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WECC Plan for Dynamic Performance
and Disturbance Monitoring

1. Background:

This Plan for Dynamic Performance and Disturbance Monitoring represents the WECC
Plan for Performance Monitoring, and is intended to be updated and revised biennially as
needed to be kept current with system needs.

The North American Electric Reliability Council (NERC) has established standards and
measures related to required disturbance monitoring.  These are described in
Attachment 6.  The WECC has been long active in this area and is formalizing these
efforts by a plan set forth by this document

In the WECC there are many aspects of dynamic performance that can only be learned
through direct measurements.  This need has led to facilities, technologies, and practices
in the WECC that are designed for general performance monitoring, and that provide the
basis for an evolving dynamic information network that spans much of the Western
Interconnection.   The subject of disturbance monitoring, for which the NERC has
recently established standards and guides, is best addressed by the WECC within the
broader framework of performance monitoring.  This document is written from that
perspective.

The WECC has been very active in performance monitoring, and has defined the state of
the art for this in many respects.  Much of this activity started some decades ago, at
individual utilities with special involvements in long distance transmission.  Sustained
efforts at the WECC level began with the 0.7 Hz Ad hoc Work Group (1988-90), and
were broadened under the successor System Oscillations Work Group, or SOWG (1990-
1994).  These efforts identified better access to dynamic information as a strategic
necessity for maintaining the reliability and performance of the Western Interconnection.
Working from these WECC findings, several WECC utilities joined with the U.S.
Department of Energy (DOE) and EPRI in a series of technology demonstration projects
under the Wide Area Measurement System (WAMS) effort.

This collective effort has produced many documents based upon WECC experience and
perspectives in wide area measurements, and in performance monitoring in particular.
The effort has also produced an explicit technology set, the WAMS technologies, that
was designed for WECC needs and that provides the technology base for most of the
wide area monitoring facilities now in service there.

Much of this work is being done without an up-to-date plan of action that has been
formally recognized and endorsed at the WECC level.  While a great deal of relevant
documentation exist, much of this is broadly focused and some of it is fairly old.
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2. Functionalities in Monitor Systems

The power system contains many devices that can serve as monitors for some processes
and purposes.  This document narrows the field somewhat, through the following
definition:

"A monitor is any device that automatically records power system data, either selectively
or continuously, according to some mechanism that permits the data to be retrieved later
for analysis and display."

Comprehensive monitoring of a large power system is a long step beyond the monitoring
of local devices or even regional performance.  Developing a suitable plan of action calls
for close attention to emerging information needs and information technologies.
Timeliness of the information is becoming an increasingly important consideration.
Market deregulation encourages more aggressive use of power delivery assets, and this
may lead to progressive encroachment upon customary operating margins.  Such
considerations, along with challenges in system modeling, can greatly increase the need
for direct evidence concerning the proximity and nature of safe operating limits.

Measurement systems, and the monitor systems within them, are a major component for
the “defense in depth” approach that the WECC uses to assure system reliability.  Their
applications include

• Real time determination of transmission  capacities, assuming necessary progress with
mathematical tools. This will provide the operators valuable information on system
security to complement on-line security tools.

• Early detection of system problems.  This  enables cost reductions through performance
based maintenance, and provides a safety check on network loading.

• Refinement of planning, operation, and control processes essential to best use of
transmission assets.

The WECC planners operators and Security Coordinators provide benefit as an enterprise
network, or "people net," for coordinating monitoring activities among the utilities.  This
can be very important in dealing with system emergencies, and in the engineering
reviews that follow major disturbances or system tests.

Overall WECC measurement facilities must support:
• Real-time observation of system performance
• Recording and analysis of system disturbances
• Direct tests for purposes such as:

- validation & refinement of planning models
- commissioning or recertification of major control systems
- special investigations of dynamic performance
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From a functional standpoint, the monitor facilities must provide the following functions.
Generally all of the requirements are not fulfilled by a single instrument.
� Disturbance monitoring: usually characterized by large signals, short event records,

moderate bandwidth, and straightforward processing. The frequencies of interest
usually extend from zero Hz to an upper frequency in the range of 2 Hz to perhaps 5
Hz.Operational priority tends to be very high.

� Interaction monitoring: characterized by small signals, long records, higher
bandwidth, and fairly complex processing (such as correlation analysis). Highest
frequency of interest ranges to 20–25 Hz for rms quantities but may be substantially
higher for direct monitoring of phase voltages and currents.  Operational priority is
variable with the application and usually less than for disturbance monitoring.

� Substation fault and event monitoring: defining the timing and sequence of
defining switching from fault onset through line clearing, remedial action scheme
operation, reactor and capacitor switching and other events. Digital fault recorders,
sequence of events recorders and related devices which offer high-speed sampling for
short duration provide this capability at the substation level.

WECC experience argues that disturbance and interaction monitoring functions are best
addressed by systems that record continuously, with support by standardized toolsets that
extract and distribute the information as needed.  Sequence of events monitoring because
of the high data rate is generally recorded for triggered events.

 3. Elements of the WECC Plan for Dynamic Performance Monitoring

The Dynamic Performance Monitoring Plan consists of the following elements.  Each of
these is described in more detail in the following subsections.

1) Classes of Monitoring Equipment and minimum technical requirements
2) Required Locations for Monitoring Equipment
3) Requirements for Testing and Maintenance procedures
4) Requirements for Periodic Review and Re-certification
5) Required Protocols and Formats for Data Exchange
6) Analysis Tools
7) Access to Data
8) WECC Responsibilities

 3.1 Classes of Monitoring Equipment and Minimum Technical
Requirements

Classes of WECC monitoring facilities and technical requirements are detailed in
Attachment 1.
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 3.2 Required Locations for Monitoring Equipment

The following locations are important for the purposes of performance monitoring:

� Substations on key system interties and major load areas
� HVDC lines and links
� SVCs, TCSCs and other FACTS devices
� Key system generating plants
� Special protection systems and remedial action schemes

Measurements shall include relevant quantities depending on location including:

� Voltage, current, frequency and phase angle if available
� Real and reactive power
� Generator PSS, field voltage, field current, gate control
� AGC signals to key units
� Control signals associated with FACTS and HVDC systems
� Circuit breaker status where available as a monitor input
� Event or record time (preferably from GPS)

The current list of performance monitoring equipment is provided as Attachments 2-5.
This list will be revised as new monitors are added to the system by member utilities.
WECC Committees (PCC/TSS, OC/CMOPS/SCS and OTC Policy Group/Subregional
Study Groups) will be requested to recommend any additional monitoring points where
coverage is needed.  Listing is not required for DFR and SER which are generally
widespread across the system and regularly maintained.

 3.3 Requirements for Testing and Maintenance procedures

Testing and maintenance shall be performed based on principles of good utility practices
and depending on equipment type, with the objective that all equipment will be operating,
properly calibrated and in good working order at all times.  A request will be sent out by
the Disturbance Monitoring Work Group annually to provide an updated record on the
equipment status.  A sample is provided as Attachment 7.

 3.4 Requirements for Periodic Review and Re-certification

Monitoring equipment which is tested and maintained per Section 3.3 will be considered
as fully certified for the purposes of this plan.  New equipment will become certified by
providing this information.  Based on the information received the monitor equipment
lists will be updated by the Disturbance Monitor Task Force annually.
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 3.5 Required Protocols and Formats for Data Exchange

Protocols and formats shall be standardized so that exchanged data can imported into
processing environments such as:

� Matlab
� Excel
� Other recognized analysis tools

To the extent possible common standardized formats shall be adopted.  Contributors of
data that are in binary or special formats are encouraged to provide basic extraction tools
that translate their data for use in the processing environments indicated above, and into
ASCII.

 3.6 Analysis Tools

Analysis tools can range from simple to complex.  It is recommended that WECC
members who are engaged in regular analysis of performance data have access to the
following capabilities:

� Display/plotting of time domain signals for hard copy exchange
� Frequency domain analysis
� Model fitting to time domain and frequency domain data
� Estimation of oscillatory mode parameters
� Ability to integrate and compare data from multiple sources (including model

simulations)
� Archive scanning tools that automatically seek designated types of information
� Signal processing tools to examine oscillatory disturbances for warning signs

A general toolset that provides most of these capabilities has evolved through several
decades of Bonneville Power Administration (BPA), System Oscillation Work Group,
and Wide Area Measurement Systems (WAMS) effort.  It is available to the WECC from
BPA, and is recommended as a prototype or template for developing a standardized
measurements workstation.  The Disturbance Monitoring Work Group will maintain a list
of recommended monitoring tools and data formats.

 3.7 Access to Disturbance Data

The WECC will establish a means for providing access to system disturbance information
and analysis tools.  The methods used will be developed by the Disturbance Monitoring
Work Group and submitted to the WECC Operating Committee and Planning
Coordination Committee for approval.  This will include instructions for posting of data
by monitor site hosts.
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 3.8 Regional Member Responsibilities

� Provide a list to the Region of their disturbance monitoring equipment that is
installed and operational (Measure 2 compliance).

� Maintain a database of disturbance monitoring equipment installations (Measure 3
compliance).

� Provide to the Region system fault and disturbance data (Measure 5 compliance).
� Use recorded data to develop, maintain, and enhance steady-state and dynamic

system models and generator performance models (Measure 6 compliance).

 3.9 WECC Responsibilities

The WECC Plan for Dynamic Performance and Disturbance Monitoring will be approved
by the WECC Operating Committee, Planning Coordination Committee, and Board of
Directors and updated biennially.  The Disturbance Monitoring Work Group shall have
the responsibility for overseeing revision of the plan, compiling and maintaining required
databases for the Region, recommending WECC budget items and drafting other
procedures as required. WECC responsibilities include:

� Updating the plan biennially (Measure 1 compliance),
� Updating the list of monitoring locations on a Regional basis biennially (Measure

2 compliance),
� Establish requirements for providing disturbance monitoring data (Measure 4

compliance),
� Maintain and annually update database of recorded information (Measure 5

compliance),
� Development of analysis tools (Section 3.6),
� Provide general training in use of analysis tools (Section 3.6),
� Keeping a record of active performance monitoring equipment (Section 3.2),
� Testing, maintenance, and certification of monitoring equipment (Sections 3.3 and

3.4),
� Establishment of a means for access to monitor data and analysis tools (Section

3.7),
� Facilitating the recording of data during system tests, and
� Budgeting for the cost of important elements of this plan of common value to

WECC.

This plan meets the requirements for Measure 1.  The next revision of this plan shall be
completed by August, 2001 and thereafter biennially.  Measures 2-6 are included as part
of the NERC Phase III Pilot program.  Requirements for such items shall be completed
by August, 2001 to the meet Phase III compliance schedule.
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4. Glossary of Terms

DSM Dynamic System Monitor
FR Fault Recorder
MAPP Mid-Continent Area Power Pool
PDC Phasor Data Concentrator
PMU Phasor Measurement Unit
PPSM Portable Power System Monitor
PSAM Power System Analysis Monitor
SER Sequence of Events Recorder
WAMS Wide Area Measurement System

Updated to reflect WECC name – August 7, 2002
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