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Revision |

The enclosed voluniary report is being revised to provide the results of a detailed
evaluation of the accumulation of gas in the residual heat removal system. This revision
includes changes to the root cause, safety significance and corrective actions.
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| This .oluntary LER is being revised to provide the results of a detailed evaluation of a condition involving the

| accumulation of gas in the RHR system. On January 18, 1995, while performing @ walkdown of a damaged
hanger, a loud metallic noise was heard, and movemer.t of the RHR piping was observed. At the time the noise
was heard, RHR Pump 1A-A had just been started for a scheduled quarterly pump test. Management and the

| svstem engineer were notified of the observations. After discussions with the involved personne! 't was

| considered that there may be a gas void in the system. The RHR system was inspected for v hree areas

| were determined to include voids, approximately eight cubic feet, and were subsequently ve: ['he cause of
the accumulation of gas has been determined to be normal leakage from the cold leg accumulators. Monitoring
and venting of gas accumulation was performed and will continue to be performed on a periodic basis. The RHR
quarterly pump tests were revised to minimize pipe movement. Additiona! vent vaives are scheduled to be added
in each units next refueling outage.
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PLANT CONDITIONS

Units | and 2 were in power operation at approximately 100 percent.

DESCRIPTION OF EVENT

A Event

On January 18, 1995, while performing a walkdown of a previously damaged hanger located in the

Unit 1 669 elevation penetration room, a loud metallic noise was heard, and movement of the residual
heat removal (RHR) (EIIS Code BP) piping was observed. At the time the noise was heard, RHR Pump
I A-A had just been started for a scheduled quarterly pump test. Management and the system engineer
were notified of the observations. After discussions with the involved personnel, it was considered that
there may be a gas void in the system. Work requests were initiated to inspect the RHR piping for voids.

The high points in the RHR system in the 690 pipe chase were inspected for voids with the use of
ultrasonic testing (UT). The accessible areas inside containment of the RHR suction from RCS and the
RHR discharge piping (cold leg injection lines and hot leg injection lines) were inspected. The RHR
suction piping was determined to be full of water (i.e., no gas accumulation). The hot leg piping was
determined to be approximately 50 percent full of water for a 10-foot run of horizontal piping. Five
locations were checked on the cold leg injection line with the following results: the first location was
full of water, the second location was 95 percent full of water, the third location was 80 percent full of
water, the fourth location was 90 percent full of water, and the fifth location piping was found empty for
a length of 30 feet. The areas with voids, approximately 14 cubic feet in both the hot and cold legs, were
subsequently vented.

The previously damaged hanger was reinspected. It was determined to be in the same condition as
before the event and was determined to be operable. A review identified 17 other hangers that could be

susceptible to damage as a result pipe movement. Sixteen hangers had no visible signs of damage. One l

hanger was found with installation anomalies that were documented in the walkdown report. The hanger
was determined to be operable. Also, insulation and penetrations were inspected, and no damage was
identified.

The Unit 2 hangers susceptible to a gas induced pipe movement were inspected, and no damage was
identified. UT measurements on the Unit 2 cold leg piping were performed, and approximately 0.5 cubic
feet of gas was calculated based upon the measurements taken. The locations checked were similar to
those checked on Unit 1. The gas was not vented, and it was concluded that this small amount of gas
would not cause significant pipe movement on a pump start. The 2A-A RHR pump was started, and no
significant pipe movement was observed.
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None.

January 18, 1995

Januvary 18, 1995

January 20, 1995

January 21, 1995
at 0430 Eastern
standard time (EST)

January 23, 1995
at 1300 EST

January 27, 1995

C.  Dates and Approximate Times of Major Occurrences

RHR pump 1A-A was started for a scheduled quarterly pump test. A loud metallic
noise was heard, and movement of the refueling water storage tank (RWST) suction
piping was observed by personnel in the area. Management and the system
engineer were notified of the observations. After Giscussions with the involved
personnel, it was considered that there may be a gas void in the system. Work
requests were initiated to inspect the system ior voids.

The RHR system piping was inspected for voids with approximately eight cubic
feet identified. The previously damaged hanger and 14 other hangers were
inspected and were determined to be operable. Insulation and penetrations were
inspected, and no damage was identified. The Unit 2 hanger in the same location as
the damaged hanger on Unit | was inspectec and no damage was identified.

An operability evaluation was performed which determined that the gas in the
system and the damaged hanger do not affect operability of the RHR system in
normal or accident conditions.

The RHR piping is vented in accordance with procedures. A sample of the gas was
obtained and was determined to be | percent oxygen, 0.5 percent hydrogen, and the
remaining nitrogen.

RHR Pump 1A-A was started with various locations being monitored. Movement
of piping was noted, and various check valves were heard to close. However, the
noise in the 669 penetration room was not unusually loud, and pipe movement was
not severe. It was concluded that the noise and pipe movement were significantly
less than that observed on January 18, 1995,

A walkdown of the hangers on Unit 2 that would be susceptible to gas induced pipe
movement was performed. No damage was identified.
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UT measurements on the Unit 2 cold leg piping were perfarmed, and approximately
0.5 cubic feet of gas was calculated based upon measurements tahen. The locations
checked were similar to those checked on Unit 1. The gas was not vented, and it
was concluded that this small amount of gas would not cause significant pipe
movement on a pump start.

The 2A-A RHR pump was started, and the monitoring of the piping was performed.
No significant pipe movement was observed, and the RWST piping in the Unit 2
669 penetration room did not move.

A walkdown of the other two Unit | hangers that would be susceptible to gas
induced pipe movement was performed. No damage was identified.

The 2B-B RHR pump was started, and the monitoring of the piping was performed.
No significant pipe movement was observed, and the RWST piping in the Unit 2
669 penetration room did not move.

UT measurements on the Unit | piping were performed again, and approximately
six cubic feet of gas was calculated based upon measurements taken.

The Unit | piping was vented, and gas samples and water samples were taken. The
sample results showed 96 percent nitrogen, 3.5 percent oxygen, 0.25 percent
hydrogen, and the remainder unknown; boron concentration was 2485 parts per

million (ppm). The piping was measured after venting and was determined to be
full.

The SIS test header was determined to be pressurized to the same pressure as the
accumulator. Therefore, it is believed that the leakage from the accumulator is the

source of the gas.

An evaluation was issued that documented that a gas volume of 50 cubic feet did
not substantially increase the loads on the piping.

A vent valve was added to the Unit | RHR piping system.

D.  Other Systems or Secondary Functions Affected
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During the performance of a walkdown of a damaged hanger located in the Unit 1 669 penetration
room near the 20-inch RWST suction line, a loud metallic noise was heard, and movement of the
piping was observed by perscanel in the area.

F.  Operator Actions
No operator actions were required.

G.  Safety System Responses
No safety system response was required.

CAUSE OF EVENT

A.  Immediate Cause
The immediate cause of the event on the RHR system was caused by voids in the cold leg
injection piping.

B.  Root Cause
The cause of the gas accumulation was determined to be expected leakage from the cold leg
accumulators past the injection line secondary check valves. A small amount of leakage from the
accumulator can contribute significant quantities of gas over a long period of time. Based upon
the samples taken, nitrogen represents the vast majority of gas per volume. The gas accumulation
results from the degassing of high pressure nitrogen saturated water from the accumuiator tanks
in the lower pressure RHR system. The estimates of gas volume in the piping inside containment
was 14 cubic feet total. This is greater than the calculated amount of nitrogen based upon VCT
conditions after shutdown of the RHR system. The amount of gas identified on Unit | was
greater than that identified on Unit 2, with similar VCT cond:itions following a refueling outage.
Therefore, it is concluded that the water leakage from the accumulators is the source of the gas.

€. Contributing Factors

The system design ard layout may have contributed to this event in that the system layout allows
the gas to accumulate in the system high points.
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ANALYSIS OF EVENT

The safety significance of this issue is the potential damage to the RHR system resulting from hydraulic
loading of the pipe supports when an RHR pump is started with gas voids in the downstream piping.

The RHR suction piping was determined to be full of water. The operability evaluation determined that
the amounts of gas in the cold leg injection piping can be injected into the vessel on » large-break loss of
coolant accident without any impacts because of the volume of the reactor vessel. If all of the RHR cold
leg piping inside containment were empty, it would be less than 200 cubic feet. The selected hangers on
the RHR systern have been walked down and no damage was identified. The evaluation on the
previously damaged hanger concluded that the hanger was operable.

The average gas accumulation rate on Unit | since January 1996 has been approximately 4 cubic feet per
quarter. Based upon inspections and maintenance of the injection line secondary check valves, this rate
represents minimum leakage for the system operating conditions (i.e. 600 psid.). At this leakage rate as
much as 24 cubic feet of gas may accumulate in the RHR system over an 18-month fuel cycle if no gas is
vented. During the period from 1980 to 1994, the RHR system high points were not routinely vented.
This combined with significantly greater leakage through the injection line check valves, in previous
operating cy«'es, indicates that each pump was started in an alignment for quarterly pump testing that
would hav- resulted in gas induced pipe movements at least 40 times. Given the source of the
accumula.ed gas, the rate of accumulation, since measurements began in 1995, and past system
operational/test practices (i.e. no high point venting during the operating cycle) it is extremely likely that |
the RHR system has been operated with gas accumulation in excess of 24 cubic feet. The lack of any i
pipe system failures in these previous operating cycles demonstrates the ability of the RHR system to !
operate without damage with the total amount of gas that would be accumulated during the operating '
cycle (24 cubic feet).

Industry experience has shown that stainless steel piping systems are inherently rugged and ductile.
Piping supports are designed for ductile behavior to prevent sudden failure. SON design practices
provide for flexibility in branch line connections to prevent attached piping failure. The RHR system
piping design is expected to accommodate some pipe movement without damage.

In addition, a conservative analysis of relative hydraulic loads during an RHR pump start for 8 cubic
feet, 24 cubic feet, and 50 cubic feet of non-condensable gas in the downstream piping was performed.
The results demonstrate that the hydraulic loads for 24 cubic feet are only 9 percent larger than the loads
for 8 cubic feet and only 10 percent larger for 50 cubic feet relative to the loads for 8 cubic fect. It is
concluded that 24 cubic feet of accumulated gas will not produce hydraulic loads of sufficient magnitude
to cause pipe support damage. Therefore, it can be concluded that there were no adverse consequences
to plant personnel or to the public as a result of this event.
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V. CORRECTIVE ACTIONS

Work requests were initiated to inspect the system for voids. The RHR system piping was
inspected for voids with approximately eight cubic feet identified. The previously damaged
hanger and 17 other hangers susceptible to a water hammer were inspected and were determined
to be operable. Insulation and penetrations were inspected: no damage was identified. An
operability evaluation was performed which determined that the gas in the system and the
damaged hanger do not affect operability of the RHR system in normal or accident conditions.
The RHR piping was vented in accordance with procedures. A sample of the gas was obtained
and was determined to be | percent oxygen, .5 percent hydrogen, and the remaining nitrogen.
RHR Pump 1A-A was started with various locations being monitored. Movement of piping was
noted, and various check valves were heard to close. However, the noise in the 669 penetration
room was not unusually loud, and pipe movement was not severe.

The Unit 2 hangers susceptible to gas induced pipe movement were inspected, and no damage
was identified. UT measurements on Unit 2 were performed, and approximately .5 cubic feet of
gas was calculated based upon the measurements taken. The gas was not vented, and it was
concluded that this small amount of gas would not cause significant pipe movement on a pump
start. The Unit 2 RHR pumps were started, and the monitoring of the piping was performed. No
significant pipe movement was observed, and the RWST piping in the Unit 2 669 penetration
room did not move.

UT measurements on the Unit | piping was performed again, and approximately 6 cubic feet of
gas was calculated based upon measurements taken. The Unit 1 piping was vented, and gas
samples and water samples were taken. The sample results showed 96 percent nitrogen, 3.5
percent oxygen, 0.25 percent hydrogen, and a boron concentration of 2485 ppm. UT was
performed on the piping after venting, and the piping was determined to be full.

B. Corrective Action to Prevent Recurrence

UT measurements were performed on the Unit | cold leg piping, and approximately eight cubic feet of
gas was identified and vented. Additional monitoring and venting of gas accumulation will continue to
be performed on a periodic basis as determined appropriate. The RHR quarterly pump tests were revised
to include a step to minimize pipe movement.
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An evaluation was performed of relative hydraulic loads during an RHR pump start for 8 cubic feet, 24
cubic feet, and 50 cubic feet of non-condensable gas in the downstream piping was performed. The
results demonstrate that the hydraulic loads for 24 cubic feet are only 9 percent larger than the loads for
8 cubic feet and only 10 percent larger for 50 cubic feet relative to the loads for 8 cubic feet. It is
concluded that 24 cubic feet of accumulated gas will not produce hydraulic loads of sufficient magnitude

to cause pipe support damage.

A vent valve was installed in the RHR system on Unit 1 and two additional valves are scheduled to be
added during the next Unit | refueling outage. Additional vent valves are scheduled to be added on

Unit 2 during the next Unit 2 refueling outage.

ADDITIONAL INFORMATICN

A.  Failed Components

None.

B.  Previous Similar Events

There have been two previously reported similar events. LER 50-327/94001 was associated with
the accumulation of gas in the reactor head and steam generator tubes durins low reactor coolant
system pressure operation. LER 50-328/90012 was associated with gas accumulation in the
suction piping of the centrifugal charging pump (CCP). It is believed that ti ¢ hydroger gas is
coming out of solution because of a gas stripping effect at the CCP miniflow .'ne flow restricting
orifices. These events are similar in that the plant configuration and operating cha-acteristics
result in the formation of gas in plant systems. The corrective actions from these events ¢ ld not

have precluded this event.
COMMITMENTS

None.




