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ATTN: Document Control Desk
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Facility Operating License No. NPF-90
NRC Docket No. 50-390

Subject: Licensee Event Report 390/2016-006-00, Undersized Room Cooler Fan
Shaft Results in Loss of Centrifugal Charging Pump

This submittal provides Licensee Event Report (LER) 390/2016-006-00. This LER
provides details concerning maintenance performed on a safety related room cooler which
resulted in a reportable condition. This report is being submitted in accordance with
10 CFR 50.73(a)(2)(i)(B) and 10 cFR 50.73(a)(2)(vXD).

Please direct any questions concerning this matter to Gordon Arent, WBN Licensing
Director, at (423) 365-2004.
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Site Vice President
Watts Bar Nuclear Plant
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ABSTRACT (Limit to 1400 spaces, i.e., approximately 15 single-spaced typewritten lines)

On May 13, 2016, Watts Bar Nuclear Plant Unit 1 (WBN1) determined that a condition prohibited by Technical
Specifications had previously occurred. During the Fall 2015 WBNI outage, maintenance performed on the 1B-B
centrifugalcharging pump (CCP) room cooling fan introduced a condition that resulted in a subsequent bearing failure
of the room cooling fan on December 4,2015. This condition would have prevented the 1B-B CCP pump from
performing its specified function for its designed mission time. Based on the reduced reliability of the fan, the 1B-B
CCP was considered to be inoperable from October 7 ,2015 until the fan was repaired and returned to service on
December 6, 2015. During this time period, there were severalshort time periods when the 1A-A CCP was inoperable.

An investigation into the cause of the failure was completed on Apri|21,2016. The cause of the fan bearing failure
was an undersized fan shaft, resulting in the 1B-B CCP fan having excess shaft to bearing clearance which caused the
bearing inner ring to loosen from the eccentric locking collar. These excessive clearances allowed the fan bearing
inner ring to slide on the shaft. The sliding rotation of the inner ring on the shaft resulted in excessive heat being
generated within the bearing leading to catastrophic failure.

This event is being reported pursuant to 10 CFR 50.73(a)(2)(i)(B) and 10 CFR 50.73(a)(2)(v)(D).
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I. PLANT OPERATING CONDITIONS BEFORE THE EVENT

Watts Bar Nuclear Plant (WBN) Unit 1 was in Mode 1 at 100 percent rated thermal power (RTP).

II. DESCRIPTION OF EVENT

A. Event

On May 13, 2016, Watts Bar Nuclear Plant Unit 1 (WBNI) determined that a condition prohibited by
Technical Specifications (TS) had previously occurred. During the Fall 2015 WBNl outage,
maintenance performed on the 1B-B centrifugal charging pump (CCP) room cooling fan {EllS:FAN}
introduced a mechanical condition that resulted in a subsequent bearing failure of the room cooling
fan on December 4,2015. This condition could have prevented the 1B-B CCP pump from
performing is specified function for its designed mission time. Based on the reduced reliability of
the fan, the 1B-B CCP was considered to be inoperable from October 7,2015 until the fan was
repaired and returned to service on December 6, 2015. During this time period, there were several
short time periods when the 1A-A CCP was inoperable due to low component cooling system
(CCS) {EllS:CC} flow to its bearing and gear oilcoolers and once when the 1A-A CCP was placed
in pull-to-lock.

This event is being reported pursuant to 10 CFR 50.73(aX2Xi)(B) as a condition prohibited by TS
and 10 CFR 50.73(aX2XvXD) as a condition that could have prevented the fulfillment of a safety
function needed to mitigate the consequences of an accident.

B. lnoperable Structures, Components, or Systems that Contributed to the Event

There were no additional structures, components or systems other than the 1B-B CCP room
cooler that contributed to this event.

C. Dates and Approximate Times of Occurrences

Date Time (EST) Event
9t27 t15 N/A
10t07 t15

Preventative maintenance performed on the 1B-B CCP room cooler.
1B-B CCP room cooler returned to service

11111115 1543-1545 The 1A-A CCP was inoperable due to low CCS flow while performing a
1555-1556 preservice pump test of the 1 B-B CCS pump.

'11112115 0108-0117 The 1A-A CCP was inoperable due to low CCS flow while performing a
preservice pump test of the 1B-B CCS pump.

11112115 1215-1607 The 1A-A CCP was inoperable as the result of being placed in
pull-to-lock for the Cold Overpressure Mitigation System.

12104115 0300 Review of evidence (after the fact) determines this is the time when the
1B-B CCP room cooler is not performing its safety function.

12104115 1042 1B-B CCP room cooler found not cooling and belts thrown
12t04t15 Condition Report (CR) 1111791 generated to evaluate fan failure and

correct.
12106115 0322 Repairs completed on 1B-B CCP room cooler and fan returned to

servtce.
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Date Time (EST) Event
1126116 A past operability evaluation associated with the 1B-B CCP room

cooler determines the fan was operable up until failure.
3/06/16 CR 1146474 generated to perform an equipment apparent cause

evaluation (EACE) on the 1B-B CCP room cooler failure.
4121116 CR 1146474 EACE Approved
5113116 CR 1165380 determines this issue to be reportable to NRC.
6123116 Past Operability Evaluation associated with the 1B-B CCP and 1A-A

CCP approved.

D. Manufacturer and Model Number of Components that Failed

Ellis & Watts fan cooler, Model ACH101.

E. Other Systems or Secondary Functions Affected

Other than the 1B-B CCP and 1A-A CCP, no other systems or functions were affected.

F. Method of discovery of each Component or System Failure or Procedural Error

The immediate failure of the fan was discovered during operations tours.

G. Failure Mode and Effect of Each Failed Component

The cause of the fan bearing failure was an undersized fan shaft, resulting in the 1B-B CCP fan
having excess shaft to bearing clearance which caused the bearing inner ring to loosen from the
eccentric locking collar. These excessive clearances allowed the fan bearing inner ring to slide on
the shaft. The sliding rotation of the inner ring on the shaft resulted in excessive heat being
generated within the bearing leading to catastrophic failure.

H. Operator Actions

Upon identifying the failure of the 1B-B CCP room cooler on December 4,2015, the Technical
Specification Limiting Condition of Operation (LCO) 3.5.2 was entered for the 1B-B CCP.

l. Automatically and Manually lnitiated Safe$ System Responses

There were no automatic or manual safety systems responses required. Upon declaring the 1B-B
CCP inoperable, the 1A-A CCP was placed in service.

III. CAUSE OF THE EVENT

A. The cause of each component or system failure or personnel error, if known.

The cause of the fan bearing failure was an undersized fan shaft, resulting in the 1B-B CCP fan
having excess shaft to bearing clearance which caused the bearing inner ring to loosen from the
eccentric locking collar. These excessive clearances allowed the fan bearing inner ring to slide on

NRC FORM 366A (11-2015)
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IV

the shaft. The sliding rotation of the inner ring on the shaft resulted in excessive heat being
generated within the bearing leading to catastrophic failure. During maintenance on the 1B-B CCP
room cooler, procedures associated with the bearing replacement did not confirm the fan shaft size
to be outside design specifications.

The cause(s) and circumstances for each human performance related root cause.

There were no human performance causes associated with this failure.

ANALYSIS OF THE EVENT

On December 4,2015 at 1042, WBN personnel discovered the 1 B-B CCP room cooler with belts thrown
and not cooling. The reason the belts were thrown was discovered to be failure of the outboard flange
bearing on the fan shaft of the cooler. Preventative maintenance was performed on the fan unit during the
WBN Unit 1 outage on September 27,2015 and returned to service on October 7 ,2015. At the time the
preventative maintenance was performed in October 2015, workers discovered that the remote grease
fitting line to the flange of the bearing assembly was missing. This grease line was not restored prior to
the fan being returned to service.

The fan failure on December 4,2015 was documented in Condition Report (CR) 11'11791, and the fan was
repaired and returned to service on December 6, 2015. The evaluation performed by CR 1111791
addressed this issue as a human performance event because of the missing grease line. Subsequently, in
the past operability evaluation for CR 1111791, WBN concluded that, based on interactions with the
bearing manufacturer, the cause of the bearing failure was not the broken grease line.

ln order to determine the cause of the bearing failure and to support a determination of reportability, WBN
generated CR 1146474 to perform an equipment apparent cause evaluation (EACE) associated with the
1B-B CCP room cooler fan failure. This EACE determined that the cause of the fan bearing failure was an
undersized fan shaft.

The CCPs are a component of the Emergency Core Cooling System (ECCSXEIIS:BQ), providing high
head injection into the Reactor Coolant System (RCS). The Specified Safety Function of the ECCS is to
cool the reactor core as well as to provide additional shutdown capability following initiation of an accident.
The specified mission time for the CCPs is 100 days. Because the fan had an undersized shaft, the room
cooler fan was unable to support the mission time of the 1B-B CCP following an accident. Based on the
results of the EACE, the installed fan had a mechanical condition that impacted the fans specified safety
function. The room cooler fan was determined to be inoperable from the date of its return to service on
October 7,2015 until it was repaired on December 6, 2015. Accordingly, the associated CCP is
considered to be inoperable for the same time period.

During the period of inoperability of the 1B-B CCP (October 7 through December 6, 2015), the 1A-A CCP
remained operable except for four specific limited time intervals. On November 11 and 12,2015, the 1A-A
CCP experienced low CCS flow to its associated bearing and gear oil coolers for time periods of 2
minutes, 1 minute and 9 minutes. lf proceduralized operator actions had not been taken to restore
adequate flow, the pumps could have failed to perform their specified functions. ln addition, on November
12,2015, with the 1B-B CCP in service, the 1A-A CCP was inoperable due to being placed in pull-to-lock
for the cold overpressure mitigation system (COMS) in preparation for entry into Mode 4. lf an accident

NRC FORM 366A (11-201s)
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had occurred at this time, without operator action to restore the 1A-A CCP, a loss of the 1B-B CCP would
be expected to occur prior to completing its mission time.

A risk review was performed related to this condition. While the 1B-B CCP was inoperable, it was
available to perform its safety function. The risk review shows that with an unavailability of five days
during this period, the core damage frequency associated with the 1B-B CCP remained below 'tE-6.

V. ASSESSMENT OF SAFETY CONSEQUENCES

A. Availability of systems or components that could have performed the same function as the
components and systems that failed during the event

The 1A-A CCP and associated room cooler remained operable except for four short time periods
during the period between October 7,2015 and December 6, 2015. During the time periods of low
flow the 1A-A CCP, while not operable, was available. Considering operator responses to restore
adequate CCS flow to the 1A-A CCP, there is confidence that the 1A-A CCP would have been
able to perform its function had an accident occurred.

During the time period when the 1A-A CCP was in a pull-to-lock status for COMS, the plant was in
a condition authorized by TS which limited operability of the charging system to one pump. ln the
event of an accident, it is reasonable to conclude that operator action would have been taken to
start the 1A-A CCP if required.

B. For events that occurred when the reactor was shut down, availability of systems or components
needed to shutdown the reactor and maintain safe shutdown conditions, remove residual heat,
control the release of radioactive material, or mitigate the consequences of an accident

Not applicable.

C. For failure that rendered a train of a safety system inoperable, an estimate of the elapsed time
from the discovery of the failure until the train was returned to service

Based on review of the time that cooling stopped, and a calculation performed to estimate the time
of the bearing failure, the total time that the fan for the 1B-B CCP was not available was from
December 4,2015 at 0300 until December 6, 201 5 at 0322, or 48 hours and 22 minutes.

VI. CORRECTIVE ACTIONS

This event was entered into the Tennessee Valley Authority (TVA) Corrective Action Program and is being
tracked under CRs 1111791, 1146474, 1 165380, and 1177072.

A. lmmediate Corrective Actions

The failed CCP room cooler was repaired and returned to service.

NRC FORM 366A (1 1 -201 s)
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B. Corrective Actions to Prevent Recurrence

The procedure governing maintenance of belt driven equipment will be revised to explicitly measure
shaft size and validate against design requirements. The tensioning requirements for belt driven
equipment will also be revised such that the lowest tension will be used that does not result in belt
slipping.

VII. ADDITIONAL INFORMATION

A. Previous similar events at the same plant

On November 3, 1995, WBN Unit 1 reported a construction deficiency related to cooler fan shaft
damage under 10 CFR 50.55(e). A final report was provided by TVA on December 4, 1995. The
cause of the fan shaft damage was over tensioning of the fan belts. Contributing causes were (1)
loose bearing to shaft fit, (2) improper alignment of shafts, (3) flexible bearing support mounts, and
(4) shaft materialsusceptible to deflection and grooving with harder materials.

B. Additional lnformation

None.

C. Safety System Functional Failure Consideration

A safety system functional failure was present during the time periods when both the 1B-B CCP
was inoperable and when the 1A-A CCP was inoperable for the short time periods identified.
When considering reasonable and proceduralized operator actions associated with the 1A-A
CCP, however, there is confidence that the safety system function would not have been lost in
the event of an accident.

D. Scrams with Complications Consideration

There was no scram associated with this event.

VIII. COMMITMENTS

None.
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