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Real-Time Monitoring


1.0 Executive Summary 

Grid West will perform several of the roles defined within the NERC Reliability Functional Model for both the Consolidated Control Area (CCA) and for the Grid West Managed Transmission System (GWMT).  Examples include: 

· Reliability functions

· System operation functions

· Market operations functions

To perform these roles, Grid West must have the ability to monitor, analyze and process relevant system conditions and data in real time. A number of systems and applications will be implemented to provide Grid West with this capability. These will include a real-time data acquisition function to enable the acquisition of real-time measurements, applications to process and/or calculate other relevant quantities (e.g., alarming, real-time calculations, reserve calculation, AGC), applications to analyze system conditions (State Estimator, Contingency Analysis, etc.) and market applications. This paper identifies the relevant system conditions and data for each Grid West functional responsibility, as well as the system and/or application associated with each system condition and data item.

Highlights of this paper include:

· Grid West will monitor a number of system conditions and data as part of its reliability, systems operations and market operations functional responsibilities. 

· Grid West will implement a variety of systems and applications to provide the required real-time monitoring functionality. These will include:

a. Supervisory Control and Data Acquisition (SCADA)

b. Generation and scheduling functions: Automatic Generation Control (AGC), Reserve Monitoring, Load Forecasting, Interchange Scheduling, Energy Accounting

c. Advanced power system applications: Outage Scheduling, Network Status Processor, State Estimator, Contingency Analysis, Post-Disturbance Recording

d. Market functions: OASIS, Tag applications, Market Portal, Real-time Balancing Service

e. Communications Functions:  Inter Control Center Communications Protocol (ICCP) for real-time data exchange and Electric Industry Data Exchange (EIDE) for non real-time data exchange.

· Grid West will acquire real-time measurements from member control centers and external control centers via ICCP and will acquire non real-time data (such as meter data, schedule data, lake elevations, etc.) via EIDE. Redundancy for critical measurements will also have to be considered.

2.0 PURPOSE

This paper identifies the relevant system conditions and data that Grid West will monitor, process and analyze in real time in support of its reliability, system operations and market operations functions. The paper also identifies systems and applications associated with each system condition and data item.

3.0 Background

3.1 Grid West Reliability and Market Functions

Grid West’s functional responsibilities for reliability, system operations and market operations of the CCA and for the GWMT are summarized in the table below. Performance of some of these functions requires real-time monitoring capabilities that are described in the sections that follow.

Figure 3.1 Grid West responsibilities for the CCA and the GWMT

	Function
	CCA
	GWMT

	Transmission Authority
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	Balancing Authority
	
	

	Interchange Coordinator
	
	

	Transmission Service Provider
	
	

	Interconnection Planning Coordinator
	
	

	Market Operator
	
	


4.0 Grid West’s Real-Time Monitoring Requirements

4.1 Transmission Authority Function

As the Transmission Authority for the GWMT, Grid West will ensure the real-time operating reliability of the bulk electric transmission systems of the GWMT. The table below summarizes the key system conditions and data items that need to be monitored as part of this function. The system and/or applications associated with each item are also identified.

Table 4.1 Transmission Authority Function Monitoring Conditions

	System Condition/Data Item
	System/Application

	Thermal facilities – transmission paths, transmission lines, transformers, Phase Angle Regulators (PARs), actual flows and post-contingency flows
	· SCADA

· State Estimator

· Contingency Analysis

	Voltage – actual and post-contingency
	· SCADA

· State Estimator

· Contingency Analysis

	Generation facilities – status, active and reactive outputs, max and min response capabilities
	· SCADA

· AGC

	Active and reactive reserves – requirements, actual amount and location
	· SCADA

· Reserve Calculation

	ACE, system frequency, total system load and generation, actual interchange, scheduled interchange, short-term load forecast
	· SCADA

· Real-Time Calculations

· AGC

· Interchange Scheduling

· Load Forecaster

	Neighboring systems: major facilities, ACE, reserves
	· SCADA

· Real-Time Calculations

	Status/outage of generator and transmission facilities, notification of modifications to network topology and ICCP data points
	· SCADA

· Network Status Processor

· Outage Scheduling

	Status of RAS and system conditions requiring RAS operations
	· SCADA

· RAS Application

	System disturbances
	· SCADA

	Communication Systems
	· SCADA

· HW/SW Monitoring tools


4.2 Balancing Authority Function

As the Balancing Authority for the CCA, Grid West will integrate resource plans ahead of time, keep actual interchange equal to its scheduled interchange and provide frequency bias obligation for the CCA in real time. The table below summarizes the key system conditions and data items needed as part of this function. The monitoring processes associated with each item are also identified.

Table 4.2 Balancing Authority Function Monitoring Conditions

	System Condition/Data Item
	System/Application

	ACE, system load, total generation and total interchange
	· SCADA

· Real-Time Calculations

· AGC

	Transmission facilities: control area interchange points (tie-lines) flows
	· SCADA

· AGC

	Short-term load forecast
	· Load Forecaster

	Net scheduled interchange amount including anticipated changes and ramps
	· SCADA

· Reserve Calculation

	Generation facilities – status, MW outputs, limits, response capability, regulation reserve awards/designations
	· SCADA

· AGC

· Reserve Calculation

	Reserves: actual reserves; regulation, spin and non-spin
	· SCADA

· Reserve Calculation

	Energy Accounting, Actual Interchange calculation, Inadvertent Interchange and time error
	· AGC


4.3 Interchange Coordinator Function

As the Interchange Authority for the CCA, Grid West will receive approvals and communicate authorization to implement valid and balanced interchange schedules, and will ensure interchange transactions are properly identified for reliability assessment purposes. The table below summarizes the key system conditions and data items needed as part of this function. The monitoring processes associated with each item are also identified.

Table 4.3 Interchange Coordinator Function Monitoring Conditions
	System Condition/Data Item
	System/Application

	Interchange transactions: start and end times, ramps, amounts, point of delivery/point of receipt, transmission rights, etc
	· Interchange Scheduling

· OASIS

	E-tag information: transaction data, approvals, denials, etc.
	· Tag Applications

	Ramping capability of source/sink control areas
	· SCADA

· Real-Time Calculations

· AGC

	Net scheduled interchange amount including anticipated changes and ramps
	· Interchange Scheduling

· OASIS


4.4 Transmission Service Provider

As the Transmission Service Provider for the GWMT, Grid West will administer the transmission tariff and provide transmission services to qualified market participants, and will direct the operations of the transmission facilities. The table below summarizes the key system conditions and data items needed as part of these functions. The monitoring processes associated with each item are also identified.

Table 4.4 Transmission Service Provider Function Monitoring Conditions

	System Condition/Data Item
	System/Application

	Transmission Service Requests
	· OASIS

	AFC
	· AFC Calculation

	Thermal facilities – transmission paths, transmission lines, transformers, PARs, actual flows and post-contingency flows
	· SCADA

· State Estimator

· Contingency Analysis

	Voltage – actual and post-contingency
	· SCADA

· State Estimator

· Contingency Analysis

	Status/outage/maintenance plans of transmission facilities
	· SCADA

· Network Status Processor

· Outage Scheduling

	Interchange transactions: start and end times, ramps, amounts, point of delivery/point of receipt, transmission rights, etc
	· Interchange Scheduling

· OASIS


4.5 Market Operator Function

As the Market Operator, Grid West will administer a Reserve Market and a Real-time Balancing Service for the CCA.  The table below summarizes the key system conditions and data items needed as part of these functions. The monitoring processes associated with each item are also identified.

Table 4.5 Market Operator Function Monitoring Conditions

	System Condition/Data Item
	System/Application

	Generation facilities – status, MW outputs, limits, response capability, regulation reserve awards/designations
	· SCADA

· AGC

· Reserve Calculation

	Reserves: actual reserves; regulation, spin and non-spin
	· SCADA

· Reserve Calculation

	Reserve Requirements
	· Reserve Calculation

	Reserve Offers, Inc/Dec Bids
	· Market Portal

	Balanced Schedules
	· Market Portal

	Load Forecast
	· Load Forecaster

	System solution, constraints
	· SCADA

· State Estimator

· Contingency Analysis

	Status/outage/maintenance plans of transmission facilities
	· SCADA

· Network Status Processor

· Outage Scheduling


4.6 Real-Time Measurements

A critical component of Grid West’s real-time monitoring requirements is the acquisition of real-time measurements. It is anticipated that Grid West will obtain real-time measurements from existing member control centers and external control centers via data exchange mechanisms (e.g., ICCP). This will eliminate the need to implement dedicated remote terminal units (RTUs) and the associated communications infrastructure and will help minimize implementation costs. However, the implementation of redundancy for all measurements critical to the Reliability Authority and Balancing Authority (e.g., generator MW outputs, tie-line flows, transmission path flows, critical system voltages) will have to be considered.  In many cases, existing control areas have implemented redundancy throughout their systems.  Using redundant ICCP links, routers and multiple WECC Operational Network (WON) physical paths would provide redundancy in these cases

5.0 Roles and Responsibilities

Grid West will implement, operate and maintain all systems and applications described in this paper. 

Transmission owning members will provide real-time measurements to Grid West via data exchange mechanisms. This will include all data currently available at the existing control centers.

Transmission owning members will support the creation and maintenance of a network model representation of their facilities to be incorporated in the model used by Grid West. This model together with the available measurement set will be key to the operation of the State Estimator and Contingency Analysis functions. 

6.0 Market Benchmarks

All existing RTOs/ISOs have implemented and are operating systems and applications as the ones described here. There will probably be functional differences between some of the RTOs/ISOs and Grid West, but these will be mostly due to differences is market design and operational practices.   

7.0 Technology Solutions

A number of systems and applications will be required to support the Grid West real-time monitoring requirements. These are briefly described below in terms of the monitoring function that they provide:

· Supervisory Control and Data Acquisition (SCADA): Enables acquisition of all required real-time measurements (e.g., line flows, voltages, breaker/switch statuses). Data will be acquired from either remote terminal units (RTUs) or from other control centers via data exchange mechanisms (e.g., ICCP). Also processes all incoming real-time measurements and calculated quantities to identify those exceeding pre-defined limits (analog quantities) or in an abnormal state (digital statuses). Alarms for each of the identified items are generated to allow system operators to quickly identify issues.

· Real-Time Calculations (typically part of SCADA): Enables calculations of other quantities of interest based on incoming real-time measurements. These are simple calculations such as additions, subtraction, AND., O.R., etc.

· Reserve Monitoring: Calculates actual reserves based on current generator conditions (statuses, actual outputs, etc.), operating characteristics (limits, response rates, etc.) and reserve awards/designations.

· Automatic Generation Control (AGC): Calculates ACE and over/under generation conditions. Will also calculate total system load and generations and actual interchange.

· Energy Accounting:  Necessary to calculate Inadvertent Interchange which is an ACE component.  Calculates Actual Interchange and Inadvertent Interchange and cumulative Inadvertent for light and heavy load hours

· Interchange Scheduling: Keeps track of interchange transactions. Calculates net scheduled interchange including anticipated changes and ramps.

· Outage Scheduling: Keeps track of planned and forced outages. 

· Network Status Processor: Calculates equipment connectivity statuses.

· State Estimator: Uses a network model representation of the system together with available measurements (breaker/switch statuses and analog measurements) to develop a complete system solution that can be used by other power system analysis applications. Also performs bad data detection to identify measurements in error. 

· Contingency Analysis: Uses the current State Estimator solution to analyze the impact of single and multiple contingencies in real-time. Provides post-contingency flows and voltages for monitored thermal facilities and buses. 

· Tag applications: Facilitates creation and processing of e-tags. Processes tag approvals and rejections.

· OASIS (transmission service information system): Use to post available transmission rights and process transmission service requests. 

· AFC Calculation: Calculates AFC based on approved rights.
· Communications:  ICCP used for real-time data exchange over the WON.  EIDE used for non real-time data exchange over either the WON or the Internet.
8.0 Cost Drivers

The primary cost drivers for the implementation of the real-time monitoring requirements described in this paper are infrastructure, personnel and systems and applications requirements.  

Other implementation-related cost drivers include:

· Redundancy of critical real-time measurements

· Network model development

9.0 Design Issues for consideration in next development layer  

The next layer of design should include a review of the following design issues:

· Redundancy of real-time measurements - Redundancy for all measurements critical to the Reliability Authority and Balancing Authority (e.g., generator MW outputs, tie-line flows, transmission path flows, critical system voltages) should be implemented.  

� Given the differently situated regulatory regime in Canada and British Columbia, in particular, the operating assumption is that the Grid West market design will be mirrored in British Columbia, to the extent possible within that regulatory regime.  Details regarding the market design in British Columbia are anticipated to be completed as part of the detailed design phase of this effort.
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