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Disturbance/Performance Monitoring Plan Siting Requirements

1.0 
Purpose

This document is a supplement to the WSCC Plan for Dynamic Performance and Disturbance Monitoring [3].  It provides specific information on recommended monitor locations and addresses the following topics:

1. Reasons for and Benefits of Monitoring (Section 2.0)

2. Detailed Siting Criteria and Recommended sites (Section 3.0)

3. Data Handling (Section 4.0)

4. Other related information (Sections 5.0-8.0)

The siting recommendations are intended to be progressive, building upon the present capabilities in an orderly and staged fashion so as to provide the best value to WSCC members.  Also, they judged to be the best estimate of what is needed by the Disturbance Monitoring Work Group but should be considered to be flexible to change based on recommendations from the Modeling and Validation Work Group and others.

NERC under Planning Standard I.F require that monitoring be in place to provide sufficient coverage for disturbance analysis and modeling purposes.  This is a requirement and not an optional or discretionary standard.  However, it is up to WSCC through the committee process and based on expert opinions of our members to determine the right level of monitoring and site selection consistent with our needs.  This document provides the foundation for an orderly development of local and real-time monitoring capabilities.  Since portions of the capability (hardware and software) continue to be developed, as well as analysis tools, the schedule for implementation will be paced with these efforts.  The first step of implementation will be the installation of local monitor systems.  The second step involving bringing selected information into Security Centers and Control Centers in real time and will proceed after submission of a plan and approval by WSCC.  

Phase 1 – Implementation of local monitoring capability at key: interconnections; hubs; and generating plants

Phase 2 – Possible extension of selected real-time information (key interconnections and hubs) to Security Centers and selected Dispatching Centers (not required by NERC)

The specific monitor site locations may be adjusted according to host utility requirements.

2.0
Reasons for and Benefits of Monitoring

System monitoring requirements, established by NERC with the participation and support of the WSCC, are a very important reliability tool in terms of prevention and minimizing costly system outages and their human and economic impacts.  As the power system is stressed more heavily, or as new operating patterns emerge, it becomes increasingly critical that the system operating limits established through model studies represent actual system capabilities as closely as possible.  This demands vigilance in proving computer models against actual system behavior, and in assuring that supporting control functions perform as intended.  The associated information needs can only be met through active monitoring of system behavior at sampling rates that are suitable for capturing event sequences as well as voltage and dynamic stability performance.  

While intended primarily for reliability, system monitoring will provide economic benefits through faster restoration of the system to normal operating levels and through reduced need for large operating margins to account for operational uncertainty.  

The following specific benefits are identified:

B1
Routine monitoring - Early detection and correction of system problems or modeling defects before they produce costly system outages

B2
Disturbance analysis – Maximized information gained on sequence of events and system behavior before, during and after disturbances to allow correct problem analysis and development of solutions

B3
Restoration - Faster restoration of electrical services and system transfer ratings enabled by timely analysis 

B4
Generator modeling – Bringing focus to locations that will benefit from comprehensive generator testing by identification of units which respond differently than expected from simulation models

B5
System modeling - Better correlation between system behavior and simulation models through comparison of model results with system-wide test and event measurements 

B6
Control system performance – Ensure that voltage regulator, power system stabilizer, governor, SVC, HVDC controls are operative  and functioning correctly 

B7 
Security tools – Real-time measurements available to security centers and dispatchers to provide recognition when system behavior is not consistent with study assumptions

Targeted System Behavior

The following are system characteristics targeted by monitoring in support of these benefits:

C1
Inter-area oscillations (frequency, damping, mode shape, strength)

C2
System disturbance interactions

C3
Generator governor response in accordance with system expectations

C4
Generator reactive support in accordance with system expectations

C5
Generator power system stabilizer in accordance with system expectations

C6
Remedial action scheme performance

C7
SVC, TCSC and HVDC line control response

C8
System load characteristics

C9
Sequence of events

C10
Indicators of system stress or likely separation point

3.0
Detailed Siting Criteria and Requirements

In this section detailed criteria are provided as a basis for selecting disturbance monitoring sites to serve WSCC needs and comply with NERC Planning Standards.  

3.1
Monitor Types

General specifications for monitoring equipment addressed by the WSCC Plan are provided in Attachment 1 of the WSCC Plan.  On the basis of their architectures and sampling rates, the monitor facilities described can be categorized as: (1) Dynamic Performance Monitors (DPM), and (2) Substation Fault and Event Recorders.  

A Dynamic Performance Monitor is intended to capture information at frequencies up to approximately 5 Hz.  A DPM may be configured either as a Local Monitor (LM) or as a Networked Monitor (NM).  The LM is a stand-alone device from which the data may be recovered by portable storage medium (floppy disk or Zip cartridge) or by dialup modem.  The NM is a monitor networked with other monitors or monitor related equipment to facilitate data handling or for real-time display of information.  WSCC considers strategically located LMs to be a required element for compliance with NERC S1-S2.  WSCC does not consider the NM to be a NERC required element.  WSCC does consider the NM to offer advantages over the LM for the integration and alignment of multi-source data, especially when each NM unit is connected to a GPS clock or other time system. The NM is also seen as a valuable tool for security and dispatching centers.  There should be cost advantages when the same monitor technology is used as the initial development for NM capability.  The phasor measurement network is an example of the NM system.

Substation Fault and Event Recorders are local measurement devices intended to provide recordings of transient and switching phenomenon for specific substation equipment.  These include the Fault Recorder (FR) and the Sequence of Event Recorders (SER).  FRs and SERs should be connected to a GPS clock or other time system that will enable alignment of records among different sources.  WSCC considers FR and SER devices at key system facilities a requirement for compliance with NERC S1-2.

3.2 Monitored Signals

Table 1 provides a suggested listing of signals recommended for monitors depending on application.  
3.3
Monitor Coverage:

Recommended monitoring sites are directed at the following five areas:

· Key interconnections and load area hubs (Table 2)

· Generating plants (existing and future) (Table 3)

· Future generating units (Table 3)

· Other information rich sites (Table 4)

· Sequence of events and fault recorder information (Table 5)

Table 2 Selection Criteria: Selection of key interconnections and load area hubs was based on obtaining a wide regional diversity with a minimum number of points
.  These sites are also identified with the goal of serving as points on a real-time network of information immediately available and useful to system security centers in Phase 2 of this effort.  

Table 3 Selection Criteria: Generator plant monitoring is identified with the two-fold objective of providing valuable data for equipment validation modeling and demonstration that units are supporting voltage and frequency, and providing damping to the system.  Due to the large number of generating plants in the system this was limited to existing and new plants greater than 1500 MW.  To obtain regional diversity at least one plant in each state would be monitored.  

Items listed under Tables 3-5 would be primarily local monitors (LM).  Items listed under Table 2 would be as a minimum LM but should be configured so that they can be developed into networked monitors (NM) for real-time data transmission to the Security Centers once a suitable plan has been developed and approved.  

Member systems may choose alternate sites for key interconnections and hubs based on local considerations and their specific needs provided that the essential system behavior is monitored.  Such changes should be provided in writing to the Disturbance Monitoring Work Group.

Various forms of dynamic monitoring equipment have been developed as prototypes or commercially available units.  The objective is to implement facilities best suited to WSCC needs in an orderly and deliberate way. Proposals will be sought from various suppliers for review as to adequacy of meeting WSCC goals.  Information on specifications and costs of those meeting WSCC goals will be made available to WSCC members.  Budgeting for equipment will be done in accordance with Section 5.0.  Once specific requirements have been developed for real-time information to security centers this extension will also be presented to WSCC committees for approval, budgeting, and implementation.  Additional detail is provided in sections 5-7.

4.0 Data Handling

Major dynamic events on the western system are very likely to involve the whole system.   Full understanding of such events calls for an overall view of actual system behavior, followed by construction and use of a validated system planning model.  This holds true for disturbances, for staged tests of system dynamics, and for precautionary surveillance of background system activity.  

The requisite operational data is collected on a variety of recording systems, and contributed to the analysis effort by a number of owning utilities.  This is followed by data integration, by model construction & validation, and by tandem analysis of measurements and model simulation results.  The work is usually a collective effort of WSCC staff plus those WSCC institutions most involved in the event.  This section addresses various issues associated with the data handling that must be done in the immediate aftermath of such an event.
4.1
Analysis

Analysis tools will be available to member systems through the WSCC Disturbance/Monitoring Web page.  This will provide the basis for monitor site participants to perform basic data handling and analysis functions such as the following:

· Extraction, integration, display, and basic analysis of signals from binary files collected with the monitor types most commonly used in the WSCC.

· Selective extraction and export of signals for contribution to the WSCC event analysis effort.

· Entry, display, and basic analysis of transient stability data for comparison against the measured data.

· Computer and hardcopy graphics for report generation.

Software tools for this were set in place February, 2001 [4].  Information is presently available at web site: 

http://www.transmission.bpa.gov/orgs/opi/Wide_Area/index.shtm 

4.2
Data Retention:

Mass storage devices effectively allow significant data retention times before being overwritten on monitor devices set up for continuous recording.  Dynamic Monitors should be set up for a minimum of ten calendar days retention of continuous records and a minimum of two months retention of triggered events.  Events recorded during staged system tests shall be retained for up to one year.  SER and FR devices save data for triggered events.  This data should also be retained for a minimum of two months.

4.3
Data Posting

Monitor data serves three basic needs.  These are listed below with data delivery requirements.  Notice of events and tests will be communicated to WSCC members by e-mail.  This data should be transferred to permanent storage as soon as possible to avoid being overwritten or lost.

Local utility analysis – data retention governed by local utility needs

WSCC analysis – event and test data is requested by WSCC for analysis.  This data should be made available as soon as possible following the event but not more then seven days.

NERC review – NERC compliance template I.F.S2.M4 requests that data be provided toNERC within 30 business days of request [2].)

The preferred approach for making data available to WSCC is for each monitoring utility to post the data on their own FTP site.  If an FTP site is not available the data should be posted by overnight mail to the WSCC staff Disturbance Monitoring Work Group Representative (DMWG) on a suitable storage medium (Zip cartridge, CD-rom).  Instructions for posting of data will be provided on the WSCC web site.  

Sensitive Data – In some cases data may be considered sensitive.  Generally it will no longer be market sensitive after one week and can be posted in accordance with the above instructions for WSCC Analysis.  In the event that it is still considered sensitive beyond seven days, posting of data may be delayed up to 30 working days from the date of the event and still be in compliance with the NERC reporting timeframe.  In the event that some data remains sensitive the host utility should make available that portion of the data which is not sensitive within this time frame.  Also, corrupted data which would lead to erroneous conclusions can include a cautionary note of this nature or may be extracted.  Data useful for disturbance analysis and modeling will not be unreasonably withheld. 

5.0
Budgeting of Costs
Facilities provide both individual utility benefits and WSCC benefits.  As outlined below monitoring equipment costs would be covered in part by WSCC dues and in part by member systems.  Preference would be given to sites that bear their part of the cost and support data collection and analysis.  The cost of additional discretionary equipment or equipment which is normally provided by the utility (such as DFR and SER) would be borne by the individual utilities.
WSCC Dues 
 (1)
MATLAB software for WSCC office.  

 (2)
Platform hardware and licensing costs for Phase 1 monitoring systems
(3) Member system training in use of monitoring equipment and analysis tools.   

(4) Limited maintenance costs

`Host Utility Costs
 (1)
Local site engineering costs and system support costs not covered by the license agreement.

 (2) 
Discretionary costs associated with monitoring systems requested by the host utility.

A written agreement would be established between WSCC and host utilities.

6.0 
Schedule for Implementation

It is intended that implementation of monitoring sites be done in an orderly way without creating hardships on any in terms of funding and implementation.  The number of sites implemented per year will be based on WSCC budgeting.  A minimum of three sites in each Security Center region should be implemented per year.  It is also important that necessary viewing and analysis tools be in place and ready to use when new monitors began coming on line.  This leads to the following schedule:

Establishment of web site
 (interim site completed
)

February, 
   2001

Availability of analysis tools (completed)


February, 
   2001

PCC Approval of this siting plan



June,

   2001

Members/WSCC budget for first year approved S1-2 sites
Calendar year 2001

Begin implementation of approved sites


Calendar year 2002

Complete implementation of approved sites


Calendar year 2003

The schedule for Phase 2 development will depend on submittal of a proposal and approval by WSCC.

7.0 Local Monitor Cost Estimate

The costs of procuring, installing, and operating a LM unit depend upon several factors, and they vary widely.  Installing a LM at a substation where the data systems are highly integrated may require nothing more than a PC, an ethernet connection, and some archiving software.  A monitor for analog rms signals will require signal conditioning hardware plus an analog-to-digital (A/D) converter.  A monitor that contains internal logic for computing rms signals (e.g., phasors) will, in addition to signal conditioning and A/D conversion, require connections to signals for point-on-wave voltage and current.  

The available suppliers range  from those providing shareware with a recommended list of hardware to those providing fully implemented systems plus  training.  These are generally Windows based PC systems. 

The table below provides estimated costs for  a typical LM unit that has been set up in an older substation to record signals from eight analog transducers.   The actual cost will vary, depending upon the vender providing the service and the specific site requirements.  In some cases the vendor may also have a licensing fee.  These costs do not include staff cost for operating and maintaining the equipment.    These can range from one person-week/year to one person-month/year or more, depending upon whether the task is only to provide the data, or to do data analysis.  

Hardware
$20,000 – 25,000

Site Engineering
$  5,000 – 20,000

Licensing and support
$  5,000 – 10,000

Total
$30,000 – 55,000

NM systems are also operational today in the WSCC system for collection of data by Phasor Measurement Units (PMUs) and for real-time transmission of data to Phasor Data Concentrators (PDCs).  These systems allow real-time display of dynamic information and development of performance indices useful to dispatching and security control centers.  NM also has the advantage of working from 60 Hz voltage and current instrument transformer signals, thus avoiding the need for external transducers and reducing information loss.  Although not expected for NERC requirements, NM systems should be used when the information has, or will have, real-time value.  The higher initial costs of NM systems are also offset by lower staff costs, due to higher quality data and more reliable data capture.

Typical PMU applications are given in Table 6 and 7 for two existing sites.  Table 6 indicates the acquired voltage and current phasors, and Table 7 indicates the rms quantities derived from these phasors.  The 15 phasors have directly produced 58 rms signals, and further signals can be derived as weighted sums or differences of those already determined.

8.0 
Definition of Disturbance

NERC requirements are geared primarily to securing recorded data for disturbance events and developing, updating and maintaining system models.  The following is provided to serve as a definition of disturbance as required by the NERC template for standard I.F.

A disturbance is defined as a system event which meets one of the following tests:

· Initiates the requirement for a disturbance report

· Results in system islanding or separation

· Results in unplanned loss of system load

· Results in a sustained oscillation

WSCC also issues data requests for system tests or lessor events not covered by this definition where the data is important for validating simulation models used to establish system planning and operating limits.

9.0 Glossary of Terms and Definition

DMWG
Disturbance Monitoring Work Group

FR
Fault Recorder

FTP
File Transfer Protocol

HVDC
High Voltage Direct Current

LM
Local Monitor

NERC
North America Electric Reliability Council

NM
Networked Monitor

PDC
Phasor Data Concentrator

PMU
Phasor Measurement Unit

RAS
Remedial Action Scheme

SER
Sequence of Events Recorder

SVC
Static VAR Compensator

TCSC
Thyristor Controlled Series Compensator
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Table 1.  Signals Monitored by Application.
	Device Type
	Signals to be Monitored (Dynamic Monitor)

	Substation
	Bus voltage and frequency; :Line current, MVAR, MW of identified lines 

	Generator Stations
	High side bus voltage and frequency; Line current, MVAR, MW of all powerhouse lines

	Generator Units (new units with digital controls)
	Field voltage or current, AVR voltage, PSS input, over-excitation limiter, Volts/Hertz

	SVC
	MVAR to system; bus voltage and frequency; supplemental stabilizer signal if used

	TCSC
	Ohms order supplemental stabilizer signal if used

	HVDC lines, links
	DC MW, firing angle, voltage at sending and receiving ends; supplemental stabilizer signal if used

	Remedial action scheme
	Event action taken and timing

	Other FACTS devices
	Supplemental stabilizer signal if used; MVAR, voltage, MW, frequency as appropriate for device

	All locations
	Voltage and current phase angle if available using PMU technology

	
	

	Device Type
	Signals to be Monitored (SER, FR)

	Substation
	Site specific

	
	

	
	


Table 2. Dynamic System Monitoring – Key Paths and Substations

	Location (Substations)
	Line(s) Monitored
	For S1-2

Compliance
	Type
	Installed
	Application

	Key Load Area Hub Substations
	
	
	
	
	

	Maple Valley 230
	TBD
	Existing 
	LM/NM
	LM/NM
	C1-2,10

	Keeler 500
	TBD
	Existing
	LM/NM
	LM/NM
	C1-2,10

	Bell 230
	TBD
	Recommended
	LM/NM
	
	C1-2,10

	Tracy or Tesla 500
	TBD
	Recommended
	LM/NM
	
	C1-2,10

	Westwing or Kyrene 500
	TBD
	Recommended
	LM/NM
	
	C1-2,10

	Ault 345
	TBD
	Existing
	LM/NM
	NM
	C1-2,10

	Camp Williams or Sigard 500
	TBD
	Recommended
	LM/NM
	
	C1-2,10

	Tracy 345 (NV)
	TBD
	Recommended
	LM/NM
	
	C1-2,10

	BA 345
	Blackwater DC &TBD
	Recommended
	LM/NM
	
	C1-2,10

	
	
	
	
	
	

	Key Path Substations
	
	
	
	
	

	Williston 500
	TBD
	Recommended
	LM/NM
	
	C1-2,10

	Malin or Captain Jack 500
	TBD
	Existing
	LM/NM
	LM/NM
	C1-2,10

	Midway, Gates or Los Banos 500
	TBD
	Recommended
	LM/NM
	
	C1-2,10

	Four Corners 345 or 500 (Gen.)
	TBD
	Recommended Update
	LM/NM
	
	C1-2,10

	Broadview or Garrison 500
	TBD
	Recommended
	LM/NM
	
	C1-2,10

	Treasureton, Borah or Midpoint 345
	TBD
	Recommended
	LM/NM
	
	C1-2,10

	Cranbrook or Langdon 500
	TBD
	Recommended
	LM/NM
	
	C1-2,10

	Celilo 500/230
	TBD
	Existing
	LM
	LM/NM
	C1-2,10

	Intermountain 
	TBD
	Recommended
	LM
	
	C1-2,10

	(see next page for continuation)
	
	
	
	
	

	
	
	
	
	
	

	Location (Substations)

(Continued)
	Line(s) Monitored
	For S1-2

Compliance
	Type
	Installed
	Application

	Custer or Ingledow 500
	TBD
	Recommended Update
	LM
	
	C1-2,10

	Midpoint 345
	TBD
	Recommended Update
	LM
	
	C1-2,10

	John Day 500
	TBD
	Existing
	LM
	LM/NM
	

	Big Eddy 500
	TBD
	Existing
	LM
	LM/NM
	

	Rainbow or Valley 500
	TBD
	Recommended
	LM
	
	C1-2,10

	Palo Verde 500 (Generator)
	TBD
	Recommended Update
	LM
	
	C1-2,10

	Crystal, Eldorado, McCullough or Marketplace 500 
	TBD
	Recommended
	LM
	
	C1-2,10

	San Onofre 500
	TBD
	Existing
	LM
	NM
	C1-2,10

	Vincent 500
	TBD
	Existing
	LM
	NM
	C1-2,10


Table 3.  Dynamic System Monitoring - Generator Sites

	Location
	Comment
	For S1-2

Compliance
	Type
	Installed
	Application

	Existing substations with combined generating capacity >1500 MW but not less than one generating plant from each identified region.              See Notes (1,2)
	Substation variables (Table 1)
	Recommended
	LM
	
	C1-5

	Future substations with combined generating capacity >1500 MW
	Substation variables (Table 1)
	Recommended
	LM
	
	C1-5,11

	Future individual generating units > 150 MW . See note (3)
	Generator variables (Table 1)
	Desirable
	LM
	
	C1-5,11

	Example generator sub-stations presently monitored:
	
	
	
	
	

	Grand Coulee
	
	Existing
	LM
	LM/NM


	C1-5

	John Day
	
	Existing
	LM
	LM/NM
	C1-5

	The Dalles
	
	Existing
	LM
	LM/NM
	C1-5

	
	
	
	
	
	

	
	
	
	
	
	


(1) Combined MW value of generators connected to the same substation based on “Existing Generation and Significant Additions and Changes to System Facilities” annual report.  In cases where the plant is served by multiple lines it is desirable but not required that all lines be monitored.

(2) Regions:  All WSCC states plus Alberta, British Columbia, and Mexico.  Additionally California is divided into three regions: Northern, Central and Southern.

(3)
Modern generating units with digital controls can include this capability by including in specification.  Funding by WSCC is not proposed at this time.

Table 4.  Dynamic System Monitoring – Control Systems

	Location (Substations)
	Line(s) Identified
	For S1-2

Compliance
	Type
	Installed
	Application

	Existing FACTS devices including the following:
	
	Desirable
	
	
	

	Maple Valley SVC
	N/A
	Desirable


	LM
	NM
	C2,C7

	Keeler SVC
	
	Desirable
	LM
	NM
	C2,C7

	Langdon SVC
	
	Desirable
	LM
	
	C2,C7

	Adelanto SVC
	
	Desirable
	LM
	
	C2,C7

	Slatt TCSC
	
	Desirable
	LM
	LM

(2001)
	C2,C7

	Marketplace SVC
	
	Desirable
	LM
	
	C2,C7

	Future FACTS devices
	
	Recommended
	LM
	
	C2,C7

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


Table 5.  Substation and Event Recorders

	Location (Substations)
	Line(s) Identified
	For S1-2

Compliance
	Type
	Installed
	Application

	Dittmer RAS Controller
	N/A
	Recommended


	SER
	SER
	C6,C9

	PG&E RAS Controller
	N/A
	Recommended
	SER
	SER
	C6,C9

	NE/SE Scheme Controller
	N/A
	Recommended
	SER
	
	C6,C9

	Existing substations 345 kV and above 
	All lines
	Recommended
	SER, FR
	
	C6,C9

	Future substations 345 kV and above
	All lines
	Recommended
	SER, FR
	
	C6,C9

	Existing HVDC lines 500 kV and above
	All lines
	Recommended
	SER, FR
	
	C6,C9

	Future HVDC lines and links
	All lines
	Recommended
	SER, FR
	
	C6,C9

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


Table 6.  Typical PMU installations are shown below for John Day and Malin substations having one three-phase voltage measurement each and up to nine three-phase current measurements:

	JOHN DAY
	PT
	East Bus, West Bus secondary

	(JDAY)
	CT
	John Day Dam, PH 1

	
	CT
	John Day Dam, PH 2

	
	CT
	John Day Dam, PH 3

	
	CT
	John Day Dam, PH 4

	
	CT
	Big Eddy 1 & 2

	
	CT
	Grizzly 1 & 2

	
	CT
	Slatt 1

	
	CT
	Marion 1

	
	CT
	Hanford

	
	
	

	MALIN
	PT
	NORTH BUS

	(MALN)
	CT
	ROUND MOUNTAIN #1  (MW/MVAR Cal 19.80766)

	
	CT
	ROUND MOUNTAIN #2 LINE

	
	CT
	GRIZZLY (#2) LINE   (MW/MVAR  Cal - 13.20456)

	
	CT
	CAPTAIN JACK #1 LINE

	
	
	

	
	
	

	
	
	


Table 7.  RMS signals from PMU installations at John Day and Malin sites. 

%  21 JDAY John Day Bus Voltage                VMag 

%  22 JDAY John Day Bus Voltage                VAngL

%  23 JDAY John Day Bus Voltage                FreqL

%  24 JDAY   John Day PH 1 Current             MW   

%  25 JDAY   John Day PH 1 Current             Mvar 

%  26 JDAY   John Day PH 1 Current             IMag 

%  27 JDAY   John Day PH 1 Current             IAngL

%  28 JDAY   John Day PH 2 Current             MW   

%  29 JDAY   John Day PH 2 Current             Mvar 

%  30 JDAY   John Day PH 2 Current             IMag 

%  31 JDAY   John Day PH 2 Current             IAngL

%  32 JDAY   John Day PH 3 Current             MW   

%  33 JDAY   John Day PH 3 Current             Mvar 

%  34 JDAY   John Day PH 3 Current             IMag 

%  35 JDAY   John Day PH 3 Current             IAngL

%  36 JDAY   John Day PH 4 Current             MW   

%  37 JDAY   John Day PH 4 Current             Mvar 

%  38 JDAY   John Day PH 4 Current             IMag 

%  39 JDAY   John Day PH 4 Current             IAngL

%  40 JDAY   Big Eddy 1 & 2  Currents          MW   

%  41 JDAY   Big Eddy 1 & 2  Currents          Mvar 

%  42 JDAY   Big Eddy 1 & 2  Currents          IMag 

%  43 JDAY   Big Eddy 1 & 2  Currents          IAngL

%  44 JDAY   Grizzly 1 & 2  Currents           MW   

%  45 JDAY   Grizzly 1 & 2  Currents           Mvar 

%  46 JDAY   Grizzly 1 & 2  Currents           IMag 

%  47 JDAY   Grizzly 1 & 2  Currents           IAngL

%  48 JDAY   Slatt 1  Current                  MW   

%  49 JDAY   Slatt 1  Current                  Mvar 

%  50 JDAY   Slatt 1  Current                  IMag 

%  51 JDAY   Slatt 1  Current                  IAngL

%  52 JDAY   Marion 1 Current                  MW   

%  53 JDAY   Marion 1 Current                  Mvar 

%  54 JDAY   Marion 1 Current                  IMag 

%  55 JDAY   Marion 1 Current                  IAngL

%  56 JDAY   Hanford 1 Current                 MW   

%  57 JDAY   Hanford 1 Current                 Mvar 

%  58 JDAY   Hanford 1 Current                 IMag 

%  59 JDAY   Hanford 1 Current                 IAngL

%  60 MALN Malin Bus Voltage                   VMag 

%  61 MALN Malin Bus Voltage                   VAngL

%  62 MALN Malin Bus Voltage                   FreqL

%  63 MALN   Round Mountain 1 Current          MW   

%  64 MALN   Round Mountain 1 Current          Mvar 

%  65 MALN   Round Mountain 1 Current          IMag 

%  66 MALN   Round Mountain 1 Current          IAngL

%  67 MALN   Round Mountain 2 Current          MW   

%  68 MALN   Round Mountain 2 Current          Mvar 

%  69 MALN   Round Mountain 2 Current          IMag 

%  70 MALN   Round Mountain 2 Current          IAngL

%  71 MALN   Grizzly 2 Current                 MW   

%  72 MALN   Grizzly 2 Current                 Mvar 

%  73 MALN   Grizzly 2 Current                 IMag 

%  74 MALN   Grizzly 2 Current                 IAngL

%  75 MALN   Captain Jack 1 Current            MW   

%  76 MALN   Captain Jack 1 Current            Mvar 

%  77 MALN   Captain Jack 1 Current            IMag 

%  78 MALN   Captain Jack 1 Current            IAngL
� Criteria for selecting interconnection and hub monitor sites.  The list will be updated as appropriate for WSCC needs.


�  Found at http://www.transmission.bpa.gov/orgs/opi/Wide_Area/index.shtm.
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