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United States Nuclear Regulatory Commission
W ashington, D.C. 20555

Attention: Document Control Desk

References: (a) Facility Operating Liccuse No. NPF c;6, Docket No. 50 443
,

(b) North Atlantic Letter NYN 89006 dated January 9,1989,'Licensec Event
Report (LER) No. 88 009 03: Premature Residual 11 eat Rernoval (R11R)
Pump Thrust Ilearing Failure," O. S, Thomas to USNRC

Subject: Licensee Event Report (LER) No. 88 009 01: Residual llent Removal (RilR)
Pump hiodifications to Reducc Thrust licating Loading

Gentlemen:

Enclosed please find Licensee E'. e n t Repos t (LER) No, c,8 %9-01 for Seabrook
Station This submittal provides supplementary information regarding mod' sations to the
Seabrook Station Residual !! eat Removal (RilR) pumps which have ber raolemented to
cduce loading. on the RilR pump thrust bearings to extend their ,in Go.

Sht uld you require further information regarding this mattcr, plea contact hit. .,

hl. Peschel, degulatory Compliance hianager, at (603) 474 9521 cxt e nsion_,3772
,-

Very tr i ours,

p
Y & f rC] rd f W

Ted C. Prig

TCF:ALL/act
,

Unclosures: NRC Forms 366, 366 A

20004G
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Ur.iled States Nuclear llegulatory. Commission November 19, 1992
.

Attention: Document Control Desk Page two"

cc: Mr. Thomas T. Martin
Regional Administrator
U. S. Nuclear llegulatory Commission
Region 1
475 Allendale Road
King of Prussia, s'A 19406

'

Mr. Gordon E. Edison Sr. Project Manager
Project Directorate 13 _ .

Division of Reactor Projects
'

U.S. Nuclear llegulatory Commission
Washington, DC 20555- ,

'

Mr. Noel Dudley
NitC Senior Resident inspector
P.O.130x 1149

iSeabrook, Nil 03874
:

INPO
Records Center ,

Iwo Circle 75- Parkway
Atlanta, GA 30339
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On December 8,1988, testing indicated that premature degradation of the Residual Heat Removal
(RilR) 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 correctwe action for this concern .nvolved modification of the pumps to reduce the loading
on the thrust bearings. This modification was developed by Westinghouse and Ingersoll-Rund based
on testing of a Unit 2 pump in the original and modified configurations. The modification required
a seduction in surtion side wear ring innei 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 a result of this con:lition. The RHR pumps remain
capable of performing their safety function, despite decreased bearing life. The administrative
controls ensure that sufficient bearing life r : mains to provide long-term post accident cooling.
Additionally, vibration monitoring will identify the onset of bearing deterioration prior to actual
bearing failure,

j This is the first occurrence of this type at Seabrook Station.
.
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On November 25, 1987, Residual Ileat Removal (RilR) pump Ril P 4A was ternoved from
sersice due to excessive vibration at a frequency range indicative of excessive thrust bearing

This occurrence was premature when compared to the expected life of the bearing (7300wear.
hours setsus 100,000 hours). Each Seabrook Station 811:1 pump consists of a Westinghouse
ver tical, 400 IIP, frame 5009P39, motor installed on a close-coupled Ingersoll-Rand model
8X20WDF pump. The affected bearing was one of two thrust bearings located i'., the lower
bear; e , using of the motor. 13oth bearings are 40 degrees angular contact ball bearings
mout ' J > cc to-f ace. The failure occurred in the uppermost of the two bearings, i.e., the
downward laaded thrust bearing.

In situ testing wa< performed to determine the actual thrust on both the A and 11 train RiiR
p u m p s. The measured thrusts significantly exceeded the specified maximum down thrust and
closely correlated to the loads required to produce the observed bearing degradation. A r, a
result of this testing, e decision was made to return one of the Seabrook Station Unit 2 R1111
pump:, to Ingersoll-Rand for further testing.

On December 8, 1988. testing was performed at Ingersoll Rand on the Unit 2 R11R pump
modified configuration. This testing indicated that prematurcoriginal design and on a

degradation of the Residual Heat Removal (RilR) |BP] pump thrust bearing could occur which
would reduce its specified design life. This condition could result in the premature shutdown
of a system required to remose residual heat. Corrective actions discussed below were
developed by Westinghouse and Ingersoll-Rand to reduce R!!R pump thrust bearing loading.
As a result of these modifications, RilR pump bearing life is predicted to be 33,017 hours at
3500 gpm.

S AFETY SIGNIFICANCE

R11R pump performance is monitored quarterly as part of the ISI Program. A review of past
performance data indicates that RiiR pump characteristics (i.e., head and flow) did not degrade
over time. Pump vibration monitoring provides additional assurance that the RIIR pumps will
continue to be capable of performing their required safety function. The " alert" and * required
action limits" in the ASME Code Section XI insure that vibration will be corrected prior to
severe pump damage.

Assuming the single failure of one train of RllR, the remaining RilR pump would not
catastrophically f ail as a result of bearing degradation. Rather, increased vibration in the
operating pump would provide warning of degradation long before any impact on system
performance would occur. Therefore, adequate time would exist to restore the alternate train
or take other remedial measures prior to actual failure of the pump.

Degradation is also not likely to result la simultaneous failure of both trains. The lower thrust
values recorded on the H pump resulted in considerably longer bearing life for this pump. The
differences in thrust values, point in service life, and previous operating history .nake a
simultaneous 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 RilR cooling, the RilR pump
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bearing may begin to degrade. Suf ficient time wot.ld exist to take corrective action to ensure
th" the redundaM pump is operable and capable of performing the long. term cooling function
while repairs are made to the degraded pump.

CORRi?CTIVi! ACTIONS

The Rif R pumps huse been modified as dkeussed 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 a Unit 2 RilR pump. The
Ingersoll Rand testing was performed on the Unit 2 pump original design and on a modified
design. The modified design resulted in a significant reduction in thrust bearing loading. The
Unit t RilR pumps were modified based on the rccom m e ndatirns 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 Rand, 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
prior to exceeding 24,257 hours of service at 3500 gpm so as to 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 RilR pump design requirements are found in Westinghouse E Spec. 952470, Rev. 2
(FP50279, Issur 12). This document specifies that the bearings are to have a Rating Life of
1110 as calculated in AFDMA Standard 9, dateo June 1972, and be suitable for a minimum of
100,000 hours of service.

To achieve design compliance, utilizing the existing bearing, (type 7222 13EAGY), externally
applied loads which contribute to downthrust must be reduced to 1700 lbs. 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
fin, 9/19 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 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 Technical Report,

TR 8808, 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 to Westinghouse and formed the

basis for issuance of Westinghouse Field Change Notice FCN-10586, and Westinghouse
supporting analysis documented in Safety Evaluation Check List (SECL) No. 89 001. A copy

I of these documents are available for review at Seabrook Station.

The Ingersoll-Rand test results verily that a reduction in the front ring diameter was effective.
j Peal hydraulic thrust (occurring at 2300 gpm) was reduced from 5300 lbs. to 3100 lbs.
' Dependent on flow, a dramatic reduction in hydraulic thrust load was seen, at and ' yond 3000

measured by Ingersoll Rand wasgpm. The modified configuration thrust at 3000 gpm as
,

recorded to be 1376 lbs.
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Pump performanc; was monitored and recorded during the Ingersoll Rand test. Westinghouse
has resiewed this data against the manufacturers certified performance test cune, and has
determined pump performance to be virtually unchanged. System flow and NPSit calculation
therefore, were not affected by this change.

Westinghouse in conjunction with Ingersoll-Rand developed the design modification specified
in l'CN 10588. The modification reduces downthrust by increasing forces acting up on the
impeller. To accomplish this, the suction side wear ring inner diameter and impeller wear area
outer diameter werc reduced, thus increasing the surface area (outside the wear ring) over
which the higher discharge pressures are applied. 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 inercase in uplift will result. Peak
hydraulic thrust loads were not reduced to the original design value of 1700 lbst thus.
Westinghouse / IngersolbRand recommended that the specified bearing life of 100,000 hours be
revised to reflect the expected bearing life with the modified impelles /weas ring.
Westinghouse /Ingersoll Rand predicted that when operating at peak thrust (approximately 2300
gpm), a bearing life of 28,560 hours is predicted and that operation at flow sates greater than
2800 gpm can eatend predicted life to 74,700 hours due to the reduction of loads in this range.
These predictions are based on prototype modification test data. Actual bearing life predictions
to be used in determination of bearing replacement at Seabrook Station were dctermined based
on post implementation in situ testing discussed below,

Westinghouse recommended that the RilR pump flow controller nominal setpoint be increased
from the current 3000 rpm to a value between 3200 and 3300 gpm. Based on in situ 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 during mid loop operation and that adequate NPSil will exist at the higher flow.

Hearing replacement will be made at the predicted bearing life less one year post accident
reserve life. Although SECb89-001 utili/cs a 100 day reserve in calculation of the replacement
interval example, the thrust bearing replacement schedule utilized by North Atlantic will ensure
RilR pump operability for a postulated post-accident duration of one year,

i

The predicted bearing liic, established in SECL-89 001, is based on thrust load data collected
during prototype testing of the RilR pump modification. Hearing 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 'lR 20S34 (885), showing less reduction in thrust load than hat determined by
ingersoll Rand. T he Tcledyne Reports (September 7,1989, for illlR Pump 8A and January 5,
1990 for RilR Pump SH) are available for review at Seabrook Station.

Operation of the Ri!R 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 flowrates of 3500 gpm during normal RilR system operation, except during
mid loop operation.

To predict the service life cf the thrust bearing, North Atlantic utilized the highest hydraulic
load established during the in situ test of 2775 lbs (extrapolated from pump 8A data at 3500
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gpm) and added the test data tolerance (400 lbs) and rotating element weight (950 lbs) to
establish a total bearing load of 4125 lbs. North Atlantic calculated the predicted bearing life
(using equations and bearing data f rom SKl llulletin 213-715, Se pt. 7985) as 33,017 hourt

The predicted life (33,017 hrs.) has been reduced by one year to ensure reserve life in the
unlikelv event of an accident at or near the end of predicted life.

North Atlantic has determined that replacement shall be made af ter 24,257 hours of service at
3500 gpm and has established the controls necessary to determine when replacement b necessary
based on a eurnulative account of operating hours. Should mid loop operation become neecssary
with its h +ct required flow rates, North Atlantie will dete mine the bearing life expended
durine tha feriod using the in-situ test data and reestablish remaining life.

a result of this condition. The 111111 pumpsThere were no ads erse saf ety c<insr-quenecs as
remain capable of performiag their safety function, despite decreased bearing life.
Administrative controls ensu;c that sufficient bearing life remains to provide long-term post-
accident cooling. Additionally, vibration monitoring will identify the onset of bearing
tieterioration prior to actual bearing failure.
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