Review of Protective Relay Contribution

To Underfrequency 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 Oncor transmission operations that resulted in an underfrequency load shed operation. 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 near Comanche Peak Steam Electric Station (SES) on the 345 kV line to Parker Switching Station. The protective relaying at the Comanche Peak SES terminal failed to operate and trip line breaker 8040. Both Comanche Peak SES generators (2275 MWatts) tripped along with all other sources into the Comanche Peak SES 345kV busses to clear the fault in 4.1 seconds. The Decordova Unit (rated 775 MWatts, loaded at 185 MWatts) was removed from the system when these sources to Comanche Peak SES cleared. Subsequent automatic reclose attempts on the 345kV lines connected to Comanche Peak SES extended the event to 19.5 seconds duration although the fault was not fed the entire time. 

Units totaling 7215 MWatts rated and loaded to 3621 MWatts tripped off line during the event.

The primary cause of the event was failure of two current detector relays in the primary and secondary trip circuits to allow protective relaying to initiate tripping of the Comanche Peak SES breaker for the faulted line.

Outage Cause:

Breaker 8040 at Comanche Peak SES employs completely separate primary and backup protection schemes, both with trip circuits supervised by two separate General Electric Type CHC current detector relays. Both the primary and backup CHC relays failed to allow their supervised protection devices to initiate breaker tripping. 

Due to changes of available fault currents after the Comanche Peak SES generators tripped, uncoordinated ground fault relay operations occurred which removed the Decordova unit from the system. 

Component Failure Discussion:

Current Detector Relays – One CHC current detector relay is used in a supervisory role in the backup protection scheme and a separate CHC current detector relay is used in the primary protection scheme associated with breaker 8040, which isolates the faulted line from Comanche Peak SES. The type CHC relay uses a single contact that closes upon current detection, picking up an auxiliary telephone relay internal to the CHC relay. The telephone relay auxiliary contacts are used to supervise the protection scheme.

Post event testing showed that the contact for current detection in both CHC relays had high enough resistance that it failed to energize the telephone relay. Pickup settings for both CHC relays were such that these relays operated multiple times daily  due to changes in line loading. This may have resulted in the development of high contact resistance. 

Both of the relays that failed had been tested in March 2002. 

Telemetry – During the event, communications to the SCADA system at Comanche Peak SES was lost when two communications equipment power supply cards failed , possibly due to communication equipment grounding issues.

Other Post Event Inspection Findings:

Breaker 4450, which protects the 345kV line connecting Decordova to Comanche Peak SES, did not trip by backup relay protection. Primary protection does not look past the line terminals. It was found that the backup overcurrent ground relay timing did not coordinate with the remote sources looking into Decordova for this particular fault location with both the primary and back-up relaying at Comanche Peak SES inoperative.

Conclusions:

The  primary cause of this event was the failure of two (2) protective relay components, both General Electric type CHC current detector relays.

The protection scheme on the faulted Comanche Peak SES line meets the ERCOT Operating Guide 7 requirements.

The protection scheme on the Decordova to Comanche Peak SES meets the ERCOT Operating Guide 7 requirements.

Due to the recent routine maintenance and testing performed fourteen months prior to the event, maintenance interval is not an issue in this case.

Breaker failure protection exists in the Comanche Peak SES but the scheme was not expected to operate for this condition as there was no failed breaker. 

Recommendations:

The following recommendations apply to all transmission equipment owners:

1) Inspect General Electric type CHC relays for correct operation. Particular care should be given to contact cleanliness, three phase pickup and drop out current levels, single phase pickup and drop out current levels, and holding coil adjustment. Based on these inspections, whether substantial pickup adjustments are required, type of installation environment and operating duty,  review the maintenance interval for each location of CHC relays.

2) Review supervision by current detector relays in protective relay schemes in order to find applications that unnecessarily supervise directional ground overcurrent tripping. Current detector relays are used primarily to avoid false trips when a phase protection relay loses a voltage input from the potential transformers.  Voltage signal loss does not present the same impact on directional ground overcurrent relay behavior as it does with phase fault distance relays.

3) Review the pickup settings of  current detector relays. Pickup levels should be as high as practical, preferably above maximum load conditions, thereby minimizing relay operations during normal system conditions.
4) Consider the use of a different type of relay supervising the backup protection than the supervising relay used on the primary protection.

5) Review existing communication equipment grounding and consider the need for isolation and/or surge protection in the communication circuits connecting radio sites to substation RTUs. 

Footnote:

1) 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. The Oncor preliminary report is extensive in its description of events and their proposed in-house actions aimed at avoiding recurrence.

2) CHC relay misoperations were also involved in the Bryan/College Station area outage April 15th, 2003 although the failure mode differed. In the May 15th event the relays mechanically picked up but failed to allow trip initiation. In the April 15th event the relays failed to drop out upon loss of ac current. 
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Pg 4 of 4 SPWG May 15th, 2003 Event Review





