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On May 21, 2004, at 1147, a fault on a Salem Unit 2 41 60/230V transformer caused a 4kV load breaker to trip open
on instantaneous over-current, resulting in the loss of the 2B 460V and 230V Vital buses. A Service Water isolation
valve supplying the Turbine Generator lost the ability to isolate the Turbine loads. This resulted in the entry into
Salem Unit 2 Technical Specification (TS) 3.6.1.1, 'Primary Containment Integrity', Limiting Condition for Operation
(LCO) to restore in 1 hour or be in Hot Shutdown in 6 hours. Operators were unable to restore the valve to operable
within one hour and therefore commenced a controlled shutdown. All plant systems responded as expected to the
conditions.

A failure analysis of the event indicates that the root cause of the transformer fault originated in the 2nd phase of the 3-
phase transformer due to high voltage winding insulation breakdown caused during initial fabrication of the
transformer. Corrective actions included replacing the 2B 41601230 Volt transformer.

This event is reportable per the requirements of 10 CFR 50.73(a)(2)(i)(A), Plant Shutdown Required by Technical
Specifications.
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PLANT AND SYSTEM IDENTIFICATION

Westinghouse - Pressurized Water Reactor (PWR/4)
Low Voltage Power System, Class 1 E / 4160/230 V Transformer {ED/XFMR} *

* Energy Industry Identification System {EIIS) codes and component function identifier codes appear as {SS/CCC)

IDENTIFICATION OF OCCURRENCE

Event Date: May 21, 2004
Discovery Date: May 21, 2004

CONDITIONS PRIOR TO OCCURRENCE

The plant was in Mode 1 at 93% power at the time of the event. The only safety related equipment out of service was 23
Service Water pump for planned maintenance. There were no effects on this event due to the out of service equipment.

DESCRIPTION OF OCCURRENCE

On May 21, at 1147, a fault on a Salem Unit 2 4160/230V transformer {EDIXFMR} caused a 4kV load breaker to trip
open on instantaneous over-current, resulting in the loss of the 2B 460V and 230V Vital buses.

As a result of the loss of the 2B 230 Volt bus, a Service Water isolation valve supplying the Turbine Generator lost the
ability to isolate the Turbine loads in the event of a design basis accident. The inability to isolate Turbine Building
service water causes flow to be diverted from the Containment Fan Coil Units (CFCU) during a design basis accident
(DBA), which creates the potential for service water in the CFCUs to flash during a DBA, with a potential for water
hammer and breach of containment integrity as discussed in PSEG response to NRC Generic Letter (GL) 96-06. This
resulted in the entry into Salem Unit 2 Technical Specification (TS) 3.6.1.1; Primary Containment Integrity, that
requires restoration within 1 hour or be in Hot Shutdown in 6 hours. Operators were unable to restore the valve to
operable within 1 hour; therefore Salem Unit 2 commenced a controlled shutdown. All plant systems responded as
expected to the conditions.

Station Fire Protection immediately responded to the location of the faulted transformer in the 84' Elevation Switchgear
Room and secured the area. After the immediate area was secured and released by Fire Protection, the area was
quarantined to allow Engineering to begin investigation of the 'as-found' conditions.

The fault on the 4160/230V transformer caused instantaneous over-current relay to pick-up and trip open the 4kV load
breaker to clear the fault as designed. The load breaker isolates the 4160-volt bus from the 4kV/230V transformer and
4kV/460V transformer {EDIXFMR). The loss of both of these transformers resulted in the loss of the vital 2B-230V and
2B-460V electrical busses. Equipment affected by the transformer loss included 2B Emergency Diesel Generator, 22
Chiller, Nos. 22 and 24 Containment Fan Coil Units, equipment supporting operation of Nos. 23 and 24 Service Water
pumps, as well as Residual Heat Removal (RHR) and Safety Injection (SJ) motor operated valves.
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CAUSE OF OCCURRENCE

The Technical Specification shutdown of Salem Unit 2 was the result of the failure of the 2B 4160/230-volt transformer.
A failure analysis of the transformer indicated that the fault originated in the 2nd phase of the 3-phase transformer due
to high voltage winding insulation breakdown. This breakdown was a result of initial fabrication of the transformer. This
resulted in a turn-to-turn short of the outermost windings of the 2nd phase. This short led to further damage on phase 2
of the transformer and eventually caused the outer winding to mechanically break creating a phase-to-phase short
between phase 2 and phases I and 3. This failure is considered to be isolated and random.

PREVIOUS OCCURRENCES

A review of LERs at Salem and Hope Creek Generating Stations for the years 2001 through present was conducted,
looking for transformer failures that led to Technical Specification related shutdowns. There were no prior occurrences
of transformer related shutdowns that were related to this type of event.

SAFETY CONSEQUENCES AND IMPLICATIONS

At Salem Unit 2, a loss of the 230 Volt bus in Modes I through 4 results in the entrance of Technical Specification
3.6.1.1, 'Primary Containment Integrity' due to the loss of power to a Turbine Building Service Water Header isolation
valve. Technical Specification 3.6.1.1 states that "without primary CONTAINMENT INTEGRITY, restore
CONTAINMENT INTEGRITY within one hour or be in at least HOT STANDBY within the next 6 hours and in COLD
SHUTDOWN within the following 30 hours."

The loss of the 2B 230 Volt and 2B 460 volt buses during a design basis accident is analyzed at Salem as part of the
loss of a 4160 volt bus, which supplies the power to the 230 volt and 460 volt buses. Salem has been designed and is
capable to mitigate the consequences of a design basis accident with the loss of one train of vital power. The 2A and
2C vital buses were unaffected during this event.

This event does not constitute a Safety System Functional Failure (SSFF) as defined in Nuclear Energy Institute (NEI)
99-02, Regulatory Assessment Performance Indicator Guideline. This was not an SSFF because the loss of power to
2B vital buss did not impact the redundant vital busses. The ability of safety related systems to fulfill their intended
function was not impacted, as the redundant systems to mitigate an accident, including Turbine Building isolation,
were available.
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CORRECTIVE ACTIONS:

1. The 2B 4160/230 Volt transformer was replaced.
2. Preventive maintenance procedures will be reviewed and as necessary, revised/enhanced to ensure all

necessary work is aligned with industry standards for the maintenance and testing of all dry-type transformers. An
enhancement being considered is describing or providing examples of what indications might indicate localized
heating of windings is occurring. Additionally, lessons learned from the 2B 4kV/230V transformer failure will be
incorporated into Maintenance training.

3. System Engineering Performance Monitoring notebooks will be revised to record and evaluate transformer testing
for transformers within the 460/230 System boundaries for megger, Doble, PF and insulation testing.

COMMITMENTS

The corrective actions cited in this LER are voluntary enhancements and do not constitute commitments.


