
&{ f h/R/'d.- Qh '///qk/ ' 6&KAG/30
.-

~

d COMBUSTION ENGINEERING OWNERS GROUP
'

^7|g5 ;y ca- caa*q';a'ca- s oi.e.g.i- " a vag'g***- ca- o=* *gPa-'' o'**'
*yy g.ya ***P--agoc= aarv '' g > p 'c= 5-*= g' gap =i ws -

g#G John J. Hutchinson, Chairman M -, '_- )
I c/o Florida Power & LightD00 Universe Boulevard / Juno Beach, FL 33408 OO /

. j

September 27, 1991
CEOG-91-531
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Chief (Acting), Regulatory Publications Branch
Division of Freedom of Information and
Publications Services 91 p -3 N1 N*

office of-Administration
U.S. Nuclear Regulatory Commission ggg m
Washington, DC 20555

'

Subjoott -Solicitation of Publio Comments on Generio Issue 23,
" Reactor Coolant Pump Seal Failure;" and Draf t Regulatory
Guide; Issuance, Availability. Federal Register
Volume 56, Number 76 - April 19, 1991

Dear Ms. Reed:

The purpose of this letter is to respond to the Nuclear Regulatory
Commission's request for public comment on the Staff's current
understandings, findings, and potential recommendations regarding
Generic Issue 23 (GI-23).
The Combustion Engineering Owners Group (CEOG) has participated
fully in-the preparation of the Nuclear Management and Resources
Council responses to the solicitation of public comments on GI-23
and we endorse-their comments. In addition, the CEOG wishes to
provide information which addresses the particular aspects ' of
Reactor Coolant-Pump (RCP) seal design and operating data at CEOG
utility plants.

The CEOG has prepared the enclosed report, CEN-408 " Evaluation.of
the Reactor. Coolant Pump Seal Integrity Issue," to respond to the
NRC's request for comments on draft NUREG-1401, draft Regulatory
Guide DG-1008 and to respond to the series of Federal Register
questions on RCP seal performance. This report contains current
information on RCP seal design and performance history obtained by
a CEOG survey of its members. Since CEN-408 is being provided in
response to the NRC's solicitation of public comments, the CEOG

|
does not expect CEN-408 to be subject to any review fees.
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It is the CEOG's conclusion that tne Staf f's proposed resolution of
GI-23 will not increase the level of safety in CEOG utility plants.
If the proposed resolution is adopted, however, the- costs
associated with additional quality assurance requirements and plant
modifications will be substantially greater than that estimated by
the Staff. The ituportance of RCP seal reliability to overall plant
reliability has been the motivating-factor for CEOG utilities to
improve seal performance through modified or advanced seal designs,
stringent handling and installation requirements, and improved
maintenance and procedures. As a result of these efforts, CEOG
utilities have achieved excellent RCP seal performance with few
instances of significant seal degradation, particularly since 1986.-
None.of the cases of RCP sea 1' degradation have resulted in leakage

-

in~ excess of normal makeup capability.

The - proposed generic resolution of GI-23 - fails to recognize the
diversity' which exists in RCP seal design. CEOG utility plants
utilize Byron Jackson SU, Byron Jackson N-9000, Sulzer Bingham,
AECL CAN 4, or KSB' seals.- It is inappropriate to apply a model
based an the Westinghouse RCP seal design to these CEOG utility
. plant seals because of fundamental differences in their design.
For example, the seal designs employed at CEOG utility plants'

operate with a lower controlled bleedoff flow than the Westinghouse
design and the pressure drop across the stages is controlled by a
pressure breakdown device. Operating experience and testing have
demonstrated that the seals of the designs utilized ~in CEOG utility
plants perform significantly better than the AECL model of the
Westinghouse seals with regard to the' ability to tolerate loss of
cooling without significant seal _ leakage.

_

The Staff has proposed applying quality assurance requirements of
Appendix B and applicable General Design Criteria of Appendix A of
10 CFR 50 to RCP seal assemblies. Some CEOG utilities'have already
chosen to apply-Appendix B requirement; to RCP seals as means of

'

ensuring _ reliable RCP s3al performance.. Other CEOG utilities,
however, have chosen other commercial programs to. achieve the same

!
-Current operating experience demonstrates that theseresults.-

'

different approaches- to quality programs have been equally
effective in achieving high quality RCP seal assemblies. Mandating
that a utility who now utilizes an effective commercial quality
program change to an Appendix B program cannot be shown to improve-
RCP seal performance or -plant safety and is, therefore, not
justified.

.
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The Staf f has also proposed requiring RCP manufacturer-recommended
instrumentation and instructions for monitoring RCP seal
performance and detecting incipient RCP seal failures.
Manufacturers for the RCPs in CEOG utility plants have recommended
the monitoring of controlled bleedoff flow, controlled bleedoff
temperature, and the seal staging pressures. This instrumentation
is present in all CEOG utility plants and is sufficient, along with
existing plant operating procedures for monitoring RCP seal
performance, to identify degraded seal performance early enough to
take corrective action to mitigate seal failures and to maintain
plant safety. Further requirements are unnecessary.

The Staff has proposed a requirement to provide RCP seal backup
cooling during off-normal plant conditions involving loss of all
seal cooling including beyond-design-basis events such as station-
blackout. Testing of RCP seals of the designs utilized in CEOG
utility plants has provided confider.ce in the ability of tne seals
to limit leakage to well below the station blackout coping analysis
limit of 25 gpm during a loss of cooling event. In fact, loss of
cooling and degraded cooling events during operation at CEOG
utility plants have shown the resiliency of these seal designs
during losn of cooling. Further requirements to provide for en
enhanced cooling capability cannot be justified, particularly in
light of the Staff's underestimation of the costs associated with
such a change.

Thank you for the opportunity to provide our input to the
Commission's evaluation process. If you have any questions on this
matter, please do not hesitate to contact me.

Very truly yours,
?V'f k W

q(JohnJ.
w

! > >

\ Hutchinson, Chairman
t-E Owners Group

JJH/ SAT /sjc
Enclosure

cc: J. W. Pfeifer, ABB CE
W. H. Rasin, IMMARC
E. L. Jordan, CRGR

,
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LEGAL NOTICE

THIS REPORT WAS-PREPARED AS AN ACCOUNT OF' WORK SPONSORED-BY
-ABB COMBUSTION ENGINEERING. NEITHER ABB4 COMBUSTION ENGINEERING
NOR ANY PERSON ACTING ON ITS BEHALF: j

_

;- MAKES ANY WARRANTY OR-REPRESENTATION,- EXPRESS OR 1
' A.

. IMPLIED ItiCLUDING THE- WARRANTIES O? FITNESS FOR A PARTICULAR
_

:

PURPOSE OR. MERCHANTABILITY, WITH RESPECT TO THE ACCURACY, ;

COMPLETENESS, OR USEFULNESS OF THE INFORMATION CONTAINED IN THIS (i.|
REPORT,:OR THAT-THE-USE OF ANY INFORMATION, APPARATUS, METHOD, i'g

OR PROCESS DISCLOSED IN THIS REPORT MAY NOT INFRINGE PRIVATELY.
OWNED-RIGHTST OR ,

B.. ASSUMES ANY' LIABILITIES WITH RESPECT TO THE USE OR FOR
-

DAMAGES RESULTING-FROM THE USE OF, ANY INFORMATION, APPARATUS, [
t

METHOD-OR. PROCESS-DISCLOSED IN THIS REPORT. i
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EXECUTIVE SUliMARY

The Nuclear Regulatory Commission (NRC) has had Generic issue 23, Reactor
Coolant Pump (RCP) Seal f ailure and the need for further licensing
requirements to reduce the potential core-melt risk resulting from RCP seal
failure under consideration for many years. This issue and an evaluation

program was initiated because of several RCP seal leaks which occurred in the
late 70's and analysis which indicated the frequency of seal leaks dominated

the LOCA probabilities. In the April 19, 1991 federal Register Notice, the
NRC announced the release of their proposed resolution to Generic Issue 23 in

Draft Pegulatory Guide DG-1008 and supporting NUREG documents.

.

The proposed resolutions that the NRC has issued for comments are summarized

as:

1. Treat the RCP seal assembly as an item performing a safety-related
function similar to other components of the reactor coolant pressure
boundary, applying quality assurance requirements consistent with
Appendix B to 10CFR50 and applicable General Design Criteria of Appendix

A to 10 CFR 50.

II. Provide the instrumentation and instructions for monitoring RCP seal

performance and detecting incipient RCP seal failures as recommended by

RCP seal manufacturers.

Ill. Provide RCP seal cooling during off-normal plant conditions involving
loss of all seal cooling such as station blackout.

In conjunction with accepting comments on the proposed draft regulatory guide
and the supporting HURrc documents, the NRC has requested respon:es to a
series of questions presented in the federal Register Notice. in response to

the NRC inquiry, the Combustion Engineering Owners Group (CEOG) surveyed its
members to obtain current information on reactor cooldnt pump seal desion and

performance history. The information obtained is used in responding to the

NRC questions and proposed resolutions,

i
I
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~ All the NRC ' questions were individually addressed in this' report by using the'

data obtained from-the CEOG survey. The answers confirmed previous
information thatLindicated that the proposed regulations are not required.

'The plants are already operating and maintaining the RCP seals in a safe
manner.

The NUREG documents referenced and used by the NRC to support their contention
'that the seals are a safety risk were addressed. They were reviewed and the

areas of disagreement and discrepancies were highlighted to show that their
contentions do-not apply = to the reactor coolant pump seals operated by the- *

CE0G.
'

'

It is the CEOG position that the three resolutions proposed by the NRC are
-unnecessary. Their objectives are already being nbtained without imposing'

additional requirements and expenses.
L

The KSB three stage seal system or the Byron Jackson style seal system with a
fourth stage vapor seal that are used by the CE0G have proven to be the better
design configurations compared to the rest of the industry. The CE0G reactor

-coolant pump seals have proven their reliable service for extended life.

The manufacturer recommended instrumentation and instructions for monitoring
the reactor coolant pump seal performance have been incorporated into the'

,
plant operating procedures throughout the CEOG. Also in place are operating

. procedures for hardling the seals for normal plant operations, loss of cooling
and station blackout.

There are economic pressures in place which will cause the utilities and their
seal vendors to continue to address the seal performance and life as a
critical-issue. J As a result of these pressures utilities are committed to
give.the seals The highest level of- care and attention. The station shutdown
requirements for seal failure are clearly and conservatively defined for each,

utility and it is very expensive fcr a utility to be in a plant shutdown due
to seal degradation or failure. Utilities will therefore continue to ensure

5
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high quality. seal performance to avoid this situation. The desire to avoid
unnecessary seal failure shutdowns has produced the equivalent level of seal
quality emphasis which the NRC is proposing to regulate.

,

.
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1.0 INTRODUCTION

In October 1975, WASH-1400, "The Reactor Safety Study", was

published. This study. indicated that-breaks in the reactor
coolant pressure boundary with an equivalent diameter of 0.5 to 2
inches could occur with'a frequency of 10'3 per reactor-year and
were' the-1argest = potential contributor. to PWR core-melt. A 1980
NRC study based upon reactor coolant pump (RCP) seal failures
experienced at operating plants showed that the RCP seal failure
leakage rates were comparable to the small-break LOCA rates of
WASH-1400, but these seal failures had actually occurred at a*

frequency of 10'8 per reactor-year. This frequency was actually i

an order of magnitude greater than the pipe breaks frequency-used
in WASH-1400. The Nuclear Regulatory Commission (NRC) began to

believe that the overall probability of core-melt due to small- i
'

break LOCAs could be dominated by RCP seal failures.

The NRC has had Generic Issue 23, RCP Seal failure and the need
4

for further licensing requirements to reduce the potential core
melt risk resulting from RCP seal failures under consideration for ,

many years. In the F_riday, April 19, 1991 Federal-Register Notice
_(Vol. 56, No. 76, Page 16130), the-NRC announced the release of
their proposed resolution to Generic Issue 23. Supporting
documentation includes Draft Regulatory Guide DG-1008, " Reactor

Coolant Pump Seals"; Draft.NUREG-1401, " Regulatory Analysis for-

Generic-Issue 23: Reactor Coolant Pump Seal Failure"; NUREG/CR-

4948, " Technical Findings Related to Generic Issue 23: Reactor
Coolant Pump Seal Failure"; and NUREG/CR-5167, " Cost / Benefit

Analysis for Generic Issue 23: Reactor Coolant Pump Seal

Failure".

The reactor coolant pumps of all light water reactors contain
.

mechanical seals to limit the leakage of pressurized coolant from
the reactor coolant system to the containment during normal

7
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operation. The NRC has taken the position that, because these
seals are cooled during normal operations, they will be subject to
failure during events that involve loss of seal cooling such as
station blackout. Under such postulated conditions, scal failure
could cause a significant loss of reactor coolant when the normal
makeup systems and the emergency core cooling systems are .

potentially unavailable. Thus, the NRC argues that this safety
concera could-directly affect the probability of core damage

,

sequences in some plants.

They have addressed thei concerns by issuing the regulatory guide
with the following oM eetives:

(1) Reduce the probability of RCP seal failure,

(2) Have plant procedures that would ninimize the safety'

impact of RCP seal failure or degradation,

(3) Have sufficient instrumentation to permit proper
implementation of the procedures, and

(4) Have independent means of providing cooling to the RCP
seals for severa events, such as station blackout,
which make the normal seal cooling systems inoperable.

The NRC proposes to address the above issues by imposing the

following requirements:

1. Treat the RCP seal assembly as an item performing a

safety-related function similar to other components of
the reactor coolant pressure boundary, applying
quality assurance requirements consistent with
Appendix B to 10CFR50 and applicable General Design
Criteria of Appendix A to 10 CFR 50.

8
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11. Provide the instrumentation and instructions for
monitoring RCP seal performance and detecting
incipient RCP scal failures as recommended by RCP seal

manufacturers.

III. Provide RCP seal cooling during off-normal plant
conditions involving lost of all seal cooling such as

station blackout.

The NRC staff is now soliciting comments and additional

information to insure that all relevant information is considered
Inprior to reaching a decision on the above resolutions.

conjunction with accepting comments on the proposed draft
reg"latory guide and the above listed supporting NUREG documents,
the NRC has requested responses to a series of questions presented

in the Federal Register Notice.

In response to the NRC inquiry, the Combustion Engineering Owners
Group (CE0G) surveyed their members to obtain current information
on reactor coolant pump seal design and performance history. The

survey consisted of three questionnaires requesting information on
(1) seal Informatica and history, (2) seal procedures, and (3) the
NRC's Resolution cost / benefit analysis. Responses were obtained
from all ten utilities in the CEOG representing fiftaen operating
nuclear steam supply systems. The information obtained was used ,

in responding to the NRC questions and proposed resolutions.

W

\
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2.0 FEDERALBEGISTER OVESTIONS

The NRC has formulated a series of questions which were published
in the Federal Register in order to extend their knowledge of seal

performance. They have solicited comments from interested
orgar.izations, groups, and individuals on the questions.

The specific NRC questions and the Combustion Engineering Owners

Group (CEOG) responses, comments, and data (obtained with the

questionnaire in Appendix A) are presented in the section that

follows.

2.1 aggstion 1.0 - Introduction (Federal Register)

"The priority for the resolution of Generic Issue 23 was
originally based on the number and the magnitude of seal leaks

,

that occurred prior to 1983. The failure rate appeared to exceed
the assumptions made for the WASH-1400 study for small loss-of-
coolant acciuents by an order of magnitude. There appears to be
some evidence that reactor coolant pump seal operating experience
has since improved, at least in magnitude of leakage from seal
failures. The NRC is seeking data to determine if this is the

>

case and whether the apparent improvement is applicable to all
reactor coolant pump seals, to those from specific manufactures,
or to those that had particular quality assurance provisions
applied during design, installation, operation, and maintenance."

2.1.1 Ouestion 1.1 (Federal Register)

"Has the operating experience with the reactor coolant pump seals
changed since 1983? If it has, then information regarding the
history of reactor coolant pump failures, including occurrences of
forced outages is of interest. Information regarding all types of
operation, including st_' tup, is desired."

(10
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Resoonse-1.1

The reactor coolant pump seals at all CEOG plants have had

improved operation performance.or have remained excellent since

1983.

.

The CEOG plants have had a' good record with.very few seal
failures. A history of failure that have occurred at the fifteen

,

'

. CEOG plants .since 1983 to the present is presented below. -The
seal failures have been ordered chronologically and separately by-

plant.

The NRC has not been consistent in their definition of seal-
failure classifying some degraded conditions as failures and tends
to infer that-if a seal stage fails it is a serious threat to the ,

reactor coolant system integrity, which is not true.

In developing the following list, a seal failure has been defined
as an occurrence when two or more seal stages are not operating

normally (no . longer able to maintain pressure differential), the
controlled bleedoff temperature or flow is not within normal
operating range, or the external seal leakage is above the
acceptable value in accordance with the plant specific operating

. procedures. A seal failure may or may not result in' external
' leakage (loss of reactor coolant system inventory) but in all the
occurrences' listed below where leakage, was involved, it was at-
least 4 to 5 times less than the station blackout coping value of
25 gpm except one failure which was caused by the failure of a
sens_ing line. Not included are occurrences where only one seal
stage failed and a plant shutdown was not required and the seal
was replaced during- a normal outage.

,.

11
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As illustrated in the seal f ailure history below, most of the seal

failures since 1983 have occurred in the 1983-1986 time frame.
This emphasizes the improvement trend from 1983 to present.

Plant A
No history of seal failure.

Plant B

7/86 During hot stand by, pumps 2A and 2B 3rd stage
rotating seal face fai'.ed. Seal injection and nuclear

cooling water were simultaneously lost for
approximately 3 hours. The pumps was operated, for

,

the first 10 minutes and controlled ''eedoff was
unisolated for the first 18 minutes. The 3rd stage
rotating element thermally disassembled, with 2-1 as

.

leakage . Seals were replaced and returned to
operation. Seals had operated eight (8) months prior
to shutdown for replacement.

P1 ant C

3/3/89 During power operation, pump 1B 3rd stage rotating

seal face failed. Seal failure was after a loss of
seal injection, loss of CCW, and CB0 valve not closed

for 1 hour and 13 minutes. The seal maximum
temperature rose to 437'F while the vapor seal leakage
was 1,25 as. Failure was from thermal disassembly of
3rd stage rotating element. All seals were replaced

and returned to operation. Seals had operated sixteen

(16) months prior to shutdown for replacement. See

Section 3.2.3.5 for additional information.

Plant 0

9/13/85 During power operaticn, there was degradation of the
1st, 2nd and 3rd stationary seal faces on pump 2P32A.

12
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The 1st and 2nd stage pressure oscillations preceded
seal degradation and occurred continuously for 1-1/2
months prior to the failure. CB0 flow went from 2 gpm
to greater than 3.5 gpm nearly instantaneously. Three
hours later, the 2nd stage seal opened completely.
Approximately one hour after that, the 1st and 3rd
stage seals opened completely applying full reactor
pressure to the 4th stage vapor seal. The fourth
stage seal had no leakaoe. Peak CB0 temperature was -

approximstely 195'F. Peak lower seal temperature was
approximately 140'F. Carbon fractured on 1st, 2nd and
3rd stages and indication of 1st stage lower *0"-Ring
leakage. Seal was replaced and returned to operation.
Seal had operated for four months prior to shutdown
for replacement.

.

8/1/88 During power operation, all four stages on pump 2P32A
f ailed. Failure was initiated by sensing line break
of middle cavity pressure transmitter. Full RCS
pressure was applied to the vapor seal. Peak lower
seal temperature exceeded 350'F (pegged high). Seal
became overheated due to RCS ooolant flow overcoming

capability of seal heat exchanger. Seal failed with
broken carbon on 2nd and 4th stages and cracked carbon

on 1st and 3rd stages with partial U Cup extrusion.

All other elastomers were not extruded and were in
good condition. Seal cartridge was replaced and
sensing line weld repaired. Seal had operated four
(4) months prior to shutdown and replacement. See

Section 3.2.3.1 for additional information.

Plant E
,

7/30/85 During power operation, pump IB vapor seal failed.
The vapor seal had a seal face break and was chipped,

13
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The controlled bleedoff flow rate was 2.3 aDm. The
external leakage was unrecorded, not a significant

event. It was discovered from operational
abnormalities which caused a 7 day forced outage.

Fourth stage was replaced.

3/18/86 During power operation, pump 1B 1st stage failed.
Controlled bleedoff flow rate not recorded, limited
between 1 & 19_gnm. External leakage was not
recorded, not a significant event. Seal was replaced
during a 7 day forced outage. This is one stage only,
not a seal failure.

10/31/88 During power operation, pump 1B 2nd stage failed. The
seal was inspected and debris was found under the seal

cartridge. Seal was replaced with seal of another
vendor during a 14 day forced outape. This is one
stage only, not a seal failure. No controlled
bleedoff or external leakage was recorded but RCS

leakage did not exceed 1_ggm.

03/02/89 During power operation, pump 1B 2nd sis. a failed. No
controlled bleedoff or external leakage recorded.
Total system leakage was .46 com. Seal was replaced
with seal of another vendor. This is one stage, not a

,,

O seal failure,

o

- Plant F

4/25/85 Dur;ng power operation, pump 1A 2nd stage f ailed.
Seal degradation was due to pressure fluction induced
by component cooling water temperature oscillations.
The controlled bleedoff leakage increased to 10 gpm at

which time the controlled bleedoff excess check valve
closed stopping leakage flow. There was no externT1

|
14
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known leakage from the vapor seal. The seal was
Ireplaced during an 11 day forced outage and returned

to operation. |

12/3/85 Pump 1A seal failed during heatup following an outage.
Controlled bleedoff flow rate not recorded, limited
between 1 & 10 com. External leakage was not
recorded, not a significant event. Seal was replaced
during a 7 day outage. -

' Plant G
The plant has never had a " Seal failure" per
definition in their Operating Procedure. The plant
has experienced loss of a stage on occasion with leaks
on the order of 3 com.- See Section 3.2.3.3 for
additional information.

Plant H

6/84 Pump 182 seal degraded after 3rd stage failed
following Outage.

7/90 Pump 1A1 operated with a bent shaft far 30' days before
inducing multi-stage seal failure. Controlled
bleedoff increased to 2.5 com. See Section 3.2.3.8
for additional information.

Plant J

11/84 Pump 2Al seal degraded due to 1st stage failure. Pump
2B2 seal degraded due to fluctuating pressure
following refueling.

12/84 Pumps 281 and 2A2 seals failed due to loss of
component cooling water caused bj power loss to
component cooling water valves.

15
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8/85 Pumps 2A1, 2A2, 2B1 and 2B2 seals failed due to loss
of component cooling water caused by incorrect fuse

size.

plant K

2/20/85 All pump seals were replaced after operator error
actuated containment isolation signal, securing
component cooling water. There was 1_923 maximum

leakage. Only one seal actually failed (RCPIA). See
Section 2.2.

10/3/85 Pump 2B Controlled Bleed-0ff and staging pressure

oscillation increased over several weeks until excess
flow check valve closed. Plant was forced to shut
down. Seal was changed.

12/8/85 During recovery from trip, pump 2B seal failed to
stage (all staging pressures equalized) and pressure
breakdown decreased on pump 2A. Some shaft leakage

occurred on pump 1B. Only pump 2B seal was an actual
failure but seals were changed on all pumps.

10/17/87 During plant startup, pump 2B Contra 11ed Bleed-0ff and
staging pressure ramped up. Pressures approached
equalization and destaged near 1100 lbs. Controlled

Bleed-0ff flow rate reached 2.8 acm before shutdown.
Seal cartridge was removed and inspected. Seal was

replaced.

11/9/88 A new model seal failed on start-up three times.
Controlled Bleed-0ff pressure and temperature were

higher than normal. Staging pressures looked good at
low RCS pressure but seals destaged as pressure
increased to NOT/N0P. Seal was inspected for

!
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l' $ mtsalignment, axial play, shaft eccertricitier i u .

design tolvrance errors. All four were repla. . . ' , , i n

' u'

* * ' ', ~
| older models. See Section 3.2.3.2 for auditionalj

-

1|
information,

,
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- 12/21/88 Fcilowing refueling outage, three (3) N-9000 seals
, .

. . -
' ' ' beg'n to 4 ide and were changed out. Seal degrading.p ,

was ccee0 ;/ a ceramic abrasive from a ceramic filter% '''

getting into the seal f aces. The CB0 flow was less"
- .

k than 5 gpm and there was no vapor se2 leakage. Sealss

.

were in operation for six (6) days. The N-9000 seals''

wes replaced with 50 seals from storage. See Section' '

'-
, .

3.2.3.4 for additional information.'

*4 '
,

,,

' '' - 4..,
.

11/07/89 During operation, pump #1 SU seal drive lock ring lugs'
.

broke off and caused seal face wear. Seal staging
I, pressure degrac'ed and the plant was shutdown. CBD

,,
" "

,

- - -' - flow was less than 5 gpm end there was no vapor seal
, .

T-
'

leakage. The SU seal was replaced with a N-9000 seal.
, ,

_

k See Section 3.2.3.6 for additional iaformation.i
i. s,

4 '9 .. :: "*
..

' S' - #' . , . -.- Plant M'

'[ 6/23/85 Pump D seal failed during start up. High CB0* '

9
o tettrerature was 195'F. Ist and 2nd stage stationary
' ~ #

(, s face had cracked and the 2nd and 3rd r, tar:e rotating'

e - <

face was cracked. The seal CB0 flow and external'
'

-
-

" ' . ~ leakage were within bcunded limits.-

.,

" ,,
.

s

11/11/85 Pump C seal failed during heat up. The Controlled'''
-

J

/
.

,,
. .~.i Bleed Off high temperature alarm recorded temperatu',e

,.

' ' of 190 'F. On site inspection of the seal found that
,. ,

the vapor seal was leaking but flow was not recorded,'.
' ~

4- .
.

d not significant. Seal was replaced and returned to[.'
*

,,

.,, o

., n b

'

'''
. ,o
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operation. Seal failure was attributed to improper
seal installation.

Plant N

8/24/90 During power operation, pump 1B 1st seal stage
pressure breakdown device became blocked with safety |

wire. Seal cartridge was replaced and lockwiring
procedure was revised. Seal was.in operation threr ,

(3) months prior to shutdown. See Section 3.2.3.9 for.
additional information. ,

-
.

i

Plant P

1/14/88 Pump 2B middle and upper' seals. experienced degradation

with respective pressures of 600-and-460 psia and a
controlled bleed off rate of 3.48 gpin. No external
leakage from the vapor seal. Plant removed from
service for replacement of seals. Cause of |

- degradatin unknown.

4/10/91 Pump 2A middle and upper seals experienced degradation
Lwhen seal pressures dropped to 70 psi and controlled
bleed off rate dropped to zero. No external leakage .

from the vapor seal. The unit tripped, followed by i

RCP trip. Cause of seal degradation unknown.

Plant o
6/11/84- Pumps 18 and 2A were experiencing controlled bleed off

~ ^

rates of 2.5 and 1.5 gpm respectively. No external
leakage'from the vapor _ seal. Unit shutdown from a
reactor trip and. entered a scheduled outage to replace
seals. Cause of degradation unknown. >

18-
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2.1.2 Ouestion 1.2 (Federal Register)

*!f the operating experience has changert, to what do you attribute
the change (e.g., improved quality assurance and quality control,
improved maintenance, better procedures, improved instrumtatation,
designchanges)?"

.

Epsoonse 1.2

'

The reactor coolant pumps seal operating experience at all CEOG
plants has improved in the last eight years. All plants were
driven by commercial considerations to improve their scal life and
they have approached their seal life improvement differently. One
utility had their cognizant systen, engineer take over
responsibility for the pump seals from OVQC and has shown
improved seal life and obtained a sigr.ificant man-rem savings. No
two utilities have used the same combination nrr number of
methods. The *ollowing is a list of methods applied and the
number of plants that used the method to improve seal life. This
list is a summary of the data obtained from question B.2 of the
info"mation questionnaire in Appendix A.

Method Number of plants

improved quality r.ssurance 3

i a roved quality control 4

improved maintenance 9

better procedures 8

improved instrumentation 3

design changes (seal or plant) 10

installation inspection 10

special storage 7

other 3

19
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All plants used the information provided by the reactor coolant |
pump and seal vendors to develop and improve their maintenance |

methods and procedures.

Seven plants have also changed to a different seal configuration.
The following table provides the number of seal configurations
used in 1983 and 1991 at CEOG plants, j

Seal Vendor Number of seal assemblies in service

| 1983 1951
i

| _ _ _

KSB 0 12

Byron Jackson SU 47 23

Byron Jackson N-9000 0 7 |
.

Singham 0 16

AECL CAN 4 0 1

2.1.3 Ouestion 1.3 (federal Register)

"How often are seals being routinely replaced (e.g., every

refueling)?"

Resoonse1.3

The utilities are driven by economics in scheduling seal
replacement to ensure that the seals can safely perform to the

L next refueling _. The economic concerns provide the desire to
ensure that extra care is taken in seal maintenance and operation.
Nine of the CEOG plants have routinely replaced their seals during
every refueling, four plants replace the seals at every other
refueling, and two plants replace the seals at every third

|
,

1

20
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refueling. In the future the nine plants that replace the seals
during every refueling anticipate extending their replacement
cycle to every other refueling. There is no direct correlation
between seal configuration and their replacement cycle. The
improved performance history of RCP seals supports longer
replacement cycle times.

. ,

2.2 Ouestion 2.0 (Federal Register)
.

"The NRC staff is interested in obtaining any available data
regartiing degraded cooling or loss of cooling to the seals to
support assertions that seals can survive long periods cf time
(i.e., hours) without cooling."

Response 2.0

The CEOG plants have experienced operating conditions where

cooling has been degraded or lost. In order to identify incidents
the following guidelines were used. A degraded cooling incident
is when a reduced cooling flow or the loss of one of the cooling
methods has occurred. A loss of cooling is when no cooling medium

to the seals is available.

At some of the CE0G plants, the pumps operate in a mode whare the
seals are exposed to a reduced cooling environment for several
hours. For Combustion Engineering nuclear steam supply systems <

with four pumps, the fourth pump can not be started untti the
*

i reactor coolant temperature has reached 475 to 500*F. Seal
cooling is affected during the heatup on the Byro: Jackson pumps
that have an auxiliary impeller. While the reactor coolant is not

|
being pumped by the auxiliary impeller through the integral heat

| exchanger for cooling, the only cooling protection to the seal is

i the th2rmal barrier. The control bleed off temperature has
typically risen to 350*F before the pump is started. Upon pump

21
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operation the control bleed off parameters return to normal and
the seals function without difficulty Tor an extended period of

'

time (e.g., for one or more refueling cycles). There are four
pumps in the reactor coolant system, so the standby mode is
. rotated among the pumps to minimize the possibility of seal
degradation. ,

A historv was compiled of degraded and loss of cooling incidents ;
'

et the CEOG plants.. There were 5 incidents of degraded seal
cooling and 5 incidents of loss of cooling. In all 10 incidents-
the seals _ held pressure and prevented excessive leakage. The ,

fcilowing are the particulars for each incident.

I. OEGRADED COOLING

'

a) Plant D

Degraded seal cooling occurred for thirty five (35)'

minutes on 6/3/88. Low component cooling water (CCW).
. flow alarms sounded on all four pumps. The corrective
action was to vent the CCW pumps and restore flow.

Seal failure did not result..

-r

b) Plant H-

Seal Cooling has been degraded for minutes to hours j
with total loss of flow.

,

>

c) Plant J

'

Seal Cooling has_been degraded for minutes to hours j
'

'

with total loss of flow.
,

-t

.

i

22
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d) Plant K

Degraded seal cooling of 5-10% has occurred for less
than 10 minutes on all four puups. This condition
occurs on a quarterly basis during ASME IST of CCW

puups. 'The maximum seal temperature was less than 180

'F. Seal failure has not occurred. -

e)_ Plant L .

Lost of seal injection on the sattie pump twice in the
past ten years. Maximum seal temperature during ene.h

occurrence was less than 200*f. Seal failure did not
occur.

II. LOSS OF COOLING .

a)_ _ Plant A

Component cotling water and seal injection were
intermittently lost on RCP 2B for eight (8) hours .in
7/6/88. The loss was caused by an auxiliary
transformer loop-transient. The seals-reached 152*F
after experiencing conductive heating-through the pump
shaft for approximately-6 hours, seal failure did not
result,

b)- Plant C

Plant operated for approximately 1 1/2 hours without
component cooling kater or seal injection to the
reactor coolant pump seals and CBD was not isolated

for_1 1/4 hours. See Section 3.2.3.5 for additional
information.

23
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c) Plant 3

Seal cooling was lost in June of 1980 for
approximately six minutes during a partial loss of
offsite power. One RCP had a vapor seal leak of
1.5-2 com and was replaced, all other stages were
acceptable.

d) Plant K

Seal cooling has been lost for one hour when operator- *

error actuated containment signal and ecured CCW ta
the seals. Seals were changed.

e) Plant H

During the 11/16/84 plant hot standby (RCS= 530'F) the
CCW for two pumps was isolated for 6 hours for*

replacement of leaking flex hoses. The lower seal
cavity temperature exceeded 360'F (monitor pegged out)

.

and the CB0 temperature increased to 330'F for one

pump and 275'F for the other pump for 3 hours. Thern
was no abnormal CB0 flow or fourth seal leakage. Upon

pump restart, one pump experienced first stage'

operating problems for several weeks before obtaining#

normal operatios Both pumps operated normally for 3

months until the , slant refueling outage.

2.3 Ouestion 3.0_- Introduction (Federal Register)

"The staff acknowledges that procedures related to the operation
of the seals play an important role in avoiding a small-break LOCA
caused by seal failure. It is not clear that past and current
treatment of the seals reflect their safety importance. The NRC

<

24
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staff is therefore considering the need for improvements in the
related procedures, training, and information provided to
operators and their actions."

2.3.1 Ouestion 3.1 (Federal Register)

'Are there procedures currently in place that are intended to .

prevent seal leaks from becoming small-break LOCAs during both
normal plant operation and loss-of-seal-cooling events such as ,

station blackout? / ire tht.*.equired operator actions (e.g.,
isolating leakoff lines) the same for normal plant operation and
loss-of-seal-cooling events?"

Resoonse 3.1

Yes, all member plants of the CEOG have procedures currently in -

place to prevent a reactor coolant pump seal leak from becoming a
small-break LOCA. No, the operator actions are not the same for
normal plant operation, loss-of-seal cooling, and station
blackout. Individual procedures for operator action have been
developed by each plant for their own unique conditions. As an
example, only during station blackout is the controlled bleedoff
isolated to maintain the reactor coolant system inventory.

2.3.2 Ouestion 3.2 (Federal Register)

"Has the RCP instrumentation been evaluated to determine whether
operators have sufficient infomation to implement the
procedures?'

Response 3.2

The CEOG plants have various amounts o' instrumentation but all
are equipped with controlled bleedoff flow, controlled bleedoff

25
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temperature, and three stage pressure indications for monitoring
and evaluating seal performance. All CEOG plants responded in the
survey that their instrumentation has been evaluated to ensure
that the operators have sufficient information to implement the
operator procedures.

2.3.3 Ouestion-3.3 (Federal' Register)

"How is RCP seal vendor information used in establishing operation

.ad maintenance practice for the RCP seals?"

Response 3.3

The CEOG-plants have used the reactor coolant pump seal vendor
Jinformation in establishing their own operating procedures, in

most cases by directly transferring the criteria into the
procedure or for determining the seal degradation criteria.

,

2.3.4 question 3.4 (Federal Register)

'

"In sr,me cases, industry practice allows continued plant operation
with the RCP seal when first or second stages have failed. Do you ,

.

limit this practice? If so, what_are the limiting conditions?"
,

:Response 3.4
,

There are.two basic configurations represented by the CEOG and

they do not have exactly the same approach to seal stage failiare.
They are the KSB seal configuration and the Byron Jackson SU, ,.

Byron Jackson N-9000, Binghem, and AECL seal configurations.-

The criteria for- pump shutdown for the KSB seal is thLt upon one
seal stage failure, the pump may be shut down depending on which
stage has failed. The pump's shutdown is required per the

.

26 ,
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technical manual and procedure when two stages have failed or the- ;

leakage is in excess of.that allowed by the plant's technical
specification.

The Bryon Jackson SU, Bryon Jackson N-9000, Bingham, and AECL seal

configurations do not require pump shutdown when one seal stage i
* '

has failed. The seal performance will then be closely monitored
and the pump' will ba run as long as necessary. The pump will be !

shut down if a second seal tage fails. Some of the other -

,

criteria that are used to determine seal failure are overall
'leakape, component cooling water leakoff temperature above &*

,

or the vapor seal cavity pressuro $250 psi.

The wording of the question does not acknowledge the four-stage
design utilized in these configurations. Seal stage failure
responses in the four stage configuration do not differentiate the
operator actions for which of the lower three seal stages f ails
first or second.

2.3.5 Ouestion 3.5 (Federal Register)
t

"What additional quality assurance and procedural inessures can be
taken regarding RCP seals to improve safety?"

Resconse 3.ji

The CEOG does not believe that there are any additional generic '

quality assurance or procedural-measures that will improve safety.-

__

Each utility is always attempting to improve the integrity and ;
life of the RCP seals. There.is a very strong financial
motivation that'will always exist to improve the seal performance
and avert a forced outage, whether the NRC imposes additional

27
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requirements or not. The utilities and their seal vendors will
continue to strive to achieve maximum seal reliability, through
extended training of installation teams, tight parts control and^

inspection, and performance monitoring. These programs, already
in place, achieve what the NRC is proposing to regulate.

4

2.4 Ouestion 4.0 - Introduction (federal Register)

"As part of the probabilistic risk assesstent preformed for GI-23,
a seal model (Appendix A of NUREG/CR 5167) was developed for use[ in-estimating the core damage-frequency associated with loss of ;

,

f RCP seal cooling."

i

Note: -;
g !The model was developed by Atomic Energy of Canada Limited, a seal
;
! vendor. The function of the model-is' stated by AECL to be a |

. failure model for Westinghouse RCP seals during station blackout.
,

; i

!

2,4.1 Ouestion 4.1 (Federal Register)
e

"Is the staff's model, or other models, adequate to predict RCP
seal leakage (i.e., modes of seal failure, time-dependent failure

'

probability and leakage estimates) and handle the uncertainties'

I in the models? Do the models correlate to actual plant or test

I data?" ,

!
,

Resoonse 4.1i: 3

.

The model presertes is for Westinghouse RCP seals during station
blackout. Westinghouse was chosen because it represents the'

. majority of PWRs in the United States (53 of 76). However,i

$ because of what AECL termed " basic design similarities", the rest

of the PWRs in the United States were assumed to behave in the
same manner as the AECL model. This is not a valid assumption.

'

:

|

{:
28
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Because the model was built to simulate the Westinghouse plant, it
:.'nes not incorporate the different seal configurations and
oper ting methods used on the CEOG pl:.nts. The CEOG plants

operate with a lower CB0 flow than thc Westinghouse design and the
pressure drop across stages is controlled by a pressure breakdown
device. The seal configurations are either a fourth stage vapor ,

seal or the KSB three stage system which will prevent any seal
leakage. Therefore the CEOG plants will not behave as predicted

'

by the AECL model. See the seal history including occurrences of
fourth stage or last stage performance in Section 2.1.1, 2.2, and

3.2.3.

2.4.2 Ouestion 4.2 (Federal Regis+'r)

"Of particular interest to ths staff are alternatives to the ,

probabilistic RCP seal leakage model developed for Westinghouse
seals and alternative models for other seal designs (i.e., for
seals by Byron Jackson, Bingham International, or Combustion
Engineering /KSB) to predict seal leakage during loss-of-all-seal-
cooling events. Can you provide information regarding any

alternate models?"

Response 4.2

No, however, testing has been performed to show that the seals
used in CE plants, especially those with the fourth stage vapor
seals, will perform significantly better than the AECL model of
the Westinghouse seals. See Appendix C for complete description

of tests performed.

2.5 Ouestion 5.0 (Federal Register)

"In exploring alternatives to providing additional seal cooling,
one approach might be to test the existing seals to demonstrate

29
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conclusively that they will not leak excessively if not cooled for
extended periods of time, even though such conditions exceed the
seal design ba A and possibly the conditions of warranty. If

. testing was an eption to demonstrate acceptable seal performance
under loss of cooling conditions, what conservative conditions |

'

should be imposed on the RCP seal for the test program (e.g.,
length of time, maximum wear on seal, number of tests)?"

EtiMrLit_id
.i

The CEOG positior < that u additional seal testing is warranted, j-

Operating experience under. adverse conditions and seal testings !

have illustrate the resilience of CEOG seals. See Appendix C for
1

description of seal tests.

.

A description of- the loss'of cooling could be prepared for every
.

plant in terms of an event profile showing RCS pressure and
tempenture versus time. This information would make it possible ,

to evaluate seal operating histories and seal capabilities. It is

possible _to extrapolate expected seal behavior from data which
shows past testing, or inadvertent events in any plant which used
that particular or very sinillar seals.

Establishment of the loss of cooling event profiles may show that !

the expected conditions are not as severe as imagined at present.
For example, if it is shown that for t. particular plant the loss

.of cooling-is not expected to exceed 4 hours, and there is seal
performance data available to show that similar seals have

-

survived for. time periods exceeding 4 hours, such data would-
facilitate the completion of the evaluation of that seal type.
For CEOG plants there would be no need to search for data to show
acceptable performance for more than 8 hours.

30
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3.0 NRC PROPOSED _llE50LUT10ft

The NRC has proposed an approach for the resolution of Generic
issue 23 by announcing the availability of Draft Regulatory Guide
DG-1008 in the Federal Register, Vol. 56, No. 76/ Friday, April
?9, 1991. They have solicited comments from interested
organizations, groups and irdividuals on their approach.

A regulatory analysis was not prepared as part of this draft
guide. Instead, draf t HUREG-1401, " Regulatory Analysis for
Generic issue 23, Reactor Cuolant Pump Seal failure" is used as
the regulatory basis. The cost / benefit analysis of the proposed
resointions is contained in NUREG/CR-5167, " Cost / Benefit Analysis
for Generic issue 23, Reactor Coolant Pump Seal f ailure".
HUREG/CR-4948, " Technical findings Related to Generic issue 23:
Reactor Coolant Pump Seal f ailure", is referenced throughout all
there documents as a summary of the technical findings of the
staff's sttidies of the reactor coolant pump seal failure issue.

The Draft Regulatory Guide and the NUREG documents referenced in .

'

the draft and the lederal Register Notice were reviewed in detail.
The Combustion Engineering Owners Group (CEOG) response, comments

'

and data (obtained with the questionnaire in Appendix A) are

presented as follows.

3.1 Draft Reg;1atory Guide DG-1008 Review Comments
-

The Draft Regulatory Guide DG-1008 states the position the NRC has
identified as the approach for resolving Generic Issue 23.

3.1.1 Summary of Content
'

The introduction to this draft guide summarizes the requirements
of 10 CFR Part 50 General Design Criteria (GDC) 1, 13, 14, 30 and

31
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44, which are applicable to maintaining the reactor cooiant
pressure boundary, as well as certain requirements of 10 CFR 50.63
which deal with station blackout: loss of offsite electric p)wer
concurrent with reactor trip and unavailability of on-site
emergency AC power.

This draft guide also describes means acceptable to the NRC for ,

including the RCP seals in & QA program as well as methods
acceptable to the NRC for enhancing the capability of nuclear

'

plants to withstand loss of cooling events as they relate to RCP
4eals.

The Discussion section covers seal design and quality control as
well as seal failures both during normal plant operation and
during loss of cooling events.

The Regulatory Position section discusses QA considerations for
RCP seals, plant operatinJ procedures and instrumentation to
facilitate the implementd. ion of operating procedures (for both

normal and abnormal conditions). This section also reiterates NRC
concerns regarding seal loss of coalant accidents (LOCAs)'

coincident with loss of Emergency Core Cooling System (ECCS)

functions.

The Implementation section states that this guide ha: been
released to encourage t.ublic participation in their development of
a guide which will be used in the evaluation of PWR licensees and
applicants.

Additional information in this guide covers an example of
independent seal cooling, examples of conditions for which
Westinghouse provides instructions, examples of vendor-recommended
instrumentation and operating limits for Westinghouse, Byron
Jackson and Bingham RCP seals.

32

. ,_ _ _ _ _ ._ . . _ . _ _ . - -



- - - - - - - - _ - - _ _ _ _ _

.
.

*

Appendix A contains the NRC design guidelines for independent seal

I
cooling. Appendix B covers QA for non-safety related independent
seal cooling.

3.1.2 CEOG Coments
.

3.1.2.1 Quality

The present RCP shaf t seals are designed to provide reliable
service for extended life. While nuclear safety is a primary
concern in these designs, economics is the drivino force ensuring
the quality of the seals, implementing their reliable design. It

is very expensive for a uttitty to be in a plant shutdown. When
the plant cannot operate, not only is it not producing revenue but
it may also have to purchase replacement power from some othtr

Economics will continue to drive this issue as long assource.
the plants are operating. There is no such thing as a "best"
seal. Some utilities are continuing to use the scal types which
were provided with the original pumps, while others have chosen to
purchase new designs which have becomo available in recent years.

All utilities have found their seals to have sufficient
reliability once they learned how to operate them, i.e., th; do's

and the don't's in assembly, rebuilding, installation, operation
and monitoring,

imposing additional QA requirements will significantly increase
the costs and will extend delivery schedules, not because the

seals will be made of better materials or will be made more
carefully, but because of the additional requirements which will
have to be produced, checked, copied, shipped, filed and audited.

The seals themselves will remain the same because economic
concerns have already imposed a high level of quality. The seal
vendors have contributed to this improved seal reliability by

33
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instituting rigid material, dimensional, and manufacturing
controls on the seals they produce.

3.1.2.2 Operating Limits

A review of seal operating histories shows that there have not
"

been any serious seal problems which came close to causing a LOCA

type discharge of primary coolant. (See the CEOG plant histories
in Section 2.1.1, degraded ano loss of cooling histories in
Section 2.2, and HUREG 1401 Table A-1 sek1 failures in Section -

3.2.3). It is not logical to point to events which have occurred
10 or more years ago, because not only have the seal vendors
imp oved the reliability of their seals but also the plants have
upgraued their operating procedures, maintenance techniques,
personnel experience and training. Economic conditions have
changed in the last 10 years.

.

All of the CEOG plants have incorporated the seal vendors
recommended instrumentation into their operating procedures. The

operators are treined to use the instrumentation to monitor and
evaluate the seal performance for normal operation, loss of
cooling, and station blackout.

3.1.2.3 Seal Cooling for Off-Normal Conditions

Many of the postulated seal failure scenarios resulting from loss
of cooling for extended periods are based on studies which were
faulty, in that they used only a single seal stage, seal sizes
which were other than the actual seals, elastomers which were of
other materials or materials no longer in use, and even in one
study an U-cup was spliced because the correct size was not
available. When a failure of the splice occurred it was
attributed to a seal failure and the test was not declared
invalid.

I
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The CEOG accumulated seal history demonstrates + iat the pump seals

are quite resilient to abnormal operation and c..n survive a loss
of cooling event. in Section 2.2 is presented the CEOG seal

history of degraded and loss of cooling occurrences, which have
been small in number. They do shew that the seals have
experienced various level: of degradation and may need to be
refurbished at some point following the event, but they do not
illustrate LOCA failures as predicted by the NRC. The les.nage
that has occurred has been well within the original assemptions
for station blackout ru1J. The actual seal experience only
confirms the tests presented in Appendix C.

,

The present plants use safeguard systems which are powered by

high-quality, high-reliability diesel generators (DGs). 10 CFR

50.63, however, requires the assumption of unavailability of the
on-site emerg v AC power sources d ring a station blackout

(SBO). The aio.. ton of an emergency power source to drive the
component cooling water (CCW) pumps or seal injection pumps and
associated instrumentation and valves may end up in th? same

category as the existir.g 03s.

3.2 NUREG-1401 Review Comments

Title: Regulatory Analysis for Generic Issue 23: Reactor Coolant
Pump Seal Failure: Draft Report for Comment, Published April 1991

This regulatory analysis was referenced in the regulatory analysis
section of Draft Regulatory Guide DG-1008 and the federal Register
Notice as providing the regulatory basis and cost and benefit
analysis of implementation. The research, technical data, and
other analysir supporting the resolution of this issue are
summarind in the technical findings report, NUREG/CR-4948 and

cost / benefit report, NUREG/CR-5167, referenced throughout this

document.

35
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3.2.1 Summary of Content

ihree key items are part of the NRC's proposed solution to the
seal failure problem: )

i
|

1. Safety-reiated designation and additional QA requirements
~

for the seals. |

l

F. Manufacturer-recommended instrumentation and procedures for -

monitoring seal performar.ce.

3. RCP seal cooling during station blackout (SBO) conditions.

This draft report also covers an evaluation of the proposed
resolution, the decision rationale and a plan for implementation

.

of the resolutions.

The appendices deal with evaluations of potentials for core damage
and cost benefit evaluatiers for independent seal cooling systems.

The report also considers a number of other means for addressing
RCP seal performance whirn were rejected. Among these is seal
testing to verify that excessive leakage does not occur when seals
are not cooled. The NRL tiels that a very large number of tests
would be required to statistically demonstrate e ra11 ability
comparable to that of a backup cooling system. The NRC more or
less rejects existing test results and plant experiences as
inadequate.

36
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3.2.2 CEOG Comments

Executive Summary

In the Executive Summary the NRC defines a RCP seal failure as a

loss of integrity of the primary coolant system pressure boundary.
It would appear then that counting every seal degradation (which
on occasion did not even require the plant to be shut down quickly
for seal repair) is an erroneous approach which only bolsters the
volume of statistical data to incorrectly conclude that there is a
problem. In fact, when there has been a degradation in seal
performance such as a loss of one seal stage, there has not been a |

loss of pressure boundary integrity which required plant shutdown.

If the definition of a station blackout includes the loss of
emergency in-plant AC power, then how will the reliability of a j

backup cooling system be considerably superior to that of present-
day safeguard systems which are of top quality already?

In " Statement of the Problem" the report defines seal failure as
the degradation of seals that limit primary coolant leakage along
the shafts of the RCPs. This definition is excessively all-
inclusive. By this definition any seal behavior which deviates
however minutely from perfect operation, must be called a failure.

Such a definition is unrealistic. Individual seal stage failures
lead to increased CBO, which is contained in the closed loop CVCS,

See Section 2.1.1 for a definition of seal failure.

The present RCP Seals are fabricated to the highest standards and
of the best materials for this application. Imposing additional
QA requirements will cnly increase the cost and extend delivery
times. Conflicts with the Code will have to be resolved through
special rulings or Code Cases since some of the materials used in
the seals are not listed in the Code as approved for pressure

|

|
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boundary applications, if the manufacturer were limited to the
materials in the code, the seals probably could not be made to
work at all.

The plants in operation alread; use the RCP instrumentation
recommended tiy the pump / seal suppliers These consist of

|

anttoring the seal staging pressures (pressure transducers), thel

flow (flowmeter), and temperature (resistance temperature detector

- RTD) of the controlled bleedoff. These instruments are .

periodically calibrated and have appropriate alarm settings to
warn the operators of a condition outside of predetermined values.-

The outputs from these instruments are recorded on the plant
computers for record, subsequent retrieval, or trending purposes.

The report states that the seal failure models are based on the
Westinghouse RCP seal design and testing by AECL. This was done
because there are more Westinghouse seals in use than any other

kind and more data was available for these seals. The NRC states
that since there are basic design similarities between the seals,

| the cost / benefit analysis should be applicable. to all commercial
FWRs in the US. The CEOG does not agree that there are sufficient
similarities among all plants to allow imposing a blanket
approach. A cost / benefit analysis for the CEOG plants is
presented in Section 3.3. It contains duel results in order to
take into consideration the difference in seal configuration just
within the owners group. Byron Jackson seals, Bingham, and AECL
seals used in CE0G plants use a 4 stage design. The KSB seals use

a: stage design but are not at all similar to the Westinghouse
seals which are classified as a hydrostatic design. The KSB seals
are more similar to the BJ, Bingham, and AECL seals which are of
the mechanical / hydrodynamic design. All of the seal types have
either been tested at SB0 conditions or similar conditions, or
have been inadvertently subjected to high temperatures during

plant operation. None of these tests or operations have resulted
|

|
38
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in a reactor coolant leakage approaching a LOCA incident in

magnitude.

NRC's rejection of Alternative #3 is based on criticisms of
shortcomings in the tests which had been performed on various
seals, and yet the NRC uses data from various NRC-furded studies
which had serious shortcomings. The fact that elastomers were
found to have degraded, and seal parts were chipped or cracked -
should not be a primary criterion in evaluating a seal. We do not
believe that one of the objectives is to have a seal which will be
ready for continued operation (without refurbishment) after having
been subjected to relatively severe conditions during an extended
SB0 event._1here are probably several other plant components
which will require inspection before the plant returns to
operation.- The main question should be did the seal maintain the
pressure boundary without allowing uncontrolled leakage? We
believe that the industry tests (summarized in Appendix C to this

'

report) have demonstrated the resilience of the seals used by CEOG
members. The NRC states that the tests have not represented all
the conditions that can occur during loss of cooling events. The
seal history in Section 2.2 shows that'the semis have indeed
survived a loss of cooling event without excessive leakage.

We believe that the 50-hour exposure of the St Lucie seal
'

cartridge to full power RCS pressure and temperature conditions
'

was' considerably more than would be experienced during an S80

event. The NRC have criticized this test because there was no
vertical motion of the pump shaft as would be expected during a
station blackout _ event. However, some shaft movement must have

occurred as a result of thermal expansion.
,

The San Onofre seal test was performed to demonstra',e to the NRC
that uncontrolled discharge of primary fluid would not occur if
operator intervention did not occur for 20 minutes following the

39
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loss of component cooling water (CCW) flow. CCW flow was restored
to the seal cooler after 30 minutes. This resulted in a
significar.t thermal shock. It should be noted that the pump was
not tripped off at this point, but continued to operate (without
seal failure) for over an hour while the test loop was cooling
down and the pressure was lowering. Shaft movement must have
occurred both during the operation without cooling as well as
during the cooldown process. Such shaft motion would have been

*

the result of the significant thermal expansions during heatup
after loss of cooling and contractions after initiation of.

cooling.

Thn NRC statistical approach to testing results in an argument
that between 14 and 59 successful tests would be needed to
statistically demonstrate a 95% probability that the RCP seals

,

wi.'1 not fail upon loss of cooling, which would be comparable with
the reliability of the backup cooling system. This approach is
not teasible since the CE0G members use 5 different seal types.
This would man 70 to 295 separate tests. The cost would be
prohibitive and it would take many years to complete these tests.
If the last test of a series resulted in a fatture, that would

mean a redesign and starting all over. We believe that additional
testing is not necessary since the existing test data and 20 years
of in-plant experience indicate that the seals are not expected to
fail and cause uncentrolled discharge of primary coolant. The NRC
also does not indicate what it would consider to be adequate
evidence that the backup cooling system is reliable if such a
system were installed (another 59 tests?).

Appendix A of this NUREG presents a list of pump seal failure
events in Table A-1. The list contains nine occurre.ces
attributed to CEOG plants. The NRC considers all of the
occurrences to be incidents of seal failure, an indication of
their lack of performance. Each case has been reviewed and a

,
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detailed explanation of what actually occurred is presented below.
Of all nine cases, only one could actually be attributed to the
seal and that was during the startup of a new seal configuration.
This record only shows how resilient the seals are.

3.2.3 Pump Seal failures According to NUREG 1401, Table A-1

3.2.3.1 Event Date: AUG 1, 1988

Plant: ANO-2

Seal Type: BJ SV Seal

Description of Failure Event: 1st & 2nd Seal Stages f ailed;

(according to NUREG-1401) Leakage 40 GPM

Description of Failure (according to the Utility):

The pump shaft seal failure was initiated by a break of the rigid
sensing line of the middle seal cavity piessure transmitter. Full

RCS pressure was applied to the vapor seal. Lower seal temperature
exceeded 350*F. Carbon faces in 2nd and 4th stages were broken,
carbon faces in 1st and 3rd stages were cracked. There was

partial U-cup extrusion. The RCS peak leak rate was 40 GPM.
Most of this leakage was coming from the sensing line and not the
seal. The sensing line leakage could be as much as 37 gpm. After
the sensing line was isolated the leak rate was 20 GPM. The seal
became overheated since the high rate of coolant flow overcame the-

capability of the seal cooling heat exchanger to adequately cool
the fluid entering the seal cartridge.

,

The seal had been in operation for about 4 months. The failure
was discovered through staging pressure indicatic.ss.

I
|
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Corrective Action:

The sensing line weld was repaired and flex hoses were installed
on all seal cavity pressure sensing lines to replace part of the
rigid pipes. The failed shaft seal cartridge was replaced.

Comment:

The seal failure was caused by a fracture of a pressure sensing
'

pipe. This pipe _is not part of the seal. The proposed
regulations would not have prevented this failure, it must be

emphasized that this was not a seal initiated failure.

3.2.3.2 Event Date: Nov 9, 1988

Plant: Waterford, Unit 3 ,

Seal Type:- BJ N-9000 Seal

Description of hilure Event: Seals failed af ter startup.

(according to NUREG 1401) Replaced with old BJ seals.

Description of failure (according to the Utility):

Three shaft seal cartridges degraded after startup. Controlled
Bleedoff temperatures and pressure were higher than normal.
Staging pressures were normal at low RCS pressures but seals
destaged as RCS approached normal operating pressure and

temperature. Suspected causes were pump mis-alignment, axial
play, shaft eccentricities and dimensional tolerance stackups.

Corrective Action:

All four N-9000 seal cartridges were replaced with old (SV) type

BJ seals.

42
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Comment:

The degradation of the BJ N-9000 seals occurred after startup.
This was a new type of seal and improper performance was detected

during startup using the instrumentation already installed.
Backup cooling would not have been of assistance. Controlled
bleedoff flow was normal. This was a seal degradation rather than

a failure. These were the first N-5000 seals installed in a
plant. Design and manufacturing problems associated with this
failure have been corrected. Three N-900: ;aals were installed at

Waterford in 5/91.
.

3.2.3.3 Event Date: Dec 5, 1988

Plant: Palisades

Seal Type: BJ SV Seal

Description of Failure Event: Description not available. -

(acccrding to NUREG-1401)

Description of Failure (according to the Utility):

The plant was started up and one stage in one seal cartridge was
not working. Controlled bleedoff was between 1.5 and 2 GPH. A
month later the plant was shut down for a steam generator tube

problem.

Corrective Action:

The seal cartridge was replaced at that time. This event,
therefore should not be classified as a seal failure.

43 |
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Comment:

1he improper functioning of the seal was the result of
undetermined causes. During plant startup it was noted that one
seal stage was not staging (i.e., it was not taking it's portion
of the pressure drop). Th plant continued operation until a
month later, when the plant , as brought down for steam generator
tube problem at which point the seal was replaced. it is standard
procedure not to bring a plant down unless at least two stages are
not functioning. This event does not constitute a seal failure. -

3.2.3.4 Event Date: Dec 21, 1988

Plant: Maine Yankee

Seal Type: N-9000 Seal

Description of failure Event: Degraded seal performance.

(according to NUREG-1401) Seals replaced with BJ N-9000

seal.

Description of Failure (according to the Utility):

The SU seals had been upgraded with N-9000 seals during a

refueling outage. A ceramic filter in the seal water system
degraded and many sand-like particles entered the N-9000 seal
cartridge. This caused significant wear of the seal faces.
Controlled bleedoff (CBO) flow increased to about 5 GPM. The
vapor seal functioned properly so that no leakage external to the
pump and piping resulted from this event.

Corrective Action:

The filter and the N-9000 seal cartridges were replaced. SU seals
were removed from storage and reinstalled.

44
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The setl degradation was the result of sand-like 4terial#4
g, ,

g"> gg* / introduced int., the N-9000 seals from a filter which had

|V ; . disintegrated. The controlled bleedoff hed increased but notm' -
"' '

gss
. vsg

' ~ significantly. The proposed regulttions would not have preventedc: ;e %y
N[ j ~, ~

.| . $, this seal degradatin.
'

"
.. ::- ,3
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3.2.3.5 Event Date: Harch 3, 1989g - '
,-

Plant: Palo Verde (PVNGS)

,pp Seal Type: CE/KSB ha!
Description cf Failure Event: Seals damaged.,,

(according to NUREG-1401) Seal leakege 2 GPH.

Description of f ailure (according to the Utility):

P M S Unit 3 was at 100% power and was scheduled to come down for

a refueling outage in the ecxt few days- Due to a loss of site
power all 4 RCP's experienced a loss of Seal InPction and

'
component cochng water (CCW), in addition 1.na CB0 was

inadvertently not isolated. These etnditicas easted for
,

approximately 90 minutes, seal temperatures reached 437'F. *

Seal damaga to pump 1B was evident by abasrmal CB0/ staging

pressure after reestablishment of faal Injection. Following
rentaalishment of r.a! injection 2 of the RCP's were started to
est 211sh forced circulation in the RCS and ru:. approximately 7 to
8 hours at RCS N0P/NOT with subsequent run time at decreasing RCS

'temp / press ft r cooldown, which took approximately 29 hours.
External sea'i leakage from pump l'8 was later verified to be 1.25
L, Only pump IB experienced leakage. Seals in all four pumps

,

were replaced.

45
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Corrective Ar. tion:'

A

h The shaft-seals in all 4 RCPs were replaced during the refueling
'

~

outage.

Comment:
.

The event occurred while the plant was preparing to come down for ,
,

a refueling _ outage. Both seal injection and CCW cooling were lost 1

| for an' extended period of time. The seals reached a temperature
of 437'F. Vapor seal leakage was 1.25 gpm. After disassembly _no

;

seal damage was noted. The seals, however, were replaced because' -

this~was considered to be prudent.

L

3.2.3.6 Event Date: Nov 7, 1989

~ Plcnt: Maiae Yankee

C Seal ~ype:- BJ SU
'

,

_ Description of Failure Event: N-9000 was earlier replaced by

I (according to N! PEG-1401) SU type, which failed. -Plant
shut down.

'

'

,

Description of Failure (according_to.the Utility):

,

One N-9000 type. seal and two SU type seals w?re in operation. The
SU seal installed in pump #1 had the drive lock ring lugs broke

,

,

- off into the seal and the resulting filings caused seal- face' wear.
Seal staging _ pressure degraded and the plant was shutdown in an

F-

orderly manner before any problems occurred. The CB0 flow was
less than 5 gpm and the vapor seal did not leak.

:
.

-

:

,
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Corrective Action:

The SU seal in pump #1 was replaced with a rebuilt N-9000 seal

cartridge.

Comment:

In the event some internal seal parts (drive lock ring lug)
broke. This produced filings inside the ' seal cartridge causing
wear of seal faces. Seal staging pressures became degraded. This
was noted on the existing instrumentation hnd the plant was bought
down for seal replacement.- Controlled bleedoff remained less than
5 gpm. The proposed regulations would not have had any effect on I

this seal < tradation. (
l

|

3.2.3.7 Event raate: Jan 20, 1990

Plant: Waterford 3

Seal Type: BJ N-9000.

Description of failure Evet- Seal leak found during shutdown

(according to NUREG-140') while checking reactor coolant -
system leaks.

Description of Failure (according to the Utility):

SU seals were in use. '4 cme minor leakage was found in the driver
mount. The source was Atermined to be the upper shaft sleeve

0-ring. At the time of the leakage the seal pressure staging was
found to be proper.

,
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Corrective Action:

Two 0-rings were installed per instructions from BJ. No further
leakage was observed.

Comment:

The se:1 leak discovered had apparently been going on for some
*

time. -The leakage was discovered when standing fluid was found in
the motor mount during a walkdown. After .:onsultation with BJ it
was decided to replace an 0-ring between the shaft and the shaft
sleeve with two 0-rings. No further leakage was observed. The
proposed regulations would not have had any effect on this seal
degradation. This was very minor leakage past .the upper sh:ft
sleeve 0-rings. There was no degradation at any stage, The seal ,

was not replaced.

3.2.3.8 Event Date: Jul 2,1990

Plant: St Lucie 1

Seal Type: BJ

Description of failure Event: 1st and 2nd seal stages

(according to NUREG-1401) deteriorated. Leakage 3 GPM.

Description of Failure (according to the Utility):

The pump shaft was bent. It is suspected that this may have been
caused by the temporary seal injection when the fourth pump was
idle during plant heat-up. The pump ran with the bent shaft for
about 30 days. The shaft orbit was not significantly higher than

-normal. Wear was found in the hydrostatic bearing area. The
shaft sleeve also wore producing very small metal slivers and

particles which in turn caused accelerated wear of other se41
parts. Controlled Bleed-off increased from 1 to 1.6 GPM in one

43
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day and then to 2.5 GPM the next da',. Later the shaft was found

to be bent (approximately 0.050").

Corrective Action:

Installed a new shaft sleeve and a new pump rotating assembly

(pump shaft, impeller and hydrostatic bearing journal.

Comment:

.

The seal degradation was caused by a bent pump shaft. Despite the
use of shaft instrumentation, no abnormal shaft orbit had been
noted. Seal pressure staging was degrading and the controlled
bleedeff was increasing. Plant was brought down for replacement
of the shaft and impeller and the seal cartrioge. The pressure
staging and controlled bleedoff were noted on the existing
instrumentation. The bending in the shaft was caused by backup
seal injection being used during plant startup and shutdown
operations. This backup seal injection was installed for use in
the event CCW flow was lost.

_.

3.2.3.9- Event Date: Aug 24, 1990

Plant: Fort Calhcun

Seal Tyr.2: BJ

| Desenption of Failure Event: Inlet presare on 2nd stage

(according to NUREG-1401) steadily decreased. Plant shut
down. Seal replaced.

Description of failure (according to the Utility):

Plant was ht 100% power and had been in operation for about 3
months since the last outage. iiis IB pump controlled bleedoff
fiow started to dec. ease and the second stage inlet pressure

.49
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~ decreased resulting in alarms for both. The plant was brought
down and the seal cartridge was replaced. The cause was-
determined to be a piece of lockwire which lodged in the pressure
breakdown tube and blocked the staging flow.

I

Corrective Action:
.

The _ seal cartridge was replaced. The. safety wiring technique was |
I

p changed to preclude a repetition of this problem, .

> |

|
Comment:

1

The seal-degradation occurred about 3 months after a refueling j

outage, ' A piece of lockwire broke off and lodged in the pressure
breakdown capillary tube, partially blocking the controlled ,.

bleedof f. Seal ~ pressure staging degradeo and was noted by means

cf existing instrumentation and alarms. The proposed regulations
would not have had an effect on this event.

,

3.3- NUREG/CR-5167 Review Comments

Title: Cost / Benefit Arslysis for Generic Issue 23: Reactor
.

Coolant Pump Seal Failure

This report provides a Cost / Benefit Analysis of the three items,
which were selected for consideration.by the Nuclear Regulatory
Commission. Item l' consists of treating the RCP seal assembly.as
a component performing a safety-related. function similar to other
components of the reactor coolant pressure boundary, and -applying

quality assurance requirements consistent with Appendix B of*

10CFR50 and applicable General Design Criteria of. Appendix A to
L 10CFR50. The second item would require utilities to provide RCP

nianufacturer-recommended instrumentation and instructions for
monitoring RCP seal performance and detecting incipient RCP seal

,
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failures. Item 3 requires utilities to provide RCP seal cooling
during off-normal plant conditions, such as station olackout,
involving loss of all seal cooling. The Cost / Benefit Analysis
used the AECL model to obtain the core melt probabilities due to
seal failure. The rest of the values used in the analysis are
estinates taken from various sources. The general format of the
analysis follows the Handbook for Value-Impact Assessment
(NUREG/CR-3568) precisely. The handbook uses estimated costs and

person rem to analyze the value per person rem for evaluating a
particular project.

The estimates in the analysis were poor and lackad consistency.
The CEOG plants were requested to provide plant specific estimates
for the data points used in the Scientech NUREG/CR-5167 analysis.
See questionnaire in Appendix A Section A.4. The responses

received demonstrated inaccuracy of the Scientech estimates. The
benefits of implemanting the items were overestimated by as much
as twice their value. The costs are severely underestimated as
low as a half to a quarter of their expense.

Page 1-1 States that past seal failure data oemonstrates
relatively high seal failure rates and the possibility
of resulting leakage rates well into the range of
small loss of coolant accidents. The CEOG plants
should be excluded, because there have never been any

leaks approaching the size of a small-break LOCA as a
'

result of RCP seal failures.

Table 1-1 This table presents estimates for Core-Melt
fr9c.uencies induced by RCP seal failure for noraal and
off-normal conditions. These estimates were taken
trom the AECL model in Appendix A of NUREC/CR-5167.

The frequencies given in this table are not accurate
for CEOG plants. The model was made to simulate
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Westinghouse plants only. For CE0G plants the values

for Core-Helt should be obtained instead from
NUREG/CR-4948, Technical findings Related to Generic
Issue 23: Reactor Coolant Pump Seal f ailure.

Page 3-3 The report states that power supply reliabilities of
99%, 90% and 95% were used in the ar.alysis as high,
best and low estimates respectively. The
reliabilities for the power supply are accurate only
for the power supply itself. The cstimated ,

reliabilities in the analysis are 99%, 90%, and 95%
for high, low and best respectively, however, these do
not take into account reliabilities for associated
valves, switches, circuit breakers and others factors
including human performance. One utility supplied
estiu tes taking all this into account. When
everything is added in the reliabilities drop to at
most 90%, 60% and 75% respectively.

Page B-1 The model upon which t' *nalysis is based excludes

PWRs not employing Westir, aouse pumps. This statement
conflicts with page F-30 in the actual calculation of

the cost / benefit.

Page F-30 The analysis refers to 76 PWR plants, which would be
all the plants in the United States. The Cost / Benefit
Analysis for CE plants would be significantly
different as can be seen in the following tables.

A Cost / Benefit Analysis was performed using the CE0G p1snt data to
show the difference with the NUREG/CR-5167 model. A questionnaire
was sent to the CEOG members with six utilities responding for ten

plants. The data was used to calculate the values for a generic
CE0G plant. The analysis used two different values for the
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probability of core melt due to loss of CCW. The value of
.352x10'' was used for plants with a fourth stage vapor seal and
6x10'' was used for plants with KSB seals.

The results of the CEOG analysis were calculated the same way as
NUREG/CR-5167, which followed NUREG/CR-3568, "The Handbook for

Valve-Impact Assessment". The benefits are calculated in person-
rem and are broken into threa categories. The first benefit is
Public Health which represents the exposure reduction from core-

Imelt as a result of improved seal performance.

Pubtle Health (person rem)

Item i Item 2 item 3* Item (112)

93GIgHIgh 0 930

test 0 648 5.323/10.375 648

Low 0 254| 3/48 254

The first number is for plants with a vapor seal and*

the second is for those without.

The second benefit group is Accidental Occuoational Exoosure,
which represents the reduction in exposure to onsite personnel as
a result of improved seal performance. This includes both the
immediate and the long-term cleanup exposure.

Accidental Occupational Ex msure (person-rem)

Item 1 Item 2 Item 3* Item (112)

Nfgh 0 15 3,821/3,898 15

Best 0 6 42/81 6
,

Low 0 1 1/1= 1

The last benefit group is Operational Occupational fxoosure, which
is the reduction of exposure as a result of less maintenance.

,
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Operationaf occupational Esposure (person rem)

Item i Item 2 Item 3 Item (112)

663Nigh 428 746 -

486Best 184 502 -

2,683Low 2,365 2,633 -

Costs are oroken down into several categories. The first two
categories are Industry Imoleme.tition and Industry Ooeration,
where implementation refers to the single cost of installing the .

item, and operation refers to the annual costs of maintaining the
,

item.

Industry twetementation (dollars)

Item i Item 2 Item 3 Item (112)

With 789,750 6,263,250 56,499,990 7.053,000
.

Best 526,500 6,175,500 5,,499,990 6.702,000

h Low 263,250 6,087,750 56,499,990 6,351,000

Industry Operation (dollars)

Item i Item 2 Item 3 Item (112)

Mich 325,419 701.051 949,<64 -2,130,284

Best 139,765 1,137,017 917,947 334,033

_ t os 1,779,553 3,604,104 886,605 3,604,104

The values for liRC Development, Imolementation and Ooeration Costs
are assumed to be accurate as presented in NUREG/CR 5167 so they

ara not presented. Off-site and On-site represent the costs due
to core-melt that would be averted if the items are implemented.

|

1
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of f stte Property (dotters)

Item 1 item 2 ftem 3* Item (112)
-

0 31,240 19 462 696/ 31,240

.(Y ah
th,851,793

het 0 160,633 1,03fr,228/ 160,633 -l
2,025,376

'

417 A *1,269,676
Low 0 1,269,676 6,93k,39/050 j

_

.

Onstte Property (dottars)

Item i Itee 2 Item 3* lten (112) i

Nigh ' 0 13,605 8 475 826/ 13,605 |

8,64E,581

Seat 0 69,535 449 864/ 69,535 ,~

878,751

Low 0 48,934 -48,934/ 148,693
1812,405

1
1

The last category is Plant Availability Imorovement Savinas, which
<

..'

is the savings resulting from not buying replacunent power for
reduced outages, A negative number represents a savings, which

- means the following table shows a large expense due to lengthened

cutages,
!

Ptent Avaltabillt, taprovement Savings (dctlers)

Item 1 Item 2 Item 3 from (182)

Best 0 24,509,609 ?$,922,638 24,509,609

,

The Ibujc Cost / Benefit Ratio is calculated by dividing the
! industry and NRC costs by the Public Health-benefit.

I
-

-

Basic Cost /senefit setto ($/ person-rom)

Item 1 item 2 Item 3* Item (112'-
,

i

|-
High Eanok 8.125 26/25 6,565

Best ERRom 11,510 10,814/5,549 11,311

1:72
Low LRa0R 38,606 19,875,430/ 40,034

1,197,156

<
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The values for item 2 and 3 greatly exceed the values presented in
NUREG/CR-5167 and the recommended $1400/ person -em guidelines.
The value'for item 1 is shcwn as an error which is caused by

dividing by a zero benefit.
-

r

The SuoDiemental Cost / Benefit Rati.g is calculated using all the

parameters except Plant Availability Improvement Savings. All the ,.

monetary costs (and savings) are divided by all the exposure
terms.

Supplemental Cost / Benefit tetto ($/per, w r m)

Item 1 Item 2 Item 3' Itse (112)

Minh 3,090 37,683 93/13 21 AB4

sest -4,430 47,266 10,452/5,228 42,075

(3,597)tow +914 3,448 15,1gg

Again, the values for item 2 and 3 exceed the values presented in
NUREG/CR-5167. They are clearly not within the 51400/ person-rem

guidelines and should not.be implemented.
~

o
'

The negative numbers for item 1 are provided by dividing a
positive cost by a negative person-rem savings. .The negative

L- manrem nvings comes from the operational occupational exposure
f
L from implementing item 1. This demonstrates a problem with this

R current Cost /Senefit analysis, because what appears to be very

| cost beneficial. is actually paying for increasad exposure.

The major cause for these unorthodox results is that plant data

showed no benefit for Item 1. Many plants, due to commercial

pressure and necessity, have already implemented systems for

|
' decreasing seal . replacements. They have already achieved the
benefit of a quality assurance program by instituting programs

:

.
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similar to quality assurance, improved maintenance system or by
establishing an engineering group to oversee and continuously

improve seal performance.

It has been shown that for the CEOG the Scientech Cost / Benefit
Analysis, NUREG-CR-5167, is inconsistent and did a poor job
estimating both the costs and benefits for all ttree of the

When accu ata estimates for CEOG plants are usedproposed items.
in the NUREG/CR-5167 format the results ace strongly against the

This confirms that the plants are handling sealthree items.
improvement on their own and the proposed NRC items should not be
considered for implementation.

3.4 NUREG/CR-4948 Review Comments

ReactorTechnical Findings Related to Generic Issue 23:Title:
Coolant Pump Seal Failure

This report addresses the various fact-finding issue tasks
developed for the Generic Issue 23 action plan and provides
background information on seal failure as well as an evaluation of
seal cooling and mechanical and maintenance-induced failure

While generally informative, the report relies toomechanisms.
heavily on the AECL findings of NUREG/CR-4821 and re-reports the
test results while omitting the test short comings. Qualitative
judgements are passed and general conclusions are drawn with very
little basis provided. The report also summarizes inputs from
seal manufacturers but appears overly biased toward another vendor
in the manner in which their ; rguments relative to the ' issue and

Giventhe conclusions being drawn are included in the document.
the significant design differences between the seals offered by
the various vendors, conclusions about the applicability of test
analysis results should be drawn more carefully and vendor
" defense!" should be given equal consideration in a report

i

!
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summarizing " technical findings". More specific comments are'

provided below:

| Page v The terms " seal degradation" and " seal failure" are

i used frequently throughout the document. The " seal
failure" description is used to describe several

,

| distinctly different occurrences. The terms being
used should be carefully defined and used consistently

'

and appropriately throughout the document. It may be

more appropriate to consider the following
definitions.

1) " Seal Degradation" is where one of the
individual seal stages is not operating normally
but the pump cha continue to operate in

| accordance with the plant specific operating
procedures.

! 2) " Seal failure" is when two or more seal stages-

are not operating norna11y, the control bleedoff
temperature or flow is not within normal
operating range, or the external seal leakage is

L above the normal acceptable value in accordance
with the plant specific-operating procedures. A

:

| seal failure requires a plant shutdown or a
plant trip depending on seserity as determined
by the operating procedures. A seal failure may

|.
or may not result in evternal leakage (ioss of

I reactor coolant system inventory) but if there
! is leakage it is within the normal (charging)

capacity of the plant.
|

'

.

i
!
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3) " Gross" or "Catastrophir." f ailure is when a seal
failure has occurred per the above definition
and in addition the leakage rate has exceeded

the plant makeup capacity (i.e. LOCA).

Page vi The third paragraph refers to " catastrophic loss of
CCW". The word " catastrophic" should be reserved for

only the most severe event;. The loss of CCW is
rarely " catastrophic".

The report acknowledges that, in comparison to the
seals used at other plants, a sianificantiv smaller

(incremental) contribution is obtained for the CE/BJ
seal system if credit ir given to the presence of the
fourth stage vapor seal. This difference is vitally
important in judging the adequacy of CE/BJ seals, er
four-stage Bingham seals for that matter, since the
fourth stage vapor seal is an integral part of both
seal designs and a major difference in comparing these
seals with other seal systems. While operation of the
pump when the other three seals have failed is not
recommended, the vapor seal will function duri-" a
punp spindown &nd during the subsequent pump 3dle

period.

Tha safety impact of loss of all seal cooling
scenarios was also assessed. When full credit is
given appropriately to the fourth stage vapor seal in
the CEOG plants, a ngoliaible core damage frequency is
obtained. The adva.tage of the vapor seal in this
respect seems to be overlooked elsewhere in the

document.

.

'
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Page vii The first paragraph discusses the high temperature
survivability of seal elastomers. The statement
concerning the extreme hedening of BJ seal elastomers
due to high temperatures is apparently based on the
" findings" in NUREG/CR-4821 where spliced BJ seal

,

materials were tested. The splice failed causing the
'

fluid to leak and, subsequently, exposing the
elastomer to dry heat. This is not a representative
condition because it is reasonable to expect the *

elastomer hardening process to vary depending upon

whether or not it remains wet. Under all conceivable
conditions of ope.ation, the elastomers are expected
to remain wet with either steam or water.

Page 1-1 Section 1.2. To be consistent with the seal failure
' '

definitions of page v ccmments, it is important to
note that there have been seal degradations and seal
failures but very few LOCAs; none of which have
occurred in CEOG plants. For a history of CEOG seal

performance since 1983 see Section 2.1.1, response to
question 1.1.

Page 2-7 Sectirn 2.1.3. 3ingham seal systems in PWRs are

described as consisting of three stages. Bingham also
has 4-stage seal cartridges installed at SONGS 2 & 3
and Calvert Cliffs 1 and 2. This only highlights the
vast variety of seal designs in use and the cart that
must be taken when comparing seal designs and drawing

conclusions as to their performance characteristics.

Section 2.3. It is important to point out the absence
of CEOG plants from the list of significant seal
failures that led to the current seal integrity issue.
The performance of the four-stage seal designs used at

50
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t,ECG plants has been such that no gross seal failures
induced by a loss of seal coolino have occurred at any
CE0G plants in spite of being subjected to some rather
extreme operating conditions (pump operation without
CCW, idle pump at hot standby without CCW, CCW
reinitiation to a hot cartridge). [A hydraulically
induced failure of the 4-stage seal system hcwever,c

has occurred at ANO-2]. It is also important to note
the time period in which all the significant seal
failures have occurred (1974-1980) and the absence of
any such events in the recent past. This can be
attributed to industry wide improvements in operator
training, seal handling, seal maintenance and seal
design.

Page 3-3 Section 3.2.1. Shaft warpage is targeted for
additional investigation into the effects of re-
initiating seal cooling. Re-initiation of seal
cooling has many other effects besides st: .ft warpage,

such as a severe thermal transient on the entire seal
cartridge.

Page 4-5 Section 4.1.1.2. The recommendation concerning

" divergent face deflection" needs additional
explanation. Convergent face operation is desirable

'

as discussed below and it is not feasible for the
convergence to change to divergence due to flashing.
See Appendix B Section B.1 for additional explanation
of the desirability for the CE0G shaft seals to
operate with a convergent face configuration.

In well aligned, high pressure, balanced end face
seals for incompressible liquids, parformance is
primarily dependent on hydrostatic effects. Water

61

-_-____-__ - __ _ _ _



- _ _ - _ _ _ _ - _ __ _ . _ _ _ __. _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _

.

'
.

:

leaking between seal faces causes a separating force
dependent on the pressure gradient. When the faces
are flat and parallel, the pressure gradient is almost
linear and the separating force is independent of the
face separation. bnder these conditions hydrostatic
lubrication with a stable, balanced separation is not ,

possible. When the f aces deflett to form a diverging
gap in the direction of leakage, the separating force'

is small and full hydrostatic lubrication impossible
resulting in hard rubbing of seal faces. When seal
faces deflect to form a converging gap in the
direction of leakage, however, the separating force is
dependent on face separation. Smaller separation
would cause a greater separating force while greater
separation would result in less separating force.
Full film hydrostatic lubrication is achieved at a
stable separation dependent on the amount of
convergence and the balance ratio.

Page 4-12 Section 4.1.2.5. Conclusions on 0-ring tests are
relevant only if the manufacturer of the seals has not
changed materials over the years. Also, specific seal
clastemers vary from design to design mTking these
particular tests applicable to a limited number of
comparabie seal types. Qualitative generalizations
are made about the relative impact-of various

parameters (e.g.; water vs. steam, temperature,
a

irradiation and gap sizes). More specific
quantitative comparisons would be necessary in
demonstrating more conclusively the overall impact on
seal performance.

62 |
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Page 4-18 Secticn 4.1.3.1. ' Statistics on seal failures are
presented in th'e third paragraph. .Not only is the
term " seal failure" not adequately defined, but ;

quoting mechanical- and maintenance-induced seal

i- failures per NSSS supplier / pump manufacturer without
stating the total number of plants / pumps involved can
be misleading. Also, lumping old designs and new -
designs,with.nocorrectionsorexp.anationsregarding
significant changes in seal design, training, system )
design and procedures, results in statistical -- |
misinformation.

!

Figure 4.1.4. Statistics are presented for what are
classified as end of life failures, yet no clear
definition is provided for what constitutes the seal
life. -Typical seal lives range from 2 to 4 yea, s.

'

.Page 4-22 Scction 4.1.3.2. More frequent seal inspection is
recommended in this section as a means of minimizing'

seal failures. Inspection of seals means seal removal

L and disassembly. This in <tself could lead to
L -problems as has been identified in reviews of

maintenance- induced seal failures. When the seals
o are-remcved the utilities may-find it more economical

L to replace u a setls. A greater emphasis should be
placad on seal performance monitoring as a means of

L dett.:. ting potential orablems.
|

,Page 4-23 Section 4.1.3.2. The second paragraph recommends

i- isolating the controlled bleed-off flow upon excessive
- leakage'of any seal stage. The controlled bleedoff-

line is equipped'with a flow check valve which will
close on excessive flow. In the CEOG plant design the
closing of the valve then places the total system

-

63
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~ pressure on the last or vapor seal for which it is
designed to carry.

r
Page 4-27 Section 4.2.1.2. Calculation results are ' discussed

'

that bring into question the validity of tho
analytical models. It is not clear, for example, how
the seal could be leaking 200 gpm and be operating in

..

a " stable manner". Admittedly, there are significant
differences between seal _ designs and all designs are

'

geometrically complex.. - Modelling seal behavior,
therefore, would be extremely difficult. It is

acknowledged further, that, while-the leakage rate is
recognized to be a function of the " primary stability
parameters" and the closing balar.ce ratio, the exact'
" functional form" of this depender.ce has not been -

-

determined. : All of this and the fact that analytical-
results have consistently predicted significantly
worse seal performance than tests and operating.
history have demonstrated makes it appear unreasonable
to draw such conclusions as are presented at_the top

of page 4-28.

Page 4-31 Section 4.2.1.3. Comments on BJ seals'are not valid
for all BJ pumps.- New N9000 seals, for example, have
no U-cups and have a lower balance ratio. Also, it is .

not clear what the "certain conditions" are that will
result in unstable seal behavivr during station'_ <

blackout.
,

(-

Comments on Bingham seals do not identify the type or-

vintage of the seal. Bingham seals et SONGS 2&3 have
'

4 stages. Siin11ar seals are also being installed at-
Calvert Cliffs. Leak rates are stated but no mention
is made as to where the leakage _is. going. In-CEOG

,
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plants, if the leakage is into CB0 piping the excess
flow check valves will close as the leak rate reaches
10-15 gpm.

Page 4-56 Section 4.2.4.1. BJ seals used in CEOG plants are

four-stage, but it is incorrect to state that they are
totally dependent on the tharmal barrier for cooling.
The correct term is " seal cooling heat exchanger".
The thermal barrier only precools the approximately
one gpm of RCS fluid which passes into the seal
cartridge cavity. This 1 gpm then joins the rest of
the controlled bleed-off fluid which is being
circulated thru the seal cooling heat exchanger by the
recirculating impeller (when the pump is running) at a
rate of about 40 Opm in most CE0G plants.

Page 4-60 Section 4.2.4.3. The " newer information" developed by

AECL on seals popping open is not the final word on

| this subject. There are sevecal tests and incidents

L
in operating plants which do not support this AECL

| study.

In the St Lucie test the BJ SU seal cartridge-was
|

I exposed to full pressure and temperature for about 50

|
hours in a non-rotating condition with controlled

| bleedoff continuing at about 1 gpm for the entire
test. Seal staging remained r.ormal.

The BJ H-9000 seal cartridge was exposed to an 8

hour simulated station blackout test with controlled
bleedoff shut off at 30 minutes into the test. There
were no pressure fluctuations or separation of seal
faces during the entire test.

65
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A scale model of the Bingham seal cartridge was
subjected to a series of tests involving loss of
seal cooling. The seal behaved in a stable manner.

The KSB seals were inadvertently subjected to loss of

cooling conditions. Controlled bleedoff was not
isolated. There was no evidence of seal face

*

separation.

CE0G plants do not start the fourth RCP until the RL5 -

temperature reaches 475 - 500'F. Pumps with SU seals
and no seal injection typically subject the seals to
around 350*F in a non-rotating condition with
controlled bleedoff. Subsequently these pumps start
and operate normally for extended periods without any
reported problems. ,

Page 4-62 Section 4.3.P.I. Using " representative" plants is
vclid only fer other similar plants but not valid for
plants that are significantly different. It is

inappropriate to make the resulting conclusions
applicable to all plants by a particular NSSS supplier
and risk the information being used incorrectly.

,

Page 4-70 Table 4.3.4. The information in this table may be

misleading. BJ CB0 flow meters typically have a range
of 0-3.5 gpm at CE0G plants and shaft orbit
instrumentation is not used in all plants. In most

cases, in plants where it is installed, the shaft
orbit instrumentttion was not supplied by BJ.

I Therefore, there may be some differences in individual

instal)ations.'

i-

i

!

,
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Recording of data varies from plant to plant, as does
data retention, retrievability and trending.

This table should also mention CCW temperature and

flow monitoring.

Page 5-3 Section 5.2. This study recognizes vast differences
in plant designs yet does not hesitate to proceed with
calculations of ' typical" core-melt frequencies.
These design differences should be more adequately
reflected in the comparison of respective core-melt
frequencies.-

Full credit should have been given throughout these
studies to the benefits provided by the fourth stage
vapor seal in CE0G plants with BJ and Bingham seal

' '

systems.

Page 5-6 Section 5.3. It is claimed that station blackouts of
" extended duration" muli be included when considering
loss of seal cooling scenarios. " Extended duration"
has not been defined, but many of the analyses

supporting the conclusions of this report are based on
a 24 hour station blackout. Slch extended duration
SB0 analyses may be appropriate from an academic

perspective but are unreasonable given the NRC rule on

Station Blackout and the need for most licenses to
demonstrate a coping capability of only 4 hours. The
plant-specific coping times have been developed
through an intelligent and systematic evaluation of
the reliability of offsite and onsite normal and
emergency power sources. To run SB0 analyses for
extended periods of time simply to demonstrate that
core damage is possible goes beyond reason and clouds

67
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the issue with unrealistic core melt probabilities.
4

Several factors come into play in determining whether
or not core uncovery will occur during a SB0 event:-

-o actual inventory loss rate
o- auxiliary cooling capability

,

o time-to restore offsite power

These factors must be b'alanced reasonably when-it

becomes necessary for licensees to demonstrate their '

ability to cope with ao SBO. With a time to restore
offsite power determined by plant-specific power
source availabilities and reliabilities and a given
plant-specific cooling capability, it is prudent for
realistic inventory loss rates to be included as well.
-This-means that, early_in any SB0 event at a CEOG

~

plant, total RCS leakage can be reasonably expected to ,

be relatively low -- much lower than the 25 gpm per
pump currently required'by the Station Blackout rule.
This, in turn, leads to less severe consequences 4

,

during the duration of the SB0.

|Page 5-12 The. term '' divergent face deflection" should be
clarified. -It appears-to be in conflict with the
desirable convergent face arrangement.

4

I

_ ._
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4.0 CONCLUSION

,
,

i

The NRC had requested understandings, findings, and potential =_

recommendations regarding resolution of Generic Issue 23 Reactor g
Coolant Pump Seal Failure. They presanted their ;olution to GI-23 5

5
in Draft Regulatory Guide DG-1008 along with the supporting
docerants of Draf t NUREG-1401, Regulatory Analysis for Generic

IIssve 23: Reactor Coolant Pump Seal f ailure; NUREG/CR-5167, '

ccit/ Benefit Analysis for GI-23, Reactor Coolant Pump Seal
Fati".re; and NOREG/C&4948 Technical findings Related to GI-23, ]

' Reacter Coolant Pump Seal f ailure, in the Federal Register the g-

NRC a'so presented a series of questions for coment.,

In order to respond to the NRC request for up to date information
-

"

I the CE03 undctook a survey of all member plants in order to
-

obtain th re pested information. This data was used to respond
to the Federal Register questions. The questions and the CE0G 9

7
respotises kre presented in Section 2.0.

^5

The Dra.t Regulatory Guide DG-1008 and the supporting documents j~

a
NUREG-1401, NOREG/CR-5167, and NUREG/CP-49t.8 were reviewed

relative to the survey data and the CE0G interpretations,
,

corrections, and comments were presented in Section 3.0.
m

The NRC has presented their three action items for resolution of

Generic Issue 23. The CEOG comments and recommendations of these z
three items are presented in this section. ;

$
_

:
-

,

.

-
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4.1 RESOLUTION ITEM 1

The NRC resolution Item 1 is:

Treat the RCP seal assembly as an item performing a safety-related
function similar to other component: of the reactor coolant

,

pressure boundary, applying quality assurance requirements
consistent toth Appendix B to 10 CFR 50 and applicable General

Design Crit ~ria of Appendix A to 10 CFR 50.

They project that this resolution will accomplish the following
improvements.

.

Quality control over seal materials and fabrication.

Quality control over installation and maintenance through.

the use of process specification
Quality control over plant operations through the use of.

operating procedures designed to avoid damage during pump
F start m and shutdown.

The CE0G dos apport this resolution to apply quality
assurance requirements consistent with Appendix B to 10 CFR 50 and,

applicable General Design Criteria of Appendix A to 10 CFR 50. It

is not necessary. The seals are presently being handled with the
highest level of care to insure the the risk of failure has been
minimized. As stated in our answer to question 1.2 the seals are
already receiving the level of attention that this resolution was
intended to produ z. Additional regulated requirements will not

provide additional assurance of improved performance.

The seals, at present, are manufactured of materials which have
been selected to perform the design function. These materials are

t

I not necessarily listed in ASME Section 111 as acceptable pressure
boundary materials. Section III deals with the pressure boundary
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materials in vessels, pumps and valves and specifically excludes
seals. Certain portions cf the seal cartridge, such as the
housing and tlanges are subject to Section 111 and are designed in
accordance with applicable Code rules.

The present RCP shaft seals are designed to provide reliable
service for extended life. While nuclear safety is a primary
concern in these designs, economics is the driving force ensurir9
the quality of the seals, implementing their reliable design. It

is very expensive for a utility to be in a plant shutdown.
Economics will continue to drive this issue as long as the plants
are operating. All utilities have found their seals to be
reliable once they have learned how to assemble, rebuild, install,
operate, and monitor them.

Plant operation is at present in accordance with operating
procedures which would not change if the seals were declared to be
safety-rel ated. Operating personnel are very much aware of the
safaty importance of the seals and are under great pressure to
insure the seals' long life.

4.2 RESOLUTION ITEM 2

The NRC resolution Item 2 is:

Provide RCP-manufacturer-recommended instrumentation and
instructions for monitoring RCP seal performance and detecting
incipient RCP seal failures.

They project that this resolution will accomplish the following
improvement.

, . - '

71
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Improved monitoring capability identifies degraded seal
performance early enough to take corrective action to mitigate
seal failures.

The CEOG does not support this resolution because the existing

instrumentation is sufficient and additional instrumentation would
not add additional confidence. The manufacturer recommended

*
instrumentation and instructions for monitoring the reactor
coolant pump seal performance have been incorporated into the
plant operating procedures throughout the CEOG. As stated in our -

answers to question 3.0 (Section 2.3) the CEOG members already

have in place operator proceoures for handling the seals for
normal plant operation, loss-of-cooling, and station blackout.
The intent of the resolution has already been met and is
unnecessary.

'

The RCP manufacturers have recommended the monitoring of the

caatrolled bleedoff flow, the controlled bleedoff temperature, and
the seal staging pressures. This instrumentation has been
supplied by the pump manufacturers and is in use in the plants.
Additional diagr.o: tic instrumentation has been installed by some
utilities for monitoring pump performance as a result of shaft
concerns. Instrumentation is also used to monitor pump vibration ]
and other characteristics. The present instrumentation, is
adequate to monitor the state of the seals and no additional
instrumentation proposed by the NRC is necessary.

. 4.3 RESOLUTION ITEM 3

The NRC resolution Item 3 is:

Provide RCP seal cooling during off-normal plant conditions
involving loss of all seal cooling such as station blackout.

72
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They project that this resolution will accomplish the following
._

improvements.-

Maintain RCP seal temperatures within system design.

conditions
Avoid two-phase flow through the seals..

The CEOG doe's not support this resolution.- The addition of backup
seal cooling is not necessary because it has been demonstrated
that the seals can survive station blackout conditions. Seal

' damage may occur and the seals may have to be replaced following'

such'an. event, but the seal leakage is not exppeted to approach
the 25 gpm leakage rate used for the station blackout coping
analysis. - A _ review of the seal _ history in Section 2.1.1; 2.2, and.
3.2.3 would indicate that the external leakage would- be well below
the_25 gpm_ leakage rate and provide an additional 4 to 5 safety
margin. The NRC-studies _ generally assume that the entire seal

,

will attain the temperature of the' RCS fluid.which is not
supported by test data. In the case of a station blackout the
controlled bleedoff is -isolated in order to maintain -the reactor
coolant system inventory. . This eliminates flow of hot reactor
-coolant system water up through the seal assembly and prevents
-seal heatup except by shaft conduction.- - Tests have shown that the -
temperature in the vapor-seal may be as much as 200*F' lower than.
the temperature of the bottom seal-even after 8 hours-into the-SBO-
event. See Appen<Jix C for seal tests. The fact that elastomers
have been found-to be hardened after exposure to high_ temperatures
tells us that their characteristics have.been degraded for_the

"_ ' purposes of continued use, but this has nothing to do with their
ability to survive'a SB0 event. The capability of the seals to
survive operational transients is an economic consideration - if
the seals have to be replaced following such as transient, the
. plant.will be down and will not be producing electricity. This is
highly undesirable to the plant management. If a seal fails-in a
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gross manner, the safety systems will protect the core, but the
subsequent cleanup is expensive and will keep the plant off-line
for a considerable period of time. The plants therefore have
great economic incentives to use the best seals available and to
protect the seals from operational damage.

The NRC has proposed the addition of a backup cooling system as a -

generic solution to ensure that there is real cooling available
during a station blackout. There is no guarantee that this
additional cooling system would be reliable for station blackout.

4.4 SUMMARY

The CEOG does not support the three resolutions presented in the
Draft Regulatory Guide and its supporting documents. These are
items that are not required to ensure the integrity of the reactor
coolant pump seals. The economic pressures are in place which
have forced the utilities to address the seal performance and life
as a critical issue. They can no longer afford not to give the
seals the highest level of care and attention.

The seals at the present time have had a good ,,erformance record.

Eight of the last nine seal failures attributed to the CE0G plants ,

in NUREG-1401 were not seal initiated frilures but the results of
other occurrences that effected the seals until their performance

was reduced or failure was induced. When seal failure did result
there was very small leakage increase from the controlled bleedoff
and the external stage seal. In all cases the leakage attributed
to the seal failure was well below the 25 gpm station blackout
coping valve and never approached a LOCA situation. This can be
attributed to the instrumentation and operator procedures in use
foc .wcognizing, identifying, monitoring, and evaluating seal
failure for initiation of corrective action that ensure the system

safet).
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The impetus to consider reactor ccolant pump seal failure a
generic issue was a result of significant seal failure events that
occurred in the 70's and the early 80's. It is not valid now,

considering the improved record the seals have obtaiaed in the
late 80's to the present time.

The reactor coolant pump seal integrity should not be a generic
issue that imposes the same requirements on the entire industry.
There are a variety of pump designs with different seal
configurations in use. The seal configuration used on the CE0G
pumps have shown their reliability to be well above the industry.

The seals of the CEOG have shown their ability to function during
a station blackout event with only minical loss of reactor coolant
from the system. They have shown this in situations equal to a
station blackout as demonstrated in the respcnses to question 2.0

(Section 2.2). The seals have functioned Juring occurrences of

degraded cooling and loss of cooling. Also the last pump to start
in a four pump NSSS is exposed to a reduced cooling environment
before starting and then have functioned properly, in all the
above examples there was none to minimal leakage which was weil
below a station blackout coping value of 25 gpm. Seal testing as
presented in Appendix C supports the CE0G position that the seals
will function properly during a station blackout.

It is the CEOG position that the three resolutions proposed by the
NRC are unnecessary. Their objectives are already being obtained
without imposing additional requirements and expenses.
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APPENDIX A

SURVEY SUMMARY

A.1 ' Objective

i

The NRC had requested information about the reactor coolant pump

seals. In order to obtain the quantity of current information ;

being requested, it was decided to prepare and submit |
questionnaires to the CEOG. Three questionnaires were produced to I

address the different areas of seal information, seal procedures,
- and cost / benefit. They were submitted to the members of the CEOG

for completion and return. Responses were obtained from all ten
utilities in the CEOG for their fifteen operating nuclear steam
supply systems. The information received was used to develop the
responses to the NRC questions and proposed requirements. Each j

questionnaire is presented in the following sections.

A.2 Seal Information Questionnaire

The seal iaformation questionnaire was developed to obtain the up-
to-date information about the plant current status. The
questionnaire addresses the following areas:

(A) Reactor coolant pumps seal data. Configuration data was
requested about the pump seals in 1983 and 1991 and what-
cooling and' instrumentation is available for protecting the
seals.

(B) Reactor coolant pump seal quality assurance / quality
control. Had the seal performance improved or not
since 1983 and if it had what methods had been
incorporated to accomplish it.

A-1
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(C) Maintenance schedule. What methods had been developed to

promote seal-life.

(D) Loss of Seal Coo ing. Had the seals ever experienced a
reduction or loss of cooling and if so what caused it and
what happened.

.

(E) Reactor coolant pump seal failure history since 1983,
Information was requested on all occurrences of seal ,

failures and a description of what happened.

The information developed by this questionnaire was used to
respond to questions 1 and 2 in the Federal Register.

All fifteen utility plants responded to the following six
page' seal information questionnaire.

_
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SEAL INFORMATION QUESTIONNAIRE
REACTOR COOLANT PUhtP SEAL INTEGRITY (GI 23) Page 1 of 6

CEOG TASK 689

Utility:

Station: Unit:

Name: Phone No. Date:
_

_

A. Reactor Coolant Pump Seal Data Present Other 1983

1. Pump & Drive biotor Vendors

2, Seal Vendor (If recent change gave month / year)

3. Seal Configuration - 3 stages

+ 4th vapor seal

4. Rotary Face Seal hiaterial

5. Stationary Face Seal biaterid

6. Static Seal hiaterial - O*-Rings"

- back-up rings

- U cup

7. Normal controlled bleed off (CBO) flow?

8. Cooling method - component cooling water (CCW)?

- seal injection?

9. CCW or Seal injection - Flow?

(normal & range) - Pres' 7c?

-Temperature?

10. Seal monitoring instrumentation CBO flow?

(range & alarm point) Pressure?
(No. of Stages)

Temperature?
(No. of Stages)

A-3
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SEAL INFORMATION QUESTIONNAIRE
REACTOR COOLANT PUMP SEAL INTEGRITY (GI 23) Page 2

of 6
CEOG TASK 689 4

10. Seal Monitoring Instrumentation (Cont'd) Present Other 1983

Other Location - Flow?

- Pressure?

- Temperature?
c

11. Instrumentation Function - monitor
performanec7

- monitor seal
leakage?

_

12. Are the instrumentation readings readily accessible to the operator?

13. Has the seal cooling water system been modified?

a) If so, how?

b) Why? for station blackout?

14. Is shaft orbit vibration instrumentation installed on each pump?

a) Where? above seal cartridge?

below seal cartridge?

motor bearing?

other?

b) Type of instrumentation?

proximity probe 7

accelerometer 7(
i c) Is a vertical shaft displacement probe in use?

If not, are there any plans to install in future?

| d) Is the data monitored / recorded full time or only on demand?
How is historical data saved?

'

:
e) Is trending monitored?,

f) How is the data recorded?

.

A-4
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SEAL INIVRMATION QUESTIONNAIRE
REACTOR COOLANT PUMP SEAL INTEGRITY (GI.23) Page 3 of 6

CEOG TASK 23

14. (Continued)

g) hhat are the operatir.g limits?

15. Any Seal Testing? To prove seal integrity during station

blackout?

If yes, please proviae test rqort.

16. Provide P&lD of RCP with corresponding sealinjection or component cooling water

systems.

B. Reactor Coolant Pump Seal Quality Assurance / Quality Control

! 1. Has seal operating experience improved in last 8 years?

2. If yes, what was changed to cause improvement?

|
a) improved quality assu.ance? of what? when?

b) improved quality control? of what? when7

| c) improved maintenance? of what? when?i

d) better procedures 7 of what? when?

e) improved instrumentation? of what? when?

f) Design changes? of what? when?

g) Seal parts inspected just prior to installation?

h) Special storage conditions used for seal parts? If yes,

what kind? (i.e. light, ozone, temperature, moisture)

i) Other?
3. Was RCP/RCP seal vendor information used in developing maintenance c '

seals? __

4. What, if any, additional measures can be taken to improve seal reliability'
,

| S. If your plant-specific Quality Assurance procedures were applied to the (CP
seu umid there be an increase in seal reliability?

6. Has seal operating experience degraded in last 8 years? _

-
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SEAL INFORh!ATION QUESTIONNAIRE
REACTOR COOLANT PUMP SEAL INTEGRITY (GI 23) Page 4 of 6

CEOG TASK 689

11. Reactor Coolant Pump Seal Quality Assurance / Quality Control (Cont'd)

7. If yes, has cause of degradat on been established?i

Provide details on cause:

a) Repeated losses of seal cooling (component cooling water and/or seal .

injection? Record date in Section D.

b) High vibration levelst provide shaft orbit valves versus time or summary of
data?

c) Poor spare part quality, provide details?

d) Poor maintenance practices, provide details?

:) Improper seal venting prict to pump startup?

f) Pump to motor alignment out of tolerance?

g) Other plant operating causes?

h) Other mechanical causes?

C. Maintenance Schedule

1. How often are RCP seals routinely replaced?

2. What criteria are used to determine the need to replace a seal that " fails" prior
to normal replacement interval (i.e. what constitutes seal failure)?

3. Are seals replaced by a dedicated especially trained maintenance crew?
If not, how are the crews trained in seal

maintenance?

4. Is a seal cartridge tester used to check controlled blecuoff and pressure
breakdown after rebuilding seal cartridge but just prior to installation in pump?

D. Loss of Seal Cooling

1. Has seal cooling ever been degraded? how long?

a) If so, how much was component ecoling water or seal injection flow
reduced?

b) What was seal maximum temperature?

c) When? how often? which pump?
,
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SEAL INFORh1ATION QUESTIONNAIRE
- REACTOR COOLANT PUh1P SEAL INTEGRITY (GI.23) Page 5 of 6

CEOG TASK 689

D. Loss of Seal Cooling (Cont'd)

d) What corrective action was taken?

e) If seal failure resulted, is recorded data in Section E7

2. Has seal cooling ever been lost? how long?

a) What was seal maximum temperature?

b) When? _ how often?

c) What corrective action taken?

d) If seal failure resulted, is recorded data in Section E7

3. Have system changes been made since 19837

a) If so, what are they? _

4. What ume must the unit survive Station Blackout? hours

E. Reactor Coolant Pump Seal Failure 111 story since 1983

(per occurrence) date?

1. Plant mode of operation (e.g., startup)

2. Pump involved? 1A,111, 2A, 211

3. Seal vendor?

4. Which seal? lit,2nd,3rd, stage, or vapor sea!

5. Type seal part? rotating seal face, stationary seal face, "O'-ring, U cup,
backup ring, other,

6. Seal failure mode? wear, "O'-ring extrusion, "O"-ring hardness, "O" ring
break, seal face break, pop-open, other

7. Controlled bleed off leakage rate (GPM)? start _ end
_

8. Iast seal or vapor seal leakage rate (GPM)? start end

9. C irrective action?

10. Forced outage?

11. How was failure first discovered? Staging pressure?
Temperature? Flow?

.
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SEAL INFORMATION QUESTIONNAIRE
REACTOR COOLANT PUMP SEAL INTEGRITY (Gl.23) Page 6 of 6

CEOG TASK 689
.

1

E. Reactor Coolant Pump Seal Failure 111 story since 1983 (Cont'd)

12. Length of plant operation before shutdown /replaecment? |

13. Additional comments?
- -

F. SUPPLEMENTAL INFORMATION

1. Is there any other pertinent information regarding seal performance history,
operating procedures, maintenance practices, and seal quality control at your
plant that could be shared with other plants? (Use additional sheets as
necessary)

G. COMPLETION OF QUESTIONNAIRE

1. Please use additional sheets to complete questions as necessary.

2. Please FAX questionnaire response to (203) 285 4232, Attention H, C. Perrine
-

on or before June 7,1991.

3. Please mail all supplemental information to:
H. C. Perrine
a >artment 9421-0421
ABB Combustion Engineering Nuclear Power
1000 Prospect Hill Road
Windsor, CT 06095-0500

4. _ Questions concerning the information requested should be uitected to Harry
Perrine at (203) 285-9904.

!

,

i
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A.3 Scal. Procedure Questf onnaire

The seal procedure questionnaire was developed to obtain up to
date information about the current plant operating procedures and

operator responses. The questionnaire addresses the area of
normal plant operation, loss of cooling, and station blackout.
The information developed by this questionnaire is used to respond

to question 3 in the Federal Register.

All fifteen utility plants responded to the following two page
seal procedure questionnaire.

|

:
t
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SEAL PROCEDURE QUESTIONNAIRE
REACTOR COOLAST PUMP SEAL INTEGRITY (GI 23) Page 1 of 2

CEOG TASK 689

Utility.

Station: UNIT _

Name: Phone No. Date

1. Are there operating procedures in place that are to prevent RCP seal leaks from
becoming small break LOCA's?

a) During normal plant operation 7

b) During loss-of scal cooling?

c) During station blackout?

2. Are the required operator actions identified in question la, Ib, le the same?

What, it tything, is different about these procedures 7

3. Has any special operator training been implemented?

If so, what?

4. Please send copies of procedures.

5. Has the RCP instrumentation been evaluated to determine whether operators have
sufficient information to implement the procedures?

6. How long does it take for the operator to determine that an abnormal plant operation
exists (loss of CCW, station blackout)? minutes.

7. Is it feasible to shut the controlled bleedoff isolation valve manually?
If so, how soon after the start of Station Blackout? minutes.

8. Was RCP seal vendor information used in establishing operation procedures for RCP

seals 7 if so, how?

9. Is plant operation allowed to continue when one seal stage has failed?
Two seal stages have failed? Three seal stages have failed?

a. Is this practice limited?

b. What are the limiting conditions 7 _

10. What additional procedural measures can be taken to improve seal
reliability?

11. What would be done diffe ently if the seals were designated as " Safety Related"?

I

A-10

-- -. ., . . _ __



_ _ - _ _ - _ _ _ _ _ _

*
.

.__

SEAL PROCEDURE QUESTIONNAIRE
REACTOR C001. ANT PUMP SEAL INTEGRITY (Gl 23) Page 2 of 2

CEOG TASK 689

12. Please use additional dects to complete questions as necessary.

13. Please FAX questionnaire responses to (203) 2854232, Attention H. C. Perrine
on or before June 7,1991.

14. Please mail all supplemental information to:
H. C. Perrine
Department 94214421
ABB Combustion Engineering Nuclear Power
1000 Prospect Hill Road
Windsor, CT 06095-0500

15. Questions concerning the information requested should be directed to Harry
Perrine at (203) 285 9904 - .

>

A-ll

- _ - _ _ ___ _ _ _ _ _ _-___-_- ______-___ ____ - ______ _______ - _ _ _ _ _ _ _ _ _ _ __



--- . _ . . .

|

|

'
.

,

.

g

)

i-
A.4 Cost / Benefit Questionnaire;

The questionnaire was develcped to obtain up to date information
on the actual costs and benefits for the CEOG plants to implement
the NRC three draft requirements. Those responses were used in a

Cost / Benefit Analysis using the same equations Scientech used for
|

the analysis in NUREG/CR-5167.'

*

| The areas of interest were general information, accident
2 information, installation and maintenance, and statistical

information. Not all the utilities who answered, did so

:- completely. Some utilities did not have ample time to complete
the. questionnaires, wnere others had no access to some of the

: information, or had no PRA data. Some utilities responded that a
chance of core melt due to seal leak is not applicable.

4-
o
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Cost / Benefit Questionnaire
Reactor Coolant Pump Seal Integrity (GI-23)

CEOG Task 689

Utility:
Station: Units:__

Name:_ Telephone No.: Date:

,

This questionnaire is for obtaining the required information from each utility for preparing
a CEOG response to the NRC proposed resolution of Generic lasue 23 and developing
answers to NRC questions, This particular questionnaire will be used to examine the
validity of the NRC Cost / Benefit analysis (NUREG/CR 5167). .

- The term *ltem P is used throughout this survey. Items 5.-3 are defined below as
,taken directly from NUREGICR 5167.

Item (1) Treat the RCP seal assembly as a component performing a safety-related ,

- function similar to other components of the reactor coolant pressure
boundary, applying quality assurance requirements consistent with
Appendix B of 10 CFR 50 and applicable General Design Criteria of
Appendix A. *

Item (2) Provide RCP manufacturer-recommended instrumentation and
. Instructions for monitoring RCP seal performance and detecting
incipient RCP seat failures,

item (1&2) The implementation of items 1 and 2 overlap costs and benefits. Therefore
a cost / benefit analysis is performed for the combination of both items.

,

item (3) . Provide RCP seal coo'ing during off-normal plant conditions, such as -
station blackout, involving loss of all seal cooling. .

To comply with the requirements of item 3,it is proposed that plants provide additional
piping, connections and valves to allow make-up cooling water to be provided from
another existing plant water system (e.g. fire protection system or service water system,
figure 1). This system will provide back-up cooling for the CCW pump as well as the RCP
seals (figure 2).- In addition, in order to provide power to the CCW pump and the
make-up pump during station blackout a non-safety grade diesel generator must be
installed,

it was noted in the NRC Cost / Benefit analysis that some CE plants rely solely on CCW
cooling of the thermal barrier heat exchanger for RCP seal cooling, and do not utilize seal

,

L injection from the CVCS. These plants would require modification:) to provide back-up
L cooling to the thermal battrier heat exchanger in lieu of a back-up power supply to the

L make-up pump to imiplement item 3 (figure 3).

A-13
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Your ptantO)NRC|
_ | Best | Low liigh | Best | Low__

High

A. General Plant Informatiori
1. N= number of plants (plants)__

| |
| 76 ]

2. T=avorage romalning plant lifetime (years) __

f
_

25 | L. |

3. l= outage interval (monthrJoutage)

I 18 | | 1

4. CO=curtent outage time ((days / plant)/ year)

| 2.18 | | |

5. IR= Industry labor raJe (dollars / month)

| 8.333.00 | | |

6. SEAleaverage cost of replacement RCP seal (dollars / seat)
150,000.007 | |

|__
7. PCareplacement power cost (dottars/ day)

| 300,000.00 | | |

B. Accident Infonnation
1. DCM= total dose expected frorn core melt accident (person-rem)

a. Items 1,2 (1&2)
| {

| 4.700E+0BJ
_

b. Item 3

2.000E+07 | 3.000E+06 { 5.000E+04 | | |

.2. IDalmmediate accidental dcse (person-rom) ~

|

_

4,200 | 1,000 | 0| |

' 3. LT= tong-term accidet tal dose (person-rem)i

|30,000 | 20,000 | 10,000 | |
_

4. CMoff=otf t.ite property costs associated with a core melt accident (dollars)

9.200E+09 | 1.$370E+09 1 8.300E+08 | | |_

5. CMon=onsite property costs associated with a core-moit accident (dollars)

.1.553E+09 | 1.035E+09 | 5.170E+08 | | |

C. NRC Statistics - f or your inf ormation

1. NR=NRC labor rate (dolk / week)
| 2,433.00 |

2. NLD=NRC labor required to develop item (weeks / plant) Item 1,2,3

6| 2| 0.67 |
3. NLl=NRC labor required to implement item (weeks / plant) (tem 1,2,3

1| _ 0.2| 0.2|
4. NLO=NRC labor required for item operation ((weeks / plant)/ year) Item 1,2,3

1| 0.2| 0.2j

!
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NRC Your plant (s)
~

' liigh | Best | 14w liigh | Ikst | low

D. Instaljatipn and Mainjen_ance information
1. S1= average number of seals changed per outage prior to implementation of any item

((seals /plantyoutage)

4| 2| 1.33 | | |

2. S2= average number of scala changed per outage after implementation oe item
((seals /pfant)/ outage)

a. Item 1

3.6| 1.8| IJ | | |

b. Item 2

3.6| 1.8| 1.2| | |

c. Item (1&2)
3.2| 1.6| 1.1| | |

*

3.1.1= labor per change of single tieal prior to implemonation of any item (hours /$, cal)
,
'

600 | 400| 200| |

4. L2= labor per change of single seal after implementation of itera (hours / seal)
a. Item 1 ~

600 | 460 | 230 | | | ,

b. Item 2 ~

690 | 460 | 230 | | |

c. Item (1&2)
690 | 460 | 230 | | |

5. L3= Installation labor (hours / plant)
ltem 2

| 210 | | |

6. L4= periodic mabtenance labor ((hours / plant)/ year)
a. Item 2

| 28 | | |

b. Item 3

40 | 30 | 20 | | |

7. L5= monitoring time for equipment ((months / plant)/ year)
Item 2

2| 1| 0.23'i | |

8. IL=lndustry labor required to implement item (months / plant)
a. item 1

9| '6 | 3| | |

b. Item 2

3| 2|- 1| | |

9. CAP 1= capital costs of additional instrumentation and equipment (dollars / plant)
Item 2

| 250,000.00 l | |
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NRC Your plant (s)

liigh | Best | low liigh | Ilest | Low

10. CAP 2= equipment and installation costs of new system and modifications (dollars / plant)
Include allcosts for added components, piping, connections and valves.
a 11a sealin}ection plant this includes back-up cooling for the seatinjection pump i

and a dedicated non-safety grade diesel generator to power the CCW pump.
b. If not a sentin}ection plant then this includes back-up cooling for the thermal |

barrier heat exchanger and a dedicated non-safety grade diesel generator to puwer |
the CCWpump and the make-up pump. 1

Item 3 ;

[ 848.200.00 | | | J

E. Statistical information
1. PSF = fractional reduction in frequency of RCP seal failures attributable to item

a. Item 1

0.31 | 0.18 | 0.06 | | |

b. Item 2

0.33 | 0.23 | 0.09 | | |

C. Item (1&2) ~

0.53 | _0.35 | 0.14 | | |

d. Item 3

0.99 | 0.95 | 0.9| | |

2. PCM= probability of core melt due to RCP seat leak (normal operation)
Item 1.2,(1&2)

_

| 1.630E-05 | | |

3. PCMccw= probability of core melt due to RCP sealleak caused by loss of CCW
ltom 3

| 6.000E-06 | | |

Either complete PCMsbo or the three (3) following it which are used to calculate PCMsbo.\

4. PCMsbo= probability of cora melt due to RCP Lealleak due to station blackout
item 3

2.800E-04 | 5.600E-06 | 1.800E-07 | | |

a. PC(t)=the incremental probability of core uncovery between t-1. and t hours
following station blackout :

'

<
.

.. .
. . .

il :l
b'.' PC(8)=the cumulative probability of a core uncovery at six hours -

.| ||
!- c. FSB(6)Lthe frequency of a' station blackout six hours or longer <

l- |- l.
|

~
,

F. Questionnaire Comotetion
1. Please provide your best estimate for the variables provided.

|| 2. FAX completed questionnaire to (203) 285-4232 attention Bob Eager on or before 6/7/91.
3. Mail questionnaire and any supplementalinformation to: R.A. Eager 9421-0421.

ABB Combustion Engineer.'ng
1000 Prospect HillRoad
Windsor, CT 06095-0500

4. Questions concoming the Information requested should be directed to
Bob Esger(203)285-9603
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Addendum to Cost / Benefit Quest!onnaire-Generic issue 23
On the kstpage there are two errors in the shadedporthm. The first is in
goestson da. I ask for 6 incrementalprobab6Nes (t=1-6 hours) andleave only one
space. The second erroris the absence of a vanab6e:

FSB(t-1/2)=the robatMty of a station blackout lasting at least t-1/2 hours (t=1-6 hours)'
FSB(t-1/2) .
pc(t)

If you chose to comgtete the shadedportkm piesse provide the 12 vakmsipXt),FS8(t-t/21
The third erroris the om.nssron of a variable ofimportance:
DR= dose rate whHe replacing an RCP seal (mitfirem/ hour)

NRC= .|- 15 | Your Plant = | |

P
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APPEllDIX B :

SEAL DESCRlfJ.lQtd

B.1 General Deset 10t103
i

Reactor coolant pump seals 1$mit the leakace of reactor coolant along the

pump shaft, directing the :.ajority of this flow back to the chemical and
volume control system with o y remainder being directed to the reactor
coolant drain tanks, in limiting the reactor coolant leakage to
containment, the RCPs use a series of primary and secondary seals.
Therefore, these seals become part of the reactor coolant system pressure
boundary but were excludcd from code requirements. The crimary seals

(metallic oxides, carbides and graphite) limit the leakage of reacto ;

coolar.t across the interface between rotating and stationary RCP
>

elements. The secondary seals (elastomer 0-rings, I-rings, U-cups and
teflon channel seals) prevent leakage between stationary mechanical
elements of the RCP seal or those elements which have only a slight
relative motion. Both tne primary and secondary seals req. lire continuous

i

cooling during pump operation and at hot shutdown conditions with RCPs

stationary.

The reactor coolant.may be cold or hot; the pump shaft may be idle or
rotating with varying degrees of shaft runout. The seals must also cope
with transient cenditions cf temocrature changes (both slow and rapid),

pressure changes and oscillations, as well as shaft vibration (such as
above-normal shaft orbits during pump startup and spindown), and shaft
tilt due to eccentric < .amic hydraulic forces. While the RCP does not
perform safety-relate. operational functions, it has to maintain the 4

irtegrity of the reactor coolant system pressure boundary,

Since the PWR RCP shaft seal application is relatively severe, all seali

designs presently in use utilize a pressure breakdowti system and
| controlled leakage, called controlled bleedoff. A cool liquid is

I
intentionally leaked through the seal cartridge in order to provide

B-1
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lubrication and cooling for the moving parts. This liquid can provide i

challenges for il operation if it is not pre-cooled properly or if it
contains abrasive contaminants.

The cool, controlled bleedoff water can come from one of two sources:
directly from the pump casing or from the seal injection tystem. The hot (,

water from the pump casing is cooled by component cooling water in the
seal cooling. heat exchanger prior to entering the seals. The seal

injection water.comes from the charging system and is filtered to remove
'

,

any particulates. The only C-E plants to use full-tim seal injection
are Maine Yankee and Palo Verde Units 1, 2 and 3.

<

A number of seal designs have evolved over the last thirty or forty
years. The CE NSSS RCP's were initially supplied with Byron Jackson (BJ)
or KSB seals. The Byron Jackson (BJ) seals have four stages: three for
breaking down the primary pressure from about 2250 psi to 50-100 psi, and
the fourth seal (also called the ' vapor seal *) to act as a backup and to
minimize external leakage. The KSB seals have tnree sta,es: two for
breaking down the primary pressure by 84%, and the thirc stage vapor seal
with 16% pressure breakdown. Each of the :.hree stages is capable to

-

operating at full system pressure.

In some cases' the original BJ seals have bien replaced with N-9000,

Bingham International, or AECL CAN 4 seals. All of these replacement
seals h.:ve a fourth stage seal configuration and are operated the same as

the replaced seal.

Pump seals are also classified as either hybrid hydrostatic or
hydrodynamic. The hydrostatic seal operates with a controlled seal face
clearance gap produced by axial force balance from hydrostatic pressure
on top of the seal and film pressure between the seal faces. This type
of seal is energized by external pressure to develop the fluid film which
separates the seal surfaces. This fluid film in the wedge-shaped gap
between the seal faces is relatively thick and the seal leakage is high,

i

!
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usually on the order of gallons per minute. The Westinghouse multi-stage
seal is called hybrid hydrostatic because the first stage is hydrostatic
and the other stages are hydrodynamic.

The hydrodynamic seal faces ride on a very thin film. This results in
very low seal leakage, on the order of cc's per hour. This thin fluid
film requires very flat and parallel (although slightly converging during
operation) seal faces. The BJ, Bingham, KSB, and Atomic Energy of Canada
Limited (AECL) seals are of the hydrodynamic type.

,

One of the major requirements of seal design is for the mating faces to
be very slightly convergent from the high pressure to the low pressure
regions during operation and to remain 50 under all steady state and
transient operating conditions. This has been the major reason for seal
problems with BJ seals. The original BJ design is such that under some
operating conditions the faces become divargent, lose the liquid film
between them and rub hard. Even after reestablishing favorable operating
conditions, the seal no longer operate properly and degradation
continues, eventually it could lead to failure.

B.2 Byron Jackson (BJ) 50 RCP Seal System Desian

The majority of Combustion Engineering plants util,.s reactor coolant
pumps supplied by Byron Jackson. All of these pumps have seal systems
consisting of four stages in series. The primary system pressure is
broken down equally across the three lower stages. The equistaged
pressure breakdown is accomplished by bleeding a bypass (staging) flow of
water through a flow resistance path parallel to each seal stage. The
controlled bleedoff (CBO) flow (or controlled leakage) is about 1-1.5 gpm
during normal operation. Any leakage past the vapor seal (fourth stage)
is piped to the drain system and is usually let than 3 gph.

Multistage mechanical seal cartridges with two component stationary and
rotating face assemblies and rotating springs have been used in reactor

B-3
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coolant pumps. Hechanical seals of this design have some undesirable

responses to pressure and temperature transients which can limit seal
life to one or two fuel cycles. A new mechanical seal system (N-9000)
was developed by Byron Jackson with the objective of 50,000 hour life
expectancy. The seal utilizes hydrodynamic effects between single
component stationary and rotating faces. The design was verified by
three-dimensional finite element analyssa .t.a a three stage seal
cartridge was successfully te. 'ed in a 6,000 hour laboratory test with ,

very low wear rates.

A research and development program was started in 1983 with the objective

to design a long-lived seal cartridge for PWR reactor coolant pumps which
currently use mechanical seals originally designed in the 1900's with
life expectancy of less than two fuel cycles.

The reactor coolant pumps differ depending upon the N555 vendor as to the

method of cooling the seals. In C-E plants (except for Maine Yankee and

Palo Verde Units,1,2 & 3 which have seal injection), an injectionless
ystem is used where primary coolant is circulated through a seal coolings

- heat exchanger and then introduced to the seals, which are in a four-

stage design. In a typical C-E injectionless system, controlled reactor
coolant leakage (CB0) provides seal lubrication and cooling while the

pumps are operating. This leakage is pumped by a recirculation impeller
from thisthrough a heat exchanger where it is cooled by the CCW system. ,

point, it is delivered to the seals and discharged from the seal assembly
~

as CB0 flow. On several of the installations, circulation through the
heat exchanger ceases if the impeller spins to a stop but the leakage
flow is maintained acrost the seals because of the pressure drop across
each stage. On other BJ installations, the CB0 leakage circulates
through a separate internal heat exchanger and continues to flow while

the pump is idle.

B-4
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B.3 Byron Jackson N-9000 Sul

The newly desi sd Byron Jackson nuclear seal cartridge contains three N-
9000 seals in a series staging arrangement. 's fourth stage vapor seal is

included on the seal assemblies installed in member CEOG plants. The H-
9000 seal embodies the results of over five years of seal research to
develop a nuclear shaft seal cartridge with improved performance,
reliability and maintainability.

The design is based on a system approach which considered reactor coolant
'

system steady-state and design transients, compatibility with existing-

equipment, and seal response to external influences such as pump shaft
orbital characteristics experienced during pump operation. Extensive

analytical work and operational testing support a predicted seal life in
excess of five years.

The N-9000 seal has successfully undergone over 400 individual component,

single stage, and cartridge tests including over 6,000 hours of
verification and' qualification testing in a cartridge configuration with
three stages. Tests completed include steady state and transient
operating conditions which meet or exceed all PWR NSSS reactor coolant

systems requirements, in addition, the three stage cartridge has also

successfully completed nearly eight hours of full scale testing without
component cooling or seal injection flow. This test was specifically
designed to evaluate sev performance under postulated station blackout

conditions.

At present, N-9000 seals have been installed on 3 pumps at Waterford Unit ,

3, 3 pumps at Maine Yankee and one pump at Hillstone Unit 2.

B.4 Binaham International RCP Seal System Desion

The Bingham International (formerly Bingham-Williamette) RCP seal system
consists of three seal stages which operate on principles similar to the

B-5
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BJ design discussed in Appendix B Section D 2. The differences between

the two designs are in the small but significant details of the
individual seal stages. It should be noted, however, that the Bingham

seals used at CEOG plants (SONGS 2 and 3 and Calvert Cliffs 1 and 2)
*

utilize a fourth stages vapor seal, similar to the BJ seal design.

'

The early Bingham two-stage rotating balanced starter seal designs
experienced performance problems related to shaft axial and radial
displacements. Shaft tilt can be caused by unbalanced radial thrust on
the pump impeller. or misalignment of the pump to the motor. Shaft tilt
and relative angular misalignment of the rigidly-mounted seal ring during *

normal operations caused axial ,vobbling of the flexibly-mounted mating
ring which damaged the axial seal and sleeve.

In the mid-seventies, a new Bingham stationary-balanced seal was designed
,

to improve the seal face deflection characteristics and materials by
having all the balance diameters on the non-rotating seal parts. The
design utilized a flexibly-mounted stator with the wear face on the
stator. Since the axial seal is on the stationary portion, angular
misalignments can be more easily reduced by tight tolerances on fewer
parts and is independent of shaft deflections.

Current Bingham seal systems in non-CEOG PWRs consist of three stages in

series. Interstage pressure breakdown is accomplished with pressure -

breakdown coils with a staging flow of 1.5 gpm. Leakage at design ,

I conditions is less 'than 0.026 gpm but may be as high as 0.391 gpm during

transients.

Primary seal auxiliary systems on the Bingham pumps presently installed
in non-CEOG PWRs consist of a seal injection water system and a heat

exchanger through which primary coolant is circulated by a separate
! recirculation impeller. The seal bleed off water is cooled by low

pressure, externally supplied component cooling water (CCW). The seals

|
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of BG&E Calvert Cliffs 1 & 2 and 50!iGS 2 & 3 are not equipped with seal

injection.

The 1.5 gpm for seal staging come from the reactor coolant and the CCW
system can remove sufficient heat through the recirculation loop when the

pump is running. If the purrp is stopped, Bingham instructions are that

the seals must be known not to have exceeded 200'T in order to be
qualified to be restarted.

The Bingham 4-stage seal design has been in operation on eight reactor
coolant pumps at S0f4GS 2 and 3 for over four year. The performance has
been very good up to this point even after being subjected to a variety
of plant transients. BG&E Calvert Cliffs 1 & 2 have made the transition
to Bingham four-stage seals with good performance to date.

B.5 [E-KSB RCp Seal System Desion

The CE-KSB pump uses a system of 3 hydrodynamic seals to seal the pump
shaft. Seal injection provides filtered, chemically controlled and
temperature adjusted water from the chemical volume control system
(CVCS). Two hydrodynamic seal stages and a third hydrodynamic stage
vapor seal are arranged in series. The reactor coolant system (RCS)
pressure is reduced to the volume control tank pressure in stages by the
controlled bleedoff system which contains throttling devices. The first
two stages decrease the pressure by about 84%, and the third stage
decreases it by 16%. Each of the 3 stages is capabic of operating at

full system pressure,
ay

The controlled bleedoff flow is approximately 4 CpH ad,'is pged to the
volume control tank. Any leakage past the vapor stage ls piped to the
reactor drain tank. The rotating faces are made of carbon and the
stationary faces are made of tungsten carbide. The carbon face ring has

| a stainless steel support ring on both the inside diameter and the

|
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outside diameter. The tungsten carbide face ring has an integral
stainless steel support ring.

Seal injection water enters the high pressure piping at a level below the
water lubricated journal bearing and is directed to the high pressure
cooler before being injected into the seal system. The effluent from ,

the high pressure cooler enters the high pressure side of the first seal
stage and is divided into two flow paths. Part of the flow is pumped !

through the journal. bearing by the auxiliary impeller. This cools the
journal bearing and minimizes the ingress of contaminants into the sed
system. The second flow path is through a throttle cooler to the high
pressure side of the second seal. flow from the second seal continues
through a second throttle cooler to the third seal and then to the volume
control tank. The controlled leakage around and through the seals is
necessary for seal pressure distribution. Should seal injection flow

'

stop, controlled bleedoff and seal leakage come from the pump case and
pass through the heat exchanger to be cooled prior to entering the seal
system. A portion of the flow is circulated by the iuxiliary impeller
through the bearing, the high pressure cooler and back to the seal area.

A seal injection flow of approximately 6.6 GPM at 120'f is normally
required for each of the 4 reactor coolant pumps,

B.6 ALCL CAN4 RCP Seal System Desion
'

This seal is basically a BJ SU seal modified by Atomic Energy of Canada
'

in Chalk River. Several critical parts are replaced: The stationary
assembly includes an isolation ring to eliminate any undesirable effects
from the seal cartridge flanges, and a " matched" set of composite stator
and stator support rings. This " matching" eliminates seal deflection
hysteresis and also the tendency for pressure oscillations. Three
stationary surfaces must be lapped. 0-rings of the same size are
required for the three interfaces to prevent leakage,

t

,

(
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The rotating assembly includes a reversible carbide rotating face ring ,

(rotor) and a rotor support ring designed for very low deficction
hysteresis. One 0-ring seals the rotor / rotor support interface to
prevent potential leakage. The interface surfaces and the rotor seal
face are lapped. The U-cup is of AECL design optimized for low friction.
Each stage, therefore has 6 lapped surfaces, 4 0-rings and a U-cup. Seal
refurbishment, however, requires the lapping of only the seal ring

surfaces.

The CAN4 seal is insensitive to temperature fluctuations and should,
therefore, be able to cope with transients involving component cooling
water, i.e., it should be insensitive to the operational CCW temperature
swings which, on occasion, have caused the 50 seals to degrade, which
eventually required premature seal replacement.

One seal cartridge of this type has recently been installed at Waterford

3.

B.7 Descriotion of Seal f ailure

Degradation of RCP seals has occurred for all seal types. The causes of
degradation can be grouped together as those resulting from mechanical
problems tnd as those resulting from loss of seal cooling. Mechanical
problems may result from excessive damage to the RCP during handiing and

.

shipping, from contaminant introduction, improper maintenance, and from
faulty assembly, instaliation or adjustment. Mechanically induced
failures that have occurred have not been a direct threat to public
health and safety, but it is believed that the potential exists for seal
failure to have significant safety consequences, it is important-to make

a distinction between seal failures that could be _ considered performance

degradation requiring seal replacement, seal failures that result in
leakage flow rates that are within the plant's normal makeup capacity and
" gross" seal failures with leakage flow rates that are greater than the
plant's normal makeup capacity (i.e.; LOCA), Most of the failures that

|
|
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have occurred to date have been elatively minor. Although a few gross ,

t
'

failures have occurred, none of these have occurred at C-C plants. ..

9-

i

,

5

F

1
?

,

&

i

4

s

E

4

i

B-10

. .. . _ _ _ _ . . _ . - _ _ . . - - . _ . . - . . . - . . , _ . _ _ - _ . _ . . _ _ .__._ ,.-,._ , _ . _ ....,._ ,_. _.___ . _ . _ .



_ _ _ - _ _ _ _ _ _ _ _ _ _ _ - _

A
4

APPitiDIX C .

PCP SEAL TESTS

C.1 Seal Tests

Several tests have been performed to address the capability of Byron
Jackson and Bingham seal assemblies to maintain integrity and limit seal
leakage under loss of seal cooling / station blackout conditions. The
following discussions provide brief descriptions of some of the more
important tests.

C.2 St. Lucie Test

This test was a simulated station blackout test on a prototype seal
cartridge performed for florida Power & Light Company at steady state SB0
conditions, i.e., no shaft rotation, no plant cooling, and at plant
operating temperature and pressure. The four stage seal cartridge was
mounted in the Byron Jackson test loop in order to simulate actual plant
conditions. The test was run for in excess of 50 hours without loss of
seal function. Seal controlled leakage remained within. normal limits -

(approximately 1.0 gpm) and vapor seal leakage did not exceed 0.25 gpm.
Vapor seal leakage is th6t which leaks past the fourth seal and
potentially into the containment. However, with such a low leakage rate
it is normally piped off by gravity drain to the reactor drain tank.
Controlled leakage exits the seal cartridge between the third seal and
fourth (vapor) seal and is piped off to the volume control tank. Seal
pressure breakdowns remained within acceptable limits and the vapor seal
temperature reached'approximately 400*f. Post-test inspection showed a
cracked vapor seal rotating ring and permanent deformation of the 0-rings
and hardening of the U-cups. After the test, the seal cartridge was
rebuilt to operational standards by replacing the broken rotating ring
and all elastomers. This test confirmed the capability of the seals to
withstand a 580 for a time period in excess of any of the times

C-1
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considered in NUREG-1032, ' Evaluation of Ota'. ton Blackout Accidents at

Nuclear Power Plants".

C.3 SONGS Test

-Another significant test was a 30-minute loss of component cooling water
test run on a Bryon Jackson seal cartridge with the reactor coolant pump ,

.

rotating. This test was potentially more severe than the SB0 test
because the rate of heat generation in the seals is greater for an
operating pump than an idle pump without CCW. The test was run on a
specially instrumented seal cartridge in a SONGS RCP in the Byron Jackson
test loop at plant operating conditions. During the 30 minute test, seal
function was maintained. Maximum controlled leakage was 2.0 gpm (1.0 gpm

normal value) and vapor seal leakage did not exceed 0.5 gpm. Pressure
breakdowns remaintd within acceptable limits and the vapor seal

,

temperature peaked at 450*F. After CCW was restored the pump ran 2.5 -

hours'and the seal leakage rates returned to normal. Post-test
inspection showed a cracked vapor seal rotating ring and some
deterioration of the elastomers. This test confirmed the capability of
the seals to withstand an abnormal event equal to or more severe than a

5B0.

C4 Binaham Seal Test

Bingham, in cooperation with Southern California Edison, subjected a 4.5
inch diameter seal (four stage) to a series of tests to demonstrate
acceptable seal performance for 30 minutes following the loss of seal
cooling. The seal behaved in a stable manner and seal leakage did not
exceed 3 gpm.

C.5 N-9000 Seal Test

The objective of this test was to determine the ability of an age-
conditioned N-9000 seal cartridge to maintain integrity when both seal

C-2
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injection and component cooling water flow services to the reactor
coolant pump are interrupted for an extended period of time.
The test cartridge was a 3-stage Byron Jackson N-9000 Reactor Coolt.nt
Pump Seal Cartridge which has been subjected to a $186-hour qualification
test. In this test, in addition to steady-state running conditions, over
450 operating transients were simulated which were identified as typical
in a PWR. The same seal cartridge, without disassembly, was then tested
for a loss of seal cooling water transient. The tester shaft was axially
movable by means of a worm gear drive. The leakago was condensed and

collected in a tank. Periodic measurements of leakage volume were made

and recorded.

The controlled biced-off (CBO) valve was left open for the first thirty
minutes of the test to allow response time for the operator to close the
valve. The system pressure of 2200 psi and lower seal cavity temperature
of 555 4/- 10'F was maintained for the next hour. At this time, a
gradual decrease in system pressure was initiated, in approximately 1.5
hours, the system pressure was reduced to 1687 psi. This system pressure
decrease corresponds to a 20 gpm reactor coolant loss due to postulated
seal leakage from four reactor coolant pumps (5 gpm outleakage per seal).
After 2.5 hours at this pressure, the systeia pressure was gradually
increased, corresponding to a postulated appearance of steam voids in the
reactor coolant system. After 8.1 hours, as 2436 psi was reached, en 0-
ring failed in the top seal stage. The seal immediately restaged,
limiting the leakage to approximately the same rate as the normal CB0
flow of 1.5 gpm.

' Downward and upward shaft movements, corresponding to system pressure
decrease and increase were also imposed on the seal cartridge. Downward
shaft movement is a very unfnorable condition for the mechanical seal in
that secondary seal friction may cause separation of sealing faces, and
result in severe seal leakage. A downward shaft movement of 0.040 inches
was imposed on the seal cartridge during the loss of cooling water test.

C-3



_ _ _ _ _ _ - _ _ _ - _ - _ _ _ . _ - _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ . _ ___ _ _ _

t

J.

1
:

The N-9000 seal cartridge was subjected to 8.1 hours of simulated reactor
coolant system station blackout conditions during which time the
controlled bleed-off valve was closed for 7.4 hours. During the 7.4
hours, the-total outleakage was limited to less than 67 gallons; an ,

average leak rate of 0.15 gpm which includes the leakage due to the <

damaged 0-ring. Seal leakage alone was 0.04 gpm.

The test data indicate that the flow through the seal faces was a steady- *

state two phase flow; the phase change taking place between the sealing
faces. There were no pressure fluctuations or separation of seal faces
during the entire test. After the 0-ring failure, the top stage was
exposed to saturated steam.

The test represented the severity of an actual loss of seal cooling event
under station blackout conditions, and the 59a1 cartridge exhibited
excellent performance. The Byron Jackson N-9000 seal cartridge, thus,
more than adequately meets the 25 gpm maximum seal leakage flow rate

specified by Unresolved Safety Issue 44 and the NUMARC 8700 station
blackout document, furthermore, it provides additional justification
that the 25 gpm per seal leakage rate is an overly conservative
assumption in regard to CEOG member plants.

|
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APPINDIX D

HISTORICAt PERSPECTIVE

D.1 Introduction

In October 1975 WASH-1400, "The Reactor Safety Study", was published.

This study indicated that breaks in the reactor coolant pressure boundary
with an equivalent diameter of 0.5 to 2 inches could occur with a
frequency of 10'3 per reactor-year and were the largest potential
contributor to PWR core-melt. A 1980 NRC study based upon RCP seal

failures experienced at operating plants showed that the RCP seal failure
leakage rates were comparable to the small-break LOCA rates of WASH-1400,
but these seal failures had actually occurred at a frequency of 10-2 p,7
reactor-year. This f requency was actually an order of magnitude greater
than the pipe break frequency used in WASH-1400. The conclusion was
reached that the overall probability of core-melt due to small-break
LOCAs could be dominated by RCP seal failures.

D.2 TMI Action Item II.K.3.25

Following the Three Mlle Island Unit 2 accident in 1979, the NRC
questioned the potential for a serious accident involving the failure of
the reacto.' coolant pump seals upon a loss of offsite power. This led to
the establi hment, in NUREG-0737, of TH1 Action Item II.K.3.25. " Reactor.

Coolant Pump Seal Integrity following Loss of Offsite Power". 1MI Action
Item II.K.3.2L required licensees with Combustion Engineering, General
Electric, and restinghouse designed plants to evaluate the integrity of
their reactor coolant pump seals for a period of two (2) hours following
a loss of offsite power (LOOP) event.

During the course of attempting to resolve lH1 Action item !!.K.3.25, the
NRC deterrained that although the adequacy of the seal design was to be
demonstrated for at least 2 hours, the preferred approach was to

automatically start component cooling water during a LOOP. By powering

D-1
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the CCW pumps by the diesel generators, no operator action would be i

necessary in order to provide seal cooling to the RCPs. liowever, four C-
E plants (Calvert Cliffs, Units 1 and 2; Arkansas tiuclear On.', Unit 2;
and Palisades) relied on operator action to restore seal cooling.
Baltimore Gas and Electric (BGLE) and Arkansas Power and Light (AP&L) -

,

decided to fight the issue (Consumers Power Company opted to start CCW ,

automatically upon LOOP). Their responses directly addressed the issue ;
,

by uncluding that seal cooling was not required to assure seal integrity
for LOOP conditions.

Following lengthy discussions and interaction between representatives of
tiRC, AP&L and BG&E, the tiRC issued the final safety evaluation report-
(SER) for TH1 Action item II.K.3.25 on October 7,1985. The SER included

the licensees' conclusions that: ,

(1) Seal failures with leakage greater than 10 gpm are non-
credible events,

(2) Restoration of CCW is not necessary in order to get the
plant to cold shutdown without losing seal functional
integrity,

(3) Loss of RCP seal integrity due to loss of CCW is not a
safety concern since the seals are capable of maintaining
functional integrity without cooling for a static pump, and

(4) Automation of seal cooling (following a LOOP event) is not
'

necessary for plants with Byron-Jackson pumps.

In the staf f evaluation of the AP&L and BG&E submittals, however, the f1RC

concluded that adequate data had been provided to support only the

following findings:

(1) Reinstating coolant to the RCP seals is not necessary for
getting the plant to cold shutdown conditions,

0-2
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The most severe leakage which could result from a loss.of-(2) seal-cooling event for a four-stage Byron Jackson pump is 10
This assumes all 4 seals f ail which has never occurredgpm.

at any operating plant,I with Byron-Jackson pumps (e.g.,
operational data and seal testing), and

(3) If the integrity of only 3 seals is compromised, the
resulting leaktge will be less than 10 gpm.

Although this SER closed out 1M1 Action item II.K.3.25 for Af40-2
and CC-1 and 2, it was specifically pointed out that this SER did

not constitute a resolution to G1-23.

D.3 Generic issue 65

Generic Issue 65, ' Probability of Core-Helt Due to Component Cooling

Water System failures", was raised as an issue concerned with the common
failure which simultaneously causes a small LOCA and renders most of the

emergency core cooling system (CCCS) inoperable. Loss of CCW immediately
causes a loss of cooling water to the RCP thermal barrier heat
exchangers. At some plants (e.g., Maine Yankee) the loss of CCW also
renders the charging pumps inoperable and the charging pumps usually

supply the water for RCP seal injection. With neither cooling mechanism
available, the RCP seals are postulated to fail within a short period of
time (approximately 30 minutes), loss of CCW may also render the high
pressure safety injection and containment spray systems inoperabic.
Eventually, if no manual mitigating actions are taken, the core will
uncover and melt. Moreover, unless the plant has containment f an coolers
which do not utilize CCW, the containment might eventually overpressurize

and fail.

in October of 1983 it was decided that, because of the close relationship
between CCW system f ailure and RCP seal f ailure, GI-65 would be

integrated into the resolution of GI-23, 'RCP Seal f ailures".

It should be noted that, since this SER was issued, a RCP seal*

sensing line failure hydraulically induced a failure of the 4-stage
seal system at At40-2.

D-3
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D.4 Vnresolved Safety 1ssu.e A 41

Station Blackout is defined as the complete loss of alternating current
(AC) electrical power to the essential and nonessential switchgear buses
in a nuclear power plant. Because many safety systems required for
reactor core cooling and containment heat removal depend on AC power, the
consequences of a station blackout could be severe. Prior to 1908,
regulations did not explicitly require that nuclear power plants be
capable of withstanding a station blackout event,

in 1975, the * Reactor Safety Study" (HUREG-75/140) showed that station
blackout could be an important contributor to the total risk from nuclear
power accidents. In addition, as operating exp.rience accumulated, the
concern arose that the reliability of both W onsite and offsite
emergency AC power systems might be less than originally anticipated.
Thus, in 1979 the NRC designated station blackout as an unresolved safety
. issue (VSI). A task action plan was issued for its resolution in

L July 1980 (TAP A-44), and work was initiated.

Numerous technical studies were performed to resolve this safety issue
and certain dominant factors affecting both the likelihood and sever _ity

of station blta.kout accidents were identified. The 1tkelihod that a
station blackout will progress to core damage or core-melt is dependent

| upon the reliability and capability of decay heat removal systems that
are-not dependent upon AC power. If the capability is sufficient,
additional time will be available to restore AC power to many systems

! normally used to cool the core and remove decay heat. One of the most ,

important factors relating to decay heat removal identified for PWRs

| (without reactor coolant makeup capability during a statun blackout) was

| the magnitude of reactor coolant pump seal leakage. in fact, if the

I huxiliary feedwater system can remain operable, and if primary coolant
inventory car be maintained at a level adequate to maintain core cooling,-

a PWP. should be able to stay in this mode for a substantial period of
time. This time period is generally limited by primary pressure boundary

i

i
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leakage and the capacity of certain support or auxillary systems. With
provisions for manual isolation of letdown lines and reduced frequency of
Power Operated Relief Valve (PORV) demands, the RCP seal leakage rate is
considered to be a potentially limiting factor for some designs, if the

i leakLge rate is low (on the order of sever 61 gallons per minute) this
concern is neOligible. However, if the total seal leakage in the plant
is on the order to 100 gpm or more, reactor coolant system inventory
depletion will be a factor limiting the capability of removing decay heat
for an exten&d period of time.

i

D.5 Generic Is.ute_2]

As a result of the growing concerns over sta;i3 blackout, the NRC
assigned a high priority to the investigation of RCP seal failures
(NUREG-0933, "A Prioritin'''n of Ceneric Safety issues" dated
November 10,1%?). Tho Office of Nuclear Reactor Regulation (NRR)

l Operating Plan for fiscal year 1983 includcd the review of RCP seal
failures as G1-23, and authorind work in October 1983. As discussed,

I another closely related task, GI-65, was 21s0 assigned a high priority.
Due to the close relationship between Gl-23 ano Gl-65, Generic Issue 65
was incorporated inte thi* task action plan for Generic Issue 23. In

addition, because of the dependence of RCP seal cooling on AC power

! supplies, RCP seal f ailures are linked to the reliability of onsite and
offitta electrical po.,er supplie>. These concerns were heightened

!

following two U.S. prcbabilistic safety studies regarding station
blackout, NRC comparisons between a Westinghouse and a British plant

design, and the fact thct both French and British systems use steam-

j driven power sources to maintain pCP seal cooling under station blackout

|- conditions. Consequently, it was decided that Generic Issue 23 would

I consider the effects of station blackout on RCP seal performance to the

|
extent they were not addressed by unresolved safety issue (US1) A-44,

'

' Station Blackout".

i
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The purpose of Generic issue 23 is to evaluate the adequacy of current ;

licensing requirements relating to RCP seal integrity and to determine
whether further NRC action is necessary to assure that RCP seal f ailures
and seal auxiliary system failures do not pose an unacceptable risk. *

'

This generic issue has two main objectives:

'

(1) Determine the need to improve the reliability of RCP seals
during normal operations, and

.

;

; (2) Prevent small break LOCAs resulting from RCP seal failure

! during station blackout.
:

To determine what steps, if any, should be taken by the 14RC to reduce RCP'

seal failures, the NRC funded tasks to:

>- ,

| (1) Determine actual seal failure mechanisms,

J. i

J

| (2) Evaluate seal cooling for all relevant modes of operation, |

and
;

(3) Review mechanical- and maintenance-induced seal f ailure
~

mechanisms.
'

.

; following the review of the results of the various research programs
!- established to address GI-23, the NRC determined that seal failures could

be divided into two categories:*

;

(1) Those resulting from mechanical-induced and maintenance-
induced failures, and

(2) Those resulting from a loss of all seal cooling including
the loss of all AC power.

|

|

|
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Three alternative resolutions have been identified as candidates for
resolution of G1-23.

Alternative 1: RCP seals would be defined as part of the primary
coolant pressure boundary with the appropriate QA/QC requirements.
The adoption of this alternative would mean a tighter system of

,

quality control ever materials and fabrication methods used for
seal manufacturing, increased control over installation and -

maintenance of RCP seals, and increased procedural control over

the operation of reactor coolant pumps - particularly during >

startup and shutdown.
'

_

Alternative 2: Additional instrumentation would be required, ,

where necessary, in order to fully monitor RCP seal and shaft

performance.
.

Alternative _1: An independently powered method of cooling RCP

seals during station blackout conditions or on complete loss of
component cooling water would be required.

The adoption of any of these alternatives could result in significant ,

costs to-utilities. Costs which, for C-E NSSSs, do not appear to be
justified due to the inherent design differences and excellent

*

operational history of the Byron Jackson 4 stage seal design (50), the
Bingham seal design, and the KSB seal design.

Furthermore, early in the resolution process for USI A-44, it was
necessary to make certain assumptions in order to proceed to resolution.
One of these assumptions defined the resolution interface with GI-23 such
that RCP' seals would leak no more than 25 gpm per pump during station

| blackout conditions. This assumed leakage was chosen as the result of
discussions between the staff and the Nuclear Utility Group on Station

| Blackout (NVGSBO). It was felt that G1-23 would study the station

|
blackout RCP seal failure issue and determine that the expected leakage

.

D-7

T


