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United States Nuclear Regulatory Commission
Washingion, D.C. 20585

Attention Document Control Desk
Reletences (@) Facility Operating License No. NPF:a6, Dockel No. 50-443 )
(bh) North Atlantic Letter NYN-ROOOH dated January 9, 1989, "Lacensee Event

Report (LER) No, 88-009-00: Premuture Residual Heai Removal (RHR)
Pump Thrust Bearing Failure,” G. §. Thomas to USNRC

Subject Licensee Evert Report (LER) No. 88-009-01° Residual Heat Removal (RHR)
Pump Modifications (o Reduco Thrust Bearing Loading

Gentlemen

Enclosed please find Licensee Esent Report (LER) No. 8-0u9-01 for Seabrook
Station  This submittal provides supplementary information regarding sod - cations (o the
Seabrook Station Residual Heut Removel (RHR) pumps which heve bes~ peolemented to
educe loading on the RHR pump thrust bearings to extend their = dou Tt

Should you require further information regarding this matter, ples  contact Mr
M. Pesenel, Regulatory Compliance Manager, at (603) 474-9521 extension 3772,

Very u(ﬂ yours, /
ol g T /
ri— o P, e
o A ) Y o TR oy o
. ” Frg

Ted C, Pesgepbaum 7
FCHFALL/act

Enclosures: NRC Forms 366, 366A
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CC.

Mr. Thomas T. Martin

Regional Administrator

U. §. Nuclear Regulatory Commission
Region |

475 Allendale Road

King of Prussia, £A 19406

Mr. Gordon E. Edisan, Sr. Preject Manager
Project Directorate 123

Division of Renclor Projects

LS. Nuclear Regulatory Commission
Washington, DC 20555

Mr, Noel Dudley

NRC Senior Resident Inspector
P.O. Box 1149

Seabrook, NH (03874

INPO

Records Center

1000 Circle 75 Parkway
Atlanta, GA 30339
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On December 8, 1988, testing indicated that premature degradation of the Residual Hest Removal
(RHR) pump thrust bearing could occur which would reduce its specified design life. This condition
could result o the unanticipated shutdown «f a system required to remove residual heat,

Long-term correctve action for this concern mvolved modification of the pumps to reduce the loading
on the thrust bearings, Tiis modification was developed by Westinghouse and Ingersoll-Rynd based
un testing of @ Unit 2 pump in the onginal and modified configurations. The modification required
a teducuion in suction side wear ring iangt diameter and impeller wear area outer diameter.
Mgintenance schedules have boen developed to ensure thrust bearing replacement prior (o the end
of the current predicied service lifé

There were no adverse salety consoquences as a 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 ramains to provide long-term post-accident cooling.
Additionally, vibration monitoring will identify the onset of bearing deterioration prior to actual
bearing failure

This is the first occurrence of this type at Seabrook Station,
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On November 25, 1987, Residual Heat Removal (RHR) pump RH-P SA was removed from
service due to excessive vibration at a frequency range indicative ol gxcessive thrust bearing
wehr. This occurrence was premature when compared 1o the expected life of the bearing (7300
hours versus 100,000 hours). Each Seabrook Statbon RHR pump consists of a Westinghouse
certicnl, 400 HP, frame SOO9P3Y, motor installed on a close-coupled Ingersoll-Rand model
EX20WDF pump. The affected bearing was one of (wo thrust bearings located i the lower
beats | using of the motor.  Both bearings are 40 degrees angulat contact ball bearings
mou 4+ ce-to-face.  The failure occurred in the uppermost of the two bearings, ie. the
downwaryg loaded thrust bearing

In situ testing wa' petformed to determine the sctual thrust on both the A and B train RHR
pumps.  The measured thrusts significantly exceeded the specified maximum down thrust and
closely correlated 1o the luads requited to produce the observed bearing degradation. As @
resault of this testing, & decision was made (o return one of the Seabrook Station Unit 2 RHR
pumps to Ingersoll-Rand for further testing

On December &, 1988 testing was performed at Iogersoll-Rand on the Unit 2 RHR pump
original design and on a modified configuration.  This testing indicsted that premature
degradation of the Residual Heat Removal (RHR) [BP] pump thrust bearing could occur which
would reduce it specified design life. This condition could result in the premature shutdown
of & system required to remove residual heal Corrective actiony  discussed below  were
developed by Westinghouse and Ingersoll-Rand 1o reduce RYR pump thrust bearing loading.
As o result of these modifications, RHR pump bearing life 15 predicted to be 33,017 hours al
3500 gpm

SAFETY SIGNIFICANCE

RHR pump performance is momitored quarterly as part of the ISI Program. A review ol past
periormance data ndicates that RHR pump characteristics (ie., head and flow) did not degrade
over time Pump vibration monitoring provides additional assurance that the RHR pumps will
continue to be capable of performing their required safety function. The “alert” and “required
action limits" in the ASME Code Section X1 insure that vibration will be corrected prior o
severe pump damage

Assuming the single failure of one train of RHR, the remaining RHR pump would not
catastrophicully fail as a result of bearing degradation.  Rather, increased vibration in the
operating pump would provide warming of degradation fong before any impact on sysiem
performance would cccur. Therefore, adequate time would exist to restore the allernate train
or take other remedial measures prior 1o actual failure of the pump

Degradation is also not bikely to result i simultaneous failure of both trains. The lower thrust
values recorded on the B pump resulted in considerably longer bearing life for this pump. The
differences 1in thrust values, point in service lde, and previous operating history auke a
simultancous failure unlikely

The safe shutdown capability of the ECCS is not impaired as a result of reduced bearing life.
Since bearing degradation is a slow process, the engineered safety features of the plant would
perform normally.  After transfer to recirculation or long term RHR cooling, the RHR pump
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bearing may begin to degrade. Sufficient time would exist 1o tuke corrective action 10 ensure
th** the redundan’ pump is operable and capable of performing the long-term cooling function
while repairs are made (o the dograded pump
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The RHR pumps have been modified as discussed below to reduce the loading on the thrust
bearings. The modificaticas were developed by Westinghouse and Ingersoll-Rand based on
testing conducted at Ingersoll-Rand in December 1988 on w Unit 2 RHR pump.  The
logersoll-Rand testing was performed on the Unit 2 pump original design and on a modified
design. The modified design resulted in a signilicant reduction in t5rust bearing loaling. The
Unit 1 RHR pumps were modified based on the recommendatinas of Westinghouse and
Ingersoll-Rand and in-situ measurements of thrust bearing loading were performed. The in-situ
thrust 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 hours at 3500 gpm. Replacement of the thrust bearings will be made
priof to exceediog 24,257 hours of service at 3500 gpm 50 as (0 maintain a one year reserve
life in the unlikely event of an accident at the predicted end of service life. A detailed
discussion of the corrective actions is provided below,

The RHR pump design requirements are found in Westinghouse E Spec. 952470, Rev, 2
(FP50279, Tssue 12). This document specifics that the bearings are (o have a Ratng Lile of
BI0 as caloulated in AFBMA Standard 9, datea 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 externally
applied loads are the net result of hydraulic forces acting upon the impeller during operation
of the pump. In the original pump design, the net force has been lowered by employment of
five, 916" 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 apphed across the impeller,

Ingersoll-Rand was contracted by Westinghouse 1o measure the impellier axial thrust using load
cells between the motor and the motor support head, The results of the tests performed before
and after impeller and wear ring modifications are presented in Ingersoll-Rand Techmical Report
TR-REOS, dated 12/22/88. A copy of Ingersoll-Rand Technical Report TR 8808 is available for
review at Seabrook Station.  The test results were provided o Westinghouse and formed the
basis for issuance of Westinghouse Field Change Notice FCON-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 1est results verily that a reduction in the front ring diameter was effective.
Peak hydraulic thrust (occurring at 2300 gpm) was reduced from 5300 1bs. wo 3100 1bs,
Dependent on flow, a dramatic reduction in hydraulic thrust load was seen, al and ' *yond 3000
gpm. The modified configuration thrust at 3000 gpm as measured by Ingersoll-Rand was
recorded to he 1376 1bs

: -
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Pump performancy was monitored and recorded during the Ingersoll-Rand tést. Westinghouse
has teviewed this data aganst the manufacturers certified performance test curve, and has |
determined pamp performance to be virtually unchanged. System flow and NPSH calculation
therefore, were not affected by this change

-
B e e

Westinghoust in conjunction with Ingersoll-Rand developed the design modification specified
in FUN-10588. The modification reduces downthrust by increasing forces acting up on the
mpeller. To sccomphish this, the suction side wear ring inner diameter and impeller wear srca
outer dimmeter were reduced, thus increasing the surface area (outside the wear ring) over
which the higher discharge pressures ure applied. The corresponding reduction of arca 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 increase in uphift will result. Peak
hydraulic thrust loads were not reduced to the original design value of 1700 Ibs; thus,
Westingbouse/ Togersoll-Rand recommended that the specified bearing life of 100,000 hours be
revised 1o refleet  the expected bearing lile with the modified impeller/wear ring.
Westinghouse/lngersoll-Rand predicted that when operating at peak thrust (approximately 2300
gpm), a bearing life of 28,560 hours is predicied 2nd that operation at flow rates greater than
2800 gpm can extend predicted life to 74,700 hours due to the reduction of loads in this range. :
These predictions are based on prototype modification (25t data. Actual beariog life prediaiions lr
to be used in determination of bearing replacement at Scabrook Station were delermined bascd
on post samplemeniation inssitu testing discussed below

b e e e & o
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Westinghowse recommended that the RHR pump flow controller nominal setpoint be increased
from the curreat 3000 gpm 1o a value between 3200 and 3300 gpm. Based on in-situ test
results operation «t a flow controller setpoint of 3500 gpm is required to offer an appreciegble
reduction in thrust loads. Westinghouse concurred that operating at 3500 gpm is acceptable,
except during mid loop operation and that adequate NPSH will exist at the higher flow,

Bearing replacement will be made at the predicted bearing life less one year post-aceident
reserve lile. Although SECL-89-001 utilizes a 100 day reserve in caleulation of the replacement
isterval exumple, the thrust bearing replacement schedule utilized by North Atlantic will ensure '
RHR pumj operability for a postulated post-accident duration of one year

The predicted bearing life, established in SECL-89-001, 15 based on thrust load data collected
during prototvpe testing of the RHR pump modilication. Bearing replacement intervals to be
used at Seabrook Station are based on post implementation in-situ test datg collected on the |'
installed pumps. These post implementation thrust data results are documented in Teledyne
Report TR-20834 (885), showing less reduct,on in thrust load than “hat determined by
Ingersoll-Rand. Tne Teledyne Reports (September 7, 1989, for RHR Pump 8A and January §,
1990 for RHR Pump 8B) are available for review at Seabrook Station,

Operation of the RHR pumps at 3500 gpm will provide the lowest achievable thrust load within
an acceptable operating band for the pumps. Operating procedures have been revised to
require operating fowrates of 3500 gpm during normal RHR system operation, excepl during '
mid loop operation, :

Te predict the service life of the thrust bearing, North Atlantic utilized the highest hydraulic
load established during the in-situ test of 2775 lbs (extrapolated from pump ¥A data at 3500
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