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On December 11,

1986 at 1600 hours Waterford Steam Electric Station Unit 3 was in
refueling mode when an inspection was completed which revesled five mechanical tube
plugs installed in number | Steam Cenerator cold leg in August 1985 were missing.
area below the core was examined during fuel shuffle using a remote camera

and one plug was recovered,

tool used during initial installation.
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It is likely that the plugs loosened because of inadequate lubrication of the rolling
All similar tube plugs were re-rolled in
December, 1986 using equipment which verified proper torque was applied to the tool.

These plugs were installed as a precaution to reduce the probability of primary to
secondary leakage due to tube wear by the steam generator "batwing" tube supports.
Since no detectable primary to secondary leakage exists and a safety analysis has

shown that there is no significant hazard associated with past or future operation
with these missing plugs, there was no safety significance to this event,
is reported in accordance with the requirements of Regulatory Guide 1.133, "Loose-Part
Detection Program for the Primary System of lLight-Water-Cooled Reactors",
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On December 11, 1986 at 1600 hours Waterford Steam Electric Station Unit 3 was in
refueling mode preparing for eddy current examination of Steam Generator (FIIS
Identification Code AB) tubes when a visual inspection of the Steam Generator
tubesheets was completed. This inspection revealed that five mechanical tube plugs
which were installed in the number | Steam Generator outlet plenum tubesheet in August,
1985 were no longer in place. Combustion Engineering mechanical tube plugs are
approximately five inches long, with a solid nose and tubular lower end. They are
secured in place by a rolling tool which applies a radial force to the inside of the

plug, pressing it against the inside of the steam generator tube,

Prior to commencement of the fuel shuffle, selected fuel assemblies were removed and a
special camera and lighting were used to inspect the bottom of the reactor vessel. No
plugs were located. As each assembly was removed during the fuel shuffle, its location
was inspected and one of the missing plugs was located and retrieved. No significant

deformation or fracture of the plug was noted.

Based on information from other plants which have used identical plugs and a review of
documentation available from initial installation of the plugs at Waterford, it is
likely that the reason the plugs loosened and fell from the tubesheet was inadequate
lubrication of the rolling tool which may have occurred when a large number of plugs
were installed sequentiallv., This would have resulted in a reduction of the torque
applied to the head of the tool, and therefore, a reduction in the radial force which
seale the plug against the tube wall. In order to prevent recurrence of this problem,
all remaining Combustion Engineering mechanical plugs in the Waterford 3 Steam
Cenerators (total of 591 plugs) were re-rolled in December, 1986 using equipment which
produces a trace of the torque applied to the tool. These torque traces were compared
against specified acceptance criteria to ensure proper installation. Additionally,
the procedure now requires that no more than fifty plugs may be installed before the
rolling tool is removed for refurbishment, Testing conducted by the vendor on a full
scale mockup has demonstrated a high level of assurance that this procedure will
result in satisfactory seating of the plugs. The five locations with missing plugs

were plugged using Westinghouse mechanical tube plugs.
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All of the Combustion Engineering mechanical tube plugs were installed as a precaution
to reduce the probability of primary to secondary leakage due to tube wear caused by
the steam generator "batwing" tube supports. An evaluation of the effects of loose
tube plugs has shown that potential flow blockage from missing plugs is not expected
to degrade core DNB performance in either steady state or transient/accident
conditions. Since no plug that falls from the tubesheet can enter the core intact,
the worst flow restriction that could be caused by an intact plug would result from
one or more plugs becoming lodged against the Lower End Fitting (LEF) flowplate. Flow
blockage tests which bound this condition have demonstrated no significant effect on
DNB performance. If a plug should break into fragments small enough to pass through
the 0.422" flowholes in the Lower End Fitting flowplate the fragments would be too

small to affect flow distribution significantly, but the debris could pass into the
active region of the core and could induce fretting failure of some fuel rods over
time. These fretting failures would be apparent in high coolant activity levels,

The probability of such a faflure is considered extremely small.

An analysis of the flow conditions to which the plugs have been and will be subjected
indicates the most probable location of the remaining plugs is in the low flow region

at the intersection of the flow skirt at the bottom of the Reactor Vessel and the

vessel wall, It is also likely that the plugs will remain in this location until the
vessel internals are removed at the 10 year inservice inspection. Since these plugs !
weigh only two ounces and would be traveling at coolant flow velocity of eight to nine
feet per second if in motion, their impact kinetic energy would be approximately

.16 ft=1b, Since this is well below the 0.5 ft-1b detection threshold of the Loose

Parts Monitoring System no indication of plug movement is anticipated, nor has any

such indication been noted to date.

Other potential problems considered were Reactor Coolant Pump impeller impact, impact
on other RCS components, plug interference with structural components, CEA
interference, reactor vessel cladding abrasion, and long term radiation effects,

In each instance the physical properties of the tube plugs were found to be such that

no significant hazard was identified.
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Since no increases in coolant activity have been observed and no detectable primary to

secondary leakage exists, this event in no way degraded public health and safety. No
further action is planned other than removal of the remaining four loose plugs when

they can be retrieved, most likely during the 10 year inservice inspection of the

Reactor Vessel internals. This event is reported in accordance with the requirements
of Regulatory Guide 1.133, "Loose-part Detection Program for the Primary System of

Light-Water-Cooled Reactors."

SIMILAR EVENTS

No similar events have been reported.

PLANT CONTACT

Van McAdams, Reactor Engineering and Performance Supervisor, 504-464-3126,
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U.S. Nuclear Regulatory Commission
ATTENTION: Document Control Desk
Washington, D.C. 20555

SUBJECT: Waterford 3 SES
Docket No. 50-382
License No. NPF-38
Reporting of Licensee Event Report

Attached is Licensee Event Report Number LER-86-028-01 for Waterford 3.
This Licensee Event Report is submitted per Regulatory Guide 1.133.

Very truly yours,

& T') J :
N.S. Carns
Plant Manager - Nuclear

NSC/DEB:rk

Attachment

cc: R.D. Martin, NRC Resident Inspectors Office, INPO Records Center
(J.T. Wheelock), E.L. Blake, W.M. Stevenson
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