October 4, 2000


Attachment 1. Classes of Monitoring Equipment and Minimum Technical Requirements

Classes of Equipment

For the purpose of this plan, monitoring equipment is divided into two general classes.  These are: (1)  Dynamic Performance Monitors and (2) Fault and Event Recorders.  Each has separate but important functions.  These equipment classes are  briefly described below. 

Dynamic Performance Monitors

Monitor facilities in the WSCC region encompass a wide range of technologies and architectures.  Later Attachments list the known facilities according to the following categories:

a)
Monitor Facilities Based upon PMU and PDC Technologies

b)
Central Monitors Based upon Conventional Technologies

c)
Central Monitors Based upon 7700 ION Technologies

d)
Local Monitors Based upon Conventional Technologies

A large portion of these facilities are based upon an integrated technology set deriving from the DOE/EPRI Wide Area Measurements System (WAMS) Project, in response to needs that were developed through earlier efforts among the WSCC utilities.  The desired product was and is a monitor network for recording dynamic interactions of all kinds, with disturbance recording as a functional subset.

The  primary hardware elements in WAMS are these:

· Phasor Measurement Unit (PMU) – Calculates phasor voltages and currents in rectangular components from 16 bit point-on-wave sampling of 60 Hz waveforms.  Provides output data at rates to 30 Hz, for transmission to remote locations.  Modest capability for storing locally triggered events. 

· Phasor Data Concentrator (PDC) – Receives, integrates, and stores phasor signals from remote PMUs.  Can also exchange records with PDCs at other locations.  Normally operated at a data rate of 30 Hz, with virtually continuous recording.

· Portable Power System Monitor (PPSM) – Usually performs 16 bit recordings of analog signals from conventional transducers, or from control systems.  Usual recording rate is 20 Hz, but a wide range of other rates can be obtained through program control.  Recording is virtually continuous for normal operation.  

These devices are all designed for networked operation, in combination with a variety of other devices and toolsets for alarm generation, displays, and data analysis.  At present the WSCC monitor facilities include integrated PDC access to at least 19 PMUs, plus some 20 PPSM units.  This provides continuous recording of roughly 600 rms signals, all of which can be processed by one Matlab toolset within the WAMS technologies.

Most or all of the other monitors within the WSCC appear to be “snapshot” disturbance monitors that require a local signal to initiate recording.  Some of these are obsolescent, and marginally useful.  Others, like the 7700 ION systems from Power Measurements Ltd., represent new technologies that have not been fully assessed by the WSCC utilities.   Further information will be shared as it becomes available.

Some specific technical requirements for dynamic monitors (PMU, PDC, PPSM, and related devices are as follows:

Time Duration
A typical stability event can be anywhere from 1 to 60 seconds in duration or longer.  A minimum record duration of 30 seconds should be used for recorders configured with single event recording capability.  Recorders with continuous recording capability are preferred.

Pre-disturbance Recording
Disturbance recorders should be equipped to record a minimum of 10 seconds of pre-disturbance information.

Data Format
Refer to report Section 3.5.

Networking
Most stability events, involve a widespread area, and involve oscillations and control interactions between neighboring utilities and geographic operational regions.  This dictates the need for multiple recording devices at key locations. 

Time Synchronization
To provide meaningful data, all recorders in the area or region of interest should be time correlated.  The use of GPS synchronized clocks is recommended.

Event Triggering
Continuous recording is normally provided.  In cases where this is not done recorders should be equipped to trigger on system abnormalities such as over/under frequency events, major facility tripping, severe voltage disturbances, and sudden changes in power flow on critical facilities.  External triggering capability should also be provided.  

Data Retrieval
Following a regional disturbance, data from all recorders must be systematically retrieved and  correlated.  An automated system for data retrieval is preferable.

Substation Fault and Event Recorders

Hardware  in place for high-speed short duration recording of system events including: 

· Fault Recorder (FR)  - The fault recorder is used to record data at high sampling rates sufficient for analysis of electrical transients and analysis of sequence of events. These are typically available in bulk grid substations monitoring point on wave line current and bus/line voltage. Many modern relays also record similar information.

· Sequence of Event Recorder (SER) – The SER records a large number status information such as relay operation to a close time tolerance for establishing event sequence

The following are some specific technical requirements(*) of fault and event recorders.

Time Duration
A minimum fault record length of 60 cycles or 1 second is recommended.  A purchased recorder should have the ability to adjust record duration parameters.

Pre-disturbance Recording
Fault recorders should be equipped to record a minimum of 2 cycles of pre-disturbance information.

Frequency Response
A frequency response range from DC to 2000 Hz is recommended.

Time Synchronization
It is recommended that fault recorders be equipped with clocks, preferably GPS synchronized, for time and date stamping.

Event Triggering
Fault recorders should be equipped with the ability to trigger on a relative change or absolute value of any monitored channel.  In addition, the ability to trigger from event channels or an external contact closure should be provided.

Power Supply
A fault recorder should have the ability to obtain it’s power requirements from a DC station battery.

Data Format
Fault recorders should be equipped with the ability to either directly print a hard copy or digitally store disturbance information for either local or remote retrieval.  The use of digital recorders with remote access capability is highly recommended.  In addition, the use of recorders that support the IEEE COMTRADE data format is recommended.

Attachment 2. Monitor Facilities Based Upon PMU and PDC Technologies

1. Bonneville Power Administration

Dittmer control center

Phasor Data Concentrator (BPA technology)
(223 rms signals)

Grand Coulee 

Colstrip 

Big Eddy (500 and 230 both)

Keeler 

Maple Valley

John Day

Malin 

Sylmar

Table Mountain (PG&E, planned connection)

2. Southern California Edison Co.

Phasor Data Concentrator (BPA technology)
(183 rms signals)

Vincent 

Devers 1 (500 & 230 kV)

San Onofre

Big Creek

Mohave

Alamitos

Kramer

Devers 2 (115 kV)

3. Western Area Power Administration

Loveland

Phasor Data Concentrator (BPA technology)
(28 rms signals)

Ault

Bears Ears

4. Los Angeles Dept. of Water and Power

Los Angeles

PMU Data Concentrator (Macrodyne)

Castaic

Sylmar

5. Arizona Public Service

Phoenix

PMU Data Concentrator (Macrodyne)

Four Corners

Pinnacle Peak

Palo Verde

Navajo

6. B. C. Hydro & Power Authority

PMU Data Tools (Macrodyne)

Ingledow

Dunsmuir

Nicola

Notes:


Several PMUs are being installed, or are in service, at Pacific Gas & Electric.  Details on this are being sought.

The Phasor Data Concentrators at BPA and SCE are linked and exchanging partial measurements on their respective systems. 

Data formats for the Macrodyne Data Concentrator are not consistent with those for the Phasor Data Concentrator technology developed at BPA.

Attachment 3. 
Central Monitors Based upon Conventional Technologies

7. Bonneville Power Administration

Dittmer control center

BPA PSAM
(96 signals)

PPSM #1
(96 signals)

PPSM #2
[duplicate backup to PPSM #1]

Attachment 4. 
Central Monitors Based upon 7700 ION Technologies

8. Portland General Electric Co.

7700 ION Net (many sites)
[Details not established.  May qualify as centralized monitor network.]

Attachment  5.
Local Monitors Based upon Conventional Technologies

9. ATCO Electric (Edmonton) 

Anderson

PTI/Hathaway DSM

Cordell

PTI/Hathaway DSM
V,I, P,Q, f

10. B. C. Hydro & Power Authority

Williston 500 kV

PowerTech Auto LF PSM
P,I,V,f

11. Bonneville Power Administration

Celilo HVDC Terminal

PPSM
HVDC quantities

PPSM
(32 signals) 

Maple Valley SVC

PPSM
 (16 signals) 

PTI/Hathaway DSM
(14 phasors)

Keeler 

PPSM
 (9 signals)

PTI/Hathaway DSM
 (14 phasors) 

Slatt TCSC 

PPSM (control house)
(under repair)

PPSM (relay house)
(32 signals)

PTI/Hathaway DSM
(14 phasors)

Port Angeles

PPSM
(24 signals)

Custer

PPSM
 (19 signals)

12. Idaho Power Company

Boise Bench

PPSM
 (56 signals)

Brady 

PPSM   
(29 signals)

Brownlee Switchyard

PPSM

   
 (26 signals)

Borah 

PPSM    
 (12 signals)

Kinport

PPSM   
(24 signals)

Midpoint

PPSM   
 (28 signals)

13. Los Angeles Dept. of Water and Power

McCullough

PTI/Hathaway DSM
V, I  phasor,P, Q, f

IPP (Delta)

Rochester Monitor
V, Line MW, DC MW, Gen MW,f

IPP (Adelanto)

Rochester Monitor
V, Line MW, DC MW, f

Marketplace

HP Data Acquisition
V, Q(SVC), I, f

Adelanto

HP Data Acquisition
V, Q(SVC), I, f, DC MW

14. Pacific Gas & Electric Co.

Table Mountain 500 kV

PTI/Hathaway DSB

PPSM
(installation early 2000)

Gregg 230 kV

PTI/Hathaway DSM


PPSM
(installation early 2000)

15. Portland General Electric Co.

Boardman Plant

PPSM
 (8 signals)

16. Salt River Project

Palo Verde 500 kV

PTI/Hathaway DSM
(4 lines, 3 generators)

Kyrene (Phoenix area)

PPSM
[operational status unknown]

Papago Buttes 230 kV (PHX)

CompuDAS PC 
(Frequency Recorder)

17. Southern California Edison Co.

Lugo 500 kV

PTI/Hathaway DSM


18. TransAlta Utilities Corp.

Sundance 240 kV

PTI/Hathaway DSM
(8 lines)

Langdon 500

PTI/Hathaway DSM
(5 lines, SVC)

PPSM (obsolescent model)
(5 signals) 

19. U.S. Bureau of Reclamation

Grand Coulee unit GC20

PPSM
(12 signals)

Grand Coulee unit GC22

PPSM
(19 signals)

Morrow Point

PPSM
(* signals)

Yellowtail

PPSM
(* signals)

20. TransAlta Utilities Corp.

Sundance 240 kV

PTI/Hathaway DSM


Langdon 500

PTI/Hathaway DSM


PPSM (obsolescent model)
(5 signals) 

Attachment 6.  NERC Planning Standards

I. System Adequacy and Security F.              Disturbance Monitoring

1. Introduction

Recorded information about transmission system faults or disturbances is essential to determine the performance of system components and to analyze the nature and cause of a disturbance. Such information can help to identify equipment misoperations, and the causes of oscillations that may have contributed to a disturbance. Protection system and control deficiencies can also be analyzed and corrected, reducing the risk of recurring misoperations. Transient modeling data can be gathered from fault and sequence-of-event monitoring equipment and long-time modeling data can be gathered from dynamic monitoring equipment using wide-area measurement techniques or swing sensors.

2. Standards

S1.
 Requirements for the installation of disturbance monitoring equipment (e.g., sequence-of-event, fault recording, and dynamic disturbance recording equipment) that is necessary to ensure data is available to determine system performance and the causes of system disturbances shall be established on a Regional basis.

S2. 
Requirements for providing disturbance monitoring data for the purpose of developing, maintaining, and updating transmission system models shall be established on a Regional basis.

3.      Measurements

M1.
Each Region shall develop a plan that defines the requirements for the installation of disturbance monitoring equipment to ensure data is available to determine system performance and the causes of system disturbances. Documentation of Regional disturbance monitoring equipment plans shall be provided to appropriate Regions and NERC on request. (S1)

M2.
Regional members shall provide to their respective Regions a list of their disturbance monitoring equipment that is installed and operational in compliance with Regional requirements. (S1)

M3.
Each generation owner and transmission provider shall maintain a database of all disturbance monitoring equipment installations, and shall provide such information to the Region and NERC on request. (S1)

M4. 
Each Region shall establish requirements for providing disturbance monitoring data to ensure that data is available to determine system performance and the causes of system disturbances. Documentation of Regional data reporting requirements shall be provided to appropriate Regions and NERC on request. (S2)

M5. 
Regional members shall provide to their respective Regions system fault and disturbance data in compliance with Regional requirements. Each Region shall maintain and annually update a database of the recorded information. (S1, S2)

M6. 
Regional members shall use recorded data from disturbance monitoring equipment to develop, maintain, and enhance steady-state and dynamic system models and generator performance models. (S2)

4.      Guides

G1.
Data from transmission system disturbance monitoring equipment should be in a consistent, time synchronized format.

G2.
The Regional database should be used to identify locations on the transmission systems where additional disturbance monitoring equipment may be needed.

G3.
The monitored data should be used to validate generator models and steady-state and dynamic system simulations.

G4.
Each Region should establish and coordinate the requirements for the installation of disturbance monitoring equipment with neighboring Regions.

Approved by Engineering Committee: July 8, 1997

Approved by Board of Trustees: September 16, 1997

Attachment 7.  WSCC Disturbance Monitoring Equipment (sample)

Contact Person:

Phone:

Fax:

E-Mail:

Date Reported: 

Substation
Device*
Signals
In Service
Data Type**
Signals Monitored***

Keeler
PMU
9
Yes
Continuous
Voltage






Line (Allston, Pearl)














































































· *Device: 


PMU, PPSM, DSM, DFR, SER, other

· **Data Type: 

Continuous, trigger

· ***Signals Monitored:
Choose from: Line (list); Voltage; Frequency; Generator Quantites

13

