Review of Underfrequency Relay Performances

During May15, 2003 Load Shed Event

By: System Protection Working Group (SPWG)

To: Reliability & Operations Subcommittee (ROS)

Outage Date: May 15th, 2003

SPWG Review Date: July 24th & 25th , 2003

Introduction:

At the direction of the ROS, the SPWG met to review the performance of underfrequency relays during the load shed event. This report is primarily concerned with the adequacy of the system protection equipment and methods employed.  
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Outage Summary:

A ground fault occurred about 4 miles from Comanche Peak Steam Electric Station (SES) on the 345kV line to Parker Switching Station for which protective relaying at the Comanche Peak SES terminal failed to operate and trip the line breaker. The subsequent extended fault duration and transmission line trips led to the automatic or manual separation of generation totaling 7215 MWatts of net capacity. 

Generation was lost in a manner that caused two frequency excursions lower than the highest firm load shedding underfrequency relay set point of 59.3Hz (with no more than 30 cycle time delay). The first excursion dipped to approximately 59.297 Hz and was under the pickup point for 0.4 seconds. The second frequency dip reached 59.26 Hz and remained under the pickup point for about 1.5 seconds.

Outage Cause:

The above mentioned frequency dips resulted in underfrequency relay trips and subsequent removal of 1,549 MWatts of firm load and 471 MWatts of contract interruptible load. This interrupted load calculates to 5.07% of the ERCOT load at the time of the event, meeting the separated load objective of the highest of the three underfrequency set points. 

Component Failure Discussion:

Electromechanical Underfrequency Relays:

Many electromechanical underfrequency relays did not trip during the two frequency dips. This does not indicate that those relays failed to operate correctly. The lower limit of the system frequency (59.26 Hz), the voltage level, and the rate of frequency decline during the event combined to affect the electromechanical relay pickup and timing.

The majority of the electromechanical relays are Westinghouse/ABB type KF. The KF instruction manual does not clearly define the expected accuracy for the conditions present during the event. To determine what expectations should be bench testing and experimentation is required.

There are KF relays applied with overcurrent supervision where included in a scheme to trip feeder circuits that supply large motors. These schemes correctly do not operate if the current levels are not high enough during the low frequency event.

Post event testing revealed drift in the frequency set point of some KF relays. The cause of this has not yet been determined.

Microprocessor and Solid State Underfrequency Relays:

Most of the non-electromechanical relays set at 59.3 Hz operated correctly. Those installations that did not operate correctly were found to have various problems, including blown input voltage fuses and disconnected trip circuits. 

Many of the relays that failed to trip, both electromechanical and electronic, were tested after the event with satisfactory results. 

Other Post Event Inspection Findings:

Governor response appears to have overloaded some generators or boilers. Their removal from the system by protective relay or control system aggravated the frequency disturbance.

At least one generator was tripped by its underfrequency protection at a pickup point above 59.3 Hz.

Numerous large industrial motors were taken off line by their own protective relaying scheme. 

Some underfrequency relays were set with delays lower than 30 cycles, ranging from 20 cycles down to 3 cycles. 

Reclosing occurred on at least one circuit after being tripped by an underfrequency relay.

Immediate attempts, some successful, at manual restoration occurred since it was not clear to the operators what element had removed the circuits tripped by the underfrequency relays.

Conclusions:

Probable cause of the majority of failures to trip by electromechanical underfrequency relays was the frequency level and the amount of time the system spent with the frequency below 59.3 Hz (1.5 seconds). For example, the KF relay  has +/-0.08 Hz accuracy. This results in a possible pickup range of 59.22 to 59.38 Hz for a satisfactorily tested relay with a 59.3 Hz. set point. Relays in the lower portion of the pickup range would have much longer time delays to trip.

The majority of the underfrequency relays operated as expected.

Overcurrent supervision that did not allow operation of their associated electromechanical underfrequency relays does not represent a problem requiring investigation. The fact that the supervising relays did not operate indicates that the load available to shed on these circuits would have been minimal at the time of the event. Some type of supervision on these types of loads is necessary to prevent false operation during motor spin-down.

The methods and equipment employed to meet the ERCOT Operating Guide Automatic Firm Load Shedding requirements operated as intended. A sufficient amount of load was removed from the system to allow frequency recovery.  

Recommendations:

The following recommendations apply to all TDSPs and generation owners:

1) Inspect and test all underfrequency relay systems that failed to operate. Particular attention should be given to pickup, trip timing, trip circuits and potential circuits. Discrepancies should be corrected immediately. 

2) Inspect relays and associated equipment set at the two lower frequency set points.

3) Determine the adequacy of generator governor controls to verify coordination with unit ramping capability in order to avoid conditions that may result in eventual separation from the system.

4) Review all underfrequency relay trip circuits and verify that automatic restoration is not possible.

5) Investigate underfrequency trip set points on all generators and verify that they comply with the ERCOT Guides.

It is recommended that SPWG review and rewrite the underfrequency load shed portions of the ERCOT Guides. The wording does not adequately define the parameters to which a relay must adhere and there are timing requirement discrepancies. The rewrite will require some bench testing and experimentation with certain widely used relays.

The ERCOT Guides are not clear on the timing and authority for TDSPs to restore circuits tripped by underfrequency load shed relays. A rewrite to clarify this point is also recommended. 

Footnote:

Information for this review was gained from the Oncor “Comanche Peak Switchyard Event” preliminary report presented to the System Protection Working Group on July 24th, 2003 by Mr. Mark Carpenter and Mr. Mark Chronister and the ERCOT Emergency Operations Report. 

Review Completion Date:  October 6th, 2003
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