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Unit 1 Main Generator Ground Fault RCE AR 02312208

Executive Summary

On 04/25/2019 St Lucie Unit 1 tripped due to a generator lockout during
performance of a Reactive Power Lagging Capability Test. The lockout was
initiated due to a ground fault in the generator. The fault condition was verified
using electrical testing and determined to be in the C phase winding of the
stator; however, the location could not be identified during less-intrusive
inspections. After generator disassembly and rotor removal, the fault was
located using electrical testing to a specific half-coil stator bar in the bottom of
slot 17 (B17) in the stator. A decision was made to perform a generator rewind
to address the fault.

The ground fault has been attributed to a small puncture through the ground wall
insulation of stator bar B17. It has been demonstrated that a latent initiator for
the failure was introduced in the stator during a 2012 generator rewind; the
puncture developing through the insulation over the course of seven years.
Examination and lab analysis has been performed on stator bar B17, however
the specific failure mechanism could not be established definitively.
Consequently the initiating occurrence in 2012, and its underlying cause, is
indeterminate.

An extent of condition review of Unit 2 generator maintenance history has been
completed. The Unit 2 generator completed high potential testing in September
2018 and the insulation successfully withstood the high potential test voltage. It
can be concluded that a similar ground fault was not present and is not likely in
the near term.

Causes

A small puncture developed through the ground wall insulation of stator bar B17
in the phase C Stator Winding resulting in a fault current path to ground.

The root cause of the puncture is indeterminate.

Corrective Action

Complete rewind of the Unit 1 generator to restore stator winding to serviceable
condition.
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Unit 1 Main Generator Ground Fault RCE AR 02312208

3. Analysis
A. Background Information on Unit 1 Generator

The St Lucie Unit 1 Main Generator is an 1800rpm direct hydrogen inner-
cooled synchronous unit originally supplied by the Westinghouse Electric
Company with a rating 1000MVA. During the SL1-24 outage various
modifications were performed by Siemens Energy, the current OEM, to
achieve increased output for the Extended Power Uprate project. These
modifications included rotor replacement and stator rewind to increase
the rating from 1000MVA to 1200MVA [D19,D21,D22].

The ‘stator’ is the primary stationary component of the generator
consisting of a stator core, three phase windings, and the generator leads
which conduct the electrical power from the stator windings. Several
images of the Unit 1 generator during rewind in SL1-24 are presented on
the following pages to illustrate the stator construction. The core is
constructed using laminations of steel with slots to receive the stator coils
(Figure 1). The windings each consist of a series of distributed single
turn coils. The coils are constructed using half coil ‘stator bars’ installed
within slots in the core (Figure 2 and 3) and connected at the ends of the
stator outside of the core (Figure 4).

Each stator bar contains conductor, hydrogen cooling tubes, and several
layers of materials forming the insulation system (Figure 5 and 6). The
conductor consists of copper strands that are individually insulated from
each other to reduce losses and arranged close to the cooling tubes for
heat removal.  The ground wall insulation is ‘Thermalastic’; a
trademarked insulation system originally developed by Westinghouse
consisting of layers of inorganic mica tape impregnated with an organic
epoxy resin.
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Unit 1 Main Generator Ground Fault RCE AR 02312208

4. Causal Factor Categorization

A. Address each category - People, Programmatic, Organizational and
Equipment based on the analysis.

Equipment:

Sufficient evidence has been provided to demonstrate that the generator
ground resulted from a small puncture through the ground wall insulation
on the turbine end of stator bar B17 in the phase C stator winding.

There are three potential causes for the equipment failure which could
not be refuted (ferromagnetic particle, impact damage, contaminant in
insulation). It has been demonstrated that the initiating occurrence for
producing this puncture happened before completion of the generator
rewind for EPU in 2012. However, the failure mechanism that resulted in
a puncture of the ground wall insulation is indeterminate.

The ground fault occurred coincident with the performance of a Reactive
Power Lagging Capability Test. This test is one of several tests
designed to demonstrate the St Lucie Plant generators can reliably
achieve specified values of reactive power used for operation,
maintenance, planning and modeling for the bulk electric system. The
generator was operated at 2556MVAR lagging for the test which produced
a modest increase in voltage from 22kV nominal to 22.7kV. The
generator was maintained below its operating limits of 23.1kV for voltage
and 510MVAR reactive power capability.

The occurrence of the fault provides no indication that the stated
generator capability is unreliable. No deficiencies in operation,
maintenance, specification or design of the St Lucie Unit 1 generator, or
its excitation equipment, were noted. Rather, the mechanism producing
a singular small puncture in the insulation of stator bar B17 slowly
degraded the insulation capability over the course of 7 years in service.
The condition was sufficiently degraded to a point of marginal
performance such that the small additional voltage stress during
performance of the test exceeded the remaining insulation capability.
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Unit 1 Main Generator Ground Fault RCE AR 02312208

The organizational interface between the station and Siemens was
reviewed to the extent practicable. Contract requirements for Quality
Assurance were imposed in accordance with industry standard. These
included expectations for inspection, testing, packaging, shipping, non-
conformance process, customer communication and facilities access for
mutually agreed upon witness points. An FPL project team was
established for coordination and oversight of turbine and generator
activities under the EPU project. The project team implemented
oversight activities including tracking project milestones, review of
deliverables and witness/inspection activities. No direct relation to any of
the three potential causal factors was noted. Due to the latent nature of
the condition, and the inability to identify it with testing, it can be
concluded that external oversight could not have reasonably prevented
the generator stator ground.

Siemens produced a customer report for the generator rewind and core
replacement which summarized the onsite work activities. The specific
Siemens processes used in the performance of the onsite activities are
proprietary; therefore investigation beyond what is available in the
customer report and plant records is outside the scope of this analysis.
Siemens is performing its own internal root cause analysis in parallel with
this effort.

Whichever specific initiating condition occurred, it was not detected
during the generator assembly activities. The customer report includes
descriptions for the activities completed, and lists deficiencies, issues,
questions etc. (identified as PCM Clarifications/\WRITs/CAPAS)
encountered in the field and how these were addressed. Review of the
customer report provides no indication of any assembly problems
affecting stator bar B17. Instances of stator bar damage identified in the
field were noted. A request for clarification from Siemens on these
specific issues was satisfied and it was shown that they did not involve
either B17 or adjacent stator bars. The damage was attributed to
installation activities and repaired. No issues of cleanliness,
foreign/native materials or contamination were noted. Generator testing
during and after assembly was in accordance with industry standards and
manufacturer recommendations. Testing was completed with satisfactory
results and St Lucie Unit 1 was placed in service in April 2012. While the
identification of damage to certain stator bars during installation is of
note, there is no information provided in the customer report attributable
to any initiating condition of insulation failure in stator bar 17.
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Unit 1 Main Generator Ground Fault RCE AR 02312208

C. Extent of Cause

No causes within the scope of the station have been identified. Extent of
cause is not applicable.

D. Safety Culture Evaluation

No causes within the scope of the station have been identified.

E. Risk/Consequence

The main generator and its protection systems are not safety related.
However, a generator lockout initiates a turbine trip. Upon a turbine trip
an automatic reactor trip is initiated by Loss of Load actuation in the
Reactor Protection System (RPS) when reactor power >15%.

The operational crew entered 1-EOP-01, Standard Post Trip Actions, and
then transitioned to 1-EOP-02, Post Trip Recovery. All CEAs fully
inserted into the core and the trip was uncomplicated with all safety
functions satisfied. The plant established in Mode 3 Hot Standby.
Nuclear Regulatory Commission (NRC) was notified of the event per
10CFR 50.72(b)(2) due to RPS Actuation.

The ground fault was located in an inaccessible location of the generator
stator and the affected stator bar assessed as unrepairable in place. An
emergent Generator rewind was undertaken. This evolution has resulted
in over 30 days of unplanned energy loss (UEL) beginning 4/25/19.

The event did not impact the environment and there were no radiological
or security related implications
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Unit 1 Main Generator Ground Fault RCE AR 02312208

7 & Lessons Learned - An important opportunity of the root cause evaluation
process is the identification of lessons learned for organizational learning.
These lessons learned can be shared with the organization through
formal communications, department briefings or training.

The St Lucie Unit 1 Generator ground fault occurred in 2019, but it was
initiated in 2012 during an onsite generator upgrade. It is to be
recognized that there exists some unavoidable assumed risks when
undertaking the manufacture and onsite assembly of a generator stator.

e The conditions under which activities are performed onsite cannot
be optimized to the level of a manufacturing facility. Unless and until
a change in the state of the art is developed, such that a 1200MVA
size stator could be fully manufactured and assembled offsite under
controlled conditions and then installed at the station, then complex
onsite assembly activities are necessary.

e Accepted methods of testing will not reliably detect certain minor but
significant deficiencies during the manufacture and assembly of a
stator. Minor damage to insulation, introduction of a contaminant, or
very small particle internal to a generator, can remain undetected.
The minor deficiency can result in significant damage to stator
insulation overtime and ultimately may take years to materialize as a
fault.

Organizations performing significant generator maintenance should
review this evaluation for the Unit 1 generator ground fault as a case
study. This review should be used as a tool to challenge processes and
work plans for enhancement opportunities beyond current industry
standards.
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12.  Attachments
A. Root Cause Charter
B. Fault Tree Analysis
C. Support Refute Matrix

D. Eventand Causal Factors Chart
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