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ABSTRACT (Limit to 1400 spaces, i.e., approximately fifteen single-space typewritten lines) (16) 

On July 26, 1997, with the unit at 99.4 percent power, misoperation of a protective directional relay 
in transformer TA-5 at the Buchanan substation resulted in tripping the power transmission system 
load from the IP2 main generator. The load shed of the main generator's external loads caused the 
main turbine to trip on mechanical overspeed which in turn generated a reactor trip. The main 
generator electrical output to the unit auxiliary transformer increased in frequency due to the 
overspeed condition of the main turbine, which caused an increase in the rpm of all electrical pump 
motors connected to the unit auxiliary transformer at the time of the event. Approximately seven (7) 
seconds later an overcurrent condition on the unit auxiliary transformer tripped the electrical 
generator. The frequency mismatch at the time of transfer between the 6.9 kV buses powered by 
the unit auxiliary transformer and those powered by 138 kV supply to the station auxiliary 
transformer prevented automatic transfer of loads to the station auxiliary transformer. This caused 
loss of power to four (4) 6.9kv buses and their associated loads. Loss of power to the reactor 
coolant pumps (RCP's) brought the plant into a natural circulation cool down condition. The natural 
circulation condition lasted 40 minutes, after which a RCP was started and forced circulation was 
restored. Plant systems operated as designed.
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PLANT AND SYSTEM IDENTIFICATION: 

Westinghouse 4-Loop Pressurized Water Reactor 

IDENTIFICATION OF OCCURRENCE: 

Turbine overspeed trip due to loss of external load followed by a reactor trip.  

EVENT DATE: 

July 26, 1997 

REPORT DUE DATE: 

August 25, 1997 

REFERENCES: 

CITRS No 97-E02832 

PAST SIMILAR OCCURRENCE: 

None 

DESCRIPTION OF OCCURRENCE: 

On July 26, 1997 at 09:06:17 AM a turbine overspeed trip occurred caused by loss of the output load 

of the main IP2 generator. The turbine trip caused an immediate reactor trip. At the time of the event 

Buchanan's north ringbus was connected to feeder (Y94) from Ramapo substation, to feeder (W95) 

from IP2 and to transformer TA-5 (which supplied power to the 138 kV system). The Sprain Brook 

load feeder (W93) was out of service for a wave trap replacement. The reactor was operating at 99.4 

percent power and the electrical output was 966 MWE.  

The load current through transformer TA-5 is monitored by a directional relay. The purpose of this 

relay is to determine if the current through the transformer is going out to the 138 kV loads or if the 

current flow is reversed feeding the ringbus. The directional relay is designed to trip breakers 7, 11 

and F7 at a given current setpoint when the current through transformer TA-5 is feeding the ringbus 

and to inhibit the actuation of the directional relay when the current goes out to the 138kV load.  

During this event when TA-5's current setpoint was reached the actuation inhibit circuit did not work 

and the directional relay actuated. This misoperation sent an open signal to breakers 7,11 and F7.  

Opening of breaker F7 isolated transformer TA-5 from the 138kV system. When Breakers 7 and 11 

opened, the system load of the IP2 main generator was disconnected. With the Sprain Brook feeder
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DESCRIPTION OF OCCURRENCE (continued): 

disconnected from the ringbus for maintenance, there was no power transmission path available.  

The loss of electrical load caused the main turbine to overspeed and then trip on mechanical 
overspeed as designed. The turbine trip in turn tripped the reactor. The main generator remained 
operational for about seven seconds after the turbine trip until an overcurrent condition on the unit 
auxiliary transformer tripped it out. During this time (approximately 7 seconds) the electrical output to 
the unit auxiliary transformer increased in frequency above its normal 60 hertz due to the overspeed 
condition on the main turbine. The frequency escalated to between 68 and 73 hertz, causing all 
operating AC rotating equipment powered by internal 6.9 kV buses 1-4 to overspeed. A frequency 
mismatch then occurred between the 6.9 kV buses 1-4 powered by the unit auxiliary transformer and 
the 138 kV supply to the station auxiliary transformer, which powers 6.9 kV buses 5 and 6. Due to 
this frequency mismatch the 6.9 kV load from the Unit Auxiliary transformer did not transfer to the 
station auxiliary transformer when the generator tripped. The non-transfer of internal loads to the 
station auxiliary transformer resulted in a power loss to the reactor coolant pumps and 480 VAC 
buses 3A and 2A. This placed the plant in a natural circulation cool down condition. The motor driven 
auxiliary feed water (AFW) pump 21, which is powered from the 480 VAC bus 3A, did not 
automatically start due to the loss of bus 3A. The emergency diesel generator 22 started and was 
available to be manually connected to buses 2A and 3A as per design. The AFW pumps get an 
automatic start signal on low steam generator level. Low steam generator level is a normal 
characteristic of a full power reactor trip. The steam driven AFW pump 22 and the motor driven AFW 
pump 23 did automatically start as designed. Operators used AFW pump 22 to feed steam 
generators 21 and 22 that are normally fed from AFW pump 21.  

The plant was in a natural circulation condition for 40 minutes. Throughout the natural circulation 
phase of this incident, fixed core exit thermocouple indications, the saturation meters and other 
related instrumentation were monitored providing verification that adequate core cooling existed at all 
times. The 6.9 kV buses 1-4 were manually transferred to the station auxiliary transformer power 
supply by the operators four (4) minutes after the generator trip. The 480 VAC buses 2A and 3A were 
then energized via their normal supply breakers from the 6.9 kV buses. AFW pump 21 was started 
and then used to feed 21 and 22 stream generators. AFW pump 22 was secured. Forty (40) minutes 
after the plant trip the pre-startup check of 24 RCP was completed and the pump was restarted. This 
restored forced circulation for the reactor coolant system.  

The investigation of the event has shown that transformer TA-5's directional relay misoperated 
because fuses associated with its directional element were blown. What caused the fuses to activate 
and when that happened is not yet known. There are indications that it occurred prior to this event.
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ANALYSIS OF OCCURRENCE: 

This report is being made because an automatic actuation of the Reactor Protection System (RPS) 
and the Engineering Safety Feature System (ESF) occurred which is reportable under 10 CFR 
50.73(a)(2)(iv).  

During the event, as described above, a misoperation of a transformer TA-5 directional relay 
tripped ring bus breakers 7,11 and F7 caused a load shed of 930 MWe from the main unit 
generator isolating it from the system grid without causing a generator trip. The subsequent 
increase in turbine speed tripped the turbine and the reactor on turbine overspeed. The increased 
generator rpm increased the motor rpm on all pumps connected to the unit transformer via 6.9 kV 
buses 1 though 4 and also via the 440 V buses 2A and 3A. The higher pump speed added load to 
the unit transformer generating an overcurrent condition in phase A on the generator side of the 
auxiliary unit transformer, which tripped the main generator approximately seven (7) seconds after 
the turbine trip. Per UFSAR Section 4.2.2.5.4 the maximum design speed of the RCP's is 125 
percent of operating speed. Based on an analysis in SAO 132A report 97-050 this speed was not 
exceeded during this event. When the generator tripped a frequency mismatch prevented 6.9 kV 
power transfer to the Station auxiliary transformer, which resulted in loss of the 6.9 kV power to all 
four RCP's. The reactor was now maintained in a safe shutdown condition by using natural 
circulation cool down. The 6.9 kV buses 1-4 were manually transferred to the station auxiliary 
transformer power supply by the operators 4 minutes after the generator trip. The natural 
circulation cool down condition lasted 40 minutes before a RCP was started to bring the unit back 
to forced circulation.  

Auxiliary feed water pump 21 did not auto-start due to loss of bus 3 A. This condition was a 
consequence of the failure to automatically transfer the 6.9 kV buses 1 through 4 over to buses 5 
and 6. The emergency diesel generator 22 started and was available to be manually connected to 
buses 2A and 3A as per design. The 6.9 kV buses were manually transferred to the station 
auxiliary transformer power supply by the operators (four (4) minutes after the generator tripped) 
per procedure and the 480 VAC buses 2A and 3A were then energized via their normal supply 
breakers from the 6.9 kV buses. AFW pump 21 was started and then used to feed 21 and 22 
steam generators. AFW pump 22 was secured.  

CAUSE OF OCCURRENCE: 

The misoperation of a directional relay on transformer TA-5 tripped ring bus breakers 7, 11 and F7.  
The relay tripped because fuses associated with it's directional element were blown. The function of 
the directional element was to inhibit actuation of the directional relay if the current flow was 
directed to supply the 138 kV load. This inhibit feature did not work and when the load current 
through transformer TA-5 had increased to the pick-up current value the relay actuated. A 
contributing factor to the increase in the TA-5 load current was that the Sprain Brook load feeder 
was taken out of service.
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CAUSE OF OCCURRENCE (continued): 

The feeder/ breaker configuration associated with Buchanan substation's north ringbus design, at the 
time of the trip, played an important role in this event. If the Sprain Brook load feeder would have 
been in service IP2 would not have been affected by the event. The normal ring bus configuration 
would have kept IP2 connected to the system via breaker 9, its Sprain Brook connection. However, 
with this feed taken out of service, misoperation of a TA-5 directional relay caused a loss of IP2 main 
generator's system load without tripping the generator. This condition resulted in an increase of 
motor speed on several essential pumps in combination with putting the unit in natural circulation 
cool-down condition. The existing design generates a direct generator trip only when both breaker 9 
and breaker 7 are opened simultaneously (because this configuration isolates the IP2 generator from 
the system grid). The relay tripped out breakers 7,11 and F7. Breaker 9 remained closed at this time 
which prevented a direct generator trip. With the Sprain Brook load feeder out of service IP2 is more 
vulnerable to an overfrequency condition. For this specific configuration operating with breaker 9 
open would have prevented an over frequency condition by tripping the generator when breaker 7 
opened.  

CORRECTIVE ACTIONS: 

A supplemental report will be issued on or before September 26, 1997 to address the outcome of 
ongoing evaluations which are reviewing the existence of any vulnerabilities in the present design 
and how they can be improved.
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