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ABSTRACT (Limit to 1400 spaces, i.e., approximately 15 single-spaced typewritften lines)

On March 29, 2013, Unit 2 was in a refueling outage with all fuel removed from the reactor vessel when
it was discovered that a stud holding the valve yoke to the bonnet on the "A" residual heat removal
(RHR) system heat exchanger bypass valve had failed. A second stud failed during removal. In this
condition, the valve may not have been capable of closing for the purpose of throttling flow past the
heat exchanger for the suppression pool cooling mode and shutdown cooling mode of RHR operation.

The studs failed due to low stress, high cycle fatigue resulting from vibration that occurs when the valve
is throttled while operating in the shutdown cooling mode of RHR. The root causes of this event were
failure to fully understand the source of vibration in the RHR system and a failure to prevent vibration
related failure mechanisms with an adequate system design.

Completed corrective actions for this event included replacing all four studs on the valve with
capscrews, The system or valve design will be changed to reduce vibration. As an interim action,
periodic maintenance will be performed on the valve to ensure reliability until the design change is
completed.
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Energy Industry Identification System (EIIS) codes are identified in the text as [XX].

Introduction

Initial Conditions

At the time of the event, Unit 2 was in a refueling outage with all fuel removed from the reactor vessel.

Reportability Criteria

The as-found condition of valve 2-El 1 -F048A did not affect the ability of the "A" loop of the residual heat
removal (RHR) system [BO] to perform its low pressure coolant injection (LPCI) function. Additionally,
although the as-found condition (i.e., oxidation and beach marks) of the failed studs suggests that the
condition existed for an indeterminate amount of time before discovery, no performance deficiency was
observed with this loop of RHR through the previous operating cycle, which included two maintenance
outages in November 2011 and November 2012, through March 7, 2013, when the valve was last stroked.
Therefore, the reportability of this condition is limited to operation during the 2013 Unit 2 refueling outage.

The "B" loop of the RHR system was inoperable for planned maintenance from March 8 through March 23,
2013. During this time, the "A" loop of RHR was in operation and being relied upon to meet the
requirements of Technical Specification (TS) Limiting Condition for Operation (LCO) 3.9.7, Residual Heat
Removal (RHR) - High Water Level. Having the "A" loop of RHR inoperable due to the inoperability of valve
2-El 1-F048A coincident with the "B" loop of the RHR system being inoperable for planned maintenance
constitutes operation prohibited by TS LCO 3.9.7, and this condition is being reported in accordance with
10 CFR 50.73 (a)(2)(i)(B) as a condition prohibited by the plant's TS. This condition is also being reported
in accordance with 10 CFR 50.73(a)(2)(v)(B) as a condition that could have prevented fulfillment of the
safety function of a system needed to remove residual heat.

Event Description

On March 29, 2013, at 1531 EDT, Unit 2 was in a refueling outage with no fuel in the reactor vessel and
the reactor cavity water level raised to accommodate refueling operations. The "B" loop of the RHR system
was in service in the shutdown cooling (SDC) mode of operation, and the "A" loop was secured in
preparation for maintenance work to replace the packing in RHR heat exchanger bypass valve
2-El 1-F048A. Maintenance personnel noticed that one of the studs securing the valve yoke to the bonnet
was failed. A second stud failed during removal.

The two failed studs were located on the same side of the yoke opposite the actuator motor. Post-event
evaluation of the valve with two failed studs conservatively concluded that the valve could fail if stroked
closed. The two unbroken studs were in acceptable condition although ultrasonic testing revealed minor
indications indicative of fatigue. On April 7, 2013, the studs were replaced with capscrews, restoring the
operability of the valve.
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Event Cause

Two of four studs on the RHR heat exchanger bypass valve bonnet-to-yoke joint failed due to low stress,
high cycle fatigue (HCF). The failed stud and the stud which broke during removal were subjected to visual
and microscopic examination. Both exhibited beach marks, oxidation, and a tensile failure region
characteristic of this failure mechanism.

The root causes of this event are long-term failure to fully understand the source of vibration in the RHR
system and failure to prevent vibration related failure mechanisms with an adequate system design.

Valve 2-El 1-F048A is used to throttle flow during RHR-SDC/decay heat removal and containment cooling
service. To control the cooldown rate of the reactor coolant system, the throttling restricts flow to as low as
1,000 gpm through a 24-inch globe valve. This results in sustained high vibration levels. The vibration, in
turn, led to HCF resulting in the failure of two studs.

Safety Assessment

The safety significance of this event was minimal.

The RHR system at BSEP has three modes of operation required by the TS. These are LPCI, suppression
pool cooling (SPC), and SDC. The LPCI mode of RHR was not affected by this event because the
affected valve is normally maintained and verified full open per TS Surveillance Requirement 3.5.1.2. If the
valve were in some position other than full open at the onset of a LPCI actuation, it would automatically
reopen by design. The nature of the failed studs is such that opening the valve relieves tensile stress on
the studs by placing the bonnet-to-yoke connection in compression. Therefore, this condition had no effect
on the LPCI mode of RHR operation.

Although the as-found condition (i.e., oxidation and beach marks) of the failed studs suggests that the
condition existed for an indeterminate amount of time before discovery, no performance deficiency was
observed with this loop of RHR during the previous operating cycle, including two maintenance outages in
November 2011 and November 2012, nor during the 2011 refueling outage.

Additionally, the valve successfully performed in its most challenging service conditions just before the
time of discovery. On March 7, 2013, plant data show the valve was stroked closed and reopened while
placing RHR-SDC in service per plant procedure. Closure applies the maximum amount of tensile stress
on the studs. Thereafter, the system was kept in service performing a throttling function in RHR-SDC
mode until it was properly removed from service on March 24, 2013. Thus, even though the valve was
deemed inoperable at the time of discovery, the RHR system had in fact performed its required function
until it was removed from service for planned maintenance.

Based on the foregoing analysis, it is concluded that this event had minimal impact on nuclear safety.
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Corrective Actions

Any changes to the corrective actions or schedules noted below will be handled in accordance with the site's
Corrective Action Program.

Completed

" All four bonnet-to-yoke studs on 2-El 1-F048A have been replaced with capscrews.
" A representative sample of studs on similar valves on BSEP Unit 2 were inspected. No other studs were

identified with HCF-induced cracking.

Planned

" Periodic maintenance will be performed on the valve to ensure reliable operation until the planned
action described below is completed.

" To prevent recurrence of this event, BSEP will implement a design change to reduce vibration on both
units' RHR heat exchanger valves including the inlet valves, outlet valves, and bypass valves.

Previous Similar Events

A review of LERs and corrective action program condition reports for the past three years identified no
previous similar occurrences.

Commitments

No regulatory commitments are contained in this report.
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