of the data showed that the majority of the
synchrophasor measurements received were unreadable. EPG spent a significant amount of
time identifying data recording errors and developing a software tool to recover the faulty
dataset. After recovering the files and while analyzing the phasor data, EPG encountered a
number of data quality issues. These data quality issues were documented and presented to
California ISO staff in a meeting in Folsom, California on May 10, 2012.

Subsequently, EPG and California ISO agreed to collect a new set of data free of errors. To this
effect, California ISO saved phasor data for the May 24, 2012 to December 31, 2012 period using
COMTRADE format and provided it to EPG for analysis. The angle difference data was useable
for the second goal of this project, which was to perform an initial phase angle baselining
analysis for the California ISO’s portion of the WECC grid.

5.3 Approach Methodology

5.3.1 Step 1, Comparison of the phasor data being received at the California ISO with
the California ISO’s state estimator data (data quality analysis)

EPG conducted a data quality analysis by comparing the phasor data based results with the
state estimator data-based results. The phasor data received consisted of voltage phase angles
for 22 substations. The state estimator cases received from the California ISO were solved and
the resulting solved cases used as sources of information to calculate phase angle differences.
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EPG developed computer programs to calculate phase angle differences from the phasor data
and from the state estimator solved cases. Angle differences were obtained for 18 pairs of
substations equipped with phasor measurement units. The list of 18 pairs developed based on
current availability of phasor measurement units is shown below.

Table 1: Angle Pairs for Phasor-based Analysis

1. John Day-Malin 10. Lugo-Serrano

2. Malin-Tesla 11. Devers-Valley

3. Tesla-Los Banos 12. Valley-Serrano

4. Los Banos-Midway 13. Vincent-SONGS 230 kV

5. Midway-Vincent 14. Serrano-SONGS 230 kV

6. Vincent-Lugo 15. Mira Loma-SONGS 230 kV
7. Eldorado-Lugo 16. Big Creek-Magunden 230 kV
8. Mohave-Lugo 17. Magunden-Vincent 230 kV
9. Lugo-Mira Loma 18. Kramer-Lugo 230 kV

For purpose of comparison EPG selected two days: July 28 and August 9, 2012. Phasor data was
extracted and processed to develop curves for each of the listed pairs. Similarly, angle
differences data was extracted from the state estimator solved cases and data extracted to
produce angle difference curves for each of the 18 pairs listed above. The two curves, one from
phasor data and the other from state estimator data, were plotted on the same graph for
comparison. The attached Appendix F, “Data Quality Report Phasor-State Estimation
Comparison” of the California ISO Phase Angle Baseline Analysis report shows phasor vs. state
estimator comparison plots for the 18 pairs for July 28, 2012, and the attached Appendix G of
the California ISO Phase Angle Baseline Analysis report shows phasor vs. state estimator
comparison plots for the 18 pairs for August 9, 2012. Below is a sample of the comparison of SE
versus phasor angle difference data.
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Figure 10: Sample, Angle Difference Comparison of SE and Phasor Data

Eldorado-Lugo 8/09/2012
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5.3.1.1 Research Findings

Of the 18 angle pairs analyzed, EPG found that phasor data from 19 PMUs appeared to
be adequate.

Phasor data from three PMUs, Tesla, Los Banos and Midway, in the PG&E area were

unusable invalidating phasor-based results for four pairs.

Southern California Edison’s Mohave substation no longer had an operable phasor

measurement unit, negating results for the Mohave-Lugo pair.

For the John Day-Malin pair, California ISO phasor data results did not match California
ISO SE data results. EPG obtained phasor data for July 28, 2012 and August 9, 2012 from
Bonneville Power Administration (BPA). BPA and California ISO phasor data results
matched, however BPA and California ISO data results did not match California ISO SE
results. See Appendix D of the California ISO Phase Angle Baseline Analysis report. Jim
Hiebert for California ISO worked with Nick Leitschuh and Greg Stults from BPA to

resolve this issue.

Phasor data was missing for Big Creek for July 28, 2012 and August 9, 2012 but upon
review of all the phasor data received from California ISO, EPG found that overall
phasor data for Big Creek was available for 75% of the time. EPG included the Big

Creek-Magunden pair for baselining analysis.

Four pairs in the PG&E area were not included in the baselining analysis due to bad
data; the Mohave-Lugo pair were not included in the baselining analysis due to the
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PMU at Mohave not being available. EPG did have reasonable data to conduct phasor-

based baselining for 13 pairs.

State estimator based data was adequate to conduct baselining analysis for the 18 pairs.

5.3.1.2 Recommendations

Obtain usable phasor data from phasor measurement units in the PG&E area; California-
Oregon intertie, Path 15 and Midway-Vincent paths are important transmission paths to

monitor in this area.

Develop a computer tool to convert IEC 61850 format PG&E phasor data to IEEE C37-

118 format used by everyone else.

Resolve phasor-SE discrepancies for the John Day-Malin pair; California ISO to work
with BPA to resolve discrepancy.

Continue saving phasor and state estimator data for 2013 to complete one year worth of
data.

Ensure phasor data saved is accurate; periodically compare it with SE data.

5.3.2 Step 2, Phase Angle Baseline Analysis
5.3.2.1 Project Scope

Developed and utilized software to process California ISO-provided SE data and

extracted key metric information (i.e., angles and angle differences).

Analyzed extracted data and develop baseline understanding of voltage phase angle
patterns at key monitoring paths (pairs), and developed patterns and statistics in the
form of box-whisker plots and load duration curves. EPG and California ISO agreed to

use angle pairs shown in Table 2 below for this project.

Prepared baselining analysis results as Excel spreadsheet and charts, including;:
0 Voltage phase angle difference statistics (mean, maximum and minimum); and
0 Voltage phase angle distribution functions.

Prepared system performance analysis results as Excel spreadsheets and charts using
2012 phasor and SE data:

0 Summary of Angle — Power sensitivities across major paths.

Prepared a report of correlation analysis between power and angle differences on major

transmission paths.

Prepared baselining analysis summary for discussion with California ISO.
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5.3.2.2 Research Outcomes
e Prepared report and presented findings to California ISO.

e Prepared a functional specification document (draft) when automation of the analysis
processes was deemed feasible and data became available.

5.3.2.3 Data Sources

As mentioned earlier, two sources of data were utilized to perform the analysis of angle
differences in the California ISO network: phasor data and state estimator cases. Upon
performing a data quality analysis as documented in the April 30, 2013 data quality report, EPG
concluded that phasor data for the PG&E area was not usable negating four pairs in that area. In
addition, in discussions with SCE, EPG learned that the PMU at Mohave was no longer
operable, negating the Mohave-Lugo pair. As a result of the data quality analysis, the total
number of angle pairs used in the baselining study was 13, as shown in below in Table 2 and

in Figure 11, which displays the angle pairs on a map of the California grid.

Table 2: Angle Pairs Used in the Baseline Study

1. John Day-Malin 8. Vincent-SONGS 230 kV

2. Vincent-Lugo 9. Serrano-SONGS 230 kV

3. Eldorado-Lugo 10. Mira Loma-SONGS 230kV

4. Lugo-Mira Loma 11. Big Creek-Magunden 230 kV
5. Lugo-Serrano 12. Magunden-Vincent 230 kV
6. Devers-Valley 13. Kramer-Lugo 230 kV

7. Valley-Serrano
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Figure 11: Map of the California Grid
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5.3.2.4 Methodology and Study Approach for Phase Angle Baselining Analysis

For the pairs selected for study, the following work was performed:
e Analyzed phasor data and state estimator data and identify maximum, minimum and
average values.

Developed weekly box-whisker graphs and time duration curves for angle differences.

Where appropriate, developed power flows curves and compared with the
corresponding angle differences.

Identified limits corresponding to normal operation, excluding values corresponding to
outliers and to events.

e Analyzed results, identified limits, and reported results for each pair selected.

5.3.2.5 Analysis of Phase Angle Difference Data and Results

The goal for the angle difference analysis was to identify limits experienced during the study
period for the list of 13 pairs (Table 2). The detailed baselining report includes two types of
results: the first type shows the limits found using all data during the study period including
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event data, and, the second type in Table 3 shows the limits deemed to have occurred during
normal (non-event) conditions. Table 3 shows results side by side from phasor data and from
SE data. The results from phasor data are limited to the pairs listed above in Table 2.

Box-whisker and time duration curves were developed for each of the pairs analyzed. Angle
differences that may be the result of contingencies were excluded by reviewing points of
inflection, that is, points that significantly deviated from the normal operation trend observed in
the box-whisker plots. The value of angle difference at the point of inflection was considered to
be the maximum angle during normal conditions. If no outlier points were identified, then the
angle corresponding to the 0% or 100% time points represent the maximum and minimum
angles reached during normal operations in either direction of flow.

5.3.2.6 Proposed Alarm Limits For Angle Differences

Table 3 below shows the values of angle pair differences for the pairs analyzed that EPG
proposed for use in monitoring the angle pairs analyzed. This table includes only those pairs
associated with PMUs that are installed or will soon be installed. Note that some of the angle
differences are all positive, meaning the flow is always in one direction. For these pairs EPG
proposed only two alarms, one alert and one alarm. For all others, EPG proposed two pairs of
alarms, one for the From-To direction and the other for the To-From direction. Note that the
highest angle suggested for alarming is 28.7 degrees for the Palo Verde-Devers 500 kV line,
followed by 22.4 degrees for the John Day-Malin 500 kV pair and 21.5 degrees for the Vincent-
SONGS pair. In the other direction, the highest recommended value is -18.7 degrees for the
Magunden-Vincent pair.

Table 3: Baselining Analysis — Proposed Alarm Limits for Angle Differences for Normal Conditions

DATA RESULTS PROPOSED ALARM LIMITS
Jasor Data ' State | T0-rROM  FROM-TO
. . Min Angle Percent Min Angle Percent MaxAngle Percent Max  Percent
No Angle Pair Base kv M W P:r::e.ni atPOlor (POlor at99%or (99%or at1%or (1%or Angleat (POlor  Alarm Alert Alert Alarm
FROM -TO Angle Angle  Positive 000 100%) POI-1% POI-1%) POI+1% POI+1%) POlor0% 0%
1 John Day-Malin* 500kv 613 22.41 100.00 6.13 99.74 7.31 98.74 21.48 1.09 2241 0.09 N/A  N/A 2148 2241
2 Malin-Round Mt*™ 500kV |No phasor data 99.94 0.16 99.93 171 98.93 8.5 1.0 9.4 0.02 N/A N/A 85 9.4
3 Round Mt-Table Mt** 500kV |No phasor data 65.68 -3.86 99.93 -3.19 9893 8.0 1.0 8.3 0.01 -3.86 -3.19 8.0 8.8
4 Table Mt-Tesla™ 500kV |No phasor data 9983 014 9982 046 9882 135 10 160 0.00 N/A N/A 135 160
5 Tesla-Los Banos™ 500kV |No phasor data 42.94 -5.53 99.99 -4.20 98.99 4.1 11 5.7 0.05 -5.53 -4.20 41 5.7
6 Los Banos-Midway™ 500kV |No phasor data 214 -11.3 100.00 -9.0 99.0 3.6 1.0 6.2 0.00 -11.3 -9.0 3.6 6.2
7 Midway-Vincent™ 500kV |No phasor data 93.7 -2.6  100.00 -0.9 99.0 6.0 1.0 7.1 0.02 fob6y 09 6.0 71

8 Tehachapi (WH)-Vincent 500kV |No phasor data 90.6 -24 10000 -09 99.0 5.7 1.0 17.9  0.00 24 -09 57 179

5 Vincent-Lugo SO0kv -5.50 434 | 296 | -6.3 10000 -43 990 33 10 49 000 | 63 -43 33 49
10 Eldorado-Lugo S00kv 445 1724 | 1000 | 18 100.00 49 990 163 10 180 000 | N/A N/A 163 180
11 Lugo-Mira Loma So0kv 127 674 | 1000 | 10 10000 17 990 63 10 75 002 | MN/A N/A 63 75
12 Lugo-Serrano S00kv 245 1000 | 1000 | 11 10000 24 990 89 10 106 000 | N/A N/A 88 106
13 Palo Verde-Devers 500KV 1000 88 10000 119 990 278 55 287 450 |N/A N/A 278 287
12 Devers-Valley so0kv 235 652 | 971 | 16 10000 27 990 60 10 69 000 | N/A NA 60 69
15 Valley-Serano SO0kv -0.49 576 (950 | -23 10000 0.2 990 55 10 62 001 |23 02 |85 62
16 Vincent-SONGS 230kv -229 2000 | 982 | 56 10000 -17 990 179 10 215 000 |56 -17 179 215
17 Serano-SONGS 230kv 295 700 | 892 | 38 10000 18 990 58 10 76 001 |38 -19 58 76
18 Mira Loma-SONGS 230kv 047 1056 | 993 | 25 10000 02 950 92 10 113 001 |25 02 92 113
15 BigCreek-Magunden  230kv -10.64 1585 | 480  -11.1 100.00 -9.8 990 143 10 160 003 | -111 98 143 160
20 Magunden-Vincent 230kv 952 1676 | 609 | -187 100.00 9.6 990 108 10 189 000 |-187 96 108 189
21 Kramer-Lugo 230kv -095 1565 | 1000 02 9991 08 989 136 L0 149 001 | N/A NA 136 149

NOTE: During the study period of July 1 to December 31, 2012, the two generators at SONGS were not in operation. The angle difference limits, particulalrly in the SCE area,
will be different when one or two generating SONGS units are back in normal operation. These results should be updated based on actual data obtained with the SONGS
units in operation. These results can also be updated based on power flows cases run to represent many system conditions.

*  Phasor data results were used for the John Day to Malin pair; for all others state estimator results were used to propsed alarm limits

**  Alarm limits are proposed for pairs in the PG&E area because CAISO expects phasor data from these locations in the future (PMUs are or will installed).
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5.3.2.7 Research Findings and Recommendations
Data availability for phasor data was only in the mid-50 to low 70 percent range.

Phasor data from PMUs in the PG&E area were unusable negating data for four pairs. The PMU
originally installed at Mohave was removed from service.

Results from all data revealed unusually high angle differences for the Devers-Valley, North
Gila-Miguel and Palo Verde-Devers pairs (68.1, 76.6 and 44.4 degrees respectively). State
estimator data indicated that the Palo Verde-Devers and Devers-Valley lines were open from
11/2/2012 6:10 a.m. till 11/21/2012 10:05 p.m. The high angles described above occurred in
November 2012.

The highest angle differences during normal conditions were: 38.9, 37.6 and 32.2 degrees for
Palo Verde-Devers, Magunden-Vincent and Hassayampa-North Gila pairs respectively.

California ISO should obtain phasor data from the new PMUs in the PG&E area. These PMUs
produced phasor data in IEC 61850 format, which requires a reader to convert to the IEEE C37-
118 format that California ISO and WECC uses.

The proposed alarm limits should be used to monitor angle differences and to validate actual
values observed in future operation of the California ISO system.

Angle difference with neighbor systems buses such as Palo Verde and Hassayampa and
Springerville, Mead and Four Corners should be developed for use in California ISO operations.

Changes in system configuration such as new generating units change the proposed limits. A
study update should be performed based on actual data obtained with those units in service.

Phasor data needs to improve in availability as well as in completeness. Voltage data was
missing from the phasor data provided to EPG. Phasor data was also missing for extended
periods of time.

5.3.2.8 Conclusions

Missing phasor data for the PG&E area prevented the calculation of angle differences for four
important pairs in that area. These angles were of importance for California ISO operators since
they corresponded to critical transmission paths.

Phasor data for pairs in the northwest near the California ISO system were not available except
for the John Day-Malin.

Phasor data availability was in the order of mid-50 to low 70 percent. State estimator data
availability was approximately 92 percent.

Average angle differences obtained with SE data were close to those obtained with phasor data
except for the Big Creek-Magunden pairs (2.7 degrees difference).

All data analysis revealed the effect of line outages on the angle differences as demonstrated by
the high angle difference on the Palo V erde-Devers pair due to outages of the Palo Verde-
Devers line.
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The methodology used to determine normal conditions seemed to provide reasonable angle
differences results.

It is important to note that the results obtained in this study were based on data obtained with a
system that excluded the two San Onofre Nuclear Generator Stations (SONGS) units. Since SCE
announced the permanent closure of this nuclear plant, the angle differences obtained in this
study, at least in the Southern California area, are applicable until new resources, if any, are
developed in Southern California to replace SONGS.!

5.3.3 Step 3: Documentation of Phase Angle Baseline Process
5.3.3.1 Baseline Process

The objective of angle difference baselining was to obtain ranges of operation for the angle
difference between pairs of substations for a predetermined period of time via the development
of load duration curves and box-whisker plots. Such angle differences ranges could be used for
comparison with results from another time period and for setting operating limits and alarms.
The basic process to automatically obtain load durations curves include the following steps:

e Develop a program to automatically “clean” the phasor data received.
e Take the data received and place it in Excel work sheets.
¢ Load these Excel work sheets into MATLAB for analysis.

e Identify angle pairs for study and use these variables as tools to extract the data for the

desired signals such as voltage angle signals.

e Calculate the phase angle difference for the selected angle pairs for a predetermined

period of time (study period).

e For each month during the study period and for each selected angle pair, identify and

save the minimum and maximum observed in a table.

e For those limits, note the time stamp of occurrence for future comparison and

coincidence analysis.
e Stack the phase angle difference for each angle pair for the entire dataset.

e Use the data set to obtain the desired distribution plots: time duration plots and box-
whisker plots.
5.3.3.2 Conclusions — Feasibility to Automate the Process of Obtaining Angle differences

EPG developed an algorithm to design an automated process that would include the steps
described above. The functional specifications for the automation of this process and

1 Research for this contract was done from April 2011 to December 2013; the bulk of this research was
therefore not affected by the SONGS closure in June 2013.
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development of this tool is included and shown in Appendix H. If the California ISO
management elects to automate this process, EPG is available to support that need.

36



GLOSSARY

Term Definition

AEA Automated Event Analyzer

API Application Programming Interface
ASM Angular Sensitivity Module

BPA Bonneville Power Administration
California ISO California Independent System Operator
DNP Distributed Network Protocol

ePDC enhanced Phasor Data Concentrator

EPG Electric Power Group, LLC

EMS Energy Management System

Energy Commision

California Energy Commission

GUI Graphical User Interface

IDM Islanding Detection Module

IEC Is a standard for the design of electrical substation automation. IEC
61850 is a part of the International Electrotechical Commission
Technical Committee

IEEE Institute of Electrical and Electronics Engineers

IP Internet Protocol

kV Kilovolt

MATLAB High-level language and interactive environment for numerical
computation, visualization, and programming

MMM Mode Meter Module

MW Megawatt

NASPI North American SynchroPhasor Initiative

PG&E Pacific Gas & Electric

PGDA Phasor Grid Dynamics Analyzer

PI Performance Index
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P-v Power Voltage

P-o Power Angle

PMU Phasor Measurement Unit

RD&D research, development, and demonstration
RTDMS Real Time Dynamics Monitoring System
SCADA Supervisory Control and Data Acquisition
SCE Southern California Edison

SDK Software Development Kit

SONGS San Onofre Nuclear Generating Station
VSM Voltage Sensitive Module

WECC Western Electricity Coordinating Council
WISP Western Interconnection Synchrophasor Program

38




REFERENCES

California Independent System Operator. Five Year Synchrophasor Plan. 2011.

39



APPENDIX A:

Integrate Phasor Data into PHI Historian through
RTDMS, Functional and Design Specification for
RTDMS Output Adaptor for California ISO Pl Historian

A-1



* Electric Power Group

Integrate Phasor Data

into Pl Historian
through RTDMS

Final Functional & Design Specification for RTDMS
Output Adaptor for CAISO PI Historian

Prepared for CAISO

Electric Power Group, LLC

201 South Lake Avenue, Suite 400
Pasadena, CA 91101

Tel: (626) 685 2015

2/15/2013

Electric Power Grou
* P Confidential and Proprietary — All Rights Reserved



Functional & Design Specification for RTDMS Adaptor for Pl Historian — Prepared for CAISO

Document Change History

02.15.13

Version
No.

Document
ID

Author(s)

Date

Reviewed /
Edited /
Approved
by

Date of
Internal
Review

Description of
Change

1.0

RTDMS to PI
Functional &
Design Spec.

Simon Mo

06/28/11

First version of
the document

Jim Dyer

6/30/11

2.0

Simon Mo

11/12/12

Added RTDMS
Calcuated values

3.0

Simon Mo

01/28/13

Updated section
2 and 3 to reuse
DE’s Pl points
and PI points
attributes
provided.

4.0

Simon Mo

02/15/13

Signal type
naming
convention
updated.

% Electric Power Group

Confidential and Proprietary — All Rights Reserved

Page i




Functional & Design Specification for RTDMS Adaptor for Pl Historian — Prepared for CAISO 02.15.13

Preface

The California Independent System Operator (CAISO) has been using the Real-time Dynamics
Monitoring System (RTDMS?) from Electric Power Group, LLC (EPG) to provide the wide area
monitoring through phasor functions under the project, ‘Phasor Development, Analysis, and
Research for Implementing Various Aspects of Phasor Technology at the CAISO Network, Grant
Award Number PIR-10-068." To meet the requirements of TASK 3, “INTEGRATE PHASOR DATA
WITH CAISO Pl HISTORIAN” of the contract, for performance management and Pl buffering
service requires (i) development of the Pl interface that allows for tag management and data
archiving into Pl and (ii) the use of CAISO’s Pl API license for implementation on the CAISO PI
system. EPG has licensed the Pl SDK and completed the development of the Pl interface that
allows for tag management and data archiving into PI. This document specifies the functional
requirements of RTDMS to Pl interface.

! “Electric Power Group. Built upon GRID-3P platform, US Patent 7,233,843, US Patent 8,060259, and US Patent 8,401,710. All

rights reserved.
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1. RTDMS to PI Historian Add-on Functionalities

RTDMS to PI Historian Add-on (RTDMS to Pl interface) is an optional RTDMS output adaptor. The output
adaptor is designed to enable easy storage of phasor data into PI Historian. Like other RTDMS output
adaptors, the RTDMS to Pl Add-on allows users to select PMUs/channels, sample rate, and maximum
cut-off latency options. The Add-on performs the following functionalities:

= Configurable to enable/disable automatically create Pl tags with configurable default tag
attributes.

= Automatically detect input PMU/PDC configuration change and automatically resynchronize tags
with Pl server when automatically creating Pl tags is enabled.

= Automatically generate 1/O rate tag and periodically populate 1/0O data rate value.

=  Map data quality flags to RTDMS status digital set.

= Archive all raw measurements including status, analog, digital, voltage phasor, current phasor,
frequency, and df/dt, and calculated values including power, angle difference, power flow gate,
mode, sensitivity, and oscillation along with PMU’s date/time.

= Allow selection of PMUs/signals for archiving.

= Configurable archiving sample rate.

= High performance, no compression, and support Pl API Buffering.

= Pl Collective aware.

=  Fully integrated with RTDMS so that there is no additional service to manage and failover.

* |nauto Pl point generation mode, point mapping through extended description and point source
instead of tag name so that tag names are allowed to be changed.

* In manual Pl point mapping mode, RTDMS supports reusing existing points in Pl historian.

= Support PI SDK v1.4.x.

Electric Power Grou
* R Confidential and Proprietary — All Rights Reserved 1



Functional & Design Specification for RTDMS Adaptor for Pl Historian — Prepared for CAISO 02.15.13

2 RTDMS to PI Tag Matching & Generation

RTDMS Server will provide two options to manage RTDMS signals and Pl points association:

e Automatic Pl Point Generation: RTDMS automatically create and manage Pl points. This option
is useful when no PI points have been created in Pl historian.

e Manual Pl Point Matching: RTDMS server will provide GUI to allow user manually associate a
signal to PI points. RTDMS server will also provide import/export feature to batch the Pl point’s
association process. It is useful when Pl points are managed by Pl or there are existing Pl points
which RTDMS Server will archive data to.

2.1 RTDMS to PI tag naming convention

2.1.1 Raw phasor measurement PI tag naming convention

Tag naming convention is useful for manual Pl point matching and for data visualization. In general, a PI
tag will include station name, channel name, and channel type separated with dot (.).

1. Naming convention for phasor and frequency measurement tags:
station_name.measurement.type

Here station_name is the PMU station name (mapped to C37.118 Config Frame’s STN).
measurement_name is the PMU channel name (mapped to C37.118 Config Frame’s CHNAM).
And type can be one of the following:

=  VMAG: voltage magnitude
=  VANG: voltage angle

= IMAG: current magnitude
=  JANG: current angle

= FREQ: frequency

=  DFDT: df/dt

2. Naming convention for digital and analog measurements:
station_name.Digital[*].bit_channel _name

station_name.Analog[*]
If there are more than one digitals or analogs, numbers are added to differentiate them.

3. Naming convention for status word & IORate
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station_name.Status
The 1/0 performance tag name is RTDMS . I0Rate.

2.1.2 Derived values PI tag naming convention

Derived values include power, gateway power flow, angle difference, and system frequency.
1. Naming convention for calculated power values

station_name.measurement.type

Here station_name is the PMU station name (mapped to C37.118 Config Frame’s STN).

measurement_name is the PMU current phasor channel name (mapped to C37.118 Config Frame’s
CHNAM).

And type can be one of the following:

= MW: real power
=  MVAR: reactive power
= MVA: apparent power

2. Naming convention for derived values

Angle difference, system frequency, and gateway power flow are derived from raw measurements
through simple linear processing.

VIRTUALPMU. [derived_channel _name].type
Here VIRTUALPMU is a virtual PMU name. All derived values are associated with this virtual PMU.

derived_channel _name is the derived value’s channel name which are configured by user through
RTDMS Management Tool application.

And type can be one of the following:

=  MW: real power for gateway power flow

= MVAR: reactive power for gateway power flow
= FREQ: system frequency

=  DFDT: system frequency df/dt

= ANGD: angle difference

3. Naming convention mode values

Mode values are calculated through RTDMS Advanced Data Processing module — mode calculation.

Mode. [derived_channel name].type
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derived_channel _name is the mode name which are configured by user through RTDMS
Management Tool application.

And type can be one of the following:

= Frequency: mode frequency
= Damping: mode damping percentage
= Energy: mode damping energy

4. Naming convention oscillation values

Oscillation values are calculated through RTDMS Advanced Data Processing module — oscillation
detection.

Oscillation.[derived_channel _name].type

derived_channel name is the oscillation name which are configured by user through RTDMS
Management Tool application.

And type can be one of the following:

=  Frequency: oscillation frequency
= Damping: oscillation damping percentage

5. Naming convention sensitivity values

Oscillation values are calculated through RTDMS Advanced Data Processing module — oscillation
detection.

Sensitivity.[derived _channel _name].type

derived_channel name is the sensitivity name which are configured by user through RTDMS
Management Tool application.

And type can be one of the following:

= Slop: sensitivity slop
= YValue: sensitivity value for y axis

2.2 Point Types

Point type for C37.118 phasor, frequency, analog tags, power, angle difference, mode, sensitivity,
oscillation, and I/0 performance tags is float32.

Point type for C37.118 digital is int32.
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Point type for C37.118 parsed status is digital. The possible value of parsed status is described in section
2.3.

Automatically generated tag’s point type attribute should NOT be modified at any time.

2.3 C37.118 to PI digital status mapping

PMU Status word is saved as an integer. The status word is also parsed and mapped into a digital stat of
RTDMS digital set. RTDMS to Pl Add-on creates the digital set if it doesn’t exist. The RTDMS digital set
includes the following 6 digital stats:

= GoodData: data is good and highest four bits of status word are cleared.

= InvalidData: dataisin valid and status word Bit 15 is set.

=  PMUError: pmu error including configuration error and status word Bit 14 is set.

= GPSUnSynch: pmu is out of synch, timestamp not trustworthy and status word Bit 13 is set.

= SortByArrival: data is sort by arrival, timestamp not trustworthy and status word Bit 12 is
set.

=  DropOut: all highest four C37.118 status bit are all set.

=l TStC':'"EC”VB State Mumber | State Name
TR GoodD ata

1 SortBipdrival
. 2 GPSURSynch
Y pialarm33
Y piglarmcontrol 3 PMUE rrar
1 pisgealam 4 IrvalidD) ata
5 SvSTEM 5 Drop0ut

2.4 RTDMS to PI Points Matching

When “PI Auto Tag” is disabled, RTDMS Management Tool will allow user to configure Pl point number
to RTDMS signals or export/import Pl point configuration through CSV file in batch process.
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PI1 Output Configuration

PI Selection:

New PI Config ~

Signals

() (=]

> [¥] ALNKMB
b W] ALNKMW
4 [¥] ANTHGAPBL
Status
TAPM API
IBPM BPI
ICPM CPI
VAPM APV
VBPM BPV
VCPM CPV
I1PM +SI
VIPM +5V
Frequency
[C] Power of IAPM API
[T] Power of IBPM BPI
[T] Power of ICPM CPI
Power of I1IPM +5I
b W] ANTIAX
i [¥] BADCKWH

11

Disable RTDMS from
automatically creating PI

When, auto tag option is|

disabled, Pl Signhal Point
Indexing can be used to
match RTDMS Signals

tags

N

Aggregated Signals

[> System Frequency
Angle Difference
Power Flow Path

* Electric Power Group

\\
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[‘General Options
Auto Add New PMUs True
PI Output Name New PI Config
ID Code 1
Data Rate (Samples/s) 30
Maximum Latency (Seconds) 0
[« P1 Options
Enable [] False
Enable Bad Data Filter False
PI Server (Collective) Name
M User Name
SRR RRRRRERS
3450
Trusted Login False
[] False
Advanced Options
PI Signal Point Index PI Signal Point Indexing...
PI Derived Point Index
Test Test
~ Shortcuts
Apply ] ’ oK ] [ Cancel
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Mapping C37.118 Channelsto Pl Points l 7 ﬁ

Frequenecy Phasor | Analog | PMU Status Digjtal I Miscellaneous ‘

Map C37.118 Frequency & DF/DT to DNP3 Analog Points

PMU Channel Name PI Pgint ID =
1 ALNKMB.Frequency.DFDT :

2 ALNKMB.FrequencyFrequency e Manually enter PI point ID.
3 ALNKMW.Frequency.DFDT

4 ALNKMW.Frequency.Frequency

5 ANTHGAPBL.Frequency.DFDT

6 ANTHGAPBL.Frequency.Frequency

7 ANTIAX Frequency.DFDT

8  ANTIAX.Frequency.Frequency

] BADCKWH.Frequency.DFDT

10 BADCKWH.Frequency.Frequency

11 BCKTYW.Frequency.DFDT

12 BCKTYW.Frequency.Frequency

13 BECKBLFreguency.DFDT

14  BECKBLFrequency.Frequency

15 BECKWH.Frequency.DFDT

16 BECKWH.Frequency.Frequency

17 BELEWBLFrequency.DFDT Export Point IDs to a CSV file.

-
1o DO DWW Cramuanme Cramuames \ I/ 4]

[] show Enabled PMUs/Channels Only ~ V

Import Point IDs from a CSV

Import ... ] Export ... ] oK ] Cancel ‘

2.5 RTDMS PI Points Generation Automatically

When configured, RTDMS to Pl interface will automatically create Pl tags according to IEEE 37.118 config
frame standard. In IEEE 37.118 standard, config frame specifies the device name (station name),
measurement name, measurement type, and status. Measurement type includes frequency, df/dt,
voltage magnitude, voltage angle, current magnitude, current angle, digital, and analog. Note that the
digital type specified in IEEE 37.118 is NOT the same as digital point type in PI. A digital is a 16-bit
unsigned integer in IEEE 37.118.

Pl uses tags for archiving data. If a tag already exists in PI, RTDMS will not create another Pl tag or
update the tag. RTDMS will create Pl tags only if the tags are not found in the Pl Server. If RTDMS finds a
matching point, the point number will be retrieved and used for data archiving later. The matching
criterion is exdesc point attribute. RTDMS will fetch all points with specified pointsource or pointsources
and compare exdesc attribute. RTDMS Management Tool will provide user interface to configure
pointsource or pointsources. The default point source will be c37118.
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RTDMS will create Pl tag with default names as specified in section 2.1. The tag names are allowed to be

changed later. The point’s exdesc attribute is set as the same as default tag name. The exdesc attribute
should NOT be modified at any time.

PI-SDK is used to create and match PI points.

RTDMS to Pl interface will create Pl points with default point attributes which are configurable. RTDMS

Management Tool provides user interface to configure default point attributes for all IEEE 37.118

measurement types. The listed attributes’ values can be changed any time later, except engunits. The
attribute engunits should NOT be modified.

Pl point attributes can be modified any time through OSISoft Pl System Management Tools.

Signal Type Tag Naming Convention Engineering pointtype | Comments
Unit

PMU Status [station name].Status digital Parsed from PMU STAT word.
Refer to section 2.3

Frequency [station name].Frequency.FREQ Hz Float32

DF/DT [station name].Frequency.DFDT Hz/s Float32 Frequency change over time

Voltage [station name].[channel Volt Float32 Line — line voltage. RTDMS

Magnitude name].VMAG Client displays voltage in line-
line kV, conversion is needed
at RTDMS Client side.

Voltage [station name].[channel Deg Float32

Angle name].VANG

Current [station name].[channel Amp Float32

Magnitude name].IMAG

Current [station name].[channel Deg Float32

Angle name].lIANG

Real Power [station name].[channel name].MW | MW Float32 RTDMS Calculated value:
every current and voltage pair.
For phase current, the
calculated power should not
be archived into PI.

Reactive [station name].[channel MVAR Float32 RTDMS Calculated value:

Power name].MVAR every current and voltage pair.
For phase current, the
calculated power should not
be archived into PI.

Digital [station Digital Int32

name].Digital[*].bit_channel_name

Analog [station name].Analog* Analog Float32

System VIRTUALPMU.[sys freq name].FREQ | Hz Float32 RTDMS Calculated value:

Frequency average of selected PMU
Frequencies

System VIRTUALPMU.[sys freq name].DFDT | Hz/s Float32

* Electric Power Group
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DF/DT
Angle VIRTUALPMU.[ang diff Deg Float32 RTDMS Calculated value:
Difference name].ANGD difference of two voltage
angles
Path Real VIRTUALPMU.[corridor name].MW | MW Float32 RTDMS Calculated value: sum
Power Flow of selected real power flow
Path Reactive | VIRTUALPMU.[corridor MVAR Float32 RTDMS Calculated value: sum
Power Flow name].MVAR of selected reactive power
flow
Mode Mode.[mode name].Damping % Float32 RTDMS Calculated value
Damping
Mode Mode.[mode name].Frequency Hz Float32 RTDMS Calculated value
Frequency
Mode Energy | Mode.[mode name].Energy Float32 RTDMS Calculated value
P-V Sensitivity.[sens name].Slop kV/100MW Float32 RTDMS Calculated value
Sensitivity
Slop
Qv Sensitivity.[sens name].Slop kV/100MVAR Float32 RTDMS Calculated value
Sensitivity
Slop
Angle Sensitivity.[sens name].Slop Deg/100MW Float32 RTDMS Calculated value
Sensitivity
Slop
Sensitivity Sensitivity.[sens name].YValue Float32 RTDMS Calculated value
YValue
Oscillation Oscillation.[osci name].Damping % Float32 RTDMS Calculated value
Damping
Oscillation Oscillation.[osci name].Frequency Hz Float32 RTDMS Calculated value
Frequency
Signal Type zero span Typical compr | compd | compdev | excdev | excdevp | displa
value essing | ev percent ercent ydigit
s
PMU Status 0 65535 GoodData 0
Frequency 55 10 60 0 0.0002 | 0.0002 0.0001 0.0001 -4
DF/DT -10000 | 20000 0 1 0.0002 | 0.0002 0.0001 0.0001 -4
Voltage 0 1000000 | 500000 0 28 0.2 14 0.1 -2
Magnitude
Voltage -180 360 0 0 0.072 0.02 0.036 0.01 -4
Angle
Current 0 10000 0 1 0.16 0.02 0.08 0.01 -2
Magnitude
Current -180 360 0 0 0.072 0.02 0.036 0.01 -4
Angle
Real Power -10000 | 20000 0 1 1 0.02 0.5 0.01 -2
Reactive -10000 | 20000 0 1 1 0.02 0.5 0.01 -2
% Electric Power Group ) . . .
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Power

Digital 0 65535

Analog -10000 | 20000 0 1 0.02 0.5 0.01 -2
System 55 10 60 0.0002 | 0.0002 0.0001 0.0001 -4
Frequency

System -10000 | 20000 0 0.0002 | 0.0002 0.0001 0.0001 -4
DF/DT

Angle -180 360 0 0.072 0.02 0.036 0.01 -4
Difference

Path Real -10000 | 20000 0 1 0.02 0.5 0.01 -2
Power Flow

Path Reactive | -10000 | 20000 0 1 0.02 0.5 0.01 -2
Power Flow

Mode -100 200 0 0.02 0.02 0.01 0.01 -2
Damping

Mode 0 100 0 0.02 0.02 0.01 0.01 -2
Frequency

Mode Energy | O 1000000 |O 1 0.02 0.5 0.01 -2
P-V -1000 2000 0 0.02 0.02 0.01 0.01 -2
Sensitivity

Slop

Qv -1000 2000 0 0.02 0.02 0.01 0.01 -2
Sensitivity

Slop

Angle -1000 2000 0 0.02 0.02 0.01 0.01 -2
Sensitivity

Slop

Sensitivity -1000 2000 0 0.02 0.02 0.01 0.01 -2
YValue

Oscillation -100 200 0 0.02 0.02 0.01 0.01 -2
Damping

Oscillation 0 100 0 0.02 0.02 0.01 0.01 -2
Frequency

2.6 RTDMS PI Value’s Data Quality

This quality flag for all phasor (magnitude and angle), frequency, df/dt, and power, analog, digital and
derived values will be set based on the bad data detection methods specified in the design document of

(RTDMS_DataQuality_Design_Spec_11092012 .doc). The measurements will be flagged as Bad,

Uncertain, and Good quality by RTDMS. PI point’s value will be set to questionable if the corresponding
measurement’s is not flagged as Good.
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3. RTDMS to PI Historian Output Configuration

3.1 PI Historian Output Creation

To create a new output for Pl Historian, switch to Output System Configuration. Select “Pl Historian” as
output data format and configure Pl Historian Options:

Pl Server (Collective) Name: to enter the Pl Server node name for a single Pl Historian data archiving or
the PI Collective name. For Pl Server node name, it is recommended to use fully qualified domain name.

User Name: Pl user name to log on. The user should have write permission.
Password: password for the user. Password is ignored if trusted login is checked.
Port: the port Pl Server is listening on.

Trusted Login: use PI trust to authenticate the interface.

File Configurations Monitoring Account Help

fpeaB¥Lede

RTDMS Configuration PI Output Configuration
B Input Configuration
’ PDC PI Selection: [<General Options
New PI Config + -
(‘x) PMU/Signal — ¢ @ D Auto Add New PMUs True
nal
] Sianal Agaregation ] _ PI Output Name New PI Config
[+ Advanced Data Process ] ¥ E‘ ALNKMB = ID Code 1
H Alarm Event ) > [¥] ALNKMW |
3| Data Buffer ] > [¥] ANTHGAPBL 3 Data Rate (Samples/s) 30
=] Output Configuration ) > [¥] ANTIAX I Maximum Latency (Seconds) |0
# opcDARAE i [¥] BADCKWH
4 [¥] BCKTYW Pl Login configuration [<Froptions
dnp opne3 [¥] status interface -y
[7] 1APM APL \ Enable ] False
~ PI | Pl Historian [¥] 1BPM BPIL \l Enable Bad Data Filter || False
7
i [¥] 1cPm CPI PI Server (Collective) Name
tb e E NATMALY User Name
Log System [¥] vBPM BPV
[¥] vcpMm cpv Password sssessseesssnee
[¥] 11PM +SI Port 5450
¥| VIPM +5V
D Trusted Login False
[¥] Frequency —
] Power of 1APM API PEAuISing [ ralse
[F] Power of IRPM RPT Advanced Options Advanced Options
Aggregated Signals PI Signal Point Index PI Signal Point lndexmg...‘
e Erequency PI Derived Point Index
Angle Difference
Power Flow Path Test Test
~ Shortcuts
mpoy [ ox ][ cance

3.2 PI Historian Output Advanced Configurations
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Click the “Advanced Options ...” button will display the dialog box for user to configure advanced options
as shown below.

There are three groups of settings: Point Matching PointSource Conditions, Pl Tag Default Properties,
and Performance & Runtime Options.

Point Matching PointSource Conditions list all pointsources RTDMS will use to match Pl points when

Auto Generate Pl Tag is enabled.

Pl Tag Default Properties configuration allows user to configure default Pl tag attributes. The attribute

names follow Pl tag convention.

RTDMS will use these attributes to create Pl tags for Pl Server if the tag is not found in the Pl Server. If
the tag already exists, RTDMS will not create another Pl tag or update the tag with these attributes. User
should use PI System Management Tool to change attributes. That is, these attributes are used only
once when tags are created.

Performance & Runtime Options allows user to control RTDMS’ runtime behavior. When Time

alignment enabled checkbox is checked, data will be time-aligned first before archiving into Pl historian.

If PI Buffering enabled is checked, RTDMS will set the newly created Pl tag’s shutdown attribute’s value
to O (disabled).

|| Advanced PI Historian Opt'\o;; - [Preview] PN x N
Point Matching PointSource Conditions
To be queried pointsource(s) for point matching:
|
List the point source
for point query. (|
Default Attributes for Point Creation
Signal type: Default PI tag properties:
Frequency displaydigits: 0 =
DF/DT zero: 0.0000 =
Voltage Magnitude span: 0.0000 =
Current Magnitude
Voltage & Current Angle fypicalvalue:  0.0000 >
Digital compdev: 0.00000 =
Analog excdewv: 0.00000 =
location1: 1 =
compressing: ||
pointsource:
engunits:
Performance 8 Runtime Options
I:l Time alignment enabled
I:l FI Buffering enabled
|:| Enable periodical checking "scan" attribute Check "scan" attribute every 60 Minutes —
Reconnect Rate (ignored if PI Buffering is enabled) 5 Minutes —
1/0 Performance tag updating rate 10 Minutes —
OK | Cancel
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3.3 Output Sample Rate and Maximum Cut-Off Latency

Output sample rate can be configured, 30 samples a second is the default value.

02.15.13

Maximum cut-off latency option is the longest waiting time allowed for any PMU data. It is only valid
when data is time-aligned before archiving into database.

tIDMS Uutput Conhiguration

PI Configuration
PI Selection: IAGeneraI Options
[PTHistorian  ~]| -ﬂ-l -|
Auto Add New PMUs True
Signals
FI Output Name FI Historian
> W1 Ajo Configure Pl historian | | o code 1
4
Matador output data rate > -
Status Data Rate 30 =
Phasorl.Matador Voltage
Phasor2 Matador Current I‘ P1Options
Frequency
Digitall Enable True
Digital2 Enable Bad Data Filter True
Digital3 PI Server (Collective) Name
Power0.Matador Current User Name piadmin
> [] Nelson
PBSS\I'JUrd SRR RRORRORY
Port 5450 <
Aggregated Signals Trusted Login |:| False
> System Frequency Advanced Options Advanced Dptionsl
> Angle Difference
Test Test
> Power Flow Path
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3.4 Enable/Disable PMU(s)/Channel(s) PI Archiving

02.15.13

Like other RTDMS output adaptors, the RTDMS to Pl Add-on allows users to select PMU/channels. If a
PMU is disabled, all channels associated with the PMU will be disabled for Pl archiving.

Note, RTDMS automatically calculates power based for every current channel. However, the calculated
power for phase current isn’t always needed. In this case, it is recommended disabling those calculated

powers from Pl archiving to save disk space and improve archiving performance.

PI Output Configuration

PI Selection:

New PI Config -

Signals

(&) (=)

> V] ALNKMB

> [@] ALNKMW

4 [/] ANTHGAPBL
Status
IAPM API
IBPM BPI
ICPM CPI
VAPM APV
VBPM BPV
VCPM CPV
I1PM +SI
VIPM +5V
Frequency

> ANTIAX
> BADCKWH

[C] Power of IAPM API
[C] Power of IBPM BPI
] Power of ICPM CPI
Power of ILPM +5I

| »

Enable/Disable PMU

Enable/Disable Channel. Pows

BI'S

calculated based on phase cu
recommencded disabled for Pl
archiving.

ren

Aggregated Signals

Angle Difference
Power Flow Path

> System Frequency

* Electric Power Group

[‘ General Options

Auto Add New PMUs
PI Output Name
ID Code

Data Rate (Samples/s)

True
New PFI Config
1

30

Maximum Latency (Seconds) 0

[‘ FI Options

Enable

Enable Bad Data Filter

PI Server (Collective) Name
User Name

Password

Port

Trusted Login

PI Auto Tag

Advanced Options
PI Signal Point Index
PI Derived Point Index

Test

[ False

False

SRR RRRRRRRRNS
5450
False

[ False

Advanced Options

PI Signal Point Indexing...

’PI Derived Point Lnde)ﬂng...]

Test

* Shortcuts

Apply l ’ OK

Cancel
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4. PI Collective

RTDMS to PI Historian Add-on is Pl Collective aware. If the configured Pl Node is a PI Collective or a PI
Server belonging to a PI Collective, the RTDMS to Pl Historian Add-on will replicate data to all Pl Servers
within the PI Collective.

RTDMS to PI Historian Add-on currently supports archiving to Pl Collectives with up to four nodes.
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5. RTDMS to PI Historian High Availability through PI API Node Buffering

5.1 PI API Node Buffering

From PI-API Programmers’ Help document, as of version 1.6.0.0 of the Pl APl and buffer server, support
for event distribution to a single Pl server or multiple Pl servers regardless of Pl server status. To support
multiple Pl servers buffering, the Pl servers must all have synchronized point databases (all target tags
on all Pl servers for the distributed events must be the same) and times; otherwise the distributed event
may fail to be accepted by non-synchronized servers.

Buffering is enabled through the use of a configuration file, piclient. ini. Unless this file is modified
to enable buffering, the PI-API will continue to send data directly to the home node. When enabled, the
following calls will buffer all data sent to the designated PI server nodes.

It is recommended that buffering be disabled when installing, upgrading, and configuring RTDMS PI
Historian Add-on on an API node. When RTDMS Pl Historian Add-on is working satisfactorily, re-enable
buffering.

5.2 PI API Node Buffering Configuration

From PI-API Programmers’ Help document, configuration of buffering is achieved through entries in the
piclient. ini file. The file is found in the dat subdirectory of the PIHOME directory (typically
c:\pipc\dat) under Windows NT. On UNIX systems, the file is found in the dat subdirectory of the
PIHOME directory (e.g. Zopt/piapi/dat) . This file follows the conventions of Microsoft Windows
initialization files with sections, items within sections, and values for items. If buffering parameters are
changed, the buffering processes must be restarted for those changes to take effect.

5.2.1 General configuration

The maximum size of the buffer file may be adjusted by the MAXFILESIZE parameter. RTDMS Pl
Historian Add-on saves phasor/frequency/analog data in float32, status and digitals are saved as int32,
and parsed status is saved as digital.

Increase MAXTRANSFEROBIJS or decrease SENDRATE setting can increase the through put. Sample
settings as following:

MAXFILES1ZE=2000000
MAXTRANSFEROBJS=2000000

BUF1S1ZE=2000000
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BUF2S1ZE=2000000

SENDRATE=2000

5.2.2 PI API node buffering configuration for a single PI server

Note the MyPIServer is the Pl Server name where RTDMS PI Historian Add-on will send data to.
[AP1BUFFER]

BUFFERING=1

MAXFILES1ZE=2000000

MAXTRANSFEROBJS=2000000

BUF1S1ZE=2000000

BUF2S1ZE=2000000

SENDRATE=2000
[BUFFEREDSERVERLIST]

BUFSERV1=MyPI1Server

5.2.3 PI API node buffering configuration for PI Collective

When RTDMS is required to send data to a Pl Collective, it is recommended setting up and configuring
Bufserv for n-way buffering so that RTDMS to Pl Historian Add-on sends the data to all of the servers in
the collective.

Note the MyPIServerl and MyPl1Server?2 are the two collective member names in a Pl collective
where RTDMS Pl Historian Add-on will send data to. If there are more collective members, add more
items following the item in both section BUFFEREDSERVERL 1ST]and[[REPLICATEDSERVERLIST]. The
order of Pl Server names in these two sections doesn’t matter. This means that any interface running on
the PIAPI node that specifies a connection to either collective member will have their events distributed
to the buffers of both servers with a single data call.

[API1BUFFER]

BUFFERING=1
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MAXFILESI1ZE=2000000
MAXTRANSFEROBJS=2000000
BUF1S1ZE=2000000
BUF2S1ZE=2000000
SENDRATE=2000
[BUFFEREDSERVERLIST]
BUFSERV1=MyPIServerl
BUFSERV2=MyPIServer2
[REPLICATEDSERVERLIST]
REPSERV1=MyPIServerl

REPSERV2=MyPI1Server2

5.2.4 Start/Stop PI API node buffering service

02.15.13

PI APl Node Buffering Service can be started and stopped through services.msc. From the services

console, find PI-Buffer Server, and start/stop it. bufserv is the process.

When the bufserv process is installed, the service must be given a username and password that has
permissions to create and delete shared memory (for example, users who are part of the Administrator

group).

. Services

File Action View Help

e EE . HE[>n u
% Services (Lq| <

PI-Buffer Server Name . Description Status Startup Ty
P Message Subsystem Started  Automatic
Start the service . PI Network Manager Started  Automatic
£+1P[-Buffer Server Service to buffer data sent to a PI server. WELIE]
Description: Sq PIPC Log Server Service to manage the number and size of PI-AP.. Started  Automatic
Service to buffer data sentto = Plug and Play Enables a computer to recognize and adapt to h.. Started  Automatic
a Pl server. 25 PnP-X IP Bus Enumerator The PnP-X bus enumerator service manages the ... Manual
5 PNRP Machine Name P.. This service publishes a machine name using the.. Manual
% Portable Device Enume... Enforces group policy for removable mass-stora.. Manual
% Power Manages power policy and power policy notific.. Started  Automatic
% Print Spooler Loads files to memaory for later printing Started  Automatic _
< 1l | r
{ |I| P | Extended /\Standard/
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Preface

CAISO has been using the ePDC (enhanced Phasor Data Concentrator) from Electric Power
Group (EPG) to provide the wide area monitoring through phasor functions for CEC PIR-10-068
Project. To meet the requirements of TASK 3 “INTEGRATE PHASOR DATA WITH CAISO PI
HISTORIAN/EMS” of the contract, EPG has submitted the design and functional specification of
RTDMS to Pl interface to CAISO. This document specifies the functional and design
requirements to integrate phasor data into CAISO’s EMS/SCADA.
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8’| Mapping C37.118 Channels to DNP3 Points - [Preview] L2 [
| Frequency | Fhasor | Analog | PMU Status | Digital |
Map C37.118 PMU Status to DNP3 Binary Points
PMU Channel Name DNP3 Point ID DNP3 Class
1 PMU1.Status.DropOut 1 1
PMUL.Status.Datalnvalid 2 1 .
e atus-ataivall User configurable DNP
3 PMUL.Status.PMUError 3 1 point class. Default to
4 PMUL.Status.0utOfSynch 4 1 class 1 for binary points,
| | |5 PMU2Status.DropOut 5 1 \ and 0 for analog points.
PMUZ2.Status.Datalnvalid 5] 1 . .
i B atus-Datamnvel If a point class is left
' 7 PMU2 Status.PMUError 7 1 blank, it will not be
8 PMU2 Status.OutOfSynch 8 1 associate to any class.
Unique PMU Channel
Name, not user
i enterable.
User configurable
I DNP point ID. If a
| point is left blank, it
1l will not be reported.
Showing/hiding diabled Import/Export point
PMUs/Channels. mapping from/to a .CSV
o
* ’
Show Enabled PMUs/Channels Only /
mmport ... | | Export .. | | ok || cancel
@-_ —— - - — T - T R ______________F R — 12
L YA o =T [E =] o [o) SO TP P PP P PP PP PPPPPPPPPPP 12
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|
| Mapping C37.118 Channels to DNP3 Points - [Preview] L2 et

Frequency | Phasor | Analog | PMU Status | Digital |

Map C37.118 Frequency & DF/DT to DNP3 Analog Points

PMU Channel Name  JNP3 PointIL DNP3 Class
1 PMUL.Frequnecy.Frequency 1
2 PMULFrequency.dfdt 2

=N O o

PMUZ2.Frequnecy.Frequency |3

F:1 PMU2 Frequency.dfdt -

C37.118 Frequency & DFDT can
be mapped to two DNP3 points.

| Show Enabled PMUs/Channels Only

Import ... | | Export... | | ok || cancel

L T 2 o 1 T= 1Yo | SRR

,
| Mapping C37.118 Channels to DNP3 Points - [Preview] L7 [

Frequency | Phasor | Analog | PMU Status | Digital |

Map C37.118 Phasors to DNF3 Analog Points

PMU Channel Name JNP3 PointIL DNP3 Class

PMU1L.Phasorl.V1.Magnitude

Y PMULPhasor2V1.Angle

3 PMULPhasor3Il.Magnitude 3 o]

4 PMUL1.PhasordIl.Angle 4 o]
| 5 PMUZ2PhasorlV.Magnitude 5

6 PMU3.Phasor2ViAngle 5] o]

One C37.118 Phasor
can be mapped to two
DNP3 points.

| Show Enabled PMUs/Channels Only

| Import ... | | Bxport ... | [ ok || cancel

4.3.4 |IEEE 37.118 Analog Channels.......cccccvueveeiiieeecciiee e
4.3.5 |IEEE 37.118 Digital Channels........ccccccuveeeiiieieccieeeeeiee e,
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4.4 RTDMS Alarm to DNP3 Point INdeX Mapping .......eeecueerrieeniieenieesiieeniieeneeesieessreeesiseessseesssesssneeesanes 16
g I I Y A = 4TSS 16
4.4.2 RTDMS Alarms and DNP3 Digital Point/Class Mapping ........ccoueeeueeeereeeceeeeieeccreeeereeeeveeeevee e 20

| System Frequency Frequency ‘ Voltage | Current | Angle Diff | Corridor | Mode | Oscillation | Sensitivity | Composite Miscellaneous I

Map Frequency & DF/DT Alarm/Event to DNPF3 Binary Points k

Alarm/Event Name DNP3 Point ID DNP3 Class \ il

1 ALTEACADEMY 01.Frequency.E... 1 0 Alarming metrics |J

2 ALTEACADEMY O01FrequencyHl 2 0

3 ALTEACADEMY Ol.Frequency.H2 3 0

4 ALTEACADEMY 0Ll.Frequency.H3 0

5 ALTEACADEMY 01 Frequency.H4 0

6 ALTEACADEMY O0lFrequencyll 4 0 Alarm DNP3 digital point and class mapping.

7 ALTEACADEMY Ol.Frequencyl2 5 0

: / If DNP3 point is not mapped an alarm,

8 ALTEACADEMY 01 frequencyl3 0 RTDMS will not include this alarm in

] ALTEACADEMY Ul.Frequency.M 0 response.

10 ALTEARPIN  01.Frequency.E1H 0

11 ALTEARPIN  01.Frequency.H1 0

12 ALTEARPIN  OlFrequencyH2 0 Export alarm/DNP3 mapping configuraiton into

13 ALTEARPIN  OlFrequency.H3 0 a CVS file. Or,

| rt al DNP3 i fi iton f
14 ALTEARPIN  O1FrequencyHép o all alarms or oﬂly the , ":Ei 1.? arm/ mapping contfiguraiton from
P hlad Anac I dallvaine,
|:| Show Enabled Alarm/Events On* “’
I Import ] ’ Export ... ] [ oK ] { Cancel ]
.................................................................................................................................................................... 21
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1 Functional Requirements

Provide a DNP3 output from the RTDMS Server to provide configurable real-time alarming that
integrates with the CAISO EMS. This output must be able to connect as a slave, responding to a
connection request initiated by the SCADA Master. Direct data link connection between Alstom Energy
Management System DNP front end servers and EPG RTDMS servers at Folsom and Alhambra locations.
Communication protocol is DNP3 operating on TCPIP transport (DNP/IP). Level 2 DNP server (slave)
compliance is required but with capability limited to the commands and responses listed in section 2.

CAISO DNP Clients will be configured for exception polling (Class 1 - Object 60, variation 2) for analogs
and statuses. Default response shall be Object 32, variation 2 for analogs and Object 2, variation 2 for
statuses. Master station address shall be 100, remote addresses shall be 1. IP address and specific IP
port numbers for each slave will be provided at time of implementation.

It is required to send RTDMS alarms to DE EMS. Supporting Analog Object 32 variation 2 is not required
but good to have in the future.

2 RTDMS DNP3 Protocol Compliance

1. The following two tables specify the objects, variations and qualifiers used for communications with
the DNP3 RTUs. The first table is for the Master request and the second is for the Slave response.

Master Request Function Group Variation Qualifiers Range Each Data
Initiated by: Point

2 second clock 01x 30 2 00x Start/Stop

RTU class events 01x 60 2,3,4,1 06x No Range

5 minute integrity 01x 1 2 00x Start/Stop

Demand scan 01x 1 2 00x Start/Stop

*AO Select 03x 41 2 17x Quantity AO11
*AO Operate 04x 41 2 17x Quantity AO11
*SBO Select 03x 12 1 17x Quantity SBO 11
*SBO Operate 04x 12 1 17x Quantity SBO 11
Remote Function Group Variation Qualifiers Range Each Data
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Response for: Point
*2 second clock 81x 30 2,5 01x Start/Stop 2 bytes data
+ 1 byte flags
**%*2 second clock 81x 32 2 01x Start/Stop 2 bytes data
+ 1 byte flags
*RTU class events 81x 2 1 28x Quantity 2 bytes data
+ 1 byte flag
5 minute integrity 81x 1 2 01x Start/Stop 1 byte status
+ flags
Demand Scan 81x 1 2 01x Start/Stop 1 byte status
+ flags
**A0 Response 81x 41 2 17x Quantity AO11
**A0 Response 81X 41 2 17x Quantity AO11
**SBO Select 81x 12 1 17x Quantity SBO 11
**SBO Operate 81x 12 1 17x Quantity SBO 11

* RTDMS will be DNP3 slave and able to respond to a range of points and all points for group 1 and 30
requests. RTDMS will also respond to group 2 variation 1 for binary change events. RTDMS will respond
the queries of changes from a class poll as well as a direct binary change event poll. RTDMS will respond
differently to a Class O (Integrity) poll compared to the Class 1 (Events) poll. The master will be sending
out group 30 requests every 2 seconds. If there are any unread binary changes the RTDMS will set the
Class 1 flag in the Internal Indications of the group 30 response, to alert the master to get the binary
change events.

** The RTDMS DNP3 slave will not implement the AO and SBO responses. These command/response
pairs are for supervisory control functions not used by the RTDMS. It receives and discards AO Select,
AO Operate, SBO Select, SBO Operate commands from Master.

*** The RTDMS DNP3 slave will not implement group 32 variation 2 in the first release since it is a good
to have requirements. Group 32 variation 2 can be supported in future release.

2 .The Maximum Data Link Frame Size in Octets:
e Transmitted is equal to 292.
e Received must be the same, 292.

3. The Maximum Application Fragment Size in Octets:

* Electric Power Group . . . .
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e Transmitted is equal to 2048. If greater than 2048, it must be configurable. This is
configurable in the setup GUI.
Received is equal to, 2048. The number of octets must be equal or greater than 249.

4. The Maximum Data Link re-tries is 0.
5. The Maximum Application Layer re-tries is 0.

6. The Data Link Layer Confirmation is not required. It must be disabled in LAN-WAN environment.
Instead, TCP performs message confirmation.

7. The Application Layer Confirmation is required.

8. The Timeouts requirements while waiting for the following:

e Data Link Confirm timeout is specified with parameter ProtocolTimeout2, which is 1000.

e The complete Application Fragment is specified with parameter ProtocolTimeout1, which
is 3000.

e The Application Confirmation timeout is not required.

e The Complete Application Response timeout is not required.

e The Complete Transport Segment is required and specified with parameter
ProtocolTimeout2.

9. The following controls might be supported by CAISO EMS but NOT by RTDMS DNP3 output:
e Write binary outputs, batch-digital-output controls.
e Select-Before-Operate.
e Pulse width controls for set points and tap changers.

10. The SMP Master’s expectations are as follows for Binary Input Change Events:
e Binary events will be non-time-tagged.
e Binary events will be with a quality flag.

11. The RTDMS DNP3 Slave’s expectations are as follows for Reporting Binary Input Change Events when
no specific variation requested
e Binary change report is not implemented.

12. The RTDMS DNP3 Slave’s expectations are as follows for Sending Unsolicited Responses:
e The RTU slave will never send unsolicited responses.

13. The RTU Slave’s expectations are as follows for Default Counter Object or Variation:
e The RTU slave will not send counter information.

14. The RTDMS DNP3 Slave’s expectations are as follows for Reporting Time-Tagged Binary Input Change
Events when no specific variation requested:
e The RTU slave will not report time-tagged binary input change events.

15. The RTDMS DNP3 Slave’s expectations are as follows for Sending Static Data in Unsolicited
Responses:

* Electric Power Group . . . .
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e The RTU slave will never report send unsolicited responses.

16. The RTDMS DNP3 Slave’s expectations are as follows for Rolling over Counters:
e The RTU slave will not have counters.

17. The RTDMS DNP3 Slave may send Multi-Fragment Responses.

3 Solution

The RTDMS will provide data down sampled from the phasor data rate by re-sampling (a selected data
sample) with the initial delivery; filtered down sampling may be added later. Analog and digital data is
included as follows:

e Digital data indications for measurement alarms.

e Analog PMU data for selected phasor, MW, and MVAR measurements (magnitude and angle are
sent for each phasor). Phasor data may be absolute or relative.

e Digital data for selected PMU status and digital indication points.

e Digital data indications for PMU system problems.

e Data quality indication for each analog point.

A DNP3 interface will be an output function provided in the RTDMS. The configuration GUI will be
developed to allow selecting the measurements/alarms and mapping measurements/alarms with EMS
DNP3 points.

3.1 Signal Processing

Phasors are measurements of either voltage or current. They are supplied as a complex number
representing RMS magnitude and phase. They may be scaled or not depending on the data type.
Derived quantities like power need to be computed from these values. This interface will allow the
following processing options:

e Convert phasor or analog data from floating point to 16-bit integer or the reverse. Scale
factors from C37.118 configuration may be used automatically, or the user may enter their
own scaling.

e The output can be down sampled with several options. Currently down sampling by a factor
of N sends every Nt sample. Additional options are planned including averaging over a 1/N
interval and averaging over a longer interval to eliminate aliasing. These are planned for the
4™ quarter 2012.
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3.2 Interface Features

e Each signal can be given a number
e Each signal can be given a name
e The number of signals selected will be only limited by the DNP3 capability

e Alarms will be mapped to binary (Boolean) reporting value. The user can choose which alarms
will be mapped to DNP3. When there is alarm, the point will be set. Otherwise, the point will be
cleared. If the PMU input data is bad, reporting changes will be blocked to prevent incorrect
reporting toggling that could possibly overload SCADA change registers.

e Phasor, frequency, dF/dt, MW, MVAR, and analog signals will be mapped to an analog reporting
value. Phasors can be configured as rectangular or polar (default). They can be configured to
report as 16-bit integer or 32-bit single precision floating point (default).

e Digital and status values will be mapped to a binary (Boolean) reporting value. The user can
choose which values will be mapped to DNP3. If the PMU input data is bad, reporting changes
will be blocked to prevent incorrect reporting toggling that could possibly overload SCADA
change registers.

e The received data status including input failed and PMU sync lost will be self-reported by the
RTDMS and will be available for DNP3 output as a binary value. Normal RTDMS monitoring
applies logic to input data so that if no data is received for a period of time, the input is declared
failed. When data input resumes, the input is declared restored. This logic will be mapped into
the PDC data buffer so it can be included with data outputs. All data inputs will be included in
this meta-data, so failure of any input can be reported.

3.3 Output features

e The communication will be available in Ethernet using the modes that are allowed in the DNP3
protocol. The RTDMS will be a TCP server which allows the EMS front end to be the client and
initiate the connection.

e The output rate will be selectable, based on the need of the connected system and the
capability of DNP3. With a polled system it will respond to the poll.

3.4 Data quality flag

Each DNP3 quantity has a 7 bit quality flag that indicates usability of the value. This quality flag for all
phasor (magnitude and angle), frequency, df/dt, and power, analog, digital and derived values will be set
based on the bad data detection methods specified in the design document of
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(RTDMS_DataQuality_Design_Spec_11092012 .doc). The measurements will be flagged as Bad,
Uncertain, and Good quality by RTDMS. These quality codes will be mapped to the DNP flag as follows:

DNP3 COMM LOST flag is used to indicate if a PMU is reporting data or not. If a measurement’s quality
code is BAD with Not Connected as sub-status, COMM LOST is set (not reporting). Otherwise it is

cleared.

DNP3 ONLINE flag is used to indicate if a measurement is valid or not. If quality code is Good Quality, the
ONLINE flag for that quantity will be set (binary 1, good). Otherwise it will be cleared (binary 0, bad).

PMU status points represented by will always have the ONLINE bit set (1, good).

For Alarm binary points, COMM LOST is always cleared and ONLINE is always set since alarms are
generated based on measurements with GOOD data quality.

DNP3 Points Data Quality PMU Sending | COMM ONLINE
Data to RTDMS | LOST
DNP3 quality flag for BAD with Not Connected sub-status | No 1 0
all measurements
points GOOD and Yes 0 1
UNCERTAIN with Subnormal sub-
status
All other quality codes Yes 0 0
DNP3 quality flag for | BAD with Not Connected sub-status | No 1 1
PMU Status Data
Invalid, PMU Error, All other quality codes Yes 0 1
Out of Synch points
All quality codes Yes 0 1
DNP3 quality flag for -
Drop Out PMU point All quality codes No 0 1
Alarm points Alarms are generated based on filter | Not Applicable| 0 1
data only.

3.5 Limitations

The interface will only report static (instantaneous) analog (group 30, variation 2 & 5), static binary
(Boolean) values (group 1, variation 2), and binary events (group 2, variation 1).

4. RTDMS Configuration GUI Design
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4.1 DNP3 Output Adaptor Configuration Panel

DNP3 will be added into output’s data format selection. When DNP3 is selected as the format, its
configuration will be shown as below.

The TCP will be used as the default communication option. In this case, RTDMS will listen on a port
(default to 19999 or 20000) and wait for DNP3 Master to connect. Once connected, RTDMS will wait for
Master’'s command, parse the command, and response accordingly. The RTDMS won’t send un-solicited
responses.

Just like other RTDMS output adaptors, PMU/channels and calculated values can be enabled or disabled
from the DNP3 output. Only enabled channels and calculated values with valid DNP3 point index will be
included in the DNP3 response. DNP3 point mapping is described in section 4.3.

RTDMS Cy/ProgramData/EPG/RTDMS 2012/rtdmstmp.cml (Copyright Electric Power Group) [E=RI=
a2

File Configurations Monitoring Account Help

DB NE M

RTDMS Configuration

DHP3 Output Configuration

= Input Configuration Add/Remove a DNP3 Slave
» ’ PDC DNP2 Selection: ~ [<General options ] =
. o cot <)
@J PMU/Signal g E Auto Add New PMUs True
Signals
Signal Agaregation 9 DNP3 Output Name DNP3 Config
= Advanced Data Process > [#] MONTANAL g D Code 1 :
3] Alarm Event > [¥] MONTANA2
[+ Data Buffer > MONTANA3 Data Rate 30 -
= Qutput Configuration 4 NE_WA1 Maximum Latency(second) 0 TCP port this DNP3 slave = 3
-~ # oPCDA&AE Status 15 on
| NE_WALVM [~ DNP3 Options = )
% |JoiPs NE_WALIM 7
3 Frequency Launch dialog box for general Enable True
PI Hfistorian Power of NE WALIM DNP3 options T -._L;K 20000 =
[
& | || owea optons L
g Datpbase > [P] NE_WA3
[ES] oa System b ¥ NE_WA4 Launch dialog box for DNP3 Signal Point Index__~_ | DNP3 Signal Point Indexing...
B »
Pf¥] OREGON1 measurement/DNP3 point M
OREGON2 mapping Brive erives i lexing...
il OREGONZ DNP3 Alarm/Event Point I DMP3 Alarm/Event Point Indexini
—

égregated Signals [~ Shortcyte ]

DNP3— =

4 System Frequency N N Il [‘ p— ]
Select mesaurements Canadafreq POint mapping ‘E‘
to be included ip this Sysfreq i Enable All PMUs [Enable All PMUs
DNP3 output. USFreq
4 Angle Difference Disable All PMUs | Disable All PMUs
CALIFORNIA3-CALIFORNIAS
[#] Canadal-Seattle2 - = Digital Signals
-, q
[ |
[ Apply I I oK ] [ Cancel I

4.2 DNP3 Options

This dialog is used to configure DNP3 specific options. It has four tabs for options of Data Link,
Transport, Application Layer, and Data Quality Testing.

4.2.1 Data Link
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This tab is used to configure options required by Data Link Layer, including RTDMS DNP3 slave address
and the address of DNP3 Master (default 100) which will poll RTDMS.

i ) d
[8:] DNP3 Options M
Data Link Transport Application Layer Data Quality Testing |
Address: 1 =
Master Address: 100 =
| Maximum Data Link Frame Size: 292 Bytes =
[ Maximum Data Link Retries: 0 :
| |
H | ]
oK l l Cancel
| ]

4.2.2 Transport

This tab is used to configure options required by Transport Layer. Only one option will be configurable:
Transport Segment Complete Timeout with default value of 1000 ms.

=1 DNP3 Options - [Preview] EE

Data Link | Transport | Application Layer | Data Quality Testing |

A+

Transport Segment Complete Timeout: 1000 ms

[ ok || cancel
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4.2.3 Application Layer

This tab is used to configure options required by Application Layer. The maximum application fragment
size is 2048 bytes. If there are a large number of points to be returned and one application fragment is
not big enough, RTDMS will report multiple application fragments, each contains a subset of points so
that size will be within the maximum fragment size limit.

r . - ,
[:] DNP3 Options - - T -

| Data Link | Transport Application Layer Data Quality Testing |

[] Application Confirmation Required
Application Fragment Complete Timeout: 3000 ms

Maximum Application Fragment Size: 2048 Bytes

A REL el

Maximum Application Layer Retries: 0

oK l l Cancel

4.2.4 DNP3 Static Analog Data Format

For DNP3 analogs, their format can be configured using through the following user interface. In default,
all analogs will be in 32-bit single precision floating point with flag.
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[a’] DNP3 Options -

| Data Link Transport Application Layer | Data Quality Testing | Static Analog Format

Choose Static Analog Format:

() 16-bit integer with flag “— Support two formats. 32-
bit single precision

floating point with flag

as default.

0 32-bit single precision floating point with flag

Note: phasors are aways in polar format.

For 16-bit integer format, shortcut
command to set the default scaling
factors for all affected measurements.

Default Scaling Factors /

Voltage Magnitude: |1.0000
Current Magnitude: |1.0000

C37.118 Analog: 1.0000

oK l I Cancel

4.3 IEEE37.118 to DNP3 Point Index Mapping

RTDMS will provide a dialog box to allow user mapping IEEE 37.118 channels to DNP3 points. IEEE
37.118 channels are grouped into five categories: PMU Status, Frequency, Phasors (voltage and current),
Analog, and Digital. For each category, IEEE 37.118 channels will be listed alone with user editable cell
for user to enter a DNP3 point. The user entered DNP3 point number will be validated for range and
duplication (0-65355). If the DNP3 point number call is blank, the channel associated with it won’t be
sent to EMS.

User can also configure point class for each channel. In default, digitals will be Class 1 and analogs will be
Class 0. If the point class cell is blank, the point won’t be assigned to any DNP3 point class.

RTDMS GUI is designed to import/export in CSV file format for DNP3 point mapping (import/export
button will be added to following DNP3 point mapping GUI). In the export CSV file, point ID edited with
RTDMS GUI will be included. When a CSV file is imported, point IDs will be overwritten for matched
signals with those specified in the CSV file. The CSV file should have following columns:

e PMU Name: unique name to identify a PMU

e RTDMS Signal Name: unique name created by RTDMS to identify a signal associated with the
PMU

e Signal Name: signal name received from PMU

* Electric Power Group . . . .
Confidential and Proprietary — All Rights Reserved Page 10



RTDMS DNP3 Design Specifications — Prepared for CAISO 12.21.12

e DNP3 Point ID: DNP3 point mapped to the signal
e (Class: Class ID mapped to the signal

When Redundant Data Source selection is enabled for the DNP3 output, for every pair of PMUs, only the
points mapped to Primary PMU will be used. The points mapped to alternate PMUs will be ignored and
no data will be populated.

4.3.1 PMU Status

PMU Status will be mapped to four DNP3 binary points whose data quality flag will always be set to
“good” in DNP3 response:

0 Data Dropout: 0 — data available and communication is up, 1 — dropout or missing data
(no data received from PMU, which indicates a PMU or communication problem, that is
communication down) . Not needed since all values now are having COMM LOST flag.

o0 Data Invalid: 0 —valid, 1 — invalid
O PMU Error: 0—no error, 1 —error

0 Out of Sync: 0 — GPS in synch and sort by time, 1 — GPS out of synch OR sort-by-arrival

* Electric Power Group . . . .
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|| Mapping C37.118 Channels to DNP3 Points - [Preview] <™

| Frequency | Phasor | Analog | PMU Status | Digital |

Map C37.118 PMU Status to DNP3 Binary Points

PMU Channel Name DMP3 Point ID DMNP3 Class
1 PMULStatus.DropOut 1 1
PMU1.Status.Datalnvalid 2 1 .
”: atus.Datainvall User configurable DNP
3 PMUL.Status.,PMUError 3 1 point class. Default to
4 PMUL.Status.0utOfSynch 4 1 class 1 for binary points,
| | |5 PMUZStatus.DropOut 5 1 \ and 0 for analog points.
PMU2.Status.Datalnvalid 6 1 R .
| g atusDatainvat If a point class is left
| 7 PMU2 Status.PMUError 7 1 bhnk’ it will not be
8 PMU2 Status.OutOfSynch 8 1 associate to any class.

Unidue PMU Channel
Name, not user

f enterable.
User configurable
I DNP point ID. If a
point is left blank, it
i will not be reported.
Showing/hiding diabled Import/Export point
PMLJS/Channels. mapping from/to a .CSV
lr" -
Show Enabled PMUs/Channels Only /
Import ... | | Export .. | [ ok || cancel
6" — - - —— - — R _______________

4.3.2 Frequency

Frequency and DF/DT will be mapped to two DNP3 analog points.
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)
| Mapping C37.118 Channels to DNP3 Points - [Preview] L2

Frequency | Phasar | Analog | PMU Status | Digital |

Map C37.118 Frequency & DF/DT to DNP3 Analog Points

PMU Channel Name  JNP3 PointIL DNP3 Class
1 PMULFrequnecy.Frequency 1 0

2 PMULFrequency.dfdt

1 PMU2.Frequnecy.Frequency |3 -_

C37.118 Frequency & DFDT can
be mapped to two DNP3 points.

| Show Enabled PMUs/Channels Only

Import ... | | Export ... | | ok || cancel

4.3.3 Phasor

Voltage/current magnitude and angle will be mapped to two DNP3 analog points.

* Electric Power Group . )
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.
| Mapping C37.118 Channels to DNP3 Points - [Preview] R

Frequency | Phasor | Analog | PMU Status | Digital |

Map C37.118 Phasors to DNP3 Analog Points

PMU Channel Name JNP3 Point IL DNP3 Class

M PMULPhasorl.V1.Magnitude _

4 PMULPhasor2.V1.Angle _

3 PMUL.Phasor3.Il.Magnitude 3 0
4 PMUL.Phasor4.Il.Angle 4 0
5 PMUZ2PhasorlVMagnitude 5

& PMU3.Phasor2 VAngle 6 0

One C37.118 Phasor
can be mapped to two
DNP3 points.

| Show Enabled PMUs/Channels Only

mmport ... | | Export... | | ok || cancel

4.3.4 IEEE 37.118 Analog Channels

IEEE 37.118 analog could be sampled data such as control signal or transducer value. Every analog will
be mapped to one DNP3 analog point.
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.
'] Mapping C37.118 Channels to DNP3 Points - [Preview] |2 e
| Frequency | Phasor | Analog | PMU Status | Digital |
Map C37.118 Analog Channels to DNP3 Analog Points
PMU Channel Name DNP3 PointID DNP3 Class
1 PMULAnalogLMW 1 0
: ' One C37.118 Analog
2 PMULAnalog2 MVAR 2 0
can be mapped to one
3 PMULAnaloga.MW 3 0 DNP3 point.
4 PMULAnalogdMVAR 4 0
5 PMU2AnaloglMW 5
6 PMU3.Analog2MW 6 0
Show Enabled PMUs/Channels Only
Import ... I [ Export ... ] [ OK ] [ Cancel

4.3.5 IEEE 37.118 Digital Channels

IEEE 37.118 digital is a 16-bit status word. It could be bit mapped status or flag. Any bit can be mapped
to a DNP3 binary point. And One IEEE 37.118 digital can be mapped to 16 DNP3 binary points at most.

* Electric Power Group . . . .
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r|. | Mapping C37.118 Channels to DNP3 Points - [Preview] m
| Frequency | Phasor | Analog | PMU Status | Digital ‘
Map C37.118 Digital Channels to DNP3 Binary Points
PMU Channel Name  DNP3 PointID DNP3 Class
1 PMUlDigitallStatl 101 1
2 PMU1.Digitall.Stat2 102 1
3 PMUlDigitallStat3 103 1 Every C37.118
4 PMULDigitallStat4 104 , Digital Signal has 16
bits.
5 PMU1.Digitall.Stats 105 1
6 PMULDigitall.Stat 106 1 Every bit can be
7 PMULDigitallStat7 107 1 mapped to a DNP3
8 PMUlDigitallStat8 108 TS
9 PMU1.Digitall.Stat9 109 1
10 PMU1.Digitall.Stat1l0 110 1
11 PMU1.Digitall.Statll 111 1
12 PMU1.Digitall.Statl2 112 1
13 PMU1.Digitall.Statl3 113 1
14 PMU1.Digitall.Statl4 114 1
15 PMU1.Digitall.Statl5 115 1
16 PMU1.Digital2.Statle 116 1
L 17 PMUZ2.Digital2.Channell 117 1
18 PMUZ2.Digital2.Channel? 118
19 PMUZ2.Digital2.Channel3 119 1
Show Enabled PMUs/Channels Only
Import ... I [ Export ... ] [ OK ] [ Cancel
4.4 RTDMS Alarm to DNP3 Point Index Mapping
4.4.1 RTDMS Alarms
* eonic Powst@roup Confidential and Proprietary — All Rights Reserved Page 16
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Up to 8 (4 hi and 4 low) level of alarms can be detected by RTDMS. For every measurement, every level

can be enabled or disabled. For example, if only 2 levels (high level 1 and low level 1) are needed, other

6 levels can be disabled.

For alarms not available in EMS, they’re good candidates to be saved into EMS. The following table lists

alarms available in RTDMS and highlighted ones are recommended saving into EMS.

ID Alarm Type Priority Unit Description
1 H4 Frequency 1 mHz High Frequency Level 4
2 H3 Frequency 2 mHz High Frequency Level 3
3 H2 Frequency 3 mHz High Frequency Level 2
4 H1 Frequency 4 mHz High Frequency Level 1
5 L1 Frequency 4 mHz Low Frequency Level 1
6 L2 Frequency 3 mHz Low Frequency Level 2
7 L3 Frequency 2 mHz Low Frequency Level 3
8 L4 Frequency 1 mHz Low Frequency Level 4
9 H4 Voltage 1 pu High Voltage Level 4
10 | H3 Voltage 2 pu High Voltage Level 3
11 H2 Voltage 3 pu High Voltage Level 2
12 H1 Voltage 4 pu High Voltage Level 1
13 L1 Voltage 4 pu Low Voltage Level 1
14 | L2 Voltage 3 pu Low Voltage Level 2
15 L3 Voltage 2 pu Low Voltage Level 3
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16 L4 Voltage 1 pu Low Voltage Level 4

17 | H4 Current 1 A High Voltage Level 4

18 H3 Current 2 A High Voltage Level 3

19 H2 Current 3 A High Voltage Level 2

20 H1 Current 4 A High Voltage Level 1

21 L1 Current 4 A Low Current Level 1

22 L2 Current 3 A Low Current Level 2

23 L3 Current 2 A Low Current Level 3

24 L4 Current 1 A Low Current Level 4

25 H4 MW Flow 1 MW High MW Flow Level 4
26 H3 MW Flow 2 MW High MW Flow Level 3
27 H2 MW Flow 3 MW High MW Flow Level 2
28 H1 MW Flow 4 MW High MW Flow Level 1
29 L1 MW Flow 4 MW Low MW Flow Level 1
30 L2 MW Flow 3 MW Low MW Flow Level 2
31 L3 MW Flow 2 MW Low MW Flow Level 3
32 L4 MW Flow 1 MW Low MW Flow Level 4
33 H4 MVAR Flow 1 MVAR High MVAR Flow Level 4
34 H3 MVAR Flow 2 MVAR High MVAR Flow Level 3
35 H2 MVAR Flow 3 MVAR High MVAR Flow Level 2
36 H1 MVAR Flow 4 MVAR High MVAR Flow Level 1
37 L1 MVAR Flow 4 MVAR Low MVAR Flow Level 1
38 L2 MVAR Flow 3 MVAR Low MVAR Flow Level 2
39 L3 MVAR Flow 2 MVAR Low MVAR Flow Level 3
40 L4 MVAR Flow 1 MVAR Low MVAR Flow Level 4

* Electric Power Group . . . .
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45 | L1 Angle Difference 4 Deg Low Angle Difference Level 1
46 | L2 Angle Difference 3 Deg Low Angle Difference Level 2
47 | L3 Angle Difference 2 Deg Low Angle Difference Level 3
48 | L4 Angle Difference 1 Deg Low Angle Difference Level 4

H1 Voltage Transient High Voltage Transient Level 1

53 H1Current Transient 4 A High Current Transient Level 1

54 L1 Current Transient 4 A Low Current Transient Level 1

Low Angle Difference Transient Level

56 | L1 Angle Difference Transient | 4 Deg

* Electric Power Group ) . . .
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Low Angle Difference Transient Level

57 | L2 Angle Difference Transient | 3 Deg

4.4.2 RTDMS Alarms and DNP3 Digital Point/Class Mapping

RTDMS will provide a dialog box to allow user mapping alarms generated by RTDMS to DNP3 digital
points. Alarms associated with measurements of Frequency/System Frequency, Voltage, Current, Angle
Difference, and Power Flow Path can be mapped to DNP3 digitals points. Complex alarms including
mode low damping, sensitivity, oscillation, and composite alarm can also be mapped to DNP3 digitals
points. The alarms will be listed alone with user editable cell for user to enter a DNP3 point. The user
entered DNP3 point number will be validated for range and duplication (0-65355). If the DNP3 point
number call is blank, the channel associated with it won’t be sent to EMS.
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| System Frequency Frequency ‘ Voltage | Current | Angle Diff | Corridor

Mode Oscillation | Sensitivity | Composite M.iscellanecusl

Map Frequency & DF/DT Alarm/Event to DNP3 Binary Points k
Alarm/Event Name DNP3 Point ID DNP3 Class \ |~
1 ALTEACADEMY 01.Frequency.E... 1 0 Alarming metrics U
2 ALTEACADEMY Ol.Frequency.Hl 2 0
3 ALTEACADEMY O0Ll.Frequency.H2 3 0
4 ALTEACADEMY 01 Frequency.H3 0
5 ALTEACADEMY 01.Frequency.H4 0
6 ALTEACADEMY 01.Frequency.Ll 0 Alarm DNP3 digital point and class mapping.
7 ALTEACADEMY 0Ll.Frequencyl? 0 L.
ALTEACADEMY OLF B i If DNP3 point is not mapped an alarm,
8 Trequency. RTDMS will not include this alarm in
9 ALTEACADEMY O01.Frequency.l4 0 response.
10 ALTEARPIN  01.FrequencyElH 0
11 ALTEARPIN  01FrequencyHl 0
12 ALTEARPIN 01 FrequencyH2 0 Export alarm/DNP3 mapping configuraiton into
13 ALTEARPIN  01FrequencyH3 0 a CVS file. Or,
Import alarm/DNP3 mapping configuraiton from
14 ALTEARPIN  OLFrequencyHéhow all alarms or oﬂly the , .-E'u- i / PPINg i:4
e I auvaine:
I:‘ Show Enabled Alarm/Events Onle ;
i Import ... ] ’ Export ... ] I oK I [ Cancel
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1 Introduction

The Automated Event Analyzer (AEA) application of Real Time Dynamics Monitoring
Systern1 (RTDMS™) runs in real-time and utilizes Phasor Measurement Units (PMU) data to
provide grid operators with information immediately following a system event to enhance the
corrective actions of the operators and improve the stability and reliability of the electric grid.

The AEA application continuously performs event detection, classification, location
estimation, and analysis in real-time, including oscillations, voltage stability and islanding
events. AEA then presents to operators a summary of results of all the relevant information via
‘yellow pop ups’; a “more” button immediately brings up more detailed diagnostics and shows
operators all of the relevant metrics at a glance.

This application consists of the following modules:

e Oscillation Detection Module
e Mode Meter Module

e Voltage Sensitivity Module

e Angular Sensitivity Module

¢ Islanding Detection Module

e Composite Alarms Module

One or more synchrophasor signals are independently input into each module via an input
data block and each module operates independently, which can be turned on and off individually.
A simplified AEA system architecture diagram is shown in Figure 1. Each module exchanges
data with RTDMS Server and RTDMS Phasor Archiver Database, i.e., fetching input signals
from database and saving analysis results back to database. Downstream applications then pick

up the results and present to the users.

! “Electric Power Group. Built upon GRID-3P platform, US Patent 7,233,843, US Patent 8,060259, and US Patent 8,401,710. All
rights reserved.
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RTDMS® 2012 Automated Event Analyzer System Architecture
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Figure 1. RTDMS 2012 Automated Event Analyzer System Architecture
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2 Application Functions

This section discusses functionalities of each individual Automated Event Analyzer

(AEA) module.

2.1 Oscillation Detection Module

The Oscillation Detection Module (ODM) is designed for rapid identification of system
conditions at the time of a disturbance. It automatically detects electromechanical frequency
oscillations and damping levels immediately following system disturbances, and is intended to
complement detection methods traditionally used in steady state conditions. The AEA
application will detect oscillations that may be unexpected or unknown to operators.

Figure 2 shows the signal flow diagram of the ODM. A synchrophasor input data is passed
into a Preprocessing function within the module. The Preprocessing function creates required
pseudo synchrophasor signals, conducts preliminary analyses on the data, and adds the processed
data to an internal analysis buffer. Once the data analysis buffer is completely full, each signal in
the analysis buffer is individually passed to a Root Mean Square (RMS) Oscillation Energy
detection function. Each RMS Oscillation Energy detection function only operates on one signal.
Upon each call to a given executable of the module, the appropriate outputs are subsequently
passed to RTDMS Phasor Archiver Database.

Allowed synchrophasor and pseudo synchrophasor signals calculated by the module and
used in the Oscillation Detection function include voltage magnitude, voltage angle, linear
combinations of voltage angles, real-power flows, reactive power flows, and linear combinations
of power flows. Algorithm and parameter settings can be defined by the user through RTDMS

Server.
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Figure 2. Signal flow diagram for the Oscillation Detection Module

2.2  Mode Meter Module

The Mode Meter Module (MMM) utilizes phasor measurement data to identify poor
damping and wide-area oscillations on the grid by identifying the dominant oscillatory mode
frequencies, magnitudes and damping.

Figure 3 shows the signal flow diagram of the MMM. A synchrophasor input data block is
passed into a Preprocessing function within the module. The Preprocessing function creates
required pseudo synchrophasor signals, conducts preliminary analyses on the data, and adds the
processed data to an internal analysis buffer. The data is then passed to parallel Mode Meter
Estimation functions, each with a different data window size and/or algorithm settings. For each
mode, a Results Selection function then analyzes the outputs of the parallel Mode Meter
Estimation functions to obtain the optimal mode damping and frequency estimation result. The
estimated mode and synchrophasor data are then passed to a Mode Shape Estimation function
which estimates the mode shape. Upon each call to the module, the appropriate outputs are

subsequently passed to the RTDMS Phasor Archiver Database.

* Electric Power Group . . . .
Confidential and Proprietary — All Rights Reserved Page 4



A single pseudo synchrophasor signal calculated by the Preprocessing function is used to
estimate a given mode. Allowed synchrophasor and pseudo synchrophasor signals calculated by
the module and used in the Mode Meter Estimation function include a linear combination of
synchrophasor voltage angles; or, a linear combination of real-power flows. The mode shape is
estimated from synchrophasor voltage angles. Algorithm and parameter settings are defined

through RTDMS Server.

MMwin(1,1) min. window

H Mode
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input data block Estimation
Ny sec. . MMwin(1,2) min. window
Input: window H H
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Figure 3. Signal flow diagram for the Mode Meter Module

2.3 Voltage Sensitivity Module

The Voltage Sensitivity Module (VSM) provides the users with a current real-time
assessment of the slope of the power-voltage (PV) or reactive power-voltage (QV) curve and
alarms them when the sensitivities exceed a user pre-defined threshold. The voltage sensitivity
can be defined as change in voltage as a function of power flow on a transmission line given in
kV per 100 MWs change or kV per MW change. By monitoring the rate of change or slope, the
margin from the nose point can be approximated.

The user will be able to select critical buses, corridors or load pockets to monitor through
the analysis to identify potential voltage problems in the system. The pairs of voltage magnitude
signals and power flow signals are the input for the VSM. Algorithm and parameter settings are
defined through RTDMS Server. Based on the time window size, the VSM will perform a linear
polynomial fit for pairs of data for every update, and calculate the corresponding sensitivity

value. The results are subsequently saved in the RTDMS Phasor Archiver Database.
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2.4 Angular Sensitivity Module

The Angular Sensitivity Module (ASM) provides the users with a current real-time
assessment of the slope of the 8-PV curve and alarms them when the slope exceeds a user pre-
defined threshold. The angular sensitivity can be defined as change in angle as a function of
power flow on a transmission line, and it can be measured in degrees per 100 MWs or degree per
MW.

A user will be able to select critical corridors or load pockets to monitor for potential
angular stability problems in the system. The pairs of angle difference signals and active power
flow signals are the input for the ASM. Algorithm and parameter settings are defined through the
RTDMS Server. The ASM will perform a liner polynomial fit for pairs of data at each update,
and calculate the corresponding rate of change. The results are subsequently saved in the

RTDMS Phasor Archiver Database.

2.5 Islanding Detection Module

The Islanding Detection Module (IDM) is a very efficient tool for detecting islanding
conditions in the power system. IDM utilizes the frequency signals and/or voltage angle signals
as input to the module, i.e., the frequency difference method and the change of angle difference
method. The users can select either of these two implementation methods or use both

simultaneously. A signal flow diagram of the IDM is shown in Figure 4.
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Figure 4. Signal flow diagram for the Islanding Detection Module

For the frequency difference method, all PMU frequency signals are considered. The
detection algorithm calculates the median frequency of all the PMUs as the reference frequency,
and it then compares the differences between PMUs and the reference frequency. The IDM

locates PMUs that exceed a defined threshold for a selected period of time.
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For the change of angle difference method, all PMU voltage angle signals are considered.
The initial phase angle differences are periodically updated during steady state conditions. A
time interval for phase angle comparison is set to check the accumulated angle difference once
the system is separated.

For the combination implementation, each method performs independently, once one is
triggered, the IDM will conduct a cross check between the two methods to validate each other.

Once islanding condition is detected, the algorithm loops itself again and performs the
same detection within the two islands to determine if the case at hand is one of island within
island. The resulting, including detection flag, islanded PMU information, and average frequency
values in the separated systems are subsequently saved in the RTDMS Phasor Archiver

Database.

2.6 Composite Alarms Module

The composite alarms are to use current alarms and perform logical combination of them
to generate composite alarms. In RTDMS Server, eight or four levels of alarms configuration is
available. Based on the existing alarms, simple Boolean logic, such as “AND”, “OR” and “NOT”
should be used to perform logical combination of them to generate composite alarms.

The generated composite alarms will be saved in the RTDMS database and further get
pushed to the RTDMS Client. From RTDMS Client, composite alarms will become a new metric
row in the incident indicator, where user can associate composite alarms with jurisdictions. If a
composite alarm gets triggered, the corresponding alarm entry will populate the alarm grid view.
At the time of alarm occurrence, the automated event analysis window is designed to pop up and
show this composite alarm information.

A new “Composite” configuration will be added under “Alarm Event” tab. For this
configuration, user will be able to add new composite alarms, specify alarm name, priority, level,
message, area, source and description. Then an alarm expression editor will be available to
choose existing alarms to form composite alarms, using “AND” logical operation, as shown

in Figure 5.
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Figure 5. RTDMS Server Configuration for the Composite Alarms Module
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3 ApplicationVisualization

3.1 Incident Indicator

Additional rows will be added to the RTDMS Client incident indicator to reflect

alarms/event from the above event analysis modules, as shown in Figure 6.

@ Tncident Indicator 3} (2) |

MetricName

Pacific Northwest
Desert Southwest

Frequency

Voltage Angle &
Magnitude

Angle Difference
MwW

MVAR
Sensitivity
Oscillation
Damping

Composite

Figure 6. Sample Incident Indicator
3.2 Pop up window

For each analysis module, at the time of alarm occurrence, the automated event analysis
window is designed to pop up on the user configured map layer and show associated
information, including the following:

e Alarm occurrence time
e Alarming signals/PMUs

e Alarming signal value

A sample event analysis pop up window is shown in Figure 7. When multiple alarms happen

relatively the same time, multiple pop-up windows will be shown on the same map layer.
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However, an option will be provided for the user to set the maximum number of pop ups that can

be seen at one time.

Automated Event Analysis

Islanding detected: Islanding

fl&i Participating PMU: CANADAL, CAMADAZ, CANADAS
. Message: StartTime: 5/17/2013 4:48:58 PM

Figure 7. Sample Automated Event Analysis Pop Up Window

3.3 Detailed Event Analysis Display

After clicking of “more” button on the event analysis pop up window, a detailed event
analysis display will be called up to present key metric info associated with the event. This
display will include a snapshot of measurements and analysis results for system frequency,

voltage, angle difference, oscillation and sensitivity.

o § Mode Trend Chart (1) (1) (20}

He

y Line Chart (5] (28) O & Serubmaty Seatbes Chart (1) (1) (19] O 4 Valtage Line Chart {5} (4)

Lh & B~

¥l W Total Time Window

Figure 8. Sample Detailed Event Analysis Display
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Preface

CAISO has been using the RTDMS (Real Time Dynamics Monitoring System) from Electric
Power Group (EPG) to provide the wide area monitoring through phasor functions for CEC #2
Project. To meet the requirements of TASK 5 “Transition RTDMS to Production Quality Grade”
of the contract, EPG is submitting the design and functional specification of RTDMS 2012 to
CAISO.
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1. Introduction

Real Time Dynamics Monitoring System (RTDMS™) has been evolved since its inauguration in 2003.
RTDMS versions 1 to 5 are based on DCOM technology and mainly as server/client two-layer desktop
applications. As new requirements arise and technologies advancements, RTDMS has been re-architected
as server/database/interface/client four-layer enterprise application. RTDMS Server, RTDMS Phasor
Archiver Database, and RTDMS Intelligent Synchrophasor Gateway have been implemented. RTDMS
Client, the presentation layer, is the last to be designed and implemented. This document provides the
detailed design of new RTDMS Client, that is, RTDMS 2012 Client.
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2. Functional Requirements

This section outlines overall functional requirements to be implemented.

2.1 Power System Requirements

2.1.1 RTDMS Design and Functions

RTDMS provides a global view of key metrics

For each metric, users can define alarms and threshold values

If an alarm or a threshold is violated, users are alerted visually via color coded traffic lights
RTDMS drill down architecture enables the users to diagnose the problem, identify the location
of problem, assess current system condition by review of the different metrics, and reach
conclusions on what actions should be taken

Typical current uses of RTDMS are for wide area situational awareness, event assessment and
analysis, identification of degradation of key performance metrics for corrective reliability
actions, real time monitoring in control rooms

RTDMS design offers users a global and local view as well as flexibility to analyze and assess
key power grid metrics to form a good composite assessment of grid conditions. The current
functionality is well suited for operating engineers and planners but presents some limitations for
operators

2.1.2 Operator Needs - Items to Consider for RTDMS

Operators rely on EMS/SCADA in carrying out daily operations

Phasor technology needs to provide additional value to operators so that it can be embraced and
made a part of their daily operations

Operators are trained to monitor and act

Operators do not have the time to perform event diagnostics — they are focused on what may
happen next rather than what has happened

If operators don’t find value in using Phasor technology in everyday operation, they will not
adopt the technology

Phasor applications need to integrate with daily operations — use for preventing major blackouts
which are infrequent and may occur once in 10 years, is not enough for adoption

Applications for operators have deliver value, be simple to use, don’t require analysis and
detective work, and point to actionable displays

Roll out of phasors technology in real time operations needs to be managed — start with simple
items that can be integrated in daily operations that provide value to operators

With adoption, add new functions and uses that can be integrated in operations

2.1.3 Approach for New RTDMS Functions and Features for Operators

* Electric Power Group
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Utilize the RTDMS platform to run a portfolio of independent applications based on different
metrics and decision processes

Automate the decision process and present actionable results to operators

Enable operators to utilize the applications based on user preferences

2.1.4 RTDMS Design Steps to link metrics to displays for use by Operators

Metrics - RTDMS provides information on metrics eg phase angles, frequency

Alarms and Thresholds - For each metric, users can establish alarms and thresholds

Displays - Once a metric crosses a threshold, RTDMS displays that via color coded traffic lights
Assessment — for each threshold violation, the assessment process is to review other metrics,
diagnose the situation, reach conclusions and develop menu of actions for operators
Conclusions — these may include type and location of event, summary of key associated metrics
that provide a total picture for operators

Action — based on conclusions, actions may be to contact RC in neighboring footprint, change
generation, flows, loads, or capacitance

Displays — present metrics, conclusions and actions to operators via pop up displays

2.1.5 Examples of Daily Use Applications - Goal is to develop displays that give
operators answers and action options (pop up displays for example)

Incident Locator: 2 components — detection and location. Use synchrophasor data to detect event,
identify event location, and characterize event based on signature (frequency drop, recovery etc)
Islanding Detector: check for PMU’s with frequency deviation above a threshold (user settable).
Check frequencies and phase angles to identify groupings that represent islands (need algorithms)
Deviation Detector: Compare predicted angles with measured angles and generate alarms when
deviations exceed thresholds (settable). Predicted angles can be inputted into RTDMS from daily
operating plan (security constrained economic dispatch). Requires manual or automated input of
angle limits from operating plan

Oscillation Detector — identify which generators are oscillating against each other and needed
corrective actions

Frequency Response Calculator

Generator Performance Validator — calculate frequency response and compare to expected
response. Flag issues related to poor performance — PSS, excitation etc

Voltage Stability Monitor — if phase angles exceed thresholds, check voltage sensitivities on
intermediate buses and translate into recommended operator action (eg high angle and high
sensitivity = action to improve voltage support)

Margin calculator — use PMU readings to calculate margins and menu of actions to increase
margins (V & R integration)

Power system information shall be organized and presented to the user in a manner that allows
the user to immediately become aware of any condition requiring urgent attention, to quickly
grasp the most significant aspects of a situation, and to have fast access to related data for the
investigation of details of the information presented. For example, PMU data from all connected
PMU devices and phasor data applications generated alarms and their calculation results shall be
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able to be presented on a 2-D geographic map with grid system diagrams for user to assess the
overall wide-area system situation in real-time.

o Display indicators shall indicate the power system condition as: “Normal”, “Alert”, “Serious”,
“Critical”, or “Interruption”. An alarm shall be generated whenever a new system status is
reached or entered. This alarm shall be annunciated at all the user/operator stations by an audible
alarm and flashing of the indicator. Separate acknowledgement shall be required for the indicator
at each console.

2.2 Software System Requirements

2.2.1 Stability Requirements

The system is required to have 99.99% availability.

2.2.2 Performance and Scalability Requirements

System shall perform well when more and more PMUs are added into the system.

2.2.3 Extendibility Requirements

System shall be able extended to include more functions such as composite alarms, fault detection in the
future.

2.2.4 Usability Requirements

The system should adopt simple, fast, and unambiguous operating and navigating procedures to guard
against user errors. Whenever feasible, single-step procedures should be used, such as initialization a
function by clicking a button, for frequently used functions and for critical functions. Common and
frequently employed actions shall be initiated from toolbars. The use of pop-up dialog menus which
overlay portions of one or more windows shall be kept to a minimum or transparency.

It is required to thoughtful use of borders or frames to visually group information that logically belongs
together. Color shall be used sparingly for the following purposes: to distinguish different dynamic states,
for clarification purposes, and to highlight important information. Color shall not be used for decorative
purposes.

On-line help shall be readily available on displays and shall be designed to present useful information and
explanations to the inexperienced user. The System shall conform, as much as possible to the Microsoft
Windows standards for the on-line help function (e.g., pressing the F1 function key shall open the Help
directory window).

* Electric Power Group i i A .
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The time data, such as PMU time stamp, shall be stored in the system in Coordinated Universal Time and
displayed in local time zone. It shall be possible to have the option for turn on/off automatic daylight
saving adjustment.

The detailed design of the user interfaces, including navigation trees and menu bars, the format and
contents of dialog menus, the colors of display features such as menu bars, window borders, display
background, and the operational procedures, shall be selectable by the individual users.

2.2.5 Security Requirements

System shall meet NERC CIP requirements.

* Electric Power Group i i A .
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3. Design Goal and Overall Architecture

This section describes RTDMS system architecture and the key supporting technologies.

3.1 Design Goal

3.1.1 Built to last, built for change

Flexible and extendible.

3.1.2 Multi-data sources
Real-time, historical, event phasor data and other data sources such as EMS, PI through 1SG and different
adaptors

3.1.3 Due-deployment over LAN and over Web

Standalone & Web applications.

3.2 Over Architecture

3.2.1 RTDMS System Architecture

* Electric Power Group i i A A
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RTDMS® 2011 Platform System Architecture Rev. 03.21.2011
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Figure 1 RTDMS System Architecture

3.2.2 RTDMS Visualization Wizard Architecture

ISG Driven Architecture:
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Figure 2 ISG Architecture

Block diagram of RTDMS Visualization:

[ RTDMS Shell \

4 )
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Regions Core Views Layout
. Layout
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4 o
K Event Eatalalats ) Geographic Display Module
Views Runtime
Designer Module Runtime
e . N\ ] \ )
Views Designer 4 ™\
L ) Cervirec Alarmin \~diila
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Designer
_ Modele RTDMS
\ /U )

Figure 3 RTDMS Client Block Diagram

3.3 Technology and Third Party Libraries
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RTDMS Client 2012 will base on Windows Presentation Foundation technology and heavily utilizing
Prism 4 library to achieve flexibility, reusability, and plug-n-play.

3.3.1 Platform - Windows Presentation Foundation

Windows Presentation Foundation will be used as the key technology.

= Next-generation presentation system for building Windows client applications
0 desktop applications
o Silverlight Rich Internet Applications (RIAS)
0 Windows Phone 7 applications
= Visually stunning user experiences
0 Resolution-independent
0 Vector-based rendering engine
o0 Built to take advantage of modern graphics hardware
= Features that include:
0 Extensible Application Markup Language (XAML)
0 controls, data binding, layout
0 2-D and 3-D graphics, animation, styles, templates
0 documents, media, text, and typography

3.3.2 MVVM Library - Prism 4

Prism Library has following features:

= Create an application from modules that can be built, assembled, and, optionally, deployed by
independent teams using WPF or Silverlight.
=  Minimize cross-team dependencies and allow teams to specialize in different areas, such as user
interface (UI) design, business logic implementation, and infrastructure code development.
= Use an architecture that promotes reusability across independent teams.
= |Increase the quality of applications by abstracting common services that are available to all the
teams.
= Incrementally integrate new capabilities.
o Build for change
o Build to last

B ——
e

View ViewModel Model

Model-View-ViewModel (MVVM) Pattern for WPF Applications Development in Prism 4.0
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The components are decoupled from each other

Allowing for components to be swapped

Allowing internal implementation to be changed without affecting the others
Allowing components to be worked on independently

Enabling isolated unit testing

Responsible is for business logic and data
Implements change notification for properties and collections
implement validation interfaces

Defines structure, appearance and interactivity of the user interface
Implemented as a Window, UserControl, Page, DataTemplate, or custom control
Has little or no code-behind

Controls data bind to view model public properties

Behaviors can invoke view model public methods

View Model:

Responsible for Ul logic and data for the view

Provides a layer of abstraction between the view and the application domain or model
Plays the role of an adapter between the view and the model when required

Maintains state for the view, State changes are communicated to the view via data bindings.

Prism 4 framework modules:
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LOADING SERVICES

Unity / MEF

[ Module Catalog J

[ Module Loader |

cone senvices

( Region Manager ]
([ tossme ]
[ Event Aggregator J

[ MNavigation ]

CONTAINER

DI

Figure 4 Prism 4 Modules

3.3.3 User Controls - Infragistics

Infragistics’ NetAdvantage for WPF Line of Business 2011 Vol. 2 is used for user interface development.

3.3.4 Arction Lightning - charting

Arction’s LightningChart Ultimate will be used for charting for its superior performance.

3.3.5 - Geospatial Display

ESRI’s ArcGIS API for WPF 2.2 will be used for geospatial display for its features.

3.4 Key Modules & Design Risk Control

3.4.1 Key Modules

Client Framework Foundation of RTDMS Client

Electric P G — . -
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Client GUI

Client Data Service

Client Charts

Client Map

Client Alarm Viewer
Client Location Indicator

Client Display Manager

3.4.2 Risk Control

Graphic User Interface

Module to retrieve from multi sources, manage, and serve data to
visualization components

Module of charting including trending, YY chart, bar chart etc
Module of layered geospatial display

Alarm message display and management
Jurisdiction-measurement matrix

Managing views (charts, geospatial, alarm viewer, location indicator etc) into
displays.

Arction Lightning Chart is used for high performance plotting. Arction Lightning Chart requires specific
video cards and large memory. The performance of plotting will not be optimal on desktops which do
meet minimum requirements. EPG will provide the minimum requirements to run RTDMS Client 2012.

* Electric Power Group
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4. User Interface Design

This section describes the detailed design of user interface.
4.1 User Interface Structure

4.1.1 User Interface Layout

The high level of user interface layout is show below. The application window is divided into 5 top level
areas: Menu, Display, Toolbar, Global Display, and Status Bar.

A Display is a container of Views. A View can be a chart, a geospatial visual, a jurisdiction situational
awareness locator, or other components. Views will be named also. If there are several Displays, they are
organized by Tab Control.

The Global Display is a container of Views. There will be only one Global Display. The Global Display
is a good container for global information such as traffic lights, alarms, etc. The Global Display will be
dockable (?).

e |

View Context menu

Figure 5 RTDMS Client GUI Layout

Electric P G — . -
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4.1.2 Display Tab Control

Displays are organized by Tab Control. A Display tab’s name will be display’s name. Double click the
tab’s name will enter editing mode to allow user to change display name.

A number of Views can be contained within a Tab Control. The Display container can have windows
layout, tiles layout, and EPG special layout. EPG special layout is to be defined.

4.1.3 Jurisdiction Situational Awareness View

The Jurisdiction Situational Awareness View as shown below will be implemented as an EPG user
control which can be placed into any Display. The control will come with its context menu to edit the
properties.

4.1.4 Dynamic Information View

Dynamic Information View will be implemented as a list user control. New significant messages will be
added on the top. If there is no new message for certain period of time, the text will fade away. The text
will appear again when mouse pointer enters the control. The number of maximum messages allowed is
configurable through its context menu.

4.1.5 Alarm/Event View

The Alarm/Event View will be implemented as a grid user control. Its best location is Global Display
area. It can also be contained in Display area.

4.1.6 Application Menu
The application level menu will be implemented as “Menu” shown in Figure 5.

4.1.8 Context Menu
Display and Views will have context menu to support command at Display and View level only.

4.1.7 Toolbar
Part of Application Menu and Display level context menu will be also available on Toolbar to provide
quick access of the commands.

4.1.9 Login & Splash Screen

Four fields: URL of ISG, user name, password, and domain. The default URL of ISG is the one specified
during the client installation. The domain will be automatically discovered by the client along with
“RTDMS Local User” in a list box for selection.

* Electric Power Group i i A A
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4.2 Application Menu
The Menu will define the application level commands. View level commands will be through context

03.10.13

menu.
Table 1 Application Menu
Menu ltem Sub Menu Item Description
New Profile ... Open a dialog box to start a new Profile with a blank Display
Open Profile ... Open a dialog box to load a Profile from database (share
point)
Save Profile ... Save the current Profile into database

Save Profile As

Open a dialog box to save the current Profile in another name
into database.

Publish Profile ...

Publish the current Profile into database so other users can
share it.

Separator

Page Setup ...

Open a dialog box to setup print page

Print Preview

Open a print preview dialog box for the current display

Print ...

Open a dialog box to print the current display

Separator
Favorites
Add Current Add the current display to user’s favorites.
Display to
Favorites
Add All Displays | Add all displays to user’s favorites.
to Favorites
Manage Favorites | Open favorites management window to browse and manage
all favorite displays
Tools ...
Pause Real-time All tabs will be paused
Display
Resume Real-time | All tabs will be resumed
Display
Undo
Redo
Separator
Replay ... Open a dialog box to choose start time, end time, and current
time for replay. “VCR” buttons will be shown and enabled.
Open Online Open RTDMS Online Reports application
Reports
Load Event Files Open a dialog box to browse and load event file in
COMTRADE format event file.
Display Builder ... | Open integrated RTDMS Display Builder application
Separator
Database Editor ... | Open database editor application to manage displays.
Separator
Preferences ... Open a dialog box to brows and set user preferences.
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Help
RTDMS Help Open help file for RTDMS Client. The help file will include a
section about release notes.
Online Support Open RTDMS support web portal
Users’ Group Open RTDMS Users’ Group portal
Open Log Open application log file
About RTDMS Open a message box displaying version number and
trademark/copy right of RTDMS
Exit Exit RTDMS Client application

4.2.1 Menu Item “New Profile ...”
It is used to create a new display Profile from scratch. When clicked,

1)
2)

3)
4)

5)

Create New Profile wizard will be displayed.
When “Add” button is clicked, go to display generator as shown in section 4.3.2. The new display

will be listed in the display list box.

When “Delete” button is clicked, the current selected display will be removed from the list box in
memory and deleted from database after user confirms the action.
When “Edit” button is clicked, go to display generator with selected display configuration as

shown in section 4.3.2.

When “OK” button is clicked, the new profile will be saved into database. All current displays
tabs will be closed. Prompt user to save current profile if modified. The new profile will be

visualized.
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Create a New Profile Filters

Profile Name
Enter g name to identify this profile in the catalog.

Displays

Profile Displays

Drag and drop the selected displays from the display catalog.

Drop Zone

4.2.2 Menu Item “Open Profile ...”

03.10.13

A Enter Search

1Le® &2 &
e K,

It is used to load a display Profile from central database. When clicked,

1) Prompt user to save current Profile if not yet.

2) “Open Profile ...” modal window will appear to allow user browse user and public available

Profiles.
3) All current display tabs will be closed.

4) The selected Profile will be retrieved and configured displays will be retrieved, de-serialized, and
displayed. During the process, progress should be given to users.

4.2.3 Menu Item “Save Profile ...”

It is used to save a display Profile to the central database. When clicked,

1) Prompt user to enter Profile information, such as Profile name and description, if the Profile is

new (not exist in database yet).

2) Update central database related tables with user id, console id, save time, and content of

displays/views.
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3) The process progress should be given to users.

4.2.4 Menu Item “Save Profile As ...”
Open a dialog box to save the current Profile in another name into database. When clicked,

1) If the Profile is new (not exist in database yet), do the steps as described in section 4.2.3.
Otherwise,

2) Prompt user to enter Profile information, such as Profile name and description.

3) Update central database related tables with user id, console id, save time, and content of
displays/views.

4) The process progress should be given to users.

4.2.5 Menu Item “Publish Profile ...”
Publish the current Profile into database so other users can share it. When clicked,

1) Set the Profile isPublic as true.
2) Do the steps as described in section 4.2.4.

4.2.6 Menu Item “Favorites -> Add Current Display to Favorites”
Add the current display to user’s book mark. When clicked,

1) Popup a dialog box for user to enter display alias name and favorite description the display, by
default the alias name is the display name, and Favorite description is the display description.

2) Insert/Update the current display to Client_Favorite table.

3) Confirmation message box will be given either successful or failure.

4.2.7 Menu Item “Favorites -> Add All Displays to Favorites”
Add all displays to user’s book mark. When clicked,

1) Insert/Update the all displays to Client_Favorite table.
2) Confirmation message box for every display will be given either successful or failure.

4.2.8 Menu Item “Favorites -> Manage Favorites ...”
Manage user’s favorites. When clicked,

1) Popup a window for favorite’s management listing user’s favorites.
2) Command provided to edit alias names and descriptions, and search/delete a favorite.

4.3 Display Context Menu
There will be context menu for every tab.

Table 2 Display Tab Context Menu

Menu Item Sub Menu Item | Description
New Display ... Open display creation wizard to create a new display
Open Display ... Open Display Directory window to load a display from
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03.10.13

database
Edit Display ... Edit current display
Save Display ... Save the current display into database

Save Display As ...

Open a dialog box to save the current display into another
name

Publish Display ...

Publish the current display into database to share with other
users

Remove Display

Delete current display from database

Separator

Save Display As
Image ...

Open a dialog box to save the current display as images in
PNG, JPG formats

Export Display
Data ...

Open a dialog box to specify data format (CSV format in the
first release) and file name

Print ... Open a dialog box to print the current display

Separator

Add Current Add the current display into user’s favorite list

Display to

Favorites

Close Display Close the current display. Closed displays can be brought back
when “Show Closed Display” context menu is clicked.

Close Other Warning message will be displayed first

Displays

Detach Display

Show current display in another window, toggle to Attach
Display when detached

Separator
Layout
Tile Style Change the current display’s layout to Tile Style from
Window Style
Window Style Change the current display’s layout to Window Style from
Tile Style
Restore Views Restore all views’ size and position
Reset Views Reset all views of the current display to their default
zooming/panning level
Separator
Pause Real-time All views within the current display will be paused
Display
Resume Real-time All views within the current display will be resumed
Display
Separator
Search ... Search content in a display ...

4.3.1 Menu Item “New Display ...”

1) New Display wizard will be shown.
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Create or Edit a Display Filters Enter Search

Display Name

Enter @ name to identify this display in the catalog.

Layout Type

Select a defoult layout type.

@® Windows © Tiles

Views
Drag and drop the selected views from the view catalog.

Drop Zone

4.3.2 Menu Item “Open Display ...”

A dialog box will popup listing all available displays available for the user.

Views Display Name a  Description Layout

o Rl B

Angle Difference RTDMS Default Angle Di Dockable

bar chart Tile
BE_1 Dockable

Chart Scatter Dockable

Damping Dockable

Dashboard RTDMS Default Dashbo: Dockable

4.3.3 Menu Item “Save Display ...”

Save current display to database. A confirmation message box will be displayed.
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4.3.4 Menu Item “Save Display As ...”

Save current display into different name.

4.3.5 Menu Item “Publish Display ...”

Publish current display for selected users.

4.3.6 Menu Item “Save Display as Image ...”

Three image formats (BMP, PNG, and JPG) will be supported.

im] save As

e e S
Jel

Organize ~ New folder = - ﬁ
. Favorit e i
[ Favorites Documents library Arrange by: Folder +
B Desktop Includes: 2 locations
}4 Downloads Name Date modified i
< Recent Places =
| att connect 3/27/2012 9:43 AM
] Libraries I ClassLibrary 7/18/2011 9:48 AM
»Jv o ame e | ClassLibraryl 7/13/2011 5:17 PM
; b | ClassLibrary2 7/14/2011 11:56 AM
& Music my:
<
5, Pictures | ClassLibrary3 7/14/2011 415 PM
= Subversion I ClassLibrary4 7/15/2011 9:34 PM
B videos I ClassLibrary5 7/18/2011 4:24 PM
v 1 | r
File name:
Save as type:

Bitmap File (*.bmp)
Jpeg File (*jpeq)
'+ Hide Folders Png File (*.png)

4.3.7 Menu Item “Export Display Data ...”

Every view in the current display will export its data into its own file.
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i Save As u
e Q i lj, » Libraries » Documents » . - H Search Documments p
Organize - New folder SR ﬁ
5 Favorit i bl
e DOCU[TIEFItS_ libr Arrange by: Folder ~
Deskto ncludes: 2 locations
v P Includes: 2 locat
l4 Downloads e i
< Recent Places
| att connect
| Libraries B | ClassLibrary
_*. Documents | | ClassLibraryl
. Music | ClassLibrary2
=, Pictures | ClassLibrary3
= Subversion | Classlibrary4
& videos | ClassLibrary5
) ClassLibrary6 :
‘& Computer | ClassLibrary7
& Local Disk (C) | Classlibrary8
- = L Clacel ihrand N
=& vss (\ice) (Y2) ~ 1 ] b
FIENE P older Selection -
Save as type: l v]
i« Hide Folders Save Cancel ‘

4.3.8 Menu Item “Print ...”

Show standard Print dialog box and print the current display.

Electric P G — . -
* piial & Confidential and Proprietary — All Rights Reserved Page 31



RTDMS 2012 Visualization Wizard Design Specs for CAISO

General ]

-Select Printer

page range. For example, 5-12

%/ Add Printer  Microsoft Office D
< Fax _ = Microsoft Office Li
=, HP Laserlet 4250 PCL6 = Microsoft XPS Daoc
4 Tl P
Status: Ready Preferences
Location:
et Find Printer...
—Page Range :

@ All Number of copies: |1 5:

j:h selaection T CurrentPane

" Pages: [¥ Collate

: : : 12131 | 213

Enter either a single page number or a single ST B

Print | Cancel

4.3.9 Menu Item “Favorite Current Display”

4.3.10 Menu Item “Close Display”

The display will be closed.

4.3.11 Menu Item “Close Other Displays”

Other displays except the current display will be closed.
4.3.12 Menu Item “Detach Display”

Make the current display floating.

4.3.13 Menu Item “Layout-> Tile Style”

4.3.14 Menu Item “Layout-> Window Style”

4.3.15 Menu Item “Layout-> Restore Views”

4.3.16 Menu Item “Reset Views”

Reset all views into their default XY limits and zoom level.

4.3.17 Menu ltem “Pause Real-time Display”

03.10.13
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Pause real-time display

4.3.18 Menu Item “Resume Real-time Display”

Resume real-time dispay

4.3.19 Menu ltem “Search ...”

Search for displayed items.

4.4 View Context Menu

03.10.13

Context menu will be associated with every View sperately. It’s important to have the common menu

items named the same:

For all chart and geospatial views, the following menu items will be implemented. For some special
views additional menu items will be implemented. For non-chart/geospatial views, context menu will be

different and view dependent.

Table 3 View Context Menu

Menu Item Sub Description Apply To
Menu
Item

Reset Reset current view’s zooming level

Pause Just this view

Play Just this view

Move To ... Open a dialog box to choose a display the view will be
moved to

Save View Save the current view into database

Save View As ... Open a dialog box to save current view as a view file into
database

Publish View ... Publish current view into database

Separator

Save View As Open a dialog box to save the current view into an image

Image file

Export View Open a dialog box to export current view’s data into a CSV

Data ... file.

Print Preview ...

Print ... Print current view

Separator

Copy to Copy the view to the clipboard

Clipboard ...

Properties ... Open View properties editor to select data, duration, and
configure visual options.

Toolbox ... Open toolbar overlay on left corner of the map. Map Only

Help ... Context help for this view
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4.5 Navigation from One Display to Another

By clicking the Display tabs.

- 'Dashboard  [:' Frequency 02! Angle Difference il Voltage [ Power

& RTDMS Default Map

4.6 Zooming/Panning

Through mouse control. Charting: use Lightening Chart convention.

Geospatial: user ArcGIS convention.
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4.7 Picking/Finding/Marker Visual Objects within a Display

4.8 View Layout Management

Menu -> Layout

4.9 Display Style (Theme) Management

Menu -> Preferences ...

Electric Power G I _ .
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4.10 Exporting Data, Exporting As Images

03.10.13

Menu->Export Data ...: Export current Display’s Views’ data into selected data format and with specified

name.

4.11 Printing

All view will provide print capability through context menu.

--*HE-_"\'_W DAKOTA

a4

i

o WU‘&D&KG‘.‘I SHoL:
20

Play

Pause

Save View As Image...
Export View Data
.Print Preview
| Print

Copy to clipboard

Properties...
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CI ey

4 | BRITIEH

General |

COLUMEA
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| ALBERTA

SASKATCH

Sask
—

— Select Printer

o Fax

i‘?‘ Add Printer

= Microsoft Office C
= Microsoft Office Li

weey HP Laserlet 4250 PCL6

s Microsoft XPS Do

Enter either a single page number or a single
page range. For example, 5-12

< | 1 [ 3
Status: Ready Preferences |
Location: _ _
Coirnait Find Printer...
—Page Range f
® All Number of copies: |1 3:
(" Selection " CurrentPage
" Pages: | [V Caollate ; ;

-nl3 3
JJJJJJ

Print I

Cancel | Ay | |

4.12 Replay and Study Mode

Replay allows playing historical data. In replay mode, user can select start/end time, forward/backward,
and speed. User can switch back to real-time in any time.

Y N Nt s . W

Canada

ALBERTA

- N

Edmonton ‘ SASKATCHEWAN
-‘\Bnhhen |
=

Hudson Bay H

} - hill
[ : :
| MANITOBA d

|

1 . 3 | ONTARIO

E=TN =]

BEREQS@0aEE

Incident Indicator

MetricName

Frequency

Voltage Angle &
Magnitude

Angle Difference
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ﬁncident Indicator
|

Start/End time selection MetricNar.e
}'elbﬂullfe f ‘
Speed selection. : =
_ Canada ¥ T rrequency
Voltage Angle &
‘ Forward/back Magnitude
ALBERTA | l MAYOnA s ’ Angle Difference
Edmonton A ) - MW
__Ef,—w\__l\\s SKATCHEWAN :

4.13 Load/Display Event Files

Future release.

4.14 View/Filter/ Alarms and Events

Alarm/Event view control will be implemented as a separate module which can be plugged in to Global
Display area or Display area.

4.15 Display Designer Integration

Future release.
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NYISO Canvas xamt*

6100
6080
6060
6040
60.20
80.00
59.80
5860
58.40
59.20

4.16 System-wide Options (Preferences)
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Thresholds
Voltage
Available Voltage Signal Alarm Options
Arpin VM Arpin V1 Low Low
Callavray WM Mtgy-Cal-7 Line Low
| Callaway VM Migy-Cal-8 Line
| Colinsville VM Colinsville Ma
| Cordova VM Cordova Bus 1 High High
| Cordova VM Cordova Bus 2
| Cumberland VM Cumbeiland Bus
| Cumberband VM Cumberland Bus 1
' Dossey VM. Dorsey 230KV Bu
Dusval - Hatch VM. DuvabHatch V1L
| Duval - Thalmann VM. Duval - Thalman
| Faagut VM Farragut V1 LPM High 12 mHz/s
| Frazer VM Fraser Coopers

Frazer VM Fraser Edic
Frazer VM Fraser Dakdals Event Minimum Duration

High

Alarm Minimum Duration

Event Trigger

H {5

Voltage Angle Reference

Select Voltage Angle Reference Signal: Bullrun VA 500kV Bus

Cancel Apply
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5. Geospatial View Design

This section describes detailed geospatial view design.

5.1 Geographical View Requirements

The geospatial view is designed to display layers (not limited to) described in the next section. The layers
can be created and toggled on/off by user. The geospatial view is designed to adapt to different data
sources, dynamic or static.

5.2 Geographical View Layers

5.2.1 Mapping System (ESRI/Bing/Shape File)

ESRI ArcGIS WPF control will be used for its rich features including clustering and shape file overlay.
The control will connect to SERI website for the base map. A local geospatial database is not in
immediate need and will address the issue when it becomes an issue.

The map layer is the bottom layer in default. Dynamic layers’ objects will have their behaviors changed
(color, animation, etc) only and be deleted only when objects are removed from the layer and recreated
only when objects are added to the layer.

5.2.2 Measurement Overlays

Measurement layers are dynamic and the most important. Data sources are not limit to RTDMS
measurements. The RTDMS basic measurement layers are listed in following.

e Frequency (scattered or contour)

e Voltage Magnitude with sub-layers (DC, 750 kV, 500 kV, 345 kV, 230 kV, 138 kV, <138 kV)
(scattered or contour)

e Voltage Angle with sub-layers (DC, 750 kV, 500 kV, 345 kV, 230 kV, 138 kV, <138 kV)
(scattered or contour)

e Angle Difference (scattered)

e Active Power (scattered only)

e Reactive Power (scattered only)

e Sensitivity (scattered only)

o Mode (scattered only)

e Oscillation (scattered only)

* Electric Power Group i i A A
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5.2.3 Electric Infrastructure Overlays

The Electric Infrastructure Overlays are static. The data source is in shape file format. There’re three
layers:

e Transmission Lines with sub-layers (DC, 750 kV, 500 kV, 345 kV, 230 kV, 138 kV, <138 kV),
color coded & Line thickness

e Substations with sub-layers (DC, 750 kV, 500 kV, 345 kV, 230 kV, 138 kV, <138 kV?), different
color & size

e Power Plants with sub-layers (Coal, Hydro, Natural Gas, Nuclear etc), different symbol, size, &
color

5.2.4 Electric Market Overlays

Electric Market Overlays are static. The data source is in shape file format. Following layers are designed
to be included:

e |0OU Service Territories

e Non IOU Service Territories

e Holding Company Service Territories
o Federal Regions

e Planning Areas

e Control Areas

e [SO Zones

e Regional Transmission Organizations
o NERC Regions and NERC Sub regions

5.2.5 Environmental Information Overlays

The Environmental Information Overlays are dynamic but updated infrequently. The update rate is
dependent on data source which will be provided by National Weather Service (http://weather.gov/).

e Weather Observation (radar)

o Weather Warning (Blizzard, Storm, High Wind, Flood etc)

o Weather Forecast (Temperature, Precipitation, Wind Speed/Direction, etc)
o Fire

e Earthquake

5.2.6 Level of Detail and De-clustering

* Electric Power Group i i A A
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When zoomed in, measurements will be scattered around.

RTDMS - RTDMS_NASPI- v.0.8.0.910
EE “oshoosrd  (%iFrequency (% Angle Difference | (s Voltage®

VhAndAngle Map.

18,0100
HH:MM:SS

Voltage Bar Chart - Voltage Magnitude

Vaitage Polar Chart - ChariTitle [ e R S e Ve

When zoomed out, near-by voltage measurements are clustered into a big dot which is colored coded
based on the worst of them.

RTCMS - RTDMS_NASPI - 1080910 =
m ' Dashboard % Frequency [ Angle Difference | Iz Voltage® 5 Power 1%

VhAndingle Map.

HH:MM:SS

Voltage Bar Chart - Voltage Magnitude

e ] - | Voitage Bar Chart - Vohage Magnitude
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5.3 Layer Management Wizard

When “Map View Builder” context menu is selected, a Map View Builder wizard will be shown as modal
window for user to create or edit a map view. The map layer categories are listed in section 5.2
Geographical View Layers.

e A Ve Filers x
_ L W
= L :

Map Layers Add

Map View Name
Enter a name to identify this map view in the catalog.

Map Layers

Drag and drop the selected map layers from the layer catalog.

Drop Zone

5.4 Map Layer Property Editor

The Map Layer Property Editor allows user to configure look & feel properties and:
For Measurement Layers: allow data selection through Signal Selection control.
For Environment Layers: allow to choose data provider (URL).

For Map Layers: allow to select different type of base map (URL).

* Electric Power Group i i A A
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5.5 Map Toolbar

The toolbar will be displayed on top of the map on the left corner in default. It provides commands for
editing, bookmarking, toggle on/off legend, searching etc.

5.6 Correlation between Geospatial View and Other Views

Geospatial view and location indicator view will be correlated. Click on an area in the location indicator,
it will automatically zoom to the area.

* Electric Power Group i i A A
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6. Chart View Design

There are different types of charts available in RTDMS 2012 for visualization of phasor data. These high
speed charts are capable of rendering data with 120 or more samples per second with refresh rate of 10
milliseconds.

There is Line chart, Bar Chart, Scatter chart, Polar Chart, Waterfall plot, Gauge chart etc. included in
RTDMS 2012 for high speed data visualization.

6.1 Chart Design Overview

RTDMS 2012 allows user to select and build his own display which can include charts, Maps, Incident
Indicators on the fly with Profile and Display builder so each user can have his own display and profile.

When it comes to build a chart view user can select type of charts from available chart type’s editor.

Once user added chart to a display user can select signal by right click context menu-> Properties.

] ATOMS - RTOMS 2002 - v10.0.0

Frequency Trend - ChartTitie |

stopped AEEE

A Chart Properties editor will pop up with charts properties and select signal Button in the same window
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. " -
e Conraore Ve o= S
" " ardr -

—— Chart Signal Selector
Bz A
B=" 4 Select the signals that you would like fo inciude in this view

4 Axis
© AxisK X Axis . ]
© AxisY Y Axis -
Chart
AutoSeale  True eview the Selected Signals
+ ChartBackgr Background Review the selected signals. These signals will be rendered in the view.
+ ChartTitle  Title
Constantlin (Collection)

» GraphBackg Background
> Legend Legend

Selr. Signals Selected Adapter

Series
PointLines  (Collection)

AutoScale

Chart properties used to configure look and feel of the charts background, Fonts, Label, chart title, X and
Y Axis title, font etc.

Signal Selector dialog also used to select data adapter (Sub Second Data Adapter, Second Average Data
Adapter, Mode Data Adapter, and Sensitivity Data Adapter) as displayed in below picture

* Electric Power Group i i A .
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Sub second Adapter

Frovides signal information at the rate of 10 samples per second Use ts adagter 1o see a smosther curve,

Once user select the Data Point Adapter dropdown list it will display the entire signal list available for
selected adapter.

User can also use filter from the grid view to selected signal type let’s say Frequency. Also green button
can be used to select signal which user would like to see in the charts. Simultaneously blue arrow button
can be used to deselect the signal from right hand side grid in the data point selector dialog.
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Sub second Adapter

Once user selected some signal from the above window and click on the OK button. You will below
window with user selected data adapter and selected signals

* Electric Power Group i i A A
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Chart Properties

Ez= A
[CESF A

Chart Signal Selector

Select the signals that you would like o inciude in this view.

Axis
A X Axis Select Signals Selected Adapter

. . 29
AsisKDuratic . ﬂ'. e ‘I ISG sub second resolution data adapter
Axisy Y Axis L

Chart
AutcScale  True Review the Selected Signals
ChartBackgr Background
ChartTitle  Title
ConstantlLin (Collection)
GraphBackg Background = E v T @ IV T E|vT @® Iv T E|vyT ® Iv T E|vT
legend  legend 11 CALIFORNIAL Frequency  CALIFORNIAL Hz 530.00 CALIFORNIAL
Series

Pointlines  (Collection)

Review the seiected signals. These signals will be rendered in the view.

Signal ID Signal Name | Signal Type | PMU Name | Unit Basekv Legend Nam

16 CALIFORNIAZ Frequency CALIFORNIAZ Hz 530,00 CALIFORMIAZ
21 CALIFORMIA3, Frequency CALIFORNIA3 Hz 530.00 CALIFORNIA3
26 CALIFORMNIA4. Frequency CALIFORNIA4 Hz 530.00 CALIFORNLA4
31 CALIFORNIAS, Frequency CALIFORNIAS Hz 530,00 CALIFORMIAS

AutoScale

The process to build charts with signal is same for all charts.

Some of the chart type you can see in the below pictures.

6.2 Trending Plot
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[E] ATOMS - RTOMS 2012 - w 100D

Frequency Trend - Frequency

CALIFORNIAT Froquency

G 19359 13980 193981 a4 A AXISAT 132550 133580 132800 AR 1330 W
il

2012-05-02 13:26.05.916 POT

6.3 Bar Chart

B AToes - RTOMS 201

CALIFORNIAT CALIFORNIAT VM

RIKIRIRIRIRE]

K

MIDCZ MIDCZ Vi

A marma

2012-05-02 153958416 POT
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6.4 Polar Chart

RTDMS - RTOMS 2 000

LGl £ Frequency Chart® [ BarChart” | [y PolarChant®

CALIFORNIAT CALIFORNIAT VM
CALIFORNIAZ CALIFORNIAZ VM

2012-05-02 13:33.05.983 POT

6.5 Scatter Chart

B riowms - Rrows

m Py Chart [y RaeChat [ PoluChat [ Gauge Chart  [E Wateifall plot | [ Seatie £

2012-05-02 14:10.29.000 POT

Electric Power Group i i A A
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RTDMS - RTDMS 2012 - v.1.0.0.0
Menu

03.10.13
6.6 Waterfall Plot

[E) Frequency Chant [} BarChart

ErPolarChart |5 Gauge Chart | IS Waterfall plot™

Alberta - Damp
00

8

(o) Burdue0
@

2012-05-02 13:45.10.433 PDT 60 Samples / Second
6.7 Gauge Chart

- RTDMS 2012 - v.L000

Menu

E} Frequency Chant*

ErBarChart® [} PolarChart”

= Gauge Chart*

Alberta - 13.62%

2012-05-02 13:38.15.483 PDT

60 Samples / Second
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7. Alarm View Design

Three types alarm sources are to be implemented with the current version of RTDMS 2012, with
possibility to adapt to other alarm sources such as ones from EMS. The three alarm sources are:

RTDMS Server Alarms — generated by RTDMS Server in real-time and saved in database. Class “A”.
Only alarms a user can access will be retrieved from database and displayed. An alarm is accessible by
user when the user has the permission to view the PMU of which the alarm signal belongs to.

NOTE: Access control to be implemented in the next phase.

User Alarms — Alarms generated for user selected signals and user configured thresholds. User alarms
won’t be saved back to database. Class “O”.

Point of Interest — created by user by entering messages through GUI. Point of interest messages will be
saved back to database. Class “M”.

* Electric Power Group i i A .
Confidential and Proprietary — All Rights Reserved Page 54



RTDMS 2012 Visualization Wizard Design Specs for CAISO

Screen:

03.10.13

Alarms will be displayed in a grid control. These alarm records are displayed globally in the application

view.

RTDMS - 0.9.0.665

LS Carousel

14 14

144540

Signal Name
VIRTUALPMU Seattle?-Canadal
VIRTUALPMU Seattle?-Canadal
VIRTUALPMU Seattle?-Canadal
VIRTUALPMU.PORTLAND1-OREGON
MONTAMA3.Phasorl
MIDC2.Phasorl

MIDC1.Phasorl
MONTAMA2.Phasorl
MIDC3.Phasorl

VIRTUALPMU Seattle?-Canadal
VIRTUALPMU Seattle?-Canadal
SEATTLEA.Phasorl

SPOKANEL Frequency

NE_WA3.Fi

A dorms

evae womul 14:49.03.991

| start TimeStamp
01/03/2012
01/03/2012
01,/03/20:
01/03/2012
01/03/2012
01/03/2012
01/03/2012 14:49:27

01/03/2012
01/03/20¢
01/03/2012
01/03/2012
01/03/2012 14:49:21

ahdgad 14 LT

Alarm Type
High High Angle Differenci 01/03/2012 1
High Angle Difference  01/03/20°
Low Low Angle Difference 01/03/20"
High Angle Difference Trar| 01/03/.
High Voltage Transient 01/03/2012 1.
High Voltage Transient
High Voltage Tr

High Voltage Tr /
High Voltage Trans 01/03/2012 1.
Low Angle Difference
High Angle Difference
High Voltage Transient
High Frequency

High Frequency

212:30 Samples / Second

The record contains details of the alarm such as

1. Alarm Status: Status of the alarm (
a. Acknowledged — green ellipse
b. Deleted - blue ellipse
c. Normal — red ellipse

2. Alarm State:

a. Entering —red ellipse

b. Staying — blue ellipse

c. Leaving - green ellipse
3. Signal Name : Measurement point name prefixed with PMU name
4. Start Timestamp: The start time of the alarm.
5. Alarm Type : Alarm type, such as high frequency, low voltage etc

* Electric Power Group

Current TimeStamg

01/03/2012 14:49:

Current Value

Peak TimeStamp
4842 01/03/2012 1.
4842 01/03/2012 1.
-65.05 01/03/2012 1.
557 01/03/2012 1
002 01/03/2012 1
002 01/03/2012 1
002 01/03/2012 1.
002 01/03/2012 1
002 01/03/2012 1
-21.02 01/03/2012 14:49:.
2426 01/03/2012 1:

0.02 01/03/2012 14:49:22

60.06 01/03/2012 1.
60.06 01/03/2012 14:49:.

Confidential and Proprietary — All Rights Reserved
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Peak Value

14

&= =)

Duration
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Current Timestamp: Current time stamp of the alarm record i.e. in case of transient alarm
Current Value: current value of the signal

Peak Timestamp: the date/time when the alarm in worst case. (Determined by RTDMS server).
Peak Value: the measurement value at peak time. (Determined by RTDMS server.)

10. Duration: The duration the alarm lasts and its unit is in seconds.

11. Jurisdiction: The area where the alarm happened.

12. Comment: comment on the alarm.

13. Unit: unit determined for the signal.

The alarms are subscribed to the Alarm Service of the RTDMS ISG.

On receiving the alarms, the alarm records are inserted in a FIFO order into the grid. There is a grid limit
set at 250. Once the alarm records reaches limit, the records that that inserted at the beginning are
removed from the grid view and the limit is maintained at this limit. The grid display limit is configurable
and it can be maintained via the properties editor.

Alarm Fields, Sorting, Filtering, Searching, Grouping

The column fields in the grid can be repositioned. Select a column and drag the column to a desired
position. On viewing the arrow indicator (as shown in pic) drop the column.

[ RTDME - 0.0.0,665 - s [l |
(M Bl BPAERRE®EDEE

@ @

[}

Peak Value Duration
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03.10.13

The column fields in the grid can be grouped. Drag the column on the group by area at the top of the grid

[E RTOMS - 0.9.0.665

LS Carousel

Alarms

Alarm Type
= Signal Name

[=] High Angle Difference (11 items)

Start TimeStamp
VIRTUALPMU Seattle2-Canadal 01/03/2012 16:33:31
VIRTUALPMU Seattle2-Canadal

VIRTUALPMU.OREGON3-CALIFORNL 01/03/2012 16:53:16
VIRTUALPMU.CALIFORNIA3-CALIFOF 01/03/2012 16:53:16
VIRTUALPMU.NE WA1-Oregon3 01/03/2012 16:53:15
VIRTUALPMU.NE WA1-Califor 01/03/2012 16:53:15
VIRTUALPMU.Seattle2-Canadal 01/03/2012 16:33:15
VIRTUALPMU.NE_WA1-IDAHO1 01/03/2012 16:33:15
VIRTUALPMU Seattle2-Canadal 01/03/2012 16:33:01
VIRTUALPMU Seattle2-Canadal 01/03/2012 16:32:57

VIRTUALPMU Seattle2-Canadal

X N N N N NN N N N

01/03/2012 16:32:53
[=] High Angle Difference Transient (12 items)

@ VIRTUALPMU Seattle2-Canadal

VIRTUALPMU.NE_WAI-IDAHO1

01/03/2012 16:53:23
01/03/2012 16:53:21
VIRTUALPMU.CALIFORNIA3-CALIFOF 01/03/2012 16:53:22
VIRTUALPMU.CALIFORNIA3-CALIFOF 01/03/2012 16:53:16
VIRTUALPMU.ME WAI1-SEATTLE2  01/03/2012 16:53:15
VIRTUALPMU.OREGON3-CALIFORNL 01/03/2012 16:53:15

1 16:49.24.613

I Current TimeStamp

01/03/2012 16:53:32
01/03/2012 16:53:28
01/03/2012 16:53:17
01/03/2012 16:53:17
01/03/2012 16:53:17
01/ 12 16:53:17
01/03/2012 16:53:16
01/03/2012 16:53:16
01/03/2012 16:53:03
01/03/2012 16:52:58
01/03/2012 16:52:54

01/03/2012 16:53:24
01/03/2012 16:53:26
01/03/2012 16:53:26
01/03/2012 16:53:19
01/03/2012 16:53:18
01/03/2012 16:53:17

30 Samples / Second

Alarm Type

High Angle Differ
High Angle Difference
High Angle Difference
High Angle Difference
High Angle Difference
High Angle Difference
High Angle Differen
High Angle Differen
High Angle Differ
High Angle Difference
High Angle Difference

High Angle Difference Trar
High Angle Difference Trar
High Angle Difference Trar
High Angle Difference Trar
High Angle Difference Trar
High Angle Difference Trar

Peak TimeStamp

20.52 01/03/2012 16:53
2141 01/03/2012 16:53
2566 01/03/2012 16:53:16
2635 01/03/2012 16:53:17
7261 01/03/2012 16:53:16
85.75 01/03/2012 16:53:16
27.71 01/03/2012 16:53:16
63.94 01/03/2012 16:33:16
2174 01/03/2012 16:53:02
131.08 01/03/2012 16:52:58
83.84 01/03/2012 16:52:54

5.18 01/03/2012 16:53:23
679 01/03/2012 16:33:23
1117 01/03/2012 16:53:26
1453 01/03/2012 16:53:19
5.28 01/03/2012 16:53:15
16.26 01/03/2012 16:53:17

¥-Axis Title

Peak Value
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The column fields in the grid can be sorted.

Signal Name I Start TimeStamp Alarm Type Crirrant TimaStame Crirrant Valia Deal TimeStamn Peak Value

ACE.Phasorl 23/02/2012 18:09:3

Act-Interchange.Phasorl 2 2012 184 Low Voltage

CALIFORNIAL Frequency 01/03/2012 16:56:03 High Frequency Trar

CALIFORNIAL Frequency 01/03/2012 16:56:04 High Frequency

CALIFORNIAL Phasorl 01/03/2012 16:56:04 High Voltage Transic

CALIFORNIAZ.Frequency 01/03/2012 16:56:04 High Frequency e o i mmmmam
CALIFORNIAZ. Frequency 01/03/2012 16:56:03 High Frequency Transient 3 2 0.03 01/03/2012 16:536:04
CALIFORNIAZ2. Phasorl 01/03/2012 16:56:04 High Voltage Trans 01/03/2012 1 0.05 012 16:56:21
CALIFORNIAZ. Frequency 01/03/2012 16:56:04 High Frequency 01/03/2012 16:56:5

CALIFORNIA2 Frequency 01/03/2012 16:5 High Frequency Transient | 01/03/2012 16 0.03
CALIFORNIAZ.Phasorl 01/03/2012 16:56: Low Voltage 01/03/2012 16:56 01/03/2012 16:56:39
CALIFORNIA3.Phasorl 01/03/2012 16:56:04 High Voltage Transient | 01/03/2012 16:5! 003 01/03/2012 16:36:27
CALIFORNIA4.Frequency 01/03/2012 16: High Frequency Transient ' 01/03/2012 16:56: 0.03 01/03/2012 16:536:12
CALIFORNIA4.Frequency 01/03/2012 16:56: High Frequency 01/03/2012 16:5 60.06 01/03/2012 16:56:11
CALIFORNIAS.Frequency 01/03/2012 16:56: High Frequency Transient 3 2 16: 0.03 01/03/2012 16:36:26
CALIFORNIAS.Frequency 01/03/2012 16:56:05 High Frequency 3 2 60.08 01/03/2012 16:56:11
CALIFORNIAS.Phasorl 01/03/2012 16:56:07 Low Voltage 3 15615 096 01/03/2012 16:36:16
CANADAL Frequency 01/03/2012 16:56:03 Low Frequency 01/03/2012 16:56:50 59.78 01/03/2012 16:56:07
CANADA].Frequency 01/03/2012 16:56:04 Low Low Frequency 01/03/2012 16:56:50 59.78 01/03/2012 16:56:07
CANADAZ.Frequency 01/03/2012 16:56:03 Low Frequency 01/03/2012 16:5 59.78 01/03/2012 16:56:07
CANADAZ Frequency 01/03/2012 16:56:04 Low Low Frequency 01/03/2012 16:56:50 50.78 01/03/2012 16:56:07

FARANAD E = 102 M 1AERNA [ o N0 1 EERER SOTE N1 M0N0 TESEAT

A Alarms

=:2012-03-01 16:56.26.389 S =:30 Samples / Second
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The column fields in the grid can be filtered. Microsoft Excel style filtering and searching will be

implemented.

Signal Name
VIRTUALPMU.Seattle2-Canada.
VIRTUALPMU.5eattle2-Canada.
VIRTUALPMU Seattle?-Canada
VIRTUALPMU.Seattle?-Canada.
VIRTUALPMU.Seattle2-Canada
VIRTUALPMU Seattle2-Canada
MIDC2.Phasorl
VIRTUALPMU.5eattle2-Canada.

| COWIC2 Phasorl

IDAHO
VIRTUALPMU.5eattle2-Canada
VIRTUALPMU.5eattle2-Canadal
VIRTUALPMU.NE_WAL-IDAHOL
VIRTUALPMU.Seattle2-Canadal
VIRTUALPMU.5eattle2-Canadal
VIRTUALPMU . Seattle2-Canadal
VIRTUALPMU.Seattle2-Canadal
VIRTUALPMU.NW-California
VIRTUALPMU.5eattle2-Canadal

a.
@
&
&
&
4
&
&
e.
@
&
&
iy
o
&
&
@.
@
&
&
et

ATDTERAR MR AL Tt bl Tamad o
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VIRTUALPMU.NE_WA1-California3

Start TimeStam Alarm Type

r Filter from "Signal Name®

Text Filters

[¥] (select All)

[¥] ACE Phasorl
Act-Interchange.Phasorl
CALIFORNIAL Freguency

|¥| CALIFORMIAL Phasorl

[¥] CALIFORNIAZ Frequency

[¥] CALIFORNIAZ.Phasorl

[¥] CALIFORMIAZ Fregu ency

[¥] CALIFORNIAZ.Phasorl

|¥| CALIFORMIAL. Frequency

| CK | | Cancel

Equals...

Does Not Equal...

Begins With...

Contains...

Does Mot Contain..

12 17:01:30
ient 01/03,/2012 17:01:31
=nce Trar 01/03/2012 17:01:24

Wifferenc 01/03/2012 17:01:17

01/03/2012 17:01:16 High Angle Difference 01/03/2012 17:01:17
01/03/2012 17:01:13 High Angle Difference Trar 01/03/2012 17:01:16
01,/03/2012 17:01:12 High Angle Difference 01/03/2012 17:01:13

01/03/2012 17:01:12 High High Angle Differenc 01/03/2012 17:01:13

01/03/2012 17:01:10 Low Angle Difference 01/03/2012 17:01:11

01/03/2012 17:01:10 Low Low Angle Difference 01/03/2012 17:01:11
01/03/2012 17:01:09 High High MW Flow 01/03/2012 17:01:28
01/03/2012 17:01:03 Low Angle Difference 01/03/2012 17:01:04
01/03/2012 17:01:03 High Angle Difference 01/03/2012 17:01:31

N0 3 A T0.0D e

1 aee Al T im0 W30 D 170904
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118.83
7351
-73.51

0.02
72,54
0.02
0.02
536
5642
5642
512
79.62
79.62
-62.40 ¢
-62.40 ¢

4,837.00

-56.54
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RMB Options:
On right click on the alarm grid control, the following options are displayed.

] RTDMS - 0.9.0.665 - ) e

BEOREREE0EE

Save View As Image..

Copy to clipboard

Properties...
Help
Signal Name d Current TimeStamg Current Value Peak TimeStamp Pesk Value

VIRTUALPMU Seattie2-Canadal kot At ference | 01/03/2012 14:50:01

Delete Alarms

VIRTUALPMU Seat -Canadal le Differenci 01/03/2012 14:50:01

VIRTUALPMU Seattle2-Canadal STl - Difference | 01/03/2012 14:49:59
lish Alarn
VIRTUALPMU Seattle?-Canadal s ® 01/03/2012 14:48:59
B Export Alarms
VIRTUALPMU Seattie2-Canadal
Print Alarms
VIRTUALPMU Seattie2-Canadal
Historical Alarms
VIRTUALPMU Seattie2-Canadal

LA N N NN N N

VIRTUALPMU Seattle2-Canadal Popup Trend Chart

VIRTUALPMU.NE WA1-California3 2 High Angle Difference 01/03/2012
@ VIRTUALPMU Seattle2?-Canadal 3/ k52 High Angle Difference 01/03/2012 14:49:53

@ VRTUALPMU Seattle2-Canadal 3/: 45: Low Low Angle Difference | 01/03/2012 14:49:51 -36.28 01/03/2012 14:49:51
| Seattle2-Canada 2 igh Angle Difference
@ VRTUALPMU Seattle?-Canadal 2 High Angle Diff
High High Angle Differenc 01/03/2012 14:4

DT A DR AIE Cnmiti ) n1 § i ¥ mns Al PV | 1A,

To set the preference on the alarms, right click on the alarm data grid. The following RMB(right mouse
button) options are available.

Save View as Image
Copy to Clipboard
Properties
Help
Acknowledge alarms
Delete alarms
Clear alarms
Publish alarms
Export alarms

. Print alarms

. Historical alarms

. Popup Trend Chart.

©ooNO RN E

e
N R O

The following describes the above RMB option functionality. ( ref RMB options)

1. Save View as Image: On click of the “Save view as image”, the contents of the grid view are sent
to the printer (can print as pdf).

* Electric Power Group i i A .
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—Select Printer

@Paperpnr‘clr‘nage Printer E@Send To OneMote 2010
= QuickBooks POF Converter 2.0
= Scanboft PDF Create!

4

Status: Ready
Location:
Comment:

— Page Range
Al MNumber of copies: |1
£ Selection £ Curent Page

" Pages: I [T Collate

Enter either a single page number or a single
page range. For example, 512

2. Copy to Clipboard: The contents of the grid view are copied to the clipboard as text.
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[2f *new 19 - Notepad-++ S

File Edit Search View Encoding Language Seftings Macro Run TedFX Plugins Window 2 3%
cEHEHB R E|4DHD| ety asx|BE 1 BE BElz2avyEavy

L new 18|
1 l:[sﬁelect,ed,ScacusName,Alam:Scace,SignalName,ScarcTimesr,a.n:p,AlaImTypeName,Current,'fimestamp,Curxenc\’alue,PeakTimeScamp,PeakValue,Threahold,Duracian,i\uA
2 False,New,Entering, VIRTUALEMU.PowerPlantl,1330642370,High MW Flow,1330642451,1725.533,1330642370,0,1674,82, Pacific NW,,A [
3 False,New,Entering, VIRTUALPMU.Seattle?-Canadal, 1330642450, Low Angle Difference,1330642451,-29.87147,1330642451,0,-20,2,,,Deg
4 False,New,Leaving, VIRTUALPMU. Seattle2—Canadal,1330642448,High High Angle Difference,1330642449,127.3371,1330642449,0,30,2,,,Deg
5 False,New,Leaving, MONTANAZ .Phasorl, 1330642447, High Voltage Transient,1330642450,0.02026505,1330642447,0,0.02,4,Eastern Interconnection 1,Eastern Inte|
¢ False,New,Leaving,MIDG2.Phasorl, 1330642447,Hign Voltage Transient,1330642450,0.02376928,1330642447,0,0,02,4,Eastern Interconnection 1,Eastern Interce |
False,New, Leaving, VIRTUALPMU. Seattle2—Canadal, 1330642448 ,High Angle Difference,1330642449,127.3371,1330642449,0,20,2,,,Deg

8 False,New,Leaving, VIRTUALPMU. Seattle?—Canadal, 1330642446, Low Low Angle Difference,1330642447,-66.03005,1330642447,0,-30,2,,,Deq

2  False,New,Leaving, VIRTURLPMU. Seattle2—Canadal, 1330642446, Low Angle Difference,1330642447,-66.03005,1330642447,0,-20,2,,,Deg L
10  False,New,Leaving, VIRTUALPMU.NE WA1-IDAHO1,1330642444,High Angle Difference Transient,1330642450,6.915558,1330642444,0,5,7,Pacific NW,Rocky MIN,,Deg
i1 False,New,Leaving, VIRTUALPMU.Seattle2—-Canadal,1330642439,Low Low Angle Difference,1330642440,-47.61126,1330642440,0,-30,2,,,Deg
12 False,New,Leaving, VIRTUALPMU. Seattle2—Canadal, 1330642439, Low Angle Difference,1330642440,-47.61126,1330642440,0,-20,2,,,Deg
13 False,New,Staying, SEATTLE1.Frequency, 1330642438, High Frequency,1330642451,60.08154,1330642438,0,60.05,14,Fastern Interconnection 1,Pacific NW,,mHz
False,New,Staying, SPOKANEL . Frequency, 1330642438, High Frequency,1330842451,60.0817,1330642438,0,60.05,14,Eastern Interconnection 1,Pacific HW, ,mHz
False,New, Staying, SEATTLE3.Frequency, 1330642438, High Frequency,1330642451,60.08142,1330642438,0,60.05,14,Eastern Interconnection 1,Pacific NW,,mHz
False,New, Staying,NE_WA4.Frequency,1330642438,High Frequency,1330642451,60.08208,133064243¢8,0,60.05,14,Eastern Interconnection 1,Pacific NW,,mHz
1 False,New, Leaving, CALIFORNIA3.Phasorl, 1330642438, Low Voltage, 1330642439,0.9679518,1330642439,0,0.97,2,Eastern Interconnection 1,Eastern Interconnecti
8 False,New,Staying, SEATTLE2.Frequency, 1330642438, High Frequency, 1330642451, 60.08149,1330642438,0,60.05,14,Eastern Interconnection 1,Pacific NW,,mHz
False,New, Staying,NE_WA3.Frequency, 1330642438, High Frequency, 1330642451, 60.08124,1330642438,0,60.05,14,Eastern Interconnection 1,Pacific NW,,mHz
False,New, Staying, MONTANA3 . Frequency, 1330642438, High Frequency,1330642451,60.08176,1330642438,0,60.05,14,Eastern Interconnection 1,Rocky MTN, ,mHz
False, New, Staying,NE_WAZ.Frequency,1330642438,High Frequency,1330642451,60.08101,1330642438,0,60.05,14,Eastern Interconnection 1,Pacific NW,,mHz
False,New, Staying, MONTANAZ . Frequency, 1330642438, High Frequency,1330842451,60.08173,1330642438,0,60.05,14,Eastern Interconnection 1,Rocky MIN, ,mHz
False,New,Staying,NE_WAl.Frequency, 1330642438, Eigh Frequency, 1330642451, 60.08099,1330642438,0,60.05,14,Eastern Interconnection 1,Pacific NW,,mHz
False,New,Staying, MONTANAL . Frequency, 1330642438, High Frequency,1330842451,60.08167,1330642438,0,60.05,14,Eastern Interconnection 1,Rocky MTN, ,mHz
False,New, Leaving, VIRTUALPMU. Seattle2-Canadal, 1330642432, Low Angle Difference,1330642433,-52.44215,1330642433,0,-20,2,,,Deg
False,New, Leaving, VIRTUALEMU, OREGON3-CALIFORNIAZ, 1330642430, High Angle Difference Transient, 1330642435,5.380424,1330642430,0,5,6,California,,Deg
False,New, Leaving, PORTLAND1 . Phasorl, 1330642430, High Voltage Transient,1330842441,0.02785092,1330642430,0,0.02,12,Eastern Interconnection 1,Eastern In
False,New, Leaving, MONTANAZ . Phasorl, 1330642430, High Voltage Transient,1330642435,0.02014771,1330642430,0,0.02,6,Eastern Interconnection 1,Eastern Inte
False,New,Leaving,MIDC3.Phasorl, 1330642430, High Voltage Transient,1330642432,0.02058405,1330642430,0,0.02,3,Eastern Interconnection 1,Eastern Intercc
False,New, Leaving,MIDC1.Phasorl, 1330642430, High Voltage Transient,1330642441,0.02826699,1330642430,0,0.02,12,Eastern Interconnection 1,Eastern Interc
False,New, Leaving, VIRTUALEMU. PORTLAND1-OREGONS, 1330642424, High Angle Difference Transient,1330642438,6.781017,1330642424,0,5,15, Pacific NW,,Deg
False,New, Leaving, SPOKANEL . Phasorl, 1330642421, High Voltage Transient,1330842427,0.02084546,1330842424,0,0.02,7,Eastern Interconnection 1,Eastern Inte
False,New, Leaving, VIRTUALPMU.NW-California, 1330642420, High High MW Flow,1330642439,5115.868,1330642420,0,4800,20,Pacific NW,California, 2
False,New, Leaving, VIRTUALPMU. Seattle2—Canadal, 1330642419, High Angle Difference,1330642425,100.1016,1330642425,0,20,7,,,Deg
False,New, Leaving, VIRTUALEMU. Seattle2-Canadal, 1330642419,High High Angle Difference,1330642425,100.1016,1330642425,0,30,7,,,Deg
False,New,Leaving, MONTANA3.Phasarl, 1330642418, High Voltage Transient,1330642427,0.02583779,1330642424,0,0.02,10,Eastern Interconnsction 1,Eastern Int
False,New, Leaving, MONTANAL . Phasorl, 1330642418, High Voltage Transient,1330842427,0.02317136,1330842424,0,0.02,10,Eastern Interconnection 1,Eastern Int
False,New,Staying, VIRTURLEMU.NE WA1-California3,1330642417,High Angle Difference,1330642451,83.72572,1330642417,0,75,35,Pacific NW,,Deg
False,New,Leaving, SEATTLEL.Phasorl, 1330642416, High Voltage Transient,1330642421,0.02296488,1330642421,0,0.02,6,Eastern Interconnection 1,Eastern Inte
False,New, Leaving, VIRTUALPMU. Seattle?—Canadal, 1330642415, Low Angle Difference,1330642417,-27.61027,1330642417,0,-20,3,,,Deg
False,New, Leaving, VIRTUALPMU. Seattle2-Canadal, 1330642414, High High Angle Difference,1330642416,41.26953,1330642414,0,30,3,,,Deq
False,New, Leaving, PORTLANDZ . Phasorl, 1330642413, High Voltage Transient,1330842421,0.03214722,1330642421,0,0.02,9,Eastern Interconnection 1,Eastern Int
False,New,Leaving,NE_WA3.Phasorl, 1330642413,High Voltage Transient,1330642427,0.02379369,1330642421,0,0.02,15,Eastern Interconnection 1,Eastern Inter
False, New,Leaving, SEATTLE4.Phasorl, 1330642413,High Voltage Transient,1330642427,0.0286772,1330642421,0,0.02,15,Eastern Interconnection 1,Eastern Inte
False,New,Leaving, SEATTLEZ . Phasorl, 1330642413, High Voltage Transient,1330842421,0.02313647,1330842421,0,0.02,9,Eastern Interconnection 1,Eastern Inte
False,New,Leaving, SEATTLE3.Phasorl, 1330642413, High Voltage Transient,1330642427,0.0241872,1330642421,0,0.02,15,Eastern Interconnection 1,Eastern Inte

a Foloo Maw Toswine DADTIANNA Dhasari 1220£47490 Hinmkh Waltame Transient 122NE49449 A _NI0984C5 1330649499 A N A9 27 Fastarn Trtarcannaction 1 Fostarn T
< m 0

»
Normal text file length : 39324 lines: 254 Ln:1l Col:1 Sel:0 Des\Windows ANSI INS

3. Properties: On click on properties, an alarm properties preference editor is displayed as a modal
window. ( ref: alarm properties window)

4. Help:

5. Acknowledge alarms: On select of the alarm records and click on “Acknowledge alarms”, the
alarms records are acknowledged by the user. When an alarm is acknowledged, its status will be
changed to acknowledged and saved in database. In the alarm status grid column the ellipse color
is turned green. All users viewing the alarms will be notified of the acknowledgement. Also this
functionality can be achieved by selecting the records and pressing the “A” key.

Note:

Access rights for users to acknowledge will be incorporated in the next phase.

Auto acknowledgment of alarms will be incorporated in the next phase. Theoretically
only case/type 2 alarms are suitable candidates for auto acknowledgment.
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RTDMS - 0.9.0.665 = | T |t

ULATN  Carousel

¥-Azds Title

144837 14 1448:40 1404 1 44 14 {448 14de:51 14
HH:MH:88

Signal Name | start TimeStamp Alarm Type Current TimeStamg Current Value Peak TimeStamp Peak Value Duration

@ VIRTUALPMU.Montanal-NE_WAL 01/03/2012 14:53: High Angle Difference Trar 01/03/2012 14:53:27 591 01/03/2012 14:53:25 0.00

@ MIDC2Frequency High Frequency Transient 01/03/2012 14:54:51 0.03 01/03/2012 14:53:45 0.00
@ NE_WA4.Phasorl 3 High Voltage Transient ~ 01/03/2012 14:53:24 0.06 01/03/2012 14:53:24
T Tt ] mnmum
SEATTLE2 Frequency | 3 4: High Frequency Transient 01/03/2012 14:54:51 0.03 01/03/2012 14:53:45
LOWC1.Frequency 3 High Frequency Transient  01/03/2012 14:54:51 0.03 01/03/2012 14:53:45 0.00
NE_WA4 Frequency 01/03/2012 1. High Frequency Transient  01/03/2012 1. 001 01/03/2012 14:53:24 0.00
CAMADAL.Phasorl 01/03/2012 1. Low Voltage 01/03/2012 1. 0896 01/03/2012 14:53:24
VIRTUALPMU.NE_WA1-California3 01/03/2012 1: High Angle Difference Trar 01/03/2012 1. 3 8.05 01/03/2012 14:53:41
MIDC3 Frequency 01/03/2012 14:53: High Frequency Transient 01/03/2012 14:54:51 0.02 01/03/2012 14:53:45
CALIFORNIA1.Frequency 01/03/2012 1: High Frequency Transient 01/03/2012 14:54:25 0.02 01/03/2012 14:53:24
EATTLEL Frequency 01/03/2012 14:53: High Frequency Transient 01/03/2012 14:54:51 0.02 01/03/2012 14:53:45
IDAHO2 Frequency 01/03/2012 1: High Frequency Transient 01/03/2012 14:54:37 0.02 01/03/2012

VIRTUALPMU.Seattle2-Canadal 01/03/2012 1: High Angle Difference Trar 01/03/2012 14:54:51 79.04 01/03/2012

Samples / Second

6. Delete alarms: On select of the alarm records and click on “Delete alarms”, the alarms records are
deleted by the user. When an alarm is deleted, its status will be changed to deleted and saved in
database. In the alarm status grid column the ellipse color is turned blue. All users viewing the
alarms will be notified of the deletion. Also this functionality can be achieved by selecting the
records and pressing the “D” key.

Note: Access rights for users to delete alarms will be incorporated in the next phase
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RTDMS - 0.9.0.665 = | T |t

ULATN  Carousel

10.
11.

Signal Name ] start TimeStamp Alarm Type Current TimeStamg Current Value Peak TimeStamp Peak Value Duration

VIRTUALPMU Seattle2-Canadal :54: High High Angle Differenc 01/03/2012 14:54:29 7855 01/03/2012 14:54:29
VIRTUALPMU Seattle2-Canadal 3/2( High Angle Difference 01/03/2012 14:54:29 7855 01/03/2012 14:54:29 0.00
VIRTUALPMU.NE_WA1-California3 3/2( : High Angle Difference 01/03/2012 14:54:50 7711 01/03/2012 14:54:26 0.00
VIRTUALPMU. Seattle2-Canadal 3/2 4:54: Low Angle Difference 01/03/2012 14:54:27 -2418 01/03/2012 14:54:27
I mnmum
VIRTUALPMU.Seattle2-Canadal | 3 LEE High High Angle Differenci 01/03/2012 14:54:25 33 3,2
CALIFORNIA3 Phasorl High Voltage Transient /2012 14:54:24
VIRTUALPMU.Seattle2-Canadal 3 High Angle Difference 01/03/2012 14:54:21
VIRTUALPMU.Seattle2-Canadal High High Angle Differenc 01/03/2012 14:54:21
ACE.Phasorl 23 9 Low Voltage
VIRTUALPMU.Seattle2-Canadal 3 Low Angle Difference
Schedule.Phasorl 23 :09:39 Low Voltage
MIDC1.Phasorl 3 4:547 High Voltage Transient 01/03/2012 14:54:18

2012-03-01 14:49.03.991 30 Samples / Second

Clear alarms: On select of the alarm records and click on “Clear alarms”, the alarms records are
cleared from the grid view of the user. This functionality does on the local view of user and does
not affect any other users viewing the alarms. Also this functionality can be achieved by selecting
the records and pressing the “C” key.

Note: Access rights for users to clear alarms will be incorporated in the next phase

Publish Alarms: On select of the alarm records and click on “Publish alarms”, the selected alarm
signals are published. Any other view subscribing to these signals will receive the alarm
information. For e.g. On selecting an alarm signal record and clicking on publish, if a respective
map view is being viewed by the user, the location of the signal is zoomed in the map view.
Export Alarms: On click of export alarm, the contents of the grid view is exported to an excel file.
Print Alarms: On click of print alarm, the contents of the grid view are sent to the printer.

Popup Trend chart: On select of the alarm record, and clicking on the popup trend chart, a line
chart window is displayed to the user with the selected alarm signals to view the trend.

* Electric Power Group

Confidential and Proprietary — All Rights Reserved Page 64



RTDMS 2012 Visualization Wizard Design Specs for CAISO

T RTDMS - 0.9.0.665

Signal Name
EUGENE.Phasor]
VIRTUALPMU Se.
OREGON3.Frequ
LOWCL Frequen
IDAHOL.Phasorl
OREGONZ.Phasorl

LOWCL Frequency
PORTLAND3 Frequency

MIDC3.Frequency
CALIFORNIAL Phasorl
AHO1.Phasorl
OREGON2.Phaserl
IDAHO2.Phasorl

OLEN KN NN NN NN NN

* Electric Power Group

01/03/2012 14:

01/03/2012 14:55:03
01/03/2012 14:55:03
01/03/2012 14:

01/03/2012 14:55:03
01/03/2012 14:55:03
01/03/2012 14:55:03
01/03/2012 14:55:03

Low Low Voltage

High High Frequency
igh Frequency

High High Frequency

Low Voltage

Low Voltage

Low Voltage

Low Low Voltage

01/03/2012 14:55:04
01/03/2012 14:55:04
01/03/2012 14:55:04
01/03/2012 14:55:04
01/03/2012 14:55:04
01/03/2012 14:55:04
01/03/2012 14:55:04
01/03/2012 14:55:04

T-Axis Title

03.10.13

Peak TimeStamp
090 01/03/2012 14:55:04
2677 01/03/2012 14:55:04
60.13 01/03/2012 14:55:04
60.13 01/03/2012 14:55:02
0.84 01/03/2012 14:55:04
084 01/03/2012 14:55:04
60.13 01/03/2012 14:55:02
60.13|01/03/2012 14:55:03
60.13 01/03/2012 14
088 01/03/2012 14:55:04
0.84 01/03/2012 14:55:04
084 01/03/2012 14:55:04
0.88 01/03/2012 14:55:04

Confidential and Proprietary — All Rights Reserved
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Alarm properties window:

[ AlarmEditorvien [ -]

Alarm Properties Preferences:

AlarmManagerViewModel Select signals to exclude: | Select signal types to exclude: | Select alarm types to exclude:

g8l |scarch

Select Signals

“ Debug
Turn On Grid Insert
Turn On Grid Update
“ Display
Alarm Limit

Signal Name

On click of properties the above properties dialog window is displayed to the user to set the preferences:
This dialog consists of:

1. Property grid:
a. Alarm Limit: This value determines the number of alarm records to be displayed in the
grid view.
2. Preferences:
a. Signals to exclude: select signal names to exclude from being displayed in the grid.
b. Signal types to exclude: select signal types to exclude from being displayed in the grid.
c. Alarm types to exclude: select alarm types to exclude from being displayed in the grid.

* Electric Power Group i i A A
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Signals to exclude: On click of select signal button in the “Select signals to exclude” tab area, the
following dialog window is displayed to the user. The dialog window displays a list of available signals
and a list of selected signal if any. The user can select the signals from the available list box and move
them to the selected signal list box. The user has the flexibility to add or remove the signals from the
selected signal list box. On click of “OK” the signals in the selected list box are filtered from the
incoming alarm records and thus not being displayed on the grid.

NOTE: Since the alarm view is global to the application view and does not belong to any profile, these
values are currently maintained only for the current session. However if the alarm view is part of a

display/profile, then the values are stored.
.- =l

l| Signals

Available Selected

-

_ Name

Name
- o N -
Ajo.Digitall
Ajo.Digital2
Ajo.Digital3
Ajo.Frequency
Ajo.Phasorl
Ajo.Phasor2
Ajo.Power(

Grootvlei.Analogl

=ranhilai Analaa?

Signals

Available Selected

. _
_ Name

Aa

Name

o (& I, Aefrequency

Matador.Status Muldersvlei.Phasorl

Muldersviei.Analogl
Muldersvlei.Frequency
Muldersvlei.Phasor?
Muldersvlei.Phasor3
Muldersvlei.Phasord
Muldersviei.Powerd
Muldersviei.Powerl

Muldersvlei.Status

Mlalean Mimitall
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Signal types to exclude: On click of select signal type’s button in the “Select signal types to exclude” tab
area, the following dialog window is displayed to the user. The dialog window displays a list of available
signal types and a list of selected signal types if any. The user can select the signal types from the
available signal types list box and move them to the selected signal types list box. The user has the
flexibility to add or remove the signal types from the selected signal types list box. On click of “OK” the
signal types in the selected signal type’s list box are filtered from the incoming alarm records and thus not
being displayed on the grid.

NOTE: Since the alarm view is global to the application view and does not belong to any profile, these
values are currently maintained only for the current session. However if the alarm view is part of a
display/profile, then the excluded signal types values are stored.

v | AlarmEditorVie
Alarm Properties Preferences:

AlarmManagerViewMadel ll Select signals to exclude: | Select signal types to exclude: |Select alarm types to exclude:

Bk |Sem:"

Select Signal Types

4 Debug
Turn On Grid Insert 22| Signal Type Name
Turn On Grid Update

“ Display
Alarm Limit

Signal Types

Available Selected

_ Name

MName

o I

Status

Voltage
Current

Frequency

Digital

Analog

Analog Point On Wave
Analog RMS

Analog Peak

Dhacor
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Alarm types to exclude: On click of select alarm type’s button in the “Select alarm types to exclude” tab
area, the following dialog window is displayed to the user. The dialog window displays a list of available
alarm types and a list of selected alarm types if any. The user can select the alarm types from the available
alarm types list box and move them to the selected alarm types list box. The user has the flexibility to add
or remove the alarm types from the selected alarm type’s list box. On click of “OK” the alarm types in the
selected alarm type’s list box are filtered from the incoming alarm records and thus not being displayed
on the grid.

NOTE: Since the alarm view is global to the application view and does not belong to any profile, these
values are currently maintained only for the current session. However if the alarm view is part of a
display/profile, then the excluded alarm types values are stored.

v | AlarmEditorVie

Alarm Properties Preferences:

AlarmManagerViewModel Select signals to exclude: | Select signal types to exclude: | Select alarm types to exclude:

BB [seacn Select Alarm Types
4 Debug
Turn On Grid Insert £2 | Alarm Type Name
Turn On Grid Update
“ Display
Alarm Limit

Alarm Types
Available Selected

-

_ Name

Name
- 5 N
High High Frequency
High Frequency
Low Frequency
Low Low Frequency
High High Voltage
High Voltage

Low Voltage

Low Low Voltage
High High Current

Hinh Ciarrand
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8. Location Indicator View Design

8.1 Introduction

Location Indicator is to provide region-based status according to monitoring matrix. Since it provide the
overview of all areas’ performance from a glance, it is a very useful tool for wide area monitoring.

8.2 Metrics
Supported metrics shall include frequency, voltage angle and magnitude, angle difference, MW, MVAR,
Voltage Sensitivity, Angle Sensitivity, and Damping.

8.3 Location Indicator View

The Location Indicator view is shown as following screenshot.

- - - N
0. Dashboard [ Frequency 5 Angle Difference 7 Voltage [ Power

S
Elalali>lal 4710

Rl || incident Indicater

Pacific Ocean
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9. Annotations

9.1 Annotation Services

Two services have been designed for annotations:

03.10.13

1. AnnotationsService : This service is for creating, fetching and deleting annotations to a
particular view which will be saved to database.

Method Name

Description

Input & Output
(AnnotationsSearchCriteria)

GetAllViewAnnotations

This method is used to fetch all
the annotations for a particular
view both public and private ones

Input :
User ID, View ID
Output :

AnnotationsCollection

GetViewAnnotation

This method is for fetching a
single annotation of a view

Input :
Annotation ID
Output :

Annotation

SaveViewAnnotation

Method to save an annotation to
the database

Input :
User ID, View ID & Annotation
Output :

Annotation (saved annotation
with ID)

DeleteViewAnnotation

Method is to delete an annotation
from database

Input :
Annotation ID
Output :

True / False

2. AnnotationsNotificationService : Service is for real time communication of addition /
modification of annotations to other users, who are viewing the same View (Map). Each RTDMS
2012 client will subscribe to this service to get notifications from these services. Whenever an
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annotation that is public, is being added to a view and saved, others will get notification of
annotation, then that particular view will fetch the annotation with content (can be image URL,
Video content, calculated notes formula, text) from DB and renders it on that instance.

Method Name Description Input & Output
(AnnotationsSearchCriteria)

Subscribe Method is for subscribing to Input : NA
annotations notification

Output :

Subscription Token (string)

Unsubscribe Method for unsubscribing to Input : Subscription Token
annotations notifications
Output : NA
Ping Method is used to ping the Input :
service periodically to maintain )
active connection DateTime
Output :
DateTime

(same as input datetime)

9.2 Creating Annotations
Annotations can be created on any map by using the “Add Annotation...” option provided in the context
menu. Clicking on this option displays a dialog and allows the user to choose the type of annotation.

The following types of annotations are supported.

a) Text Annotation
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|

| Annotation Information
| Enmter 3 bife or desopiion for fs annotatian,

N
HEN

i

b) Image Annotation

(8 2dd/edic Annotation’

L
Create or Edit an Annotation Preview

Annotation Informaticn
Emter 3 biffe or description for His anvotation.
nare: [

No Image Selected
veccripen: |

Is Pubic: [l

c) Video Annotation
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Craate ar Edit an Annotation Preview

Annotation Type \ﬁdeo Annotation

1 Select the fipe af annctation fo cresle, mnamﬂn,&hugnaw%amm
Annotation Information

2 Enter 2 il or descrtion for this annotatios,

Create or Edit an Annolation Preview

Annotation Type Signal Selector
1 Select the type of annctatson o creale, Select the mgnale that pow would e to includle in the formuls.

Review the Selected Signals
Review Hae salected signal. Thess sanals wil be rendered i the farmuls sditar.
Annotation Infermation
2 Emter a bife or descrpiion for this annetation, a

Formula Editor |
Eciit the fonumula for the calulated note.

a. To create a formula, the signals that need to be part of the formula can be selected from
the data point selector. The selected signals are displayed in the grid. The formula editor
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03.10.13

can be opened by clicking on “Create / Edit Formula”. This displays the formula editor as
shown below.

Diperarais

AMAOCALLANEY DL Preqeencydf)/d

Currend Laghe

101 -Current Magrehade

Furctions

¥ DatededTime (71
* Engmesing (13
* Finaccia

* Ieformaton (20
* Lageal 7

v LoglkupdedPaferasce [|
* Bsth 5

* Sismncd (1

* Tewtinddets |18

The signals can be combined together along with operators and functions to create a
formula. This formula is then saved to the database and stored as part of the annotation
content. When the formula is rendered on the map, the formula is evaluated and the

resultant value is displayed.

Annotations can also be made visible to other users by checking the option “Is Public” in the dialog. The
annotation is persisted to the database when the OK button is clicked. If the annotation is made public, a
notification is sent to all the logged in users who have the view open. The notification makes use of
Callback methods provided by Windows Communication Foundation (WCF). Whenever a user receives a
notification, it is displayed as a balloon tooltip in the status bar. The tooltip can be clicked to navigate to
the view that received the notification. Annotations created by a user are persisted and are rendered when
the view is rendered.

The following table has been designed to store the annotations added / edited by a user.

Table: Client Annotations

Column Name

ID

Data Type Description
int Primary Key

ViewID

The unique identifier of the view to which the
int annotation belongs to.
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The type of annotation.

0 - Text

1 - Image

2 - Video
Type smallint 3 - Calculated Notes
Description Varchar(256) Description of the annotation
Content Varbinary(Max) The content of the annotation.

The unique identifier of the user who has created the
UserlD int annotation.

0 - False
IsPublic bit 1-True
LocationX float The X coordinate of annotation.
LocationY float The Y coordinate of annotation.

The file name. This field will be used only if the

annotation
FileName Varchar(256) is of type Image / Video.
CreatedAt DateTime The date and time when the annotation was created.
UpdatedAt DateTime The date and time when the annotation was updated.

9.3 Displaying Annotations

Annotations marked on maps by the presence of a pushpin. Clicking on the pushpin will bring up the
respective annotation for viewing. When the annotation is displayed, the user can delete or edit the
annotation. Please see the two screenshots of sample annotations below.

| This is the text for the annotation.
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Text Annotation

Image Annotation

R ~ILILY

Pacific] |-

ivd Padisada
Eany, A oa®

Fary

Falizades

i

Video Annotation

Calculated Notes Annotation

9.4 Editing Annotations

Annotations can be edited in the following two ways.

e Opening the annotation
button as shown below.

popup by clicking on the “Push Pin” and clicking on the “Edit”

L

This is the description of the text
annotation.

Farr ¥ Bl ber U s 10
[
w1 ]

e Opening the Annotation List popup and clicking on the “Edit” button as shown below.
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rﬁ_lnctahons T et ¥ R S Y LR o |2|%|1
Annotations

Doutle cick any anotation to view.

Type | Tile Deseriplion Aullwn Dezleds

celrulated annntatinn de=rriptinn rtdmes-test b 4
test annotation description rtdms-test
test text annotation this is my annctation des GregChen

Tapius D. H. TI'd like to say something. rtdms-test

herei s an annctation test dest GregChen

Text Annotation rtdms test

NN NANNN R

Image Annotation rtdms-test

"

9.5 Deleting Annotations
Annotations can be deleted only by the user who has created it or by users who have the
privilege to do so. They can be deleted in the following two ways.

e Opening the Annotation popup by clicking on the “Push Pin” and clicking on the “Delete”
button as shown below.

: B

This is the description of the text
annotation,

-

éaame NCF
REHiNG ToN i TANA DAK

¥

e Opening the Annotation List popup and clicking on the “Delete” button as shown below.
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r
Mnnctations

[FE=NEENS=)

Annotations

Double clid any annotation to view.

Type | Tille
calrulated annntation
test annotation
test text annotation
Topius D. H.
herei s an annotation
Text Annotation

Imaae Annotation

L4

Descriplion Aullun
de=rriptinn ridm=-test

description rtdms-test

this is my annotation des GregChen

T'd like to say something. rbdms-test
test desc GregChen
rtdms best

rtdms-test

i

EdiL Delels

W

"

9. 6 Cut / Copy and Paste Annotations
Annotations uses the windows clipboard to support cut and paste and copy and paste operations. These
clipboard operations are available by right clicking on the annotation pin and selecting the command from

the context menu.

03.10.13

Function

Description

Cut and Paste

Moves the selected annotation to a new location.

Copy and Paste

Creates an identical annotation at a new location.
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9.7 Save Profile As

The current logic of saving a profile with a new name resulted in changes done to a display or
view in the original profile being reflected in the new profile. Hence the logic is now changed so that
changes done to the original profile will not get reflected in the profile that has been saved with a new
name.

Clicking on the “Save Profile As” button will display a new dialog that has three fields namely

a) Profile Name
b) Description
c) Keywords

On click of “OK” button, the names of all the displays, views and layers present in the profile are made
unique and then saved to the database.

The logic of making a name unique is done as follows:
a) The current name of the entity in consideration is taken and compared to see if any other
entity starts with the same name.
b) The count of the list obtained is used in the new name.
¢) The new name will be in the format CurrentName ( List Count ), where List Count is the
count obtained in the above step.

Note: Changes such as adding a layer to a map is immediately saved to the database and hence the same
will get reflected in the new profile that is saved with a new name.

9.8 Save Display As

The current logic of saving a display with a new name resulted in changes done to a view in the original
display being reflected in the new display. Hence the logic is now changed so that changes done to the
original display will not get reflected in the profile that has been saved with a new name.

Clicking on the “Save Display As” button will display a new dialog that has three fields namely

d) Display Name
e) Description
f) Keywords

The logic of making a name unique is done as follows:
d) The current name of the entity in consideration is taken and compared to see if any other
entity starts with the same name.
e) The count of the list obtained is used in the new name.
f) The new name will be in the format CurrentName ( List Count ), where List Count is the
count obtained in the above step.

* Electric Power Group i i A .
Confidential and Proprietary — All Rights Reserved Page 80



RTDMS 2012 Visualization Wizard Design Specs for CAISO 03.10.13

Note: Changes such as adding a layer to a map is immediately saved to the database and hence the same
will get reflected in the new profile that is saved with a new name.
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10. Data Service, Logging Service, and other Utility Services

This section describes how data will be retrieved from ISG or other data sources and feed/format data to
Views.

Data service, logging services are available through Core Services module.

Data service is a container which contains all the real time and historic data adapters. Below picture
shows the available list of real time data adapters (respective historic data adapters are present for these
real time adapters)

E Data Point Selector

Select Signals

1 Data Point Adapter

Lelect the data adapier that will provide the signals,

Source: ISG sub second resolution data adapter

2 i I5G second resolution data adapter

Available _.yiww

Signal ID Signal Name | Signal Type PMU Mame Unit

Each adapter is responsible for fetching respective data from ISG and formats it in a universal interface
(as shown in section 10.1) and serve the clients (views). These adapters are capable to handle their own
re-connectivity with 1SG in case of disconnection and have their own respective historic adapters to serve
same data.

10.1 Multi Data Sources Support

Multi data source support is achieved using the above said data adapters. As the data point update is
using a single interface (IDataPoint) new data sources can be plugged into the system by writing
respective data adapters and adding them to the data service.
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10.2 Real-time Data

The real time data, sub second resolution, second resolution data, mode data and sensitivity data are
fetched from ISG using respective data adapters and served to the registered data point collections.
Please see the class diagram 11.1 interaction diagram for more details.

10.3 Historical Data

All the real time data adapters have respective historic data adapters viz., historic sub second resolution,
historic second resolution data, historic mode data, historic sensitivity data. The adapters are switched
from real time to historic and vice versa automatically on user replay / resume / stop commands using the
toolbar.

10.4 Event Files Data

Simon, we don’t have it yet.

10.5 Data and Display Interaction

Data is updated to each views (charts, maps) using data point. Each data point is updated whenever new
data is fetched from ISG. These data points are grouped into data point collection (each view has one or
more collections) which will be subscribed to the adapters using register / unregister methods.

4 N[ N 4 N 4 N 4
Data Point Data Point Data Point Data Point Data Point
Collection Collection Collection Collection Collection
J N\ J
Data Point Data Point Data Point Data Point Data Point
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10.6 Logging Service

Logging service used to log the error messages to a file, which can be found in \log folder.
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11. Administrator Web App

11.1 Role-Based Security

03.10.13

RTDMS implements role-based security and Active Directory (LDAP) integration to support users, roles,
and privileges. Users belong to one or more roles, and roles contain one or more privileges. An
administrator is tasked with creating users and roles, then assigning users to those roles.

RTDMS supports two types of users and two types of roles — RTDMS users / roles and Active Directory
users / roles. Following is a table that explains the differences between all types of users and roles.

Name

Definition

Notes

System User

A user that is created via the
Admin Web App.

System users are editable via the
RTDMS web app. Editing

includes making changes to user
name, login name, password, etc.

System Role A role that is created via the System roles are editable via the
Admin Web App. Admin Web App.
AD User An Active Directory user that has | AD users are managed outside of
been granted access to RTDMS. | RTDMS. An AD user may be
granted access to RTDMS
directly or by belonging to an
AD Group that has RTDMS
access.
AD Role An Active Directory group that AD groups are managed outside

has been granted access to
RTDMS. All Active Directory
users in this group are granted
access to RTDMS.

of RTDMS. All of the AD users
in the group are granted access
when a group is granted access.
To remove an AD user’s access,
this user must be removed from
the AD group.
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N ﬁ:-;i‘ %

| EZRTOMS Administration +
& 192,168 0.3:5080 | |*Q- Google Pl A B |-

% Roles
\

\UJ‘!“ Jurisdictions :?: PMUS -n settings & rtdmsuser v

I S S S

O 1 Frank A Z G ¥

O 2 rtdmsuser Designers, Viewers A / Q 4

O 3 jsmith-test jsmith@electricpowergroup.com use case test user A / Q b 4 =
\:} 4 greg gchen@electricpowergroup.com Administrators A / Q *

O s rtdms-test donotreply@test.com test user Designers, NYPA, Viewers A / Q b4

O 24 Uday Kumar Designers, NYPA AAD Q 4

() 25  GregChen NYPA. Viewers AAD Q

) 26  Natargj Designers, NYPA AAD Q ¥

() 27  Simen AAD Q

() 31 Kevin Chen Viewers AAD Q ¢

O 38 Sandeep Administrators, Viewers AAD Q %€ I
1to 11 of 11 1 25 [w]  Search:

The User page is shown in the screenshot above. The roles page is very similar so all the concepts that are
applicable to the user are also applicable to a role. First off, notice the list of users are presented in a grid.
The columns are:

1. ID - The system generated ID for the user

2. Name — The name of the user

3. Email - The user email address

4. Description — Additional notes about a user.

5. Roles — A comma separated list of roles the user belongs to.

6. Flags —A: Active User, AD: Active Directory User

7. Edit - Push to edit the user details. This is not available for AD users.
8. Manage — Push to assign roles / permissions / pmus

9. Delete — Push to delete the user
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To add a user, click on the large green + icon located just above the grid’s top right corner.

The User Management dialog is show below. This is what pops up afte clicking on the “Manage” button.
Assign roles by moving roles from the right hand side to the left hand side. You can drag and drop your
selection, double click on the selection, or press the “Add all” link to add all, and the “Remove all” link to
remove all.

This management dialog is common throughout the RTDMS Administration Web App and the concepts
just described are common throughout the system.

e ]

] RTDMS Administration | +

& 192.168.0.3:500 c | |28~ Google Pl E B =~

-

Frank - User Management

Roles (Note: The first role is the default role. You may order the roles to set role precedence.)

1 items selected Remove all
1 Administrators — | Designers
Viewers

NYPA

Cancel

11.2 Jurisdictions
Managing jurisdictions follows a consistent implementation with managing users and roles. The key
difference is jurisdictions contain a collection of signals, just as a role contains a collection of users.
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Firefoxe +

| B RTDMS Administration

[+]

i Jurisdictions 2®° PMUs ¢ Settings ~

O 1 0 0

WECC WECC Z Q ¥
0 2 CA 0 0 F Q X
O 3 REST 0 268 # Q R
Tto30f3 1 =[xl search:
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11.3 PMUs
irisdictions -a Settings v
Phasor Measurement Units
1 A ACE
B
Gen C
Value S
D
E Update Time 2012 Dec 26 22:43:25
IDAHO1 .
F Description
IDAHOZ G Data Format 1
H
I 1 Phasor Format 1
LOWC1 ] Frequency Format 5
LOWC2 K Analog Format 7
LOWC3 - Time Base 720
M
Longitude 0
N
Latitude 0
MIDC1 o
P Area System
MIDC2
Q Source RDTMS
MIDC3 R
Mask -8192
MONTANAT 5
T Enable Frequency 1
MONTANAZ
u Enable Voltage 0
MONTANAZ v TR :
W
I Enable MVAR 1
x -
| E—" —

The PMU page is shown above and provides a complete list of all PMUs. Select a PMU from the list on
the right to view detailed information about the PMU on the left hand side of the page.
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11.4 Alarm Colors
e

IRTDMSAdmlmstratmn | +

(— 192.168.0.3:8080/ settings/alarm-colors

Jurisdictions = PMUs a Settings v & rtdmsuser v

L4 L3 L2 L1 Normal H1 H2 H3 H4 Eait Detete

Default 8

alfa‘lelL #rroooc[lll|| | #resooc(ll]| | #rrrroo[ ]| | #eoszof]| | | #oorFoo]]

theme 1

#oorFrF[I]| | #ocoocdil]| | #occordl] ¥

Default 8

;f;lel%l #rroooc[ll|| | #resooc(ll]| | #rrrroo[ ]| | #eoszof]| | | #oorroofl]| | #Boez2odi]| | #FFrroo] ]

theme 2

xeroooll] ¥

Default 4

;]E;lﬂl | []| | #Froooo ]| | #Frrroo]| | | #oorFooll]| | #oorere[RH]| | | #oocordJ] | O Z R

theme 1

Default 4

;f;lel%l | || | #Froooo ]| | #rrrroo]| | | #oorrooll]| | #rrrroo[] | | #FFooodi] | o # %

theme 2
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11.5 Pick Lists

‘ RTDMS Administration

(— 192.168.0.3:8080/ settings/basemap-picklist
a Settings v & rtdmsuser v

- Manage Picklists 0 Basemaps
j ) | select a picklist below

to edit the items.
e -
(@ Basemaps http://server.arcgisonline.com/ArcGIS/rest/services/ESRI_StreetMap_World_2D /"
I /MapServer
i Electrics Market http://services.arcgisonline.com/ArcGIS/rest/services/world_Street Map/MapServer # R
4 Electrics Infrastructure http://server.arcgisonline.com/ArcGIS/rest/services/NGS_Topo_US_2D/MapServer / x
http://server.arcgisonline.com/ArcGIS/rest/services/ESRI_ShadedRelief_World_2D Vi %
B /MapServer
5 Environmental Overlay
Tto4of4 Search:
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12. COMTRADE File Replay

12.1 ComTradeFileAdapter

For supporting COMTRADE file replay new adapter ComTradeFileAdapter is added to
RTDMS.CoreServices.

This adapter is similar to any historic data adapter deriving from HistoricDataAdapterBase and
implements IComTradeReplayController.

@] IComTradeReplayController
IHistoricSubSecondDataAdapterEventsHandler

| ComTradeFileAdapter @ |
Class
=+ HistoricDatafdapterBase
= Fields B
Y
o m_AnalegChannels Y IFetchManager
#% m_ComTradeGlobalEven... ( ™)
_','4"' m_ComTradeSchema S hMaager &
P Class
@’ m_ComTradeSignallDs
¢ m_DataService
#? m_HistoricSubSecondCa... = Fields
47 m_SignalinfoDictionary o m_HistericSubSecondCacheManager
#” m_SubSeccndDataFeed... ﬂg m_Logger
= .
Properties =] Craroi
B SubSecondDataFeedEve...
2 Methods ey CemTradeRequestedBventirgs
E ComTradeSch
&* ~ComTradeFileAdapter rﬁ Dr‘ﬂ.ra =echiEma
% ComTradeFileAdapter ﬁ EndTime
2% FindMatchingAnalogCh... 7 1sDSTChecked
a7 GetSignallnfoFromAnalo... i IsForward
&% PauseOrStartAllAdapters et SampleRate
M E'a‘fl - %7 SignallDs
% Replaytarting " .
7% SetAdapterMames ﬁ StartTime
3% SetCacheManager = Methods
z¥ SetfetchManager % ComTradeFetchManager
;: zftpushl"v"lanager @ Setfetch
op
7% SubscribeToParsers ¥ Start
47 SwapSignallnfo ¥ Stop
3% UnSubscribeToParsers % SubscribeToFeed
¥ ested Types W UnsubscribeToFeed
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12. 2 IComTradeReplayController

| IComTradeRe playController E3
Interface

= Methods

Pavise

Play
Replay&tarting
Resume
ResumeReaiTime

« O O O O A

Stop

IComTradeReplayController interface implemented by
ComTrade Data Adapter controls the play, pause, resume, stop etc.. methods hooking up to a helper class
as described below.

12.3 ComTradeGlobalEventHelper

Helper class ComTradeGlobalEventHelper is created to hook up to two global CompositeEvents to
control the ComTrade Data Adapter.

ComTradeGlobalEventHelper (®
Class

= Fields
## m_IReplayController
= Methods
27 ~ComTradeGlobalEventHelper
W ComTradeGlobalBventHelper
5" RealTimeDisplayCommandExecuted
27 ReplayCommandExecuted

2" ReplayStartingCommandExecuted
2" SubscriberCrinsubscribeBEvents
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12.4 ComTradeReplayStartingEvent

03.10.13

( ComTradeReplayStartingEvent

Class

=+ CompositePresentationEvent < ComTradeReplayStaringEvertangs=

| ComTradeReplayStartingEventArgs
Class
=+ EventArgs

= Properties
“F CFGFilePath
¥ DATFilePath
' EndTime
§ StartTime
= Methods
% ComTradeReplayStartingEventfrgs

This event is fired before firing the actual ComTrade replay event to get the start and end time parsed
from config file which will be used by charts to set the X-Axis limits accordingly.

12.5 ComTradeRequestedEvent

[ ComTradeRequestedEvent
Class

=+ CompositePresentationEvent < ComTradeRequestedBvertirgs=

( ComTradeRequestedEventArgs ® |

Class
=+ Eventirgs

Fields
= Properties
=P CFGFilePath
= DATFilePath
E EndTime
=y EventType
=y FromTimeStampMoDST
=y IsBackwardReplay
& 1DSTChecked
ﬁ IsReplayRestart
ﬁ ReplayRate
2 StartTime
P ToTimeStampMoDST
= Methods

‘% ComTradeRequestedEventArgs
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ComTrade Requested Event to start, pause, resume and stop comtrade file replay.

12.6 Visualization Wizard Ul changes

A new toolbar button is added to open ComTrade replay control.

| Expand ComTrade Options

ComTrade replay control is integrated to the above click. Standard play, pause, resume and stop controls
are provided to replay.

12.7 DST adjustments for historical and event files

DST On/Off check boxes are provided for both ComTrade and ISG replay controls as shown in previous
section to adjust to DST changes.

Case 1 : If current system date is in DST, the check box label will be DST Off. On check of this
checkbox 1 hour will be subtracted from the current replay time.

Case 2 : If current system date is not in DST, the check box label will be DST On. On check of this
checkbox 1 hour will be added to the current replay time.
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13. User determined refresh rates for map/contour

This is to provide user with a capability to control the refresh rate for contour / cluster updates / map
tooltips.

13.1 Visualization Wizard UI Changes

# ' User Preferences L&J

Adapters Map Settings

Change the settings for the maps.

Transmission Line Colors

Map Refresh Rate

Use the slider on the right to adjust the map refresh
rate. The refresh rate is: 2

=

Above page with Map Refresh Rate is added to user preferences dialog to control map refresh and will be
serialized to user preferences to DB for retrieving it back in later user sessions.
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14. User Preferences

User preferences dialog allows logged in user to change his default application configurations for Data
Adapters settings, Maps settings and Charts settings.

14.1 Adapter Settings
This tab allows user to change the following data adapter settings :

Real Time Sample Rate : User can change the sub second data sample rate using this. Default matches
with the RTDMS server sub second sample rate. The value can only be down sampled as required. The
value is number of samples per second.

Note : Change in this value will be applied on reset of profile or restart of application.

Real Time Sample Rate : User can change the historic sub second data sample rate using this. Default
matches with the RTDMS server sub second sample rate. The value only can be down sampled as
required. The value is number of samples per second.

Note : Change in this value will be applied on reset of profile or restart of application.

i serPreferences
Adapters Adapter Settings

Change the settings for the data adapters.

Frame Rates

Real Time Sample Rate

Use the slider on the right to adjust the real time
sample rate. The real time sample rate is: 60 FPS

Historic Sample Rate

Use the slider on the nght to adjust the historic
sample rate. The historic sample rate is: 60 FP5
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14.2 Map Settings
This tab allows user to change the map’s transmission line colors <230 kV, 230 kV, 345 kV, 500 kV, 750
kV and DC .

Note : Change in this value will be applied on reset of profile or restart of application.

Adapters | Map Settings

Change the settings for the maps.

Transmission Line Colors
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14.3 Chart Settings
This tab allows user to change the following chart settings :

Refresh Rate : The rate at which the charts paints can be controlled using this settings. The value is in
milliseconds.

Note : Change in this value will be applied on reset of profile or restart of application.

Replay Interval : This setting value is to control the default time span set in Reply Control, default is 5
minutes. The value is in minutes.

@ U Prferences
Adapters Chart Settings

Maps Change the settings for the charts,
Charts

View Options

Refresh Rate

The refresh rate is the interval in milliseconds between
each data update. The refresh rate is: 50 ms

Replay Interval

The replay interval is the time in minutes between the
start and end times, The replay interval is: 5 mins
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15. Class Diagrams and Package Diagrams

This section describes the UML diagrams for key classes and organization of classes.

15.1 Class Diagram
DataPoint interface defines the data element to be transferred and displayed.

| IDataPoint &) |
Interface

= Properties

EF ObjectiDy
= SignallD
FEY TimeStamp

e Vaolwes
=l pMethods
W OnDataPointfeed

IDataPcint
IMNetifyPropertyChanging
IMetifyPropertyChanged

DataPointBase #) |
Class
—+ MotificationObject

Fields

= Properties
IgnoreProperty ...
ChjectlD
SignallD
TimeStamp
Valuel

Value2

Methods

nd R R R R R
I [} 11 I I 11

= Events

# PropertyChangi...

o -
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DataPoint Collection

Container of data points.

| IDataPointCollection (% |

Interface

= Properties
M ObjectiD
f SignaiiDs
= Methods
W AddDataPoint
% RemovelataPoint

T

(P [DataPointCollection

| DataPointsCollectionBase
Class

Fields

= Properties
ﬁ_" DataPoints
% ObjectlD
= SignallDs
= Methods
% AddDataPoint
w DataPointsCollectionBase
% RemowveDataPoint

Data Adapter and Data Service are the interface between ISG and View Model.
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i & ) | IDataService & |
= P > Interface
Interface
= Properties
= Properties -
. e DataAdapters
M DataPointsCollect...
= Metheds
= Methods
) ) %  AddDataAdapter
W Register ] )
] ) b GetDataAdapter (+ 1 overload)
i UnRegister ]
L y %  RemoveDataAdapter

| | 1

(P [Datafdapter

| DataAdapterBase (% ) C[) IDataService
Class ™
DataServiceBase E3
Class
Fields
= Properties Fields
ﬁ DataPeointsCell... = Properties
= Methods ey Datafidapters
% DatafdapterBase = Methods
% Regist
+ UEEII::S E_r % AddDataAdapter
nRegister | ‘% DataServiceBase
% GetDatafdapter (+ 1 overload)
% RemoveDataAdapter
L. y.

15.2 Packaging Diagram
Overall:
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1

Shell |

1V

Core

Services

<______.

1

Messagin
g Service

Shell:

03.10.13

Shell

NNAain ChaAll

Dnn:r\nn

llnnidkvs CAnFATirnAr

DAaA+ Cqrannmnar
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Infrastructure:
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Infrastructure
Interfarec Canmmandc
Race (Claccec (Cnnctantc
Core Services and Messaging Services:
Core Services Messaging Service
|l nodaoar Carviira
Diihlichar
NMaccamina
Citherrihar
NAat+a Carvira
Charting:
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Lightning Chart Core

Racal ina Racoaratta RarRarCh Rar(GanCh

ase Classes & Interfaces in Infrastructure Project

Infrastructure
Racal ina Racaratta RarRarCh Rar(GanCh
/|\
IlinaChar ICrattarr IRarChart IGanChar
/I\
IChart
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16. Interaction Diagrams

This section describes the UML interaction diagrams among key class for critical procedures.

16.1 Real-time Data Flow

C[) IDataAdapter C[j IDataService

*
( DataAdapterBase @ | | DataServiceBase @ |
Class Class
v L. y
*
IDataPoint
C.? [DataPointCollection * INthf}'p'DPE'T}":ha”EI'”EI
P - 1 IMotifyPropertyChanged
| DataPointsCollectionBase [ |
Hles DataPointBase ®
| Class
h - -+ MaotificationObject

\
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1.0 Executive Summary

The California Energy Commission has funded research in synchrophasor
technology at the California Independent System Operator (CAISO) through Grant
Award No. PIR-10-068. The Project consists of six (6) tasks. The goal of Task 6 is
threefold, (1) review and compare the phasor data being received at the CAISO
with the CAISO’s state estimator data; discrepancies will be discussed with the
appropriate Transmission Owner (TO), for their resolution; (2) to perform an initial
phase angle baseline analysis for the CAISO’s portion of the Western Electricity
Coordinating Council (WECC) grid; and, (3) to document the entire analysis process
and determine the feasibility of developing an annual automated process. The
sections of this report will discuss Electric Power Group’s (EPG) findings relative to
data quality of the phasor data being received from the CAISO. Appendices 2 and
3 of this report show examples of the data quality issues.

EPG's Process - EPG conducted a data quality analysis by comparing the phasor
data based results with the state estimator data-based results. The phasor data
received consisted of voltage phase angles for 22 substations. The state estimator
cases received from the CAISO were solved and the resulting solved cases used as
sources of information to calculate phase angle differences.

EPG developed computer programs to calculate phase angle differences from the
phasor data and from the state estimator solved cases. Angle differences were
obtained for 18 pairs of substations equipped with phasor measurement units. The
list of 18 pairs developed based on current availability of phasor measurement units
is shown below.

Table 1: Angle Pairs for Phasor Based Analysis
(CAISO agreed with list on 12/14/12)

1. John Day-Malin

Malin-Tesla
Tesla-Los Banos
Los Banos-Midway
Midway-Vincent

abrwn

6. Vincent-Lugo

7. Eldorado-Lugo

8. Mohave-Lugo

9. Lugo-Mira Loma
10. Lugo-Serrano
11. Devers-Valley
12. Valley-Serrano
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13.  Vincent-SONGS 230 kV

14.  Serrano-SONGS 230 kV

15. Mira Loma-SONGS 230kV
16. Big Creek-Magunden 230 kV
17. Magunden-Vincent 230 kV
18. Kramer-Lugo 230 kV

For purpose of comparison EPG selected two days: July 28 and August 9, 2012.
Phasor data was extracted and processed to develop curves for each of the listed
pairs. Similarly, angle differences data was extracted from the state estimator (SE)
solved cases and data extracted to produce angle difference curves for each of the
18 pairs listed above. The two curves, one from phasor data and the other from
state estimator data, were plotted on the same graph for comparison. Appendix 2
shows phasor vs. state estimator comparison plots for the 18 pairs for July 28,
2012, and Appendix 3 shows phasor vs. state estimator comparison plots for the 18
pairs for August 9, 2012.

Below is a summary of the EPG's findings:

1.
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Of the 18 angle pairs analyzed, EPG finds that phasor data from 19 PMUs
appear to be adequate.

. Phasor data from three PMUs, Tesla, Los Banos and Midway, in the PG&E

area are unusable invalidating phasor-based results for four pairs.

Southern California Edison’s Mohave substation no longer has an operable
phasor measurement unit; negating results for the Mohave-Lugo pair.

For the John Day-Malin pair, CAISO phasor data results do not match CAISO
SE data results. EPG obtained phasor data for July 28 and August 9, 2012
from Bonneville Power Administration (BPA). BPA and CAISO phasor data
results match but BPA and CAISO data results do not match CAISO SE
results. See Appendix 4. Jim Hiebert for CAISO is working with Nick
Leitschuh and Greg Stults from BPA to resolve this issue.

Phasor data is missing for Big Creek for July 28 and August 9, 2012 but upon
review of all the phasor data received from CAISO, EPG found that overall
phasor data for Big Creek is available for 75% of the time. EPG will include
the Big Creek-Magunden pair for baselining analysis.

Four pairs in the PG&E area will not be included in the baselining analysis due
to bad data; the Mohave-Lugo pair will not be included in the baselining
analysis due to the PMU at Mohave not being available. EPG will have
reasonable data to conduct phasor-based baselining for 13 pairs.

State estimator based data is adequate to conduct baselining analysis for the
18 pairs.



Recommendations

1. Obtain usable phasor data from phasor measurement units in the PG&E area;
California-Oregon intertie, Path 15 and Midway-Vincent paths are important
transmission paths to monitor in this area.

2. Develop a computer tool to convert IEC 61850 format PG&E phasor data to
IEEE C37-118 format used by everyone else.

3. Resolve phasor-SE discrepancies for the John Day-Malin pair; CAISO to work
with BPA to resolve discrepancy.

4. Continue saving phasor and state estimator data for 2013 to complete one
year worth of data.

5. Ensure phasor data saved is accurate; periodically compare it with SE data.
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2.0 Background

One of the goals of the California Energy Commission Grant Award No PIR-10-068,
Task 6 is to review and compare the phasor data being received at the CAISO with
the CAISO’s state estimator data and discrepancies to be discusses with the CAISO
and the appropriate TO, for their resolution. To accomplish this goal, EPG
determined one year worth of phasor data and state estimator data would allow
making a comparison that captures the different condition of the cycle. Previously,
as part of another CEC project (Contract #500-08-048); Electric Power Group (EPG)
received archived synchrophasor data recorded by the California Independent
System Operator (CAISO) for the period of February 2 to July 30, 2011. Initial
processing of the data showed that the majority of the synchrophasor
measurements received were unreadable. EPG spent a significant amount of time
identifying data recording errors and developing a software tool to recover the
faulty dataset. After recovering the files, and while analyzing the phasor data, EPG
encountered a number of data quality issues. These data quality issues were
documented in the document shown in Appendix 1 and presented to CAISO staff in
a meeting in Folsom, California on May 10, 2012.

Subsequently, EPG and CAISO agreed to collect a new set of data free of errors. To
this effect, CAISO saved phasor data for the May 24 to December 31, 2012 period
using COMTRADE format and provided it to EPG for analysis. This data was readable
but voltages for the Southern California Edison (SCE) and Pacific Gas & Electric
(PG&E) substation were zero due to phasor data concentrator (PDC) to PDC transfer
deficiencies. However, angle differences were free of transmission errors and such
data is useable for the second goal of this contract which is to perform an initial
phase angle baselining analysis for the CAISO’s portion of the WECC grid.
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3.0 Quality of Data Received
3.1 Data Received for the February 2 to July 30, 2011 Period.

EPG analysts encountered a number of data quality issues: some data did not make
sense and had to be adjusted prior to using it; other data was not useable at all
because it defied logic. No reasonable fix was identifiable. A description of some of
the phasor quality issues encountered by EPG is provided below.

3.2 Incorrect status flags prevents adequate filtering

Phasor-based graphs should be clear lines that changes over time with system
conditions. When extracted and plotted, the phasor data received resulted in
numerous data dropouts as shown in Figure 1 below that provide a meaningless
graph. Filtering using status flags was not successful for most of these points
because no faulty data indication was recorded. A lack of reliable status flags
indicating faulty data points makes software-based signal filtering difficult and
significant time is lost in manually filtering the data.

LUGO.VM.LUGO Lugo 500 kV Bus léos
CHJ5.VM.CHJ5 Chief Joe 500 kv volt
CHJ3.VM.CHJ3 Chief Joe 230 kV Volt
CHJZ.VM.GHJ2 Chief Joe 230 KV Volt
BELS5.VM.BELS Bell 500 kV Voltage-W 400
BELS5.VM.BEL5 Bell 500 kV Voltage-E
BEL3.VM.BEL3 Bell 230 kV Voitage

BEL2.VM.BEL2 Bell 230 kV Voltage

BEAR.VM.BEAR Bears Ears 345 kV Bus 200

BEAR.VM.BEAR Bears Ears 345 kV Bus

Voltage Magnitude

BE50.VM.BES50 Big Eddy 500 Bus Volt fomem s i H SRR SR Y R S S 1S

BE23.VM.BE23 Big Eddy 230 Bus3 Vol
BCO1.VM.BC01 BC3 230 kV Bus | I
AULT.VM.AULT Ault 345 kV Voltage { ‘ ‘ ‘ ‘ ‘ i | 1 {l
AULT.VM.AULT Ault 345 kV Voltage ( ‘ |

AULT.VM.AULT 230 KV Bus Voitage (S {100
ASHE.VM.ASHE Ashe 500 kV Voltage-S

ASHE.VM.ASHE Ashe 500 kV Voltage-N

ANTP.VM.ANTP Antelope-220KV Bus

0
01:00:00 01:03:19 01:06:39 01:09:59 01:13:19 01:16:39 01:19:59
HH:MM:SS

Start Time: 07~Jul-2011 01:00:00 PDT
End Time: 07-Jul-2011 01:19:59 PDT

Figure 1: Data snapshot after status flag filtering enabled (vertical bars are dropout points)

3.3 Scaling Factors (CT & PT ratios)

Data, when plotted, showed inaccurate and/or unrealistic values. For example data
for May 27, 2011 onwards, a change in voltage and current phasor scaling factors
for a number of Bonneville Power Administration (BPA) phasor measurement units
(PMUs) were not accounted for in the dst config files prior to distribution to users of
the data; as a result, data values for power (a calculated value), appeared greater
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than what they really were. Initial examination of power flows across the California
Oregon Intertie (COIl) showed more than a dozen periods where the total transfer
rose significantly above 4,800 MW, including one where the transfer rose to

5,500 MW (see Figure 2 below). Ultimately, an accurate curve was obtained by
adjusting the scaling factors based on a comparison of the extracted phasor values
with corresponding EMS results. A more realistic power transfer for this event (a DC
block) is shown in Figure 3.

COl Real Power (Incorrect Scaling Factors)
June 30, 2011
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Figure 2: Incorrect scaling factors result in COI real power peaking at 5,500 MW

# Electric Power Giroup



COIl Real Power (Corrected Scaling Factors)
June 30, 2011
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Figure 3: After correcting scaling factors, COI flow shows peaking at 5,100 MW, with less
than 5 minutes over 4,800 MW

Correcting the scaling factors for COIl (based on EMS data) reduced the number of
periods where transfer exceeded 4800 MW to three.

3.4 Phase angles in the PG&E area

3.4.1 Inconsistency between phase angles and power flows

Angle data for PG&E PMUs had questionable accuracy. The angle difference between
Malin and Los Banos, for example, showed inconsistency with the corresponding
COIl power flow. Despite high north-to-south power flows, the angle difference for
Malin and Los Banos appeared partially negative (i.e., reflecting power flowing from
Los Banos to Malin), as seen in Figure 4.
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Malin-Los Banos Angle Difference & COIl Real Power

July 910, 2011
10 T T T T T T I 5000

Malin-Los Banos Angle Difference

GOl Total Real Power Flow

4000
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Real Power Flow (MyY)
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Time (HH: Mk PDT)

Figure 4: Negative Malin-Los Banos angle difference despite high North-South transfer

3.4.2 Angle plots for several paths in the PG&E area were out of expected
order.

In general, the angle difference pairs for PG&E buses obtained from the phasor data
received from CAISO (using PG&E PMUs) were not consistent with simulation
results for the PG&E area; Figure 5 below shows the angle difference plots for
Tesla, Los Banos, Midway, Moss Landing, and Malin relative to Vincent, a bus south
of all five of these substations.
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Malin
| 30
Los Banos
|28
TSL5.VA.TSLS Tesla Bus Voltage
{20 5
MDWS5.VA.MDWS MIDWAY Bus Voltage g
s
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Start Time: 07-Jul-2011 11:01:32 PDT
End Time: 07-Jul-2011 11:01:45 PDT

Figure 5: PG&E angle difference ordering problem

The Malin bus, in the BPA data stream, is included to provide perspective on the
scale of angle differences; as expected the angle for this bus compared with Vincent
is greater than the others. However, the angle differences for the buses in the
PG&E area are significantly different from what one would expect. Geographically,
Midway, Los Banos, and Tesla are sequentially north of Vincent when the power
flow was in the north to south direction from these buses to the reference bus
Vincent. From the angle perspective, Tesla should be greater than Los Banos, Los
Banos should be greater than Midway, and Midway should be greater than Vincent.
Instead, angles plotted based on the received phasor data shows a different order:
Los Banos being the greatest at about 25 degrees, Tesla significantly lower at about
11 degrees, and then Midway at about 10 degrees. Moss Landing, roughly the same
distance away from Vincent as Los Banos, appears to be the closest of all.

This voltage angle reference problem appears to be specific to the PG&E data.
Further confirmation was provided by comparing the results of PSLF simulations for
the 2011 heavy summer, non-contingency cases with the recorded PMU data.
Selected results are shown in Table 1: PSLF Angle Difference Table for PG&E Buses
below.

Table 1: PSLF Angle Difference Table for PG&E Buses

Angle Pair Names COIl Heavy Summer 2011 (COl MW _ %NCH)
Bus 1 Bus 2 c4800_h60 | c4800_h70 | c4775_h80 | c4750_h90 | c4500_h100
Malin Vincent 30.5825 30.8339 31.1779 32.916 32.2626
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Moss Landing | Vincent 12.3704 12.2164 11.8943 12.5969 12.0609
Tesla Vincent 10.8000 10.651 10.4799 11.5259 11.3355
Los Banos Vincent 8.5733 8.4995 8.4155 8.9131 8.7458
Midway Vincent 4.8792 4.8747 4.8693 4.8878 4.8811

Note Table 1 shows the angle differences in the Malin, Tesla, Los Banos and Midway
order as expected.

3.5 Improper or inadequately documented PMU signal configurations

3.5.1 Incorrect, dead, or missing voltage phase references

While PMUs can produce values for voltage, current, and frequency, at a
fundamental level, all of these values are calculated based on measurements of
potential differences (voltage waveforms). PMUs typically require a single voltage
phasor to be configured to be used as a reference to calculate frequency. Several
voltage phasors are defined which appear to be dead throughout the data set. This
in turn leads to a static 60 Hz frequency reading for that PMU (see Figure 6). The
faulty signals should either be removed from the system or repaired on location.

)
Voltage Magnitude

SYLM.VM.SYLM Sylmar Bus Voltage

§59.5

Frequency (Hz)

SYLM.FR.Sylmar

1 I 1 I 1 58.5
01:06:39 01:07:42 01:08:44 01:09:47 01:10:49 01:11:52 01:12:54
HH:MM:SS

Figure 6: Dead voltage phasor and frequency at Sylmar bus

3.5.2 Phase to Phase vs. Phase to Neutral configurations not reported

Related to the scaling factor problem, in the past, signals have been observed to
have voltage magnitude values that differed from the expected value by a factor of
1.7321 (square root of 3). This suggests that the PMU is in the opposite
configuration from what the configuration file indicates.
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3.5.3 Signing (direction) of current — CT Orientation

The typical signing convention for power flow signals at substations calls for positive
values to represent inbound flows and negative values to represent outbound flows.
EPG analysts experienced inconsistent signing within the data sets received even
for two parallel lines such as Los Banos-Gates. For example, at Los Banos
substation, the PMU-based power flows on Los Banos — Gates Line 1 and Los Banos
— Gates Line 3 were in opposite directions relative to each other, as shown in Figure
7 below. Moreover, the power flow in these two parallel lines should be
approximately the same magnitude, yet the PMU data does not reflect this. The
actual flows (based on EMS and PSLF data) on the two lines are in the same
direction, north-to-south, and the same magnitude.

LOSB.PP.LOSE Los Banos-Tracy 5
i H 50 §
LOSB.FF.LOSE Los Banos-Teslas

LOSE.PP.LOSE Los Banos-Midway
——— LOSBPP.LOSE Los Banos-Gates /
LOSB.PP.LOSE Los Banos-cats/_ : T T e 1 Lol i 150

i I I i 200
01:06:39 01:07:42 01:06:44 01:09:47 01:10:49 01:11:52 01:12:54
HH:MM:55

Start Time: 07-Jul-2011 01:06:39 PDT
End Time: 07-Jul-2011 01:12:54 PDT

Figure 7: Inconsistent power flows at Los Banos

Power flow direction and magnitude should be validated for every monitored
transmission line when the associated PMU is added to the data stream at CAISO.

3.54 General current/power flow signal configuration problems and
inconsistencies

Comprehensive power flow analysis using phasor data requires that the PMU data
be accurate, since there are not yet sufficient PMUs installed in the system to
provide a comprehensive view of the system. It becomes a challenge to use phasor
data that does not match expectations based on system data such as impedances
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(e.g., for parallel transmission lines, higher power flows are expected on lower
impedance lines and, conversely, lower power flows on higher impedance lines).

Figure 8 illustrates one situation that does not match these expectations. The
power flow on Midway-Vincent line 3 appears to be approximately half of the power
flow on lines 1 and 2. However, according to the PSLF cases provided by the 1SO,
each of these two lines has higher impedance than the #3 line, and, consequently
should have lower flows.

750

700

MW

MDW5.PP.MDW5 Midway-Vincent #3

- MDWS5.PP.MDW5 Midway-Vincent #2

MDWS5.PP.MDW5 Midway-Vincent #1

1 1 1 1 L 450
14.07:05 14:07:15 14:07:26 14.07:37 14:07:48 14:07:59 14:08:0%
HH:MM:S5

Start Time: 07-Jul-2011 14:07:05 PDT
End Time: 07-Jul-2011 14:08:09 PDT

Figure 8: Midway-Vincent power problems

CONCLUSION

The above examples of data quality show that the February-July, 2011 phasor data
for the PG&E area as received by EPG from CAISO does not have the quality needed
for use in system analysis. The problems described above elevate the need to
collectively validate and correct the data from the source (from CTS and PTs) to the
CAISO enhanced Phasor Data Concentrator (ePDC). The phasor data received came
from old PMUs installed in the PG&E area. PG&E has an ongoing project to install
new PMUs in its area; these PMUs follow IEC 61850 standard. Since everyone else
in the WECC system currently uses IEEE C37-118 standard, a conversion program
is required to obtain data from the new PMUs being installed by PG&E.

# Electric Power Giroup



4.0 Data Received for the May 24 to December 31, 2012
Period

This phasor-SE comparison analysis was completed using 2012 phase angle data
provided by CAISO. The phasor data was collected by CAISO from their ePDC via
COMTRADE into a storage disk and provided to EPG. The CAISO ePDC receives the
phasor data from the PDCs at BPA, PG&E and SCE. Recently CAISO began receiving
phasor data from Salt River Project (SRP) as well, but there was not enough data
from SRP to be included in this analysis. EPG analysts had no problem reading the
phasor data received however upon analysis of the downloaded phasor data, EPG
found the zero values for voltages at the PG&E and SCE substations. Upon
research, the cause was identified as lack of proper reading files from the SCE and
PG&E PDCs to the CAISO ePDC. This deficiency has since been corrected. Voltage
phase angles, however, were not affected and are available for angle difference
baselining, the second goal of this Task 6.

State estimator cases were received for the June 18 to December 31, 2012 period
at 5-minute intervals for a total of approximately 55,000 cases.

4.1 Process Used in Data Quality Analysis of the May to December 2012
Data

EPG conducted a data quality analysis by comparing the phasor data based results
with the SE data based results. The phasor data received consisted of voltage
phase angles for 22 substations. The state estimator cases received from the
CAISO were solved and the resulting solved cases used as sources of information to
calculate phase angle differences.

EPG developed computer programs to calculate phase angle differences from the
phasor data and from the SE solved cases. Angle differences were obtained for 18
pairs of substations equipped with PMUs installed. The list of 18 pairs developed
based on current availability of PMUs is shown below in Table 2.

Table 2: Angle Pairs for Phasor data Analysis

(CAISO agreed with list on 12/14/12)

John Day-Malin
Malin-Tesla
Tesla-Los Banos
Los Banos-Midway
Midway-Vincent

A o A

Vincent-Lugo
Eldorado-Lugo
Mohave-Lugo

PN
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9. Lugo-Mira Loma
10. Lugo-Serrano
11. Devers-Valley
12. Valley-Serrano

13. Vincent-SONGS 230 kV

14. Serrano-SONGS 230 kV

15. Mira Loma-SONGS 230kV
16. Big Creek-Magunden 230 kV
17. Magunden-Vincent 230 kV
18. Kramer-Lugo 230 kV

Phasor data was extracted and processed to develop curves for each of the 18
pairs. Similarly, angle differences data was extracted from the SE solved cases to
produce angle difference curves for each of the 18 pairs listed above. The two
curves, one from phasor data and the other from SE data, were plotted on the
same graph for comparison. Appendix 2 shows phasor vs. SE comparison plots for
the 18 pairs for July 28, 2012, and Appendix 3 shows phasor vs. SE comparison
plots for the 18 pairs for August 9, 2012.

4.2 Data Quality Analysis

Analysis of the graphs in Appendices 2 and 3 produce the following results:

The curves, phasor-based and SE based, for 11 pairs have enough similarity to
consider them consistent. The minor differences can be attributed to assumptions
made in the state estimation process. The graphs for the Kramer-Lugo pair, July 28
data, show a difference of about 2 degrees in the middle of the day. Further
investigation indicates the PMU may have been producing zero data for that period
of time. The graphs for August 9 appear to be usable. The 11 pairs are:

Vincent-Lugo
Eldorado-Lugo

Lugo-Mira Loma
Lugo-Serrano
Devers-Valley
Valley-Serrano
Vincent-SONGS 230 kV
Serrano-SONGS 230 kV
Mira Loma-SONGS 230kV
Magunden-Vincent 230 kV
Kramer-Lugo 230 kV

=
RPOOONOORAONE

=

b. John Day — Malin pair: the two curves, phasor and SE, for this pair are similar
in shape for both days but separated by about 4 degrees. In attempt to
resolve this difference, EPG obtained phasor data from BPA for July 28 and
August 9, 2012. The phasor data from BPA match the phasor data from
CAISO. BPA claims that their phasor data match their SE data (Nick Leitschuh-
BPA). As a result, the focus of further investigation is the state estimator data

# Electric Power Giroup 1



from CAISO. Jim Hiebert-CAISO will work with Nick-BPA to resolve this issue.
I

c. The graphs for the four pairs involving substations in the PG&E area appear to
be good state estimator curves. However, the curves obtained from phasor
data contain much noise and are not suitable for baselining because either the
phasor data is inadequate (Tesla and Midway) or missing (Los Banos). EPG
learned that PG&E is implementing a plan to install PMUs in many substations
that are intended to meet the new PMU communication IEC 61850 standard.
CAISO or EPG or WECC for that matter, have no way at this time to read data
in this format until a reader is developed and implemented to convert PG&E
phasor data to C37-118 format.

d. Mohave-Lugo pair: the phasor data for Mohave is missing but the SE based
angle difference curve for this pair appears usable. Upon consultation with
SCE, operator of Mohave, we learned the PMU at Mohave was removed from
service on April 9, 2011.

e. Big Creek-Magunden pair: the phasor data for Big Creek is missing for the two
days analyzed (July 28 and August 9); the SE based angle difference curve for
this pair appears usable. Upon consultation with SCE, operator of Big Creek,
we learned the PMU at Big Creek is operable and producing good data. EPG
reviewed all data received from CAISO for Big Creek and found an availability
of 75% which is acceptable to include it for baselining purposes.
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5.0 Summary and Conclusions

a. Of the 18 pairs analyzed, EPG finds that phasor data from 19 PMUs
appear to be adequate.

b. Phasor data from three existing PMUs, Tesla, Los Banos and Midway, in
the PG&E area are unusable and negate four pairs for baselining.

Cc. SCE's Mohave substation PMU is no longer operable negating one pair.

d. CAISO is working with BPA to resolve the phasor-SE discrepancy for the
John Day-Malin pair.

e. EPG found that overall phasor data for Big Creek is available for 75% of
the time. EPG will include the Big Creek-Magunden pair for baselining
analysis.

f. EPG will have adequate data to conduct phasor based baselining for 13
pairs.

g. SE based data is adequate to conduct baselining analysis for the 18 pairs.

6.0 Recommendations

a. Obtain usable phasor data from PMUs in the PG&E area; California-Oregon
intertie, Path 15 and Midway-Vincent paths are important transmission
paths to monitor.

b. A “reader” should be developed to access 61850 PMU data from PG&E and
convert it to usable C37-118 format.

c. Resolve discrepancies for the John Day-Malin pair.

d. Continue saving phasor and state estimator data to complete one year
worth of data (2013).

e. Ensure phasor data saved is accurate; periodically compare it with SE
data.
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Appendix F of the PIR-10-068 Final Report

AKA Appendix 2 of Task 6 Deliverable

CEC PIR-10-068 —Task 6 State Estimator vs. Phasor Comparison

Angle Differences for July 28, 2012

Angle Pairs Compared

John Day-Malin

Malin-Tesla
Tesla-Los Banos
Los Banos-Midway
Midway-Vincent

Vincent-Lugo
Eldorado-Lugo
Mohave-Lugo
Lugo-Mira Loma
Lugo-Serrano
Devers-Valley
Valley-Serrano

Vincent-SONGS 230 kV
Serrano-SONGS 230 kV
Mira Loma-SONGS 230kV
Big Creek-Magunden 230 kV
Magunden-Vincent 230 kV
Kramer-Lugo 230 kV
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Big Creek — Magunden 230 (Phasor)
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CAISO Comparison Aug 9

Appendix G of PIR-10-068 Final Report

CEC PIR-10-068 —Task 6 (Appendix 3)
State Estimator vs. Phasor Comparison
Angle Differences for August 9, 2012

Angle Pairs Compared

1. John Day-Malin

2 Malin-Tesla

3. Tesla-Los Banos
4. Los Banos-Midway
5 Midway-Vincent

6 Vincent-Lugo

7. Eldorado-Lugo

8. Mohave-Lugo

9. Lugo-Mira Loma
10. Lugo-Serrano
11. Devers-Valley
12. Valley-Serrano

13.  Vincent-SONGS 230 kV

14.  Serrano-SONGS 230 kV

15. Mira Loma-SONGS 230kV
16. Big Creek-Magunden 230 kV
17. Magunden-Vincent 230 kV
18. Kramer-Lugo 230 kV
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Objective
Statistical analysis of system data with time frame of one year or more is performed to identify the
baseline behavior of the system which includes:

Identification of thresholds to set for identifying alarming conditions.
Seasonal variability analysis.

System behavior during daily on-peak and off-peak hours.

Sensitivity analysis of one system metric with another.

Data Mining (outlier analysis for identifying possible system disruptions).
Data quality and availability analysis.

Identification of stressed locations and flow gates.

Clustering analysis to identify data source units with similar behavior.

W O N R WD R

Data source comparison and validation (for example: Phasor and SE, Phasor and EMS).

Phasor measurement units (PMUs) produce a large amount of data at 30 — 60 samples per second which
is essential to capture the grid dynamics for monitoring and event analysis purposes. When this data is
used for long term analysis in the order of daily, weekly, monthly, seasonal, and yearly time frames, then
the analysis process runs into a problem of dealing with a large amount of data. For example, it is
necessary to have approximately 5 Terabytes of storage space available to archive one year of 30
samples/second data of a typical system with 50 PMUs. A typical baselining analysis requires at least one
year of data to analyze effect of seasonal variations in system performance.

Processing these large datasets requires a considerable amount of computer system resources and time,
which is the major concern during baselining analysis of synchrophasor data. This document provides a
functional specification of automated methods and pre-analysis steps that can be taken to enable the
user to get automated and on-demand statistical summary of the data without the frustration and time
consuming activity of loading and processing of large sets of synchrophasor data at their maximum
resolution.

1 Data Sources
The possible list of data sources used for baselining analysis can be divided into two broad categories:

1. Databases (examples: Pl Database, RTDMS® Database, and MySQL Database).
2. Data Files (examples: CSV data files, COMTRADE data files, and DST data files)

Data files are more portable than databases and better suited for short-term data analysis. Use of data
files for long-term analysis is inefficient as it involves individual processing of large amount of data files

! “Electric Power Group. Built upon GRID-3P platform, US Patent 7,233,843, US Patent 8,060259, and US Patent 8,401,710. All
rights reserved.
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(each with its own metadata in the form of header row in CSV files and configuration files in the case of
COMTRADE and DST files) to extract statistical summary information. While automatically processing
these files, the metadata information of each file must be matched with the metadata previously
processed files for calculating data summaries. The challenge of synchronizing metadata information
across all the data files makes it harder to use data files for long term statistical data analysis. In
addition, the extracted statistical summary information is highly specific to the particular analysis being
conducted by the user at the time, and to change any analysis parameters would require repeating
processing of each file all over again.

Databases in comparison are better suited for automated pre-processing of data, extracting summary
analysis, and archiving the summary statistics for future analysis. This is due to the fact that all the
metadata information is centrally stored in the database and changing any analysis parameters can be
conveniently done while extracting summary information and generating analysis reports. This
document focuses on automation of long-term statistical analysis using data stored in database format.

2 Data Preprocessing

Data preprocessing is an essential part of long term data analysis which must be performed on the data
in the database prior to extracting statistical summary information. This process should ideally be
performed daily after midnight (low system load conditions) to work on previous day’s data and archive
the summary results for later analysis. This process can be automated and would include the following
steps.

2.1 Data cleaning

Data cleaning is the process of elimination of bad data from the dataset. Data is identified to be of bad
quality by using the status flag information, relational operator filters, filters to detect and eliminate
prolonged identical data values, and other customized filters. Data cleaning should be completed before
any further statistical analysis is performed on the data to avoid including bad data in the analysis
process.

1. Apply Status flag if available. Status flag is a part of the C37.118 data stream coming from the
PMU and contains information regarding the quality and reliability of the data being transmitted
from the PMU.

2. Apply relational operator filters (>=, <=, ==) for known bad data. The purpose of this is to
eliminate any high and low extreme values that are known to be bad (through operational
knowledge of power systems; for example, frequency values which are less than 55Hz or greater
than 65Hz)

3. Filters to eliminate prolonged identical data values. It is observed that if the data values remain
identical for a long period of time (few minutes); it is an indication of data dropout with a
repetition of previous good value. The customized filter will identify repetition of data values
more than configurable time duration and eliminate those data points.
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4. Filters to eliminate noisy data values: Noisy data can be identified by checking standard
deviation value of a sample dataset. This filter is used after data is cleaned and while calculating
statistical summary variables during down sampling process.

2.2 Data down-sampling (1-sec and 1-min)

Data down sampling is essential to manage the data volume for long term analysis while preserving the
information present in the high resolution data. This is achieved by using the sub-second data to
calculate the following information during the time duration periods of 1-second and 1-minute: The
method of down sampling proposed in this document is to keep all the relevant statistical information
intact (such as, max, min, median, and standard deviation).

Max value.

Min value.

Median value.

Average (Mean) value.

Standard deviation value.

90% data max value (to eliminate outliers).

No v s wWwN e

90% data min value (to eliminate outliers).

Table 1 provides an estimation of data volume reduction when data is down-sampled for long term
analysis. Assuming a linear relationship between number of data points and analysis effort (time and
system resources), the suggested down-sampled resolution aims to keep the effort comparable to
analyzing one-hour of data at full 30-samples per second. From previous studies experience, analysis of
1-hour of sub-second data takes approximately 30-minutes to 2-hours depending on the number of
PMUs and signals to analyze.

Analysis effort
Long Term Number of data Recommended Number of down compared to
Analysis points per signal down sampled sampled data analyzing 1-Hour of
Duration at 30 samples/sec data points sub-second data
Hourly 108,000 Sub-Second 108000 100%
Daily 2,592,000 1-Second 86400 80%
Weekly 18,144,000 1-Second 86400 x 7 80% x 7
Monthly 77,760,000 1-Minute 43200 40%
Yearly 922,752,000 1-Minute 43200x 12 40% x 12

Table 1: Comparison of analysis effort for long term analysis durations

It can be noted that weekly analysis can be then broken down to 7 daily analyses and yearly analysis can

be broken down to 12 monthly analyses. Seasonal analysis will be a combination of approximately 4-5

monthly analyses.
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2.3 Data availability analysis

Data availability analysis is done by calculating the percentage of missing data points compared to
expected data points. For example, if in an hour instead of expected 108,000 data points there are
107,000 data points in the database then the data availability will be = (108,000-107,000)/108,000 =
99.07%. The analysis is performed for the down-sampled duration (1-second and 1-minute) and the
results are archived for future analysis.

2.4 Data quality analysis

Data quality analysis is done after completion of the data cleaning process. This measures the
percentage of good data available in a set of data points. Continuing with the example in section 2.3; if
out of the available 107,000 data points, 5,000 data points were eliminated using combination of the
data filters in the data cleaning process, then data quality analysis will result = 5,000/107,000 = 95.33%
good data. To get an estimate of overall good quality data available for analysis, multiply the numbers
from data availability and data quality analysis = 99.07% * 95.33% = 94.44% good quality data available.
Data quality analysis is also performed for the down-sampled time durations at the end of the day and
summary results can be archived for future analysis.

2.5 Summary database creation

The Figure 1 flowchart illustrates the preprocessing steps to be performed on the data in the database
and the resulting summary statistics to be archived in summary databases for future analysis.
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Figure 1: Statistical summary database creation flowchart

The Administrator user interface (The administrator user interface will be part of the proposed new

baselining app to be integrated with the database) with options to create the summary databases is

shown in the Figure 2 below. It is important to revisit this and tweak the settings as required. It is

recommended to automatically add new PMUs and signals when available.
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Summary Database Parameters:

Data Cleaning:

| Apply Status Flag
& Eliminate Prolonged Constant Values Max Duration: Samples

& | Eliminate Extreme Valuses

W | Frequency Min: Hz Max: Hz
W Veltage Magnitude Min: P.u. Max: Pau.
W | Voltage Angle Min: Deg Man: Deg

| Eliminate Noisy Values Max Std. Dev: for 1 Sample/Second Database
Max Std. Dewv: for 1 sample/Minute Database
Data Selection:
Awailable Signal Types: ) Zelected Signal Types: Available Summary Variables: selected Summary Variables:
Current Magnitude Add ] Frequency Add M.Hi'.
Current Anghe ; . Min
MW Voltage Magnitude ———— | Average
Add All
MVAR Voltage Angle | oaddan |
Angle Difference Standard Deviation
Remowe Remove
DOt/ Dt —J 90 percent Data Max
Status Flag o an | | 90 percent Data Min
! Remave Al .
Digital mave | Remove all | | o Available Data

HAvailable PMUS: Selected PMUs: Avallable Signals:

Selected Signals:
PMIUL PMULFR
#dld '

mﬂ;i I PhALIZ [E PAMUL VA
PRALZ

PMLID Add Al PILI Add Al | ::m 35\&:"

PRUS FMUE:VF\

Remove | BMLE fapes ] PRI
PRALT

Rermave Al PIMLE | Remove All | smﬁicﬁ.ﬁ

& Automatically add new PR Us and Signals (Recommended)

Sawve Changes Unda Changes

Figure 2: Administrative user interface to summary database

When starting on a brand new database, this process can be run continuously on all the available data to
create the summary databases. When the process is completed, any future process is recommended to
be run daily after midnight on the previous day’s data.

3 Long-Term Data Analysis

Long-term data analysis can be performed on the two summary databases to extract statistical summary
information. This information can either be automatically e-mailed to recipients based on a pre-defined
report format or generated on-demand by the users using an interface to interact with the database
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variables and produce requested results. The 1-second and 1-minute summary data can also be
downloaded and exported to perform custom analysis using other data analysis applications.

3.1 On-Demand Reports

An interface will be built as a windows application or a web page to be able to connect to the 1-second
and 1-minute summary databases and generate charts and graphs based on the summary data
variables. The interface will allow selection of Date and Time, Data Resolution, Signal Type, Signal
Names, Data Summary Variable, and Chart Type. In addition, each chart type will have its own set of
parameters to be selected.

3.1.1 Date and Time

By default the end date time is pre-selected to be the last hour of previous day. This can be changed to
any day and hour in history which is not earlier than the earliest available data. The available date time
range is displayed as a reference. The date selection will open a calendar for selecting required date and
the time selection will be restricted to “Hour” selection from 0 to 23.

There will be pre-defined time range available as Last Hour, Last 24 Hours, Last 7 Days, Last 30 Days, and
Last 52 Weeks. If the user wishes a custom date range selection then the custom button is selected
which enables a “Start Date/Time” selection.

By default data resolution will be 1 sample per second, which will be automatically switched to 1 sample
per minute for any date range greater than 7 days. This can be reverted back by user to 1 sample per
second, which will result in a warning message to the user that the result will take longer time than
usual. Sample interface is illustrated below.

Available Data from 01/01,/2013 to 04/17/2013

Select End Date: a4/17/2013 | Hawr: | 23 || Range: Last 24 Hours . 1-Sample/Second
4 April 13 > Last Hour
SelectStartDate: |y T w T F 5 & Hear: “ Last 24 Hoairs 1-Sample/Minute
1 23 4 5 & 7 Last 7 Days
S Last 30 Days
& 9 10 11 12 13 14 Last 52 Weeks
15 16 17 18 19 20 21 Custom
22 23 24 35 26 27 2B
29 30

Figure 3: Date and time range selection interface

3.1.2 Signal Selection
Signal selection interface allows user to select signal types, signal names, and corresponding data
summary variables to be used for creating charts. Signal types window will contain all the available
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signal types in the summary database. After signal type selection, the required data summary variables

need to be selected from the available list:

Max.

Min.

Average.

Median.

Standard deviation.

90 percent data max.

90 percent data min.
Percentage available data.

Lo N R WDNE

Percentage good quality data.

Selecting the signal type and summary variables will display all the available signal names. Desired

signal names need to be selected and moved to selected signals section. If voltage or current angles are

selected then an angle reference selection is needed. The interface below shown in Figure 4 illustrates

the interface for signal and summary variable selection.

Signal and variable selection

Select Sgnal Types:
Frequency
Vaoltage Magnitude
Valtage Anzle
Current Magnitude
Current Angle
W
WMAVAR
Angle Difference

Available Signals:

Frequency 3
Freguency 4
Frequency 5
Frequency &
Freguency 7
Freguency &
Freguency 9
Frequency 10

[ Select Voltage Angle Reference [+

[ Select Current Angle Reference [+

A

Add All

Femove All

R

Select Summary Variables:

MWax

Min

Average

Median

Standard Deviation
90 percent Data Max
% percent Data Min
Percent Available Data

Selected Signals:

Freguency 1
Freguency 2

Figure 4: Signal and summary variable selection interface
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3.1.3 Chart Display and Data Export

After selecting the desired signals and summary variables, there are two options available to the user to
either display the result in a chart or export the data in CSV format for further analysis using other data
analysis tools such as Excel or Matlab. User option of displaying data as charts needs selection of chart
types and corresponding chart parameters.

3.1.3.1 Line Chart:
The default chart is the simple “Line Chart” which is automatically selected and generated when the
“Display Chart” button is clicked. Line chart can be generated by “combining” all the signals of the same

Ill

signal type in one chart or generating “individual” charts.

Line charts can also be plotted with periodicity groupings of Hourly, Daily, and Weekly. For example, if
angle difference data for a week is plotted with daily periodicity then there will be seven line charts (for
each day of the week) plotted on the same chart area. This will enable comparing data behavior of each
day of the week with other days and identify baseline behavior and any unusual system behavior during
different times of the day.

3.1.3.2 Time Duration Chart:

Time duration chart is generated by sorting the data and plotting as a line chart with x-axis as the
percentage of data from 0 to 100. This helps in identifying the spread of data from maximum value to
minimum value and also the percentage of any data range as shown below.

¥ T T T

20
Drata Déswibution (%)

Figure 5: Sample time duration chart

3.1.3.3 Box-Whisker Chart:

Box-whisker chart is generated by first grouping the data and then plotting the box and whiskers over
grouped time in the x-axis. The available groups are hourly, daily and weekly, which are available when
corresponding selected time range exceeds one hour, one day and one week. Sample chart in Figure 6
explains some of the properties of the chart.

The box-whisker chart shows the data distribution (min, max, median) for each group (hourly, daily, and
weekly) and its variation over the analysis duration. In addition to providing information regarding the
spread of the data it also indicates missing data if any particular box-whisker is missing from the plot.
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In addition to grouping, box-whisker charts can be plotted with daily periodicity (with hourly grouping)
and weekly periodicity (with daily grouping). In these plots, all the data of the same hour of day (for
daily periodicity) or same day of week (for weekly periodicity) are grouped together. This will provide
further information on baseline behavior of any signal for any particular hour of day or day of week as

desired.

25" and 75'" percentiles
of the samples

Max Value

et b g

Min Value

Figure 7 illustrates the user interface for selecting chart type and available chart parameters.

: Sample median (if not
centered, shows
sample skewness)

e

Whiskers (drawn Interquartile range
from edge of inter
quartile range to max

and min data points)

Figure 6: Sample box-whisker chart

Chart Salection:

Select Chart Type:

{0 Line chart

Tirne Duration Chart

Box-Whisker Chart

Select Periodicity:

1| Combined
Grouping: Haurly Diaily Weekly
O Mone Haourly o Daily | Weekly

Figure 7: Chart type selection interface
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The “Combined” option is only available for line charts and when checked it will generate line chart with
all selected signal variables in the same chart area. Grouping is only available for box-whisker chart.
Periodicity is available for all the chart types. For “Line Chart” it is enabled when “Combined” option is
unchecked. For “Box-Whisker” chart when “Hourly” grouping is selected then only “Daily” periodicity is

available, and when “Daily” grouping is selected then only “Weekly” periodicity is available.

3.2 Automated Daily Reports

Automated daily reports can be generated by an application which operates on the 1-second and 1-

minute summary database and e-mails the results to listed recipients. This report will have summary
statistics on data availability and data quality at the PMU level, daily statistical summary of the data of
selected signals (user configurable) and also highlight any unusual system conditions in last 24-hours.

The report contents and recipients can be configured using interface illustrated in Figure 8 below.

Automated Daily Report:

Data Selection:

Current Magnitude
Current Angle

AW

RAVAR

DDt

Status Flag

Digital

Analog

Available PMUSs:

Awailable Data Types:

Selected Data Types:

Available Summary Tables:

Add Drata Availability
Frequency
Addd All Veoltage Magnitude
Voltage Angle
Remove Angle Difference

Rermave All

Selected PMUSs:

P23
IR VEN)
PRAUAD

PRI
PRALIZ
PRILS
PRALM
PMUS
PMLG
PMILI7
PrILIE

A

Add Al

Remowe

By B

| Remave All

Report Recipients:

Awailzble Signals:

dd

Add All

Remaow

Add

Add All

J5 o L

| Remove Al |

Selected Summary Tables:

Drata Avallability

Hourly Data Availability
Daily Frequency Perf
Hourly Sys Frequency Perf
Craily Vaoltage Mag Perf
Haourly Voltage Mag Perf
Daily Valtage Ang Perf
Haourly Woltage Ang Perf

Selected Signals:

H

FMLULFR
PRAUL WA
PRALIL WM
PMUZFR
PMUZ A
PhL2 VR
PMUI.FR
PALIS WA

Enter e-mail address

of recipients separated by comma

Save Changes

Undo Changes

Figure 8: Daily report configuration interface

3.2.1 Data availability summary
Following sample Table 2 illustrates the summary data to be extracted and reported to highlight the

severity of any data quality/availability issues:
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Last 24-
Hours Last 7-Days | Last 30-Days Last 90-Days
PMU1 100% 99.97% 98.95% 97.25%
PMU2 60% 75% 80% 85%
PMU3 55% 48% 30% 28%
PMU4 95% 88% NA NA

Table 2: Data availability summary table

Each column is a rolling time window of 24-Hour, 7-days, 30-days and 90-days. The data in the sample
Table 2 helps illustrate possible different types of data quality/availability issues with each PMU.

PMU1 has been consistently of good quality for data monitoring and analysis.
PMU?2 historically had good data quality but has recently developed data quality problems.

3. PMU3 data quality has been consistently bad and needs attention to be fixed or removed from
data monitoring and analysis purposes.

4. PMU4 has recently stated sending data in less than 30-days and has some data quality issues but
overall acceptable.

Data availability hourly summary Table 3 below provides further granularity on the data
quality/availability for Last 24-Hours. Each column represents hour from 0 to 23. The boxes are color-
coded based on the data availability percentage values (user configurable)

0|1(2|3|4|5|6(|7|8|9|10|11 |12 |13 |14 |15 (16|17 (18|19 |20 |21 | 22| 23

PMU1
PMU2

PMU3
PMUA4

Table 3: Data availability hourly summary table

The table provides at-a-glance information regarding the nature of problems with data availability.

Following observations can be made:

PMU1 has overall good data quality.

PMU?2 suffers from consistent bad data quality over the 24-hour duration.

PMU3 has random extreme data dropouts/ bad data quality.

Hours 5 and 6 have data quality issue across all the PMUs which indicate data quality issue
independent of any PMU. This can be a system related issue at the receiving end and needs to
be further looked at.

i A

3.2.2 Frequency data performance
The frequency data daily performance Table 4 contains summary statistics of last day. The first row is for

system frequency performance. System frequency is the average value of frequency from selected
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representative signals (user configurable). The frequency signals can be grouped into regions across the
system to identify the location of any identified issue. The summary Table 4 includes following variables:

Daily Minimum: Minimum of 1-second minimum value table in last 24 hours.

Daily Maximum: Maximum of 1-second maximum value table in last 24 hours.

Daily Average: Average of 1-second average value table in last 24 hours.

Daily Std. Dev.: Standard Deviation of 1-second average value table in last 24 hours.

e W

Max. Dev. (mHz): Maximum difference between 1-minute maximum and 1-minute minimum
value of two consecutive minutes in last 24 hours. This provides information regarding any large
sudden change in frequency values in last 24 hours.

Max. Dev. = Max[abs(Max; — Min,1),abs( Min; — Max,1)] for all minutes in last 24 hours

6. Max. Dev. 60 (mHz): Maximum difference between 1-minute maximum and 1-minute minimum
value from nominal frequency in last 24 hours.

Max. Dev. = Max[abs(Max; — 60),abs(Min; — 60)] for all minutes in last 24 hours

Region Signal Min Max Avg. Std. Dev. Max. Dev. | Max Nom Dev.
System Sys Freq
Regionl Freql
Freq2
Freq3
Region2 Freqd

Table 4: Frequency data daily performance table

The system frequency hourly performance Table 5 provides further granularity of system frequency
performance by providing at-a-glance color-coded deviation (in mHz) of 5-minute frequency average
values from nominal frequency value for last 24-hours. The rows are Hours from 0 to 23. The first
column is the deviation of hourly average value from nominal frequency. Columns 2 to 12 are the
deviation of 5-minute average frequency values from nominal (in mHz) which are color-coded (user
configurable) to identify any unusual system behavior.

Avg 0-5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-60

HRO | -1.5 5.5 3.2 2.6 | 11.0 | -35.1 | -30.2 | 1.0 2.3 5.6 7.8 6.4 2.3

HR1 -26 |-309| -63 | -5.2 | 4.1 2.5 15 | -23 | 8.9 7.5 -6.1 | -5.3 8.4

HR2 | -18.7 9.2 5.4 1.3 113 | 9.4 | -36.4 | -38.5 | -40.6 | -32.8 | 8.1

HR3 3.6 2.0 -7.9 | -94 5.7 | 140 | 9.4 | -11.6 | -20.3 | -22.6

Table 5: System frequency hourly performance table

3.2.3 Voltage magnitude performance

The voltage data daily performance table contains summary statistics of last day. The voltage signals can
be grouped into regions across the system to identify the location of any identified issue. The summary
table includes following variables:
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1. Daily Minimum: Minimum of 1-second minimum value table in last 24 hours.

2. Daily Maximum: Maximum of 1-second maximum value table in last 24 hours.

3. Daily Average: Average of 1-second average value table in last 24 hours.

4. Daily Std. Dev.: Standard Deviation of 1-second average value table in last 24 hours.

5. Max. Dev. (kV): Maximum difference between 1-minute maximum and 1-minute minimum value
of two consecutive minutes in last 24 hours. This provides information regarding any large
sudden change in voltage values in last 24 hours.

Max. Dev. = Max[abs(Max; — Min,),abs( Min, — Max..1)] for all minutes in last 24 hours

6. Max. Nom. Dev. (kV): Maximum difference between 1-minute maximum and 1-minute minimum
value from nominal voltage in last 24 hours. Nominal kV is automatically assigned to be Base kV,
which can be changed by admin during report configuration.

Max. Dev. = Max[abs(Max; — Nominal kV),abs(Min; — Nominal kV)] for all minutes in last 24 hours
Region Signal Base kV Min Max Avg. Std. Dev. Max. Dev. Max Nom Dev
Regionl | VM1

VM2
VM3

Region2 | VM4

Table 6: Voltage magnitude daily performance table

Voltage magnitude hourly performance Table 7 below provides further granularity on the performance

of voltage magnitude signals for Last 24-Hours. Each column represents hour from 0 to 23. The boxes

are color-coded (user configurable) based on the “maximum nominal deviation” values as defined in

item 6 of section 3.2.3 above.

Region Signal |0 |1|2|3|4|5]|]6|7|8|9]|0 1 2 3 4 5 6 7 8 9 0 1 2 3
Region | VM
1 1
Region
2 4
Table 7: Voltage magnitude hourly performance table
3.2.4 Voltage angle performance

The voltage angle data daily performance Table 8 contains summary statistics of last day. The voltage

angle signals can be grouped into regions across the system to identify the location of any identified
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issue. The voltage angle data is calculated based on a reference angle (user configurable). The reference
is ideally selected to be centrally located in the system. The summary table includes following variables:

Daily Minimum: Minimum of 1-second minimum value table in last 24 hours.

Daily Maximum: Maximum of 1-second maximum value table in last 24 hours.

Daily Average: Average of 1-second average value table in last 24 hours.

Daily Std. Dev.: Standard Deviation of 1-second average value table in last 24 hours.

vk wnN e

Max. Dev. (Degrees): Maximum difference between 1-minute maximum and 1-minute minimum
value of two consecutive minutes in last 24 hours. This provides information regarding any large
sudden change in voltage angle values in last 24 hours.

Max. Dev. = Max[abs(Max; — Min,,),abs( Min, — Max.1)] for all minutes in last 24 hours

Region Signal Base kV Min Max Avg. Std. Dev. Max. Dev.
Regionl | VAl

VA2

VA3
Region2 | VA4

Table 8: Voltage angle daily performance table

Voltage angle hourly performance Table 9 below provides further granularity on the performance of
voltage angle signals for Last 24-Hours. Each column represents hour from 0 to 23. The boxes are color-
coded (user configurable) based on the “maximum deviation” values as defined in item 5 of section
3.2.4 above.

Region |Signa [0 |12 [3|4[s5|6|7[8]9of1 |1 [1 |1 |1 ]1 1 |1 ][1 [1 |2 2 |2
| 0|1 |2 |3 |4 |5 8 |9 |o |1 |2 |3
Region | VAl
1
VA2
vas [ LT
Region | VA4
2

Table 9: Voltage angle hourly performance table

3.2.5 Angle difference performance

The angle difference data daily performance table contains summary statistics of last day. Angle
difference signals must be defined during report configuration. The summary table includes following
variables:

1. Daily Minimum: Minimum of 1-second minimum value table in last 24 hours.
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e W

Daily Maximum: Maximum of 1-second maximum value table in last 24 hours.

Daily Average: Average of 1-second average value table in last 24 hours.
Daily Std. Dev.: Standard Deviation of 1-second average value table in last 24 hours.
Max. Dev. (Degrees): Maximum difference between 1-minute maximum and 1-minute minimum

value of two consecutive minutes in last 24 hours. This provides information regarding any large

sudden change in angle difference values in last 24 hours.
Max. Dev. = Max[abs(Max; — Min,,),abs( Min; — Max..)] for all minutes in last 24 hours

Signal

Min

Max Avg. Std. Dev. Max. Dev.

AD1

AD2

AD3

AD4

Table 10: Angle difference daily performance table

Angle difference hourly performance Table 11 below provides further granularity on the performance of
angle difference signals for Last 24-Hours. Each column represents hour from 0 to 23. The boxes are

color-coded (user configurable) based on the “maximum deviation” values as defined in item 5 of

section 3.2.5 above.

01|23 6 9 |10 {11 {12 |13 |14 |15 |16 |17 |18 |19 | 20 | 21 | 22 | 23
AD1
AD2
AD3
AD4

Table 11: Angle difference hourly performance table
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