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ABSTRACT

During the heatup of May 1990, a loud noise was first heard at the Wolf Creek Nuclear
Station (WCNS). A detailed inspection was performed. Since no indications of damage
was found, it was considered as an isolated case and the plant went back to power.
During the January 1992 heatup, another noise was heard. A subsequent inspection did
not find any physical damage and a second effort was made to bring the plant back to
power. The noise did not go away and appeared to be generating from inside the
biological shield wall. The utility decided to further investigate the source of the noise
and to resolve it prior to bringing the plant back on line.

The investigation focused on the three possible sources: loose parts, thermal hydraulic
transients, or thermal growth binding. Enhanced loose parts monitoring system, revised
valve testing procedure and a minor RCL whip restraint gap adjustments were made and
the plant heatup again in March 1992 withouf eliminating the noise.

After a long investigative process, it was finally determined that the potential pipe whip
restraint binding could have produced the noise. Analyses were performed to evaluate
the RCS structural integrity. Piping, support, equipment nozzle, fatigue and related
qualification efforts were completed, hardware modifications were made to the whip
restraints, and the plant went through the next heatup without producing the noise.

INTRODUCTION

On February 28, 1992, the Control Room of WCGS received two seismic alarms and a
loose parts monitor alarml{'l. At the same time, three (3) personnel inside the primary
containment heard an unusual noise and felt the cavity seal ring shake. Accumulator
check valve testing had been completed for more than nine (9) hours and all isolation
valves were open. Testing of a newly installed main steam relief valve had been
completed for more than one (1) hour. The reactor coolant system (RCS) temperature
and pressure had been stable for four (4) hours at 537°F and 2235 psig. (hot standby)

As a result of this event, an Incident Investigation Team (lIT) was commissioned to
investigate and evaluate the event.
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INVESTIGATION TEAM

The goal of the lIT was to identify the root causes and contributing factors which led io
the event and recommend actions to prevent recurrence. The initial investigation:

» Performed an extensive walkdown of the RCS and the Containment.

> Inspected the ECCS piping. No evidence of leakage or damage was ideniified.
» Evaluated the RCS leakage rate and found it had not increased.

 Interviewed operators and took statements from witnesses.

> Reviewed plant parameters and found no changes.

» Studied major modifications performed in Refuel V for significance to this event.
» Reviewed the Control Room Logs, and noted nothing unusual.

° Reviewed and analyzed the Loose Parts monitor tape.

> Recovered the seismic data.

In addition, two (2) more potential eventis from past were identified and the IIT decided
to use a Change Analysis method to aid in the investigation of the root cause. The lIT
communicated with INPO, EPRI, and the WCGS Human Performance Evaluation
System Coordinator to confirm that the use of change analysis for this eveni.

In order to gather data to determine the root cause, a thermal expansion monitoring
program was developed and implemented. During the program, a similar noise event
occurred on March 16, 1992. Based on analysis of data from the event and results of
several studies, the lIT determined that the source of the noise was binding and

subsequent slippage between the Crossover Leg restraint saddles and shims. These
interferences were corrected and the noise did not recur during the next heatup.

LOOSE PARTS MONITORING

For the February 28, 1992 event, data was obtained from the Loose Parts and Vibration
Monitoring System (LPVIMS) tape and sent to Westinghouse for analysis. The
preliminary evaluation suggested a large massive impact very close to the reactor
pressure vessel (RPV). It had the characteristic shape of a metal-io-metal impact. A
spectra analysis revealed a large proportion of the frequencies composing the waveform
in the 6-12 KHz range. This noise did not conform to a typical loose part noise which
would be expected to make numerous impacis.

WCGS postulated that a number of massive structures, such as a neutron shield or a
concrete box of the cavity seal ring, may have siruck the RPV and produced the
observed impact noise on the loose parts and seismic monitors. Inspections performed
under the vessel and the cavity seal ring showed no damage. The flux mapping system
was operated to verify that nothing had dropped in the RPV which could have resulted
in damage to the incore flux thimble tubes.

Special recording and analysis equipment along with experi loose parts analysts were
assigned to monitor noises from the LPVMS during the March heatup. The additional
recorder continuously monitored all 12 LPVMS channels and the two frame vibration
channels on the ‘B’ Reactor Coolant Pump (RCP).

During the March 16 heatup, 52 LPVMS alarm actuations, mostly normal thermal
expansion noises, were monitored between 525 and 550°F. However, a large noise
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again occurred at about 551°F. The resulting frequency of the waveform was similar to
that obtained from the February noise. The same three LPVMS channels were recorded
on the LPVMS tape, with the lower RPV channel being the first recorded.

Spectrum analysis was performed by using additional recording equipment. The
waveforms were analyzed using the methods discussed in [2]. These methods revealed
frequencies in the 6-10 KHz range. By comparing the lag times to the accelerometers
at different locations and approximate distances between the accelerometers, the
impact point was determined to be in loop “D”.

In conclusion, all indications showed that the impact noise was produced by bumper
support contact on the crossover legs. This also explains the noise waveform
frequencies indicating a very massive object impacting the RCS.

THERMAL HYDRAULIC MECHANISMS

This scenario was one of the first ones to be viewed as a plausible cause of the February
event. Before sending the loose parts monitoring tapes off site, they were reviewed by
[IT members and interpreted to be sounds of a slamming check valve.

Data from Plant Process computed showed that all parameters were stable with the
exception of a spurious Process Radiation Monitoring signal which spiked high and
isolated the steam generator (SG) blowdown. The data confirmed that no pumps were
being started, no automatic valves were changing positions and no high, low or trouble
alarms were received during this time frame. Temperature pressure in primary loops,
pressurizer, pressurizer relief tank, safety injection accumulator tanks, and SGs were all
stable.

Detailed inspection following the February event identified two rotated snubber clamps
on B Accumulator Injection Piping. A detailed visual inspection performed on the rotated
snubber assembly found no indications of excessive loading. The snubber’s operating
condition was evaluated on the test bench with a complete set of stroke tests and found
to be excellent.

A detailed review of the accumulator piping configuration, the check valve test
sequence and the accumulator level computer data indicated that if a steam void had
collapsed, in this section of piping, it should have drawn water from the accumulator.
The accumulator levels, during these events, were stable-to-within 0.04 percent of
indiction. This indicates that a steam bubble collapse did not occur.

Instrumentation were added, between the 10-inch check valves, to the accumulator
piping and monitor it during the March heatup. A clear picture was developed as a result
of this additional monitoring equipment. When fiuid temperatures exceed 260°F, a
bubble will almost certainly form during the testing of the first check valves. The size of
the bubble and the time needed to depressurize this section is dependent on several
plant parameters. Once the test line is reclosed, this piping volume remains
depressurized at about 35 psia indicating the relative leak tightness of the first off check
valve. Pressure does not change measurably until the accumulator isolation valve is
reopened. However, the previous steam void may not collapse immediately if the
isolation valve is slowly opened. The slowly collapsing bubble will decrease the
pressure in the piping until the accumulator can accelerate enough water through the
second off check valve. With time, the steam void will fully condense pulling water from
the associated accumulator. Once the accumulator piping system returned to solid its
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pressure closely followed the RCS pressure. Other 4-loop Westinghouse plants have
experienced extensive damage to these accumulator lines during check valve testing.
WCGS has walked down this piping on several occasions and has never found anything
more than minor indications of movement.

The possibility of a thermal hydraulic event that relocated one or more of the RCL was
also evaluated by analysts. They determined that a catastrophic failure of the 10 inch
accumulator line at the nozzle could stress the RCL piping to within 10 percent of its yield
stress. This force is not sufficient to impart permanent deformation or relocation of the
loop piping. A second analysis was performed to determine the resistance to horizontal
movement of the RCS. The RPV nozzle support saddles are designed to allow
movement in the radial direction only. The four nozzle support saddles working in
concert provide a very rigid horizontal support for the vessel. Horizontal movement of
the vessel center line is impossible without imposing severe damage to the nozzle
support saddles. These saddles were inspected following the February event and no
damage was found. Indications of movement in directions other than the radial direction
were not found.

In conclusion, a thermal hydraulic transient in the accumulator injection piping was not
the cause of the January, February or March 1992 events. A thermal hydraulic transient,
postulated to have occurred in the accumulator injection piping prior to the January
event, could not have relocated one or more of the RCL's. No evidence of significant
accumulator injection pipe movement or support damage have ever been observed
during field inspections. For the future, opening of the accumulator isolation valves must
be done in a controlled manner.

SEISMIC MONITORING

Since seismic alarms were activated during the heatups caused the loud noise,
instrumentation locations, monitoring program, direction of movements and
instrumentation responses were reviewed. Seismic monitoring locations are shown in
Figure 1. The directions of initial displacements are shown in Figure 2. Instrumentation
responses indicated that strong motions were in the reactor cavity. Although alarms
were activated, further data evaluation concluded that the vibration level was only
slightly higher than the set point in the 30 HZ frequency range but the magnitude was
well below the OBE and SSE response spectra. There is no concern on structural
integrity or plant safety from a global view point.

However, the direction of initial displacements strongly suggests that the motions could
have started along the direction of crossover leg to the C.G. of reactor vessel. Inthe
March 16, 1993 heatup, one lanyard was installed on the bottom of RCP columns of
each loop with an additional lanyard on the top of one RCP column. The lanyard
responses, as shown in Figure 3, clearly indicated that the loop movements were
stopped, through a step change and then restarted as normal. This phenomenon can
only be caused by one or more primary equipment supports and/or whip restraints
binding.

SUPPORT/RESTRAINT BINDING

The primary equipment and RCL supports are designed by the philosophy to allow free
thermal growth during heatup, and provide seismic and dynamic support during normal
operation. The RCL is restrained for further expansion during operation, but the
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additional thermal loads were accounted for in design. The gaps of all the pipe whip
restraints are set very small during hot functional testing and verified in power ascension
testing. Once verified, it requires no reverification during subsequent heatups since the
system behaves linear elastically.

The seismic monitoring data strongly suggested binding in the crossover legs. The
directions of crossover leg motions are radial growth with respect to RPV and tangential
and vertical expansion of the piping, as indicated by arrows in Figure 4. Further
inspection identified grouting on floor near whip restraints. Insulation near RCP tie rods
and crossover leg whip restraints was removed to facilitate monitoring and inspection in
the subsequent heatups. Premature closing of crossover leg whip restraints gaps was
observed at approximately 500°F. Heatup was terminated and near term resolution
program was initiated.
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STRUCTURAL INTEGRITY EVALUATION

The RCS structural integrity evaluation for design conditions and the newly identified
restraint binding was the first step toward return to power operation. The RCS integrity
evaluation included but was not limited to the following:

° Piecewise linear thermal expansion analysis

* RCL snapping analysis for potential energy release of the whip restraint
e Accumulator line check valve testing hydraulic loads

e Reshimming of crossover leg bumpers

¢ Overtemperature transients and RCS integrity
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o RCL Leak-Before-Break redemonstration
« Primary equipment nozzle and support qualification
= RCL fatigue requalification

The RCS integrity evaluation also assessed the impact of a RCP tie rod pin binding
before reaching normal operation. The fatigue evaluation covered the design conditions,
past operations and one fuel cycle with existing RCP tie rod configuration. Since WCGS
did not experience significant over temperature transients, which is part of the design
condition, the load increases due to whip restraint binding were not severe. They were
conservatively analyzed and met all the Codeld requirements. The loads on the most
limiting support and comparison to the Code allowables are summarized in Table 1.

Based on the RCL integrity evaluation, reshimming of the crossover leg bumpers are
not required. However, it is a good engineering practice to avoid anticipated, but
acceptable interferences. WCGS initiated a program to reshim all the bumper restraints.
Shim sizes were determined by hot standby measurements. A minimum hot gap of 1/8”
will be maintained for future operation. Upon completion of these modifications, the
plant went through the next heatup without the recurrence of the noise.

TABLE 1
LOADS ON LIMITING SUPPORT (KIPS)

Temperature (F) Load (KIPS) R
525 o e ST

557 668 e TN
NOT 614 SADDLE SUPPORT
Over Temperature 459 T
OBE 245 ~ |~
Total 1318 -
Level B Limit 1385 oo ooe
Level D Limit 2000 ““Figure 4

Pipe Whip Rastraint Arrangement

LONG TERM RESOLUTION

WCGS committed to monitor RCL movements relative to whip restraint gaps during the
power ascension and the next heatup cycle. Procedure enhancements were made to
better use information provided by the seismic and loose parts alarms. The check valve
testing procedure was modified to avoid severe thermal hydraulic loads. Since then,
WCGS has reviewed and is implementing a whip restraint shim removal program to
completely eliminate the recurrence of this noise event.

Investigation was also suggested to other nuclear plants for a pipe whip restraint gap
reverification program. So far, one domestic and one foreign plant have identified similar
but less severe situation.
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