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Ladies and Gentlemen:

LER 1998-013-01
Davis-Besse Nuclear Power Station, Unit No.1

Date of Occurrence - November 5.1998

Enclosed please find Revision 1 to Licensee Event Repon 1998-013, which is being submitted to provide
|

additiona! information regarding the subject occurrence. The changes are marked with a revision bar in
the margin. Please destroy or mark superseded on previous copies of the LER. This LER is being
submitted voluntarily in accordance with the guidelines of Section 2.9 of NUREG-1022, Event
Reporting Guidelines.
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Mr. Kevin S. Zeller-
DB-1 NRC Senior Resident inspector

Utility Radiological Safety Board

l
i

9907010220 990624 d
PDR ADOCK 05000346
S PDR



3

. .

1 *

1

I

COMMITMENT LIST

The following list identifies those actions committed to by the Davis-Besse Nuclear Power Station in this
document. Any other actions discussed in the submittal represent intended or planned actions by
Davis-Besse. They are described only as information and are not regulatory commitments. Please notify
the Manager - Regulatory Affairs (419-321-8466) at Davis-Besse of any questions regarding this
document or associated regulatory commitments.

COMMITMENTS DUE DATE

None N/A

<

Commitment List, page 1 of 1
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Safety Valve Rupture Disks May Induce Excessive Eccentric Loading of Pressurizer Vessel Nozzles
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On November 5, 1998, at 1107 hours with the plant in Mode 1 at 100 percent. power,
it was determined that eccentric loading of the Pressurizer Safety Valve nozzle
piping could occur if one of the two rupture disks on the safety valve discharge
tees remained intact during a safety valve lift. An evaluation concluded that
this eccentric loading would exceed the desigr limits of the nozzle piping and
potentially cause a failure of the Reactor Coolant System pressure boundary. The
four rupture disks had been effectively removed from the discharge tees on
October 17, 1998, as a precautionary measure to remove the potential for one
rupture disk remaining intact during a safety valve lift, potentially exceeding
the USAR defined stress intensity limits due to potential eccentric loading.
Initial notification of this condition was made to the NRC at 1152 hours on
November 5, 1998, in accordance with 10CFR50.72 (b) (2) (iii) (C) .

Further analysis of this issue determined that both rupture disks would have
burst for all expected safety valve lifts, eliminating the potential to induce an
excessive eccentric load on the valves or piping. The event notification made in
accordance with 10CFR50.72 (b) (2) (iii) (C) was retracted on June 23, 1999. A plant*
modification was implemented in May of 1999 to install a single rupture disk
configuration to eliminate the potential of eccentric loading of the nozzle
piping. This report is being submitted as a voluntary report.

NRC FORM 366 (6-1998)
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Description of Occurrence:

The Davis-Besse Nuclear Power Station (DBNPS) reactor vessel [ Energy Industry
Identification System Identifier JB-RPV) and Reactor Coolant System [AB] is
protected from overpressure in Modes 1-3 by a Reactor Protection System [JC]
high-pressure trip of less than 2355 psig, and two Pressurizer Safety Valves
[AB-RV) with setpoints of 2500 psig. The Pressurizer Safety Valves are
installed in accordance with the American Society of Mechanical Engineers (ASME)
Boiler and Pressure Vessel Code. The settings for the Reactor Protection System
high pressure trip and the Pressurizer Code Safety Valves have been established
to ensure that the Reactor Coolant System pressure safety limit of 2750 psig
(110 percent of the 2500 psig design pressure) is not exceeded. An additional
Oilot-Operated Relief Valve (PORV), with a setpoint of 2450 psig, limits the
lifting frequency of the Pressurizer Safety Valves. The Pressurizer Safety
Valves were selected so that choked flow conditions would exist for any valve
lift during all transients. Each of the Pressurizer Safety Valves discharges
into a separate tee opening directly into the containment vessel. The PORV
discharges to the pressurizer quench tank within the containment vessel.

The original design of the Pressurizer Code Safety Valves at the DBNPS had the
two safety valves located in a valve room near the top of the Pressurizer, along
with the PORV and the Pressurizer Spray Valve. Connecting each safety valve to
the Pressurizer was approximately 35 feet of piping that contained a small loop
seal. This loop seal protected the safety valve disk and seat from cutting by
the hydrogen present in the Reactor Coolant System. Both safety valves
discharged to the Pressurizer Quench Tank. When these safety valves lifted, it
was expected that the quench tank rupture disk would burst.

An Electric Power Research Institute (EPRI) valve testing program, and analyses
performed by Teledyne Engineering Service, identified that the original
configuration with inlet piping longer than 12 to 15 feet could cause the safety
valves to chatter during blowdown due to a sonic traveling wave formation, which 1

'would limit the relieving capacity of the valves. Additionally, the safety
valves could have possibly been damaged due to water-harmer effects from the
water contained in the loop seal. Based on this information, the safety valves
were relocated to directly on top of the Pressurizer by Facility Change Request
(FCR) 82-074, which was implemented during the Second Refueling Outage in 1982.
Piping tees were installed on each safety valve discharge to counteract the
reaction load when the safety valves lifted. The safety valve disks and seats

|
were replaced with a " soft seat" material to preclude hydrogen cutting of the '

original stellite disk and seat. Also during this time, rupture disks were
added by FCR 82-083 to enclose both ends of the safety valve discharge piping
tees to capture any safety valve seat leakage so it could be routed to the
Pressurizer Quench Tank to reduce radioactive contamination inside of the
containment building. The initial rupture disks had a set pressure of 75 psig |
at an ambient temperature of 150 degrees Fahrenheit. I

During the Third Refueling Outage in 1983, the safety valve rupture disks were
replaced with rupture disks having a set pressure of 110 psig at 150 decrees 1

Fahrenheit. The 75 psig rupture disks were relatively close to the normal

NRC FORM 366A (41995)
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Description of Occurrence: (Continued)

Quench Tank pressure, and pressure fluctuations could burst the disks. The 110
psig at 150 degrees F set pressure was selected based on the existing Quench
Tank rupture disk set pressure of 100 psig.

In February 1987, one of the 110 psig rupture disks was discovered burst on two
separate occasions. It was believed that the elevated temperatures at the top
of the Pressurizer in conjunction with minor safety valve leakage increased the
operating temperature of the rupture disks, thereby reducing their set pressure.
Therefore, during a planned maintenance outage in May 1987, the rupture disks
were replaced with ones having a set pressure of 200 psig at 500 degrees F. The
200 psig set pressure was selected to be less than the pressure rating of the
safety valve bellows, and 500 degrees F was selected based on the downstream
temperature of a leaking safety valve.

In Septemoer 1994, it was discovered that some Reactor Coolant System component
stress reports for the DBNPS were not being updated as plant modifications were
performed. This was documented in Potential Condition Adverse to Quality Report
(PCAQR) 94-0797, and an evaluation of the component stress reports was !

initiated. In September 1995, an addendum to PCAQR 94-0797 was initiated o
identify that the component stress report for the Pressurizer had not been
properly updated to reflect the changes in the safety valve piping described
above, and an evaluation was initiated for the Pressurizer. In March of 1996, a
portion of the evaluation was completed, which concluded that steady state flow
through the valve would result in both discharge rupture disks bursting on each
Pressurizer Safety Valve regardless of initial conditions. The remainder of the
evaluation, completed in 1997, determined that the Pressurizer Safety Valve
inlet piping stress levels exceeded the stress intensity limits for upset
loading conditions defined in the DBNPS Updated Safety Analysis Report (USAR),
but remained within the stress intensity limits for faulted loading conditions.
This evaluation was based on both rupture disks being in the burst condition
during steady state flow through the valve. This condition was documented in
PCAQR 97-1518. An operability assessment was performed at that time, and it was
determined that the equipment remained capable of performing its intended
functions without failure.

In July of 1998, after discussing proposed changes in the Main Steam Safety
Valve setpoint tolerances as a result of DBNPS LER 98-001, a DENPS engineer
realized that License Amendment Request 94-010 (Toledo Edison Serial Letter
Number 2325) had been submitted previously to the NRC on the Pressurizer Code
Safety Valves setpoint tolerances. The engineer then investigated the effect of
a slightly lower safety valve setpoint on the response of the safety valve
rupture disks. During this evaluation, it was discovered that the rupture disk
set pressure was assumed to be 200 psig in the 1996 determination that both
rupture disks would burst during steady state flow. Since the set pressure
rating of the rupture disks was 200 psig at 500 degrees F, the conclusion that
both rupture disks would burst came into question. The rupture disk set
pressure could potentially have been as high as 260 psig (accounting for set
pressure tolerances) if the rupture disk was at a containment ambient

NRC FORM 3NA (41RE)
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Description of Occurrence: (Continued)

temperature of approximately 130 degrees F. This would be the expected
temperature if no Pressurizer Safety Valve seat leakage existed. Evaluations
based on the higher burst pressure were performed using the rated relief
capacity of the safety valves. These evaluations demonstrated that a potential
exicted for flow out of only one side of the discharge piping tee during a
safety valve lift. This unbalanced flow could induce significant eccentric
loading of the valve and inlet piping. The FCRs that originally added the
piping tees and the 75 psig rupture disks to the safety valve discharges did
calculate the potential eccentric loading that could occur for valve blowdown
loads if one of the rupture disks remained intact during a valve lift. However,
the stress analysis for this FCR did not include any loading associated with
valve blowdown, and the potential eccentric loading was not re-evaluated for
subsequent changes to the rupture disk ret pressure.

An evaluation was initiated to determine the effects of the potential eccentric
loading on the Pressurizer Safety Valve nozzle piping. Additionally, a dynamic
flow analysis through the valve and discharge piping was initiated. On
October 17, 1998, during an unplanned plant shutdown, the four Pressurizer
Safety Valve discharge piping rupture disks were disabled as a precautionary
measure to remove the potential for one rupture disk to remain intact during a
safety valve lift, potentially exceeding the USAR defined stress intensity
limits due to potential eccentric loading. This work was performed in
accordance with Temporary Modification (TM) 98-0036. |

On November 5, 1998, at 1107 hours with the plant in Mode 1 at 100 percent
power, it was determined via calculation that the eccentric loading of the
Pressurizer safety valve nozzle piping may exceed the design stress intensity
limits defined in the USAR if one of the rupture disks remained intact during a
safety valve lift, potentially causing a failure of the Reactor Coolant System
pressure boundary. It was determined that this condition represented a condition |
that alone could have prevented the fulfillment of a safety function of
structures or systems that are needed to control the release of radioactive
material, because of the potential failure of the Reactor Coolant System
pressure boundary during the time period the higher set pressure rupture disks
were installed. Notification of this condition was made to the Nuclear |
Regulatory Commission (NRC) at 1152 hours on November 5, 1998, in accordance
with the four-hour reporting requirement of 10CFR50.72 (b) (2) (iii) (C) .
Revision 00 of this report was submitted in accordance with |
10CFR50. 73 (a) (2 ) (ii) (B) as a condition that was outside the design basis of the
plant, and in accordance with 10CFR50.73 (a) (2) (v) (c) as a condition that alone
could have prevented the fulfillment of a safety function.

The National Board of Boiler and Pressure Vessel Inspectors capacity
certification program specifies two methods of determining the relief capacity
of a safety valve. The nozzle coefficient method, which was used to determine
the relief capacity of the DBNPS Pressurizer Safety Valves, requires that a
safety valve actual relief capacity be ten percent more than the rated relief

I

NRC FORM 366A (41995)
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Description of Occurrence: (Continued)

capacity. The actual nozzle coefficients for the type of safety valves
installed on the DBNPS Pressurizer were also verified via additional industry
testing.

A transient analysis of the Pressurizer Safety Valve discharge piping was
completed by an external engineering organization on December 17, 1998, to
determine if both rupture disks for each safety valve would have burst for all
lifts of the safety valves, or if one rupture disk would have remained intact.
Using the actual relieving capacity of the safety valves, this transient
analysis determined that both rupture disks would burst for all Pressurizer
Safety Valve lift scenarios at all expected safety valve lift settings. Since
both rupture disks would have burst, there was no potential to induce an
excessive eccentric load on the valves or piping. Based on the results of this
transient analysis, this condition no longer meets the reportability
requirements of 10CFR50.72(b)(2)(iii)(C) and 10CFR50.73 (a) (2) (ii) (B) as a
condition that was outside the design basis of the plant, or
10CFR50. 73 (a) (2) (v) (C) as a condition that alone could have prevented the
fulfillment of a safety function. The event notification made in accordance
with 10CFR50.72 (b) (2) (iii) (C) was retracted on June 23, 1999. This report is
being submitted as a voluntary report.

Apparent Cause:

The apparent cause of this event is that errors were made in the assumptions
used to simplify the evaluation of the complex configuration. Specifically, the
evaluations assumed that both rupture disks would burst for any lift of a
Pressurizer Safety Valve without validating the assumption. Furthermore, these
assumptions were not completely documented, which likely resulted in an

i

inadequate review and evaluation of the modifications that changed the '

Pressurizer Safety Valve rupture disk set pressure.

Analysis of Occurrence:

Preliminary analysis showed that the postulated eccentric loading of the
Pressurizer Safety Valve piping, caused by one of the safety valve outlet
rupture disks remaining intact during a safety valve lift, could potentially
have caused a failure of the safety valve inlet piping, resulting in a Reactor
Coolant System pressure boundary leak. Further analysis using the actual
relieving capacity of the Pressurizer Safety Valves determined both rupture
disks would burst for all Safety Valve lift scenarios at all expected safety
valve lift settings. Since both rupture disks would have burst for all lift
scenarios, there was no potential to induce an excessive eccentric load on the
valves or piping and cause leakage in the Reactor Coolant System pressure
boundary. Therefore this event had no safety significance.

NRC FORM 366A (4-1995)



o
. ..

GOR % 306A U.S. NUCLEAR REGULATORY COMMISSION

LICENSEE EVENT REPORT (LER)
TEXT CONTINUATION

FACluTY NAME (1) DOCKET NUMBER (2) LER NUMBER (6) PAGE (3)
SEQUENTIAL REVISION

YEARDivis-Besse Unit Number 1 05000346 NUMBER NUMBER 6 Op 6

1998 -- 013 -- 01
TEXT (11more space is required, use additional copres of NRC Form 366A) (17)

Corrective Actions:

On October 17, 1998, the four Pressurizer Safety Valve discharge piping rupture
disks were disabled as a precautionary measure, removing the potential for one
rupture disk to remain intact during a safety valve lift, potentially
overstressing the piping due to eccentric loading. This work was performed in
accordance with Temporary Modification (TM) 98-0036.

Modification 97-0085 was previously initiated to change the Pressurizer Safety
Valve piping configuration so the stress intensity levels remain within USAR
defined limits for all loading conditions. Implementation of this Modification
was completed in May of 1999 during a plant mid-cycle outage. This Modification
installed a single rupture disk configuration in the Pressurizer Safety Valve
discharge piping, eliminating any potential for eccentric loading on the I
Pressurizer Safety valves or piping due to a rupture disk remaining intact '

during a safety valve lift.

I
The errors that were made during the modification process to determine a higher
rupture disk set pressure occurred in 1987. The modification process currently
in place at the DBNPS has more rigor than the process in place in 1987, and the
standards and expectations for engineering work are much higher. It is unlikely
that the invalid and faulty assumption that contributed to the error would be
accepted by present work standards. Therefore, no corrective actions are
necessary related to the present DBNPS modification process.

Failure Data:

DBNPS LER 97-002 documented that six containment penetrations could exceed
interim allowable pipe stress values during design basis loss of coolant
accident conditions. This LER was based on information contained in Generic j

'
Letter 96-006, " Assurance of Equipment Operability and Containment Integrity
During Design-Basis Accident Conditions." It was determined that piping
stresses due to overpressurization were not sufficient to cause failure of the
containment penetration piping. DBNPS LER 98-009 documented that the Reactor i
Coolant Pressurizer Spray Valve was not functional for design loads because two
of the eight body to bonnet nuts were missing. The apparent causes for these
two previous events were not related to the apparent cause for the condition
described above, therefore, the corrective actions taken for these previous
events would not have prevented the condition described above.

NP-33-98-013-01 PCAQR 1998-1963

NRC FORM 366A (4-1995)


