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1994 at about 1115 hours,
System pressure boundary leak was discovered at Calvert Cliffs Unit 2.
leak was found to be caused by a 150 degree circumferential crack in a weld in
the 22A Safety Injection Tank discharge test connection,
Technical Specification 3.4.6.2,
the Unit commenced a shutdown to HOT SHUTDOWN (MODE 4).

The line had been removed and replaced in the spring of 1993,

that minor changes made at this time resulted in harmonic oscillation causing
high cycle fatigue failure.

a non-isvlable Reactor Coolant

The

In accordance with
"Reactor Coolant System Leakage," Action A,

It is suspected

The support for this line was redesigned and similar lines were examined to
verify that similar conditions do not exist.

The circumstances of this event
will be reviewed with Design Engineering personnel.

We will evaluate whether

additional generic measures to prevent high frequency fatigue failure are
appropriate.
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I. DESCRIPTION OF EVENT

On Tuesday, July 11, 1994 at about 1115 hours, a non-isolahle Reactor Coolant
System (RCS) pressure boundary leak was discovered at Calvert Cliffs Unit 2.
In accordance with Technical Specification 3.4.6.2, "Reactor Coclant System
Leakage," Action A, the Unit commenced a shutdcwn to HOT SHUTDOWN (MODE 4).
At the time the condition was discovered, the Unit was operating at

100 percent rated thermal power at normal operating temperature and pressure.

On July 7, 1994, 22A Safety Injection Tank (SIT) outleakage increased
noticeably. At about the same time frame, an increase in containment sump
discharge fregquency was noted indicating increased leakage to containment. On
July 11, 1994, an operator entered containment toc determine why the 22A SIT
leakage rate had increased to approximately 20 gallons per hour (0.33 gpm).
Upon arriving in the vicinity of the 22A SIT outlet Motor Operated Valve, the
operator discovered an active leak from the inlet weld on a 3/4 inch to 1 inch
reducer for vent valve 2-8I-556 on the 22A SIT discharge test connecticn (see
Figure 1). He noted boric acid buildup around the leak and estimated that the
leak was spraying a mist about two to three feet outward for about a

150 degree circumference around the pipe.

The SIT discharge test connection consists of a 3/4 inch segment of austenitic
stainless steel schedule 160 pipe running from the SIT discharge line and
socket welded to a 3/4 inch to 1 inch reducer attached to a 1 inch globe
valve. The crack was located in this socket weld (see Figure 2). The line is
isolated from the Reactor Coolant loop by the Safety Injection Loop Check
Valve (see Figure 1).

Plant System Engineers, a Weld Shop planner, and Materials Engineering
persconnel entered containment to verify the location, extent of leakage, and
perform an initial characterization of the leak. They also performed an
assessment of similar installations on the other three SITs in Unit 2. They
noted no other leaks at these locations. They determined that the leakage was
coming from an approximately 150 degree circumferential crack, the middle

50 degrees of which was through~wall and passing the leakage. The team's
initial assessment was that the crack resulted from high cycle fatigue.

Upon notification that the leakage was non-isclable and within the RCS
pressure boundary, the Control Room Operators invoked Technical

Specification 3.4.6.2, Action A, which requires that the Unit be placed in HOT
STANDBY (MODE 3) within six hours, and in COLD SHUTDOWN (MODE 5) within the
following 30 houre. Unit 2 shutdown commenced at 1315 hours. Since the
repair to the line was effected in less than 30 hours, it was performed with
the plant in HOT SHUTDOWN (MODE 4). The Unit was not actually taken into

MODE 5.
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il CAUSE OF EVENT

Metallurgical analysis of the cracked weld concluded that this was a high
cycle fatigue failure. Visual examination of the fracture surface under low
power magnification revealed faint clamshell marks indicative of fatigue.
Vibration measurements were taken on the 22A SIT discharge test connection and
compared to the other three SIT test connections in Unit 2. Vibration levels
on the cracked line were 2-3 times higher than those on the similar lines.
Engineering analysis indicates that, although tne design and installation of
the test connection fully met applicable code requirements, the configuration
introduced a high potential for harmonic oscillation to occur, coinciding with
the excitation frequency of the RCS. This would create a higher driving
stress sufficient toc account for the high cycle fatigue. Although vibration
measurements were taken prior to repair of the test connection, these were not
sufficient to confirm or deny harmonic oscillation. The vulnerability of the
line to harmonic oscillation was not realized until after the measurements had
been taken.

The 22A SIT discharge test connection was removed during the Spring 1993
Unit 2 Refueling Outage to allow for the replacement of the 22A SIT Outlet
Check Valve. After the check valve was replaced, the line was rewelded in
place. The placement of the support was slightly modified (it was within
specified tolerances) at this time. It ie suspected that these changes
resulted in harmonic oscillation causing high cycle fatigue failure.

IIT. ANALYSIS OF EVENT

There is no safety significance or consequence associated with this event.
The plant was shut down safely in accordance with applicable procedures and as
a result of leakage found via routine use of appropriate leakage detection
techniques, and as required by Technical Specifications. The leakage was not
large enough to cause the 22A SIT to be incapable of performing its safety
function in response to a large break loss-of-coolant accident. The maximum
resultant leakage (0.33 gpm) was well within the allowable safety injection
leakage assumed in the small break loss-of-coolant accident analysis. This
and the other three SITs on Unit 2 were available to perform their safety
function, as assumed in the Calvert Cliffs Accident Analysis, during the time
the test connection was leaking.

This item is reportable under the provisions of 10 CFR 50.73(a)(2)(i)(A) as a
shutdown required by Technical Specifications.

V. CORRECTIVE ACTIONS
Short Term:

A. The support for 22A SIT discharge test connection was redesigned and
installed to reduce levels of vibration to an acceptable level.
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Measurements following the modification confirmed that vibration was
reduced and verified not to be in the harmonic region.

Walkdowns were performed on the other three SIT discharge test
connections to ensure their acceptability. All are sufficient.
Measurements on other lines confirmed lower amplitude vibration.

The design of the Unit 1 SIT configurations were verified not be prone
to the same problem.

The circumstances of this event will be reviewed with appropriate
Engineering personnel.

Term:

We will evaluate whether additional generic measures to prevent high
fregquency fatigue failure are appropriate.

ADDITIONAL INFORMATION

Affected Component Identification:

IEEE 803 IEEE 805
Component or System EIIS Funct System ID
Safety Injection Tank TK AB
SIT Vent Valve VTV AB
SIT Motor Operated Valve 20 AB
SIT Check Valve v AB

Previcus Similar Events:

There have been 5 similar events reported via Licensee Event Report
involving emall bore piping/tubing cracked due to high cycle fatigue.

: LER 318/87-003 reported a crack in a 1/2 inch line to a Low
Pressure Safety Injection relief valve. The valve was replaced
and subsequently cracked again, as reported in 318/87-004. The
cause of the failures is suspected to be torsional/bending loads
from a single transient vibration condition.

2. LER 318/87-006 reported a crack in a 1/2 inch Electrohydraulic
Control System line dre to lack of sufficient support.

3. LER 317/88-009 reported a trip caused by a sheared 1/4 inch
instrument air line to the 12 Main Feed Regulating Valve resulting
from vibration induced by an improperly located pressure switch.
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4. LER 317/90-030 reported cracks found in the SIT nitrogen test

connectione due to an undetected centilever condition introduced
during replacement of the valves.

None of the above events involved suspected harmonic oscillation.
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22A SIT :
SAFETY DISCHARGE H;?SL';S,
INJECTION TEST
TANK CONNECTION
SAFETY
INJECTION
e LOOP
CHECK VALVE

N

N—

REACTOR COOLANT SYSTEM

FIGURE 1

22A SAFETY INJECTION TANK DISCHARGE LINE
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FIGURE 2

22A SAFETY INJECTION TANK DISCHARGE TEST CONNECTION



