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On March 27, 2010, the 'A' Service Water (SW) strainer failed to operate as expected. Cooper
Nuclear Station (CNS) found the strainer wiper motor-to-gearbox coupling was not engaged to
turn the gearbox shaft. The gear side key had become dislodged allowing the coupling half to
move enough to disengage the coupling sleeve. This condition impacted the ability of the strainer
to perform the automatic backwash function to keep it clear of debris. CNS did not enter the
applicable Technical Specification limiting condition for operation due to acceptable differential
pressure across the strainer, the ability to take actions to maintain the strainer operable, and the
lack of available information indicating an inoperable condition existed.

CNS' evaluation of the failure identified a history of performance problems for both divisions of
SW strainer couplings. The root causes are design and design control of the reduction gear-to-
motor shaft configuration for the SW strainers, specifically including the coupling, is inadequate;
and historical coupling failure evaluations failed to identify the original design fault.

As an interim measure, CNS installed new worm gear shafts and couplings with solid sleeves
for both SW strainers. To prevent recurrence of the failure, CNS will implement a new SW
strainer modification. The equipment failure is not risk significant.
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PLANT STATUS

Cooper Nuclear Station (CNS) was in Mode 1, Power Operation, at 100 percent power at the time
the event was discovered, i.e., June 7, 2011, and when the actual event occurred on March 27,
2010, at 12:25 Central Daylight Time (CDT).

BACKGROUND

The service water (SW) [EIIS:BI] system is designed to provide cooling water for the removal of
heat from equipment, such as the diesel generators [EIIS:DG] and reactor equipment
cooling (REC) system heat exchangers [EIIS:HX], and to provide a supply of water for the
residual heat removal (RHR) [EIIS:BO] SW heat exchangers through the RHR SW booster
system pumps [EIIS:P]. The SW system also provides cooling to turbine building [EIIS:NM]
non-essential loads and other unit components, as required, during normal operation.

The SW system consists of four pumps located in the intake structure [EllS:ME]. These pumps
are separated into two pairs. Each pair takes suction from the SW bay in the intake structure and
discharges through a motorized, self-cleaning strainer [EIIS:STR] to the SW supply header. The
two SW strainers remove suspended particles equal to or larger than 1/8 inch in size from the
water in order to prevent or minimize fouling of the heat transfer surfaces in the downstream REC
and RHR SW heat exchangers.

Debris accumulated in the SW strainers is removed through a backwash function. This creates a
low pressure area in between a set of wiper blades that draws a portion of the strained water
backward through the strainer, down between the wiper blades, and out the backwash outlet.
This backwash water is then returned to the Missouri River.

EVENT DESCRIPTION

On March 27, 2010, at 12:25 CDT, when operators placed the A' SW strainer in the mode for
continuous operation, the strainer did not operate as expected. Further investigation revealed
that the SW strainer wiper motor-to-gearbox coupling [EIIS:CPLG] was not engaged to turn the
gearbox shaft. The gear side key had become dislodged allowing the coupling half to move
enough to disengage the coupling sleeve. This condition impacted the ability of the SW strainer
to successfully perform the automatic backwash function to keep it clear of debris.

At the time of the failure, differential pressure across the 'A' SW strainer was steady at 0.1 to
0.2 psid and was not approaching the operational limit of 15 psid. CNS control room operators
considered the SW 'A' subsystem operable based on the fact that differential pressure
remained within operational limits, the ability existed -totake-manual actions to perform the
strainer's backwash function per alarm card -respon se procedures, and the lack of available
information indicating an inoperable condition existed. As such, the applicable technical
specification limiting condition for operation for SW was not entered. CNS maintenance
personnel restored the coupling at approximately 17:19 CDT on March 27, 2010, and staked
the gear side keyway to prevent the key from coming out.
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A root cause evaluation for the equipment failure was completed on May 11, 2010. The
evaluation identified a history of performance problems for both divisions of SW strainer
couplings. Prior Corrective Action Program (CAP) evaluations failed to recognize an original
design deficiency with the reduction gear to motor shaft configuration; specifically, the length of
the worm gear shaft keyway is too short for adequate engagement of the coupling on the shaft.
The design inadequacies were introduced at the time of initial installation of the SW strainers in
1973. Previous actions to correct the conditions have not prevented failure.

The type of coupling utilized in the strainer motor-to-gear box application for both divisions of SW
is a TB Wood's Inc. product type 4J. Prior to 2003, the SW strainer couplings were classified as
"non-essential," so failures were addressed as corrective maintenance work items. Following
reclassification of the SW strainer components to "essential" in 2003 to 2006, there were three
coupling failures. Two of the failures were assigned as "validate and fix the identified condition" in
the CAP. An apparent cause evaluation was performed for the third condition, which did not
detect the design problem. In July 2007, the CAP implemented new condition classification
criteria, specifically designed to escalate corrective action efforts associated with repetitive
equipment failures and programmatic breakdowns.

The following table provides a summary of SW strainer coupling failures that have occurred at
CNS in the last three years and the associated cause and corrective actions:

Date Condition Description Cause Actions Taken
3/27/10 'A' SW strainer gear side key Inadequate coupling Installed new worm

dislodged inside of coupling design. gear shafts and
sleeve. couplings with solid

sleeves (both
strainers). New
strainer modification
is planned.

4/29/09 'A' SW strainer gear side Key setscrew was Coupling replaced and
coupling found loose, positioned on the radius dimpled the gear box

portions of the key and and motor shafts for
keyway. the shaft setscrew

5/01/09 'A' SW strainer motor side (both strainers).
coupling moved during Procedure guidance
installation. also revised.

9/02/08 'B' SW strainer gear side key Accessibility is not Worm gear and
found dislodged from worm gear optimal to prevent coupling replaced.
and coupling hub keyway. coupling failures (lack Procedure revised to

of visual access to add instruction for
ensure correct coupling inspections
assembly). when disassembled.

6/26/08 'A' SW strainer moving erratically; Improper coupling Coupling replaced and
rubber coupling found on shaft installation, enhanced procedure
behind coupling half. guidance for coupling

installation.
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Application of the CAP criteria, implemented in July 2007 for repetitive equipment failures,
resulted in escalation of three out of four of the SW strainer coupling failures (the April and May
2009 failures were evaluated together). The most recent escalation, to perform a root cause
evaluation for the March 2010 failure, enabled identification of the SW strainer coupling design
deficiency.

BASIS FOR REPORT

CNS discovered that the March 2010 SW strainer coupling failure was reportable on June 7,
2011, during a backend review of the resulting 2010 root cause evaluation. At the time of the
March 2010 failure, there was a lack of knowledge regarding the SW strainer coupling design
deficiency. As such, past operability of the SW subsystem was not considered. The root cause
evaluation performed for the March 2010 failure documents firm evidence that a design
deficiency has existed since 1973; therefore, CNS is reporting the March 2010 and past failures
in accordance with the following 10 CFR 50.73 criteria:

* 50.73(a)(2)(i)(B) - An operation or condition prohibited by Technical Specifications.

" 50.73(a)(2)(v) - An event or condition that could have prevented fulfillment of the safety
function of structures or systems that are needed to: (B) remove residual heat.

" 50.73(a)(2)(vii) - An event where a single cause or condition caused at least one
independent train or channel to become inoperable in multiple systems or two
independent trains or channels to become inoperable in a single system designed to:
(B) remove residual heat.

SAFETY SIGNIFICANCE

The safety significance of the 'A' SW strainer wiper motor-to-gearbox coupling failure on March
27, 2010, is low. The impact of this condition was limited to the strainer automatic backwash
function and strainer differential pressures remained steady at 0.1 to 0.2 psi, which is significantly
lower than the operational limit. Therefore, the likelihood of the strainer not being able to provide
sufficient SW flow was low. Additionally, the 'B' SW strainer was available and capable of
providing required cooling water for all conditions.

The March 2010 failure and other past occurrences discussed in the Event Description section
are considered a safety system functional failure.

CAUSE

CNS identified two root causes for the March 2010 SW strainer motor-to-gearbox coupling failure:

* Design and design control of the reduction gear-to-motor shaft configuration for the SW
strainers, specifically including the coupling, is inadequate. The design inadequacies
were introduced at the time of initial installation of the SW strainers in 1973.

NRC FORM 366A (10-2010)
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* Historical SW strainer coupling failure evaluations failed to identify the original design
fault.

CORRECTIVE ACTIONS

In July 2007, the CAP implemented new condition classification criteria, specifically designed to
escalate corrective action efforts associated with repetitive equipment failures and programmatic
breakdowns. No additional actions are needed to address the cause related to historical
processes for equipment failure evaluations.

As an interim measure, CNS installed new worm gear shafts and couplings with solid sleeves for
both SW strainers. This interim action was completed on July 19, 2010, for the 'B' SW strainer
and October 25, 2010, for the 'A' SW strainer. To further prevent recurrence of this equipment
mechanistic failure, CNS will implement a new SW strainer modification.

PREVIOUS EVENTS

CNS has experienced historical performance problems with the SW strainer couplings as
discussed in the Event Description section. There have been no other events reported in the last
three years.

NRC FORM 366A (10-2010)
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Correspondence Number: NLS2011098

The following table identifies those actions committed to by Nebraska Public Power District
(NPPD) in this document. Any other actions discussed in the submittal represent intended or
planned actions by NPPD. They are described for information only and are not regulatory
commitments. Please notify the Licensing Manager at Cooper Nuclear Station of any
questions regarding this document or any associated regulatory commitments.
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