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MEMORANDUM FOR: James A. Norberg, Chief
! Mechanical Engineering Branch
Division of Engineering Technology
Office of Nuclear Reactor Regulation
FROM: Jack E. Rosenthal, Chief
Reactor Operations Analysis Branch
Division of Safety Programs
Office for Analysis and Evaluation
of Operational Data
SUBIECT: GENERIC IMPLICATIONS OF THRUST BEARING
LOADING DURING LOW FLOW SURVEILLANCE
TESTING OF PUMPS

Seabrook Station licensee event report (LER) 443/88-009-01 issued November 13, 1992
discusses increased thrust bearing loading for the residual heat removal system pumps
when the pumps are run at reduced flows. I am concerned that inservice testing may:
(1) not detect the problem soon enough to avoid the concern of a common-mode failure
of the pumps or, (2) reduced flow may actually increase damage to the pumps. The
same pumps are currently installed at Byron, Braidwood, Catawba, Vogtle and San
Onofre Units 2 and 3. The concern may be applicable to other safety-related pumps.

It is my understanding that this issne s being reviewed as a Part 21, Log Number 92-256.
The item has been assigned to the Reactor Systems Branch for evaluation.

A copy of the LER is attached for your information. If you have any questions, please

call Earl Brown (492-4491) of my staff,
Driginal signed by Yack E. Rosenthal

Jack E. Rosenthal, Chief

Reactor Operations Analysis Branch

Division of Safety Programs

Office for Analysis and Evaluation
of Operational Data
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On December 8, 1988, testing indicated that premature degradation of the Residual Heat Removal
(RHR) pump thrust bearing could occur which would reduce its specified design life. This condition
could result in the unanticipated shutdown of a system required to remove residual heat.

Long-term corrective action for this concern involved modification of the pumps to reduce the loading
on the thrust bearings. This modification was developed by Westinghouse and Ingersoll-Rand based
on testing of a Unit 2 pump in the original and modified configurations. The modification required
a reduction in suction side wear ring inner diameter and impeller wear area outer diameter.
Maintenance schedules have been developed to ensure thrust bearing replacement prior to the end
of the current predicted service life,

There were no adverse safety consequences as  result of this condition. The RHR pumps remain
capable of performing their safety function, despite decreased bearing life.  The administrative
controls ensure that sufficient bearing life remains to provide long-term post-accident cooling.
Additionally, vibration monitoring will identify the onmset of bearing deterioration prior to actual

bearing failure,

This is the first occurrence of this type at Seabrook Station.
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bearing may begin to degrade. Sufficient time would exist 1o take corrective action Lo ensure
that the redundant pump is operable and capable of performing the long-term cooling lunction
while repairs are made to the degraded pump.

CORRECTIVE ACTIONS

The RHR pumps bave been modified as discussed below to reduce the loading on the thrust
bearings, The modifications were developed by Westinghouse and logersol'-Rand based on
testing conducted at Ingersoll-Rand in December 1988 on & Unit 2 RHR pump. The
lugersoll-Rand testing was performed on the Unit 2 pump origingl design and on a =modified
design. The modified design resulted in » significant reduction in thrust beariog loading. The
Unit 1 RHR pumps were modified based on the recommendations of Westinghouse and
lngersoll-Rand and in-situ measurements of thrust bearing loading were performed. The in-situ
thrnst bearing measurements indicated that loading was not reduced to the extent determined
by Ingersoll-Rund, however, loads were sufficiently reduced, extending the predicted life of the
thrust bearings to 33,017 bours at 3500 gpm. Replacement of the thrust bearings will be made
prior to exceeding 24,257 hours of service at 3500 gpm 50 as (0 mainlain & one year reserve
life 1o the unlikely event of an accident at the predicted end of service life. A deinilod
discussion of the corrective actions is provided below,

The RHR pump design requirements are found in Westinghouse E Spec. 952470, Rev, 2
(FP50279, lssue 12). This document specifies that the bearings are (o have a Rating Life of
B10 as calculated in AFEMA Standard 9, dated June 1972, and be suitable for a minimum of
100,000 hours of service.

To achieve design compliance, utilizing the existing bearing, (type 7222 BEAGY), externally
applied loads which contribute to downthrust must be reduced to 1700 Ibs. These extervally
applied loads are the net result of hydraulic forces acting upon the impeller during operation
of the pump. In the criginal pump design, the act force has been lowered by employment of
five, 9/16" diameter, balancing holes drilled in the impeller which reduce the pressure being
applied.  Close tolerance running clearances are also employed to help maintain pressure
differentials applied across the impeller

Ingersoll-Rand was contracted by Westinghouse to measure the impeller xial thrust using load
cells between the motor and the motor support head. The results of the tests performed belore
and after impeller and wear ring modifications are presented in Ingersoll-Rand Technical Report
TR-BB0K, dated 12/22/88. A copy of Ingersoll-Rand Technical Report TR-8808 is available for
review st Seabrook Station.  The test results were provided to Westinghouse and formed the
basis for issuance of Westinghouse Field Change Notice FCN-10588, and Westinghouse
supporting analysis documented in Safety Evaluation Check List (SECL) No. 89-001 A copy
of these documents are available for review at Seabrook Station.

The Ingersoll-Rand test results verify that & reduction in the front ring diameter was effective.
Peak byvdraulic thrust (occurring at 2300 gpm) was reduced from 5300 fbs. to 3100 lbs
Dependent on flow, a dramatic reduction in hydraulic thrust load was seen, at and beyond 3000
gpm.  The modified configuration thrust at 3000 gpm as measured by lngersoll-Rand was
recorded to be 1376 1bs,
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Pump performance was monitored and recorded during the logersoll-Rand test. Westinghouse
has reviewed this data against the manufsciurers certified performance (est curve, and has
determined pump performance to be virtually unchanged., System flow and NPSH calculation '
thetelore, were not affected by this change.

Westinghouse in conjunction with Ingersoll-Rand developed the design modification specified 1
in FON-10588. The modification reduces downthrust by increasing forces acting up on the
impeller. To sccomplish this, the suction side wear ring inner diameter and impeller wear area
outer dismeter were reduced, thus increasing the surface area (outside the wear ring) over
which the higher discharge pressures are spplied. The corresponding reduction of area inside
the suction wear ring reduces uplift applied by suction pressure. Since the magnitude of force
applied by discharge pressures are significantly greater a net increass in uplift will result. Peak
hydranhic thrust loads were not reduced (o the original design value of 1700 Ibs; thus,
Westinghouse/ Ingersoll Rand recommended that the specified bearing life of 100,000 hours be
revised 1o reflect the expected bearing life  with the modified impeller/wear ring. '
Westinghouse/Ingersoll-Rand predicted that when operating at peak thrust (approximately 2300
gpm), & bearing lile of 28,560 hours is predicted and that operation at flow rates greater than
2800 gpm can extend predicted life 1o 74,700 hours due to the reduction of loads in this range.
These predictions are bas=d on prototype modification test data. Actual bearing life predictions
to be used in determination of bearing replacement at Seabrook Station were determined based A
on post implementation in-situ testing discussed below |

Westinghouse recommended that the RHR pump flow controller nominal setpoint be increased
from the current 3000 gpm to a value between 3200 and 3300 gpm.  Based on in-sity test
results operation at a flow controller setpoint of 3500 gpm is required to offer an appreciable
reduction in thrust loads. Westinghouse concurred that operating at 3500 gpm is acceptable,
except doring nud loop operation and that adequate NPSH will exist at the higher flow.

Bearing seplacement will be made at the predicted bearing life less one year post-accident
reserve lifle. Although SECL-89-0ul utilizes a 100 day reserve in calculation of the replacement
interval example, the thrust bearing replacement schedule utilized by North Atlantic will ensure
RHR pump operability for a postulated post-accident duration of one year.

The predicted bearing life, established in SECL-89.001, is based on thrust load data collecied
during prototype testing of the RHR pump modification. Bearing replacement intervals to be
used at Seabrook Station are based on post implementation in-situ test data collected on the
installed pumps. These post implementation thrust data results are documented in Teledyne
Report TR-20%34 (885), showing less reduction in thrust load than that determined by
Ingersoll-Rand. The Teledyne Reports (September 7, 1989, for RHR Pump 8A and January 5,
1990 for RHR Pump 8B) are available for review at Seabrook Station.

Qperation of the RHR pumps at 3500 gpm will provide the lowest achievable thrust load within
an ascceplable operating band for the pumps. Operating procedures have been revised 1o
require operating flowrates of 3500 gpm during normal RHR sy.iem operation, except during
mid loop operation.

To predict the service life of the thrust bearing, North Atlantic utilized the highest hydraulic
load established during the in-situ test of 2775 Ibs (extrapolated from pump 8A data at 3500
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h P.O. Box 300

4 o Seabrook, NH 02874

T Telephone (803)474-05621
- Atlantlc Facsimile (603)474-2087

Energy Service Corporation Ted C Feigenbaum

Senior Vice President and

Chief Nuclear OHicer
NYN-§2160

November 19, 1992

United States Nuclear Regulwtory Commission
Washingion, D .C. 208558

Attention Document Conlral Desk
Relerences (a) Facility Operating License No. NPF-86, Docket No. 50-443

{b) Narth Atlantic Letter NYN-89006 dated January 9, 1989, "Licensee Event
Report (LER) No. §8.-009-000 Premature Residual Heat Removal (RHR)
Pump Thrust Bearing Failure," GG, S, Thomas to USNRC

Subject Licensee Event Report (LER) No. BR-009-01: Residual Hest Removal (RHR)
Pump Modifications to Reduce Thrust Bearing Loading

Gentlemen

Enclosed please find Licensee Event Report (LER) No. E8-009-01 for Seabrook
Station.  This submittal provides supplementary information regarding modifications to the
Seabrook Station Residual Heat Removal (RHR) pumps which have been implemented to
reduce loading on the RHR pump thrust beanings to extend their service life,

Should you require further information regarding this matter, please contact Mr. James
M. Peschel, Regulatory Compliance Manager, at (603) 474.9521 extension 3772,
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November 19, 1992
Page two

United States Nuclear Regulatory Commission
Attenflion:  Document Control Desk

ce Mr. Thomas T. Martin
Regional Administrator
U. §. Nuclear Regulstory Commission ‘
Region |
475 Allendale Road
King of Prussia, PA 19406

Mt Gordon E. Edison, Sr. Project Manager
Project Directorate -3

Division ol Resctor Projects

U.S. Nuclear Regulatory Commission
Washington, DC 20555

Mr. Noel Dudley

NRC Senior Resident Inspector
P.O. Box 1149

Scabrook, NH 03874

INPO

Records Center

1100 Circle 75 Parkway :
Atlanta, GA 30339 ;
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