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Ms. Carol Ann Reed RECEIVED

Chief (Acting), Regulatory Publications Branch

Division of Freedom of Information and . %
Publications Services 9 -3 A

Office of Administration

U.S. Nuclear Regulatory Commission OF 11

Washington, DC 20555 J

Subject: Solicitation of Public Comments on Generic Issue 23,
“"Reactor Coolant Pump Beal Failure;'" and Draft Regulatory
Guide; 1Issuance, Availability. Federal Register
Volume 56, Number 76 - Ap: 1 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 recommendatirns 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 Coclant 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
guestions 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 sclicitation of public comments, the CEOG
does not expect CEN-408 to be subject to any review fees.
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Tt is the CEOG's conclusion that tne Staff'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 guality assurance requirements and plant
modifications will be substantially greater than that estimated by
the Staff. The importance 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 geal performance with few
instances of significant seal degradation, particularly since 1986.
None of the cases of RCP seal 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 8U, Byron Jackson N-9000, Sulzer Bingham,
AECL CAN 4, or KSB™seals. It is inappropriate to apply a model
based on the Westinghouse RCP seal design to these CEOG utility
plant sea.s because of fundamental differences in their design.
For example, the seal designs employed at CEOG utility plants
operate with a lower contrclled 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
Vestinghouse seals with regard to the ability to tolerate loss of
cooling without signiticant 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 requiremente to RCP seals as means of
ensuring reliable RCP s2al performance. Other CEOG utilities,
however, have chosen other commercial programs to achieve the sane
results, Cvrrent oprrating experience demonstrates that these
different apprnaches to gquality programe have been egually
effective in achieving high gquality RCP seal assemblies. Mandating
that a utility who now utilizes an effective commercial quality
program change tc an Appendix B program cannot be shown to improve
RCP seal performance or plant safety and is, therefore, not
justified.



Ms. Reed September 27, 1991
Page 3 CEOG~91-%31

The Staff has also proposed requiring RCP manufacturer-recommended
instrumentation and instructions for monitoring RCP seal
perfurmance 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 CEOGC 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 ali
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 confiderce in the ability of tne seals
to limit leakage to well below the station blackout coping analysis
limit of 25 gpm during a lioss of cooling event. 1In fact, loss of
cooling and degraded cooling events during operation at CEOG
utility plants have shown the resiliency of these seal designs
during loss of cocling. Further reguirements to provide for ~»n
enhanced cooling capability cannot be justified, particularly in
light of the Staff's underestimation of the costs asscciated with
such a change.

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

Very truly yours,

L S L ’-» { 4
VA \ ‘{‘ ‘«{’"‘ AR |

\ John J. Hutchinson, Chairman
‘C~-E Owners Group

JIH/SAT/s]cC
Enclosure

cc: J. W. Pfeifer, ABB CE
W. H. Rasin, NUMARC
F. L. Jordan, CRGR
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LEGAL NOTICE

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

A. MAKES ANY WARRANTY OR REPRESENTATION, EXPRESS OR
IMPLIED IACLUDING THE WARRANTIES OF FITNESS FOR A PARTICULAR
PURPOSE OR MERCHANTABILITY, WITH RESPECT TO THE ACCURACY,
COMPLETENESS, OR USEFULNESS OF THE INFORMATION CONTAINED IN THIS
REPORT, OR THAT THE USE OF ANY INFORMATION, APPARATUS, METHOD,
OR PROCESS DISCLOSED IN THIS REPORT MAY NOT INFRINGE PRIVATELY
OWNED RIGHTS: OR

B. ASSUMES ANY LIABILITIES WITH RESPECT TO THE USE OR FOR
DAMAGES RESULTING FROM THE USE OF, ANY INFORMATION, APPARATUS,
METHOD OR PROCESS DISCLOSED IN THIS REPORT.
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A1l the NRC questions were individually addressed in this'report by using the
data obtained from the CEOG survey. The answers confirmed previous
information that indicated thal 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 risx 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 coclant pump seals operated by the
CEOG.

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.

The KSB three stage seal system or the Byron Jackson style seal system with a

tourth stage vapor seal that are used by the CEOG have proven to be the better
design configurations compared to the res of the industry. The CEOG reactor

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

The manufacturer recommended instrumentation and instructions for menitoring
the reactor coolant pump seal performince have been incorporated into the
plant operating procedures throughout the CEOG. Als) 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. . As a resuit of these pressures utilities are committed to
give the seals the highest level of care and attention. The station shutdown
requirements fof 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




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.



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 107 per reactor-year and
were the largest potential contributor to PWR core-melt. A 1980
NRC study based upor 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 sea! failures nad actually occurred it a
frequency of 10 per reactor-year. This frequency was actually
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-
break LOCAs could be dominated by RCP seal failures.

The NRC has had Generic Issue 23, RCP Seal Failure and the need
for further licensing requirements to reduce the potential core
melt risk resulting from RCP seal failures under censideration for
many years. In the Friday, April 18, 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



operation. The NRC has taken the position that, because these
seals are cooled during normal operations, they will be subject to
failure during evants that involve loss of seal cooling such as
station blackout. Under such postulated conditions, seal 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
concern could directly affect the probability of core damage
sequences in some plants.

They have addressed the, concerns by issuing the regulatory guide
with the following ob_ ectives:

(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 hy imposing the
following requirements:

3 Treat the RCP seal assembly as an item performing a
safety-related function similar to other components of
the reactur coolant pressure buundary, applying
quality assurance requirements consistent with
Appendix B to 10CFR50 and applicable General Design
Criteria of Appendix A to 10 CFR 50.
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2.0 FEDERAL REGISTER QUESTION
The N t srmi'lated a series of questions which were published
in the Federal Register 1n order to extend their knowledge of seal
performance. They have solicited comments from interested

orgarizations, groups, and individuals on the questions

The specific NRC questions and the Combustion Engineering Owners

Group (CEOG) responses, comments, ard data (obtained with the
» \

¢
sestionnaire in Appendix A) are resented in the section that
F |
follows

- A - L & 1 D -
2.1 Question 1.0 - Introduction (Federal Register)

*The priority for the resolution of Generic Issue 23 W

originally based on the number and the magnitude of seal leaks

: tude ©

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 reaclor <« lant pump seal operating experience

has since improved, at least in magnitude of leakage from seal

S
fatlures The NRC is ceeking data to cetermine if this is the
case and whether the apparent improvement 1s applicable to all
reactor coolant pump seals, to those from specific manufactures,

or to those that had particular quality assurance provisions

4 " " b atds sl . . 0
applie ing design, instatliatior operation, and maintenance

- 4 1 1 s 1 . tar)

- 5 B siion 1.1 (Federal Regisier)

Has the operating experience with the reactor co lant pump sea
changed since 19837 If it ha then information regarding the
history of rea tor cc lant pumg fa ures, 1in vl\l"’r‘-; pccurrences of
force tags f interast Informat regarding all types of
aval . -4 P adl 4
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Response 1.1

The reactor coolant pump ceals 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 rot 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 1ist, 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 cperating
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
sensing line. Not includeu 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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8/1/88

Plant £
7/30/85

The 1st and 2nd stage pressure oscillations preceded
seal degradation and occurred continuously for 1-1/2
months prior to the failure. CBO 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 lst and 3rd
stage seals opened completely applying full reactor
pressure to the 4th stage vapor seal. The fourth
stage seal had po leakage. Peak CBO temperature was
approximately 195°F. Peak lower seal tenperature was
approximately 140°F. Carbon fractured on 1st, 2nd and
3rd stages and indication of lst stage lower "0"-Ring
leakage. Seal was replaced and returned to operation.
Seal had operated for four months prior to shutdown
for replacement.

During power operation, all four stages on pump 2P32A
failed. 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 .oolant 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.
A1l other elastomers were not extruded and were in
good condition. Seal cartridge was replaced and
sensing 1ine weld repaired. Seal had operated four
(4) months prior to shutdown and replacement. See
Section 3.2.3.1 for additional information.

During power operation, pump 1B vapor seal failed.
The vapor seal had a seal face break and was chipped.

13




unrece ) » { ¢ .‘\,1\49'.(9'.1

scovered from operational

y caused a 7 day forced putage

olled bleedoff
between 1 & 10 gpm. External leakage was not
recorded, not a significant event Seal was replaced

forced outage ' § one stage only

power operation, n | stage failed The

seal was inspected and debris was TOUnN under the seal

cartridge Seal was eplaced with seal of another
vendor during a 14 day forced outage This

stage only, not a seal failure No cont

bleedoff or external leakage was rect

]
i

¢
Ak

1 ratiy
pyeta

leedoff o te 1 leakage recorded.

leakage was .45 gp Seal was replaced

another vendor This 1s one stage, not a




12/3/8%

6/84

7/90

11/84

12/84

known leakage from the vapor seal. The seal was
replaced during an 11 day forced outage and returned
to operation.

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

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 gpm. See Section 3.2.3.3 for
additional information.

Pump 1B2 seal degraded after 3rd stage failed
following Outage.

Pump 1Al operated with a bent shaft for 30 days before
inducing multi-stage seal failure. Contrvlled
bleedoff increased to 2.5 gpm. See Section 3.2.3.8
for additional information.

Pump 2A] seal degraded due to lst stage failure. Pump
2B2 seal degraded due to fluctuating pressure
following refueling.

Pumps 2B1 and 2A2 seals failed due to loss of

component cooling water caused b, power loss to
component cooling water valves.

15
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Plant N
8/24/90

Plant P
1/14/88

4/10/91

Ylant ¢
6/11/84

operation. Seal fai.lure was attributed to improper
seal installation.

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

Pump 28 middle and upper seals experienced degradation
with respective pressures of 600 and 460 psia ano 2
controlled bleed off rate of 3.48 gpm, No externa)
leakage from the vapor seal, Plant removed from
service for replacement of seals. Cause of
degradaticn unknown,

Pump 2A middle and upper seals experienced degradation
when 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
RCP trip. Cause of seal degradation unknown.

pumps 18 and 2A were experiencing controlled bleed off
raies 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



2.1.2

Question 1.2 (Federa)l Register)

*If the operating experience has changed, to what do you attribute

the change (e.g., improved quality assurance and quality control,

fmproved maintenance, better procedures, improved instrumestation,

design changes)?*”

Eesponse 1.2

The reactor coolant pumps seal operating experience at all CEOG

plants has improved in the last eight years. A1l plants were

driven by commercial considerations to improve their scal life and

they have appruached their sea) 1ife improvement ¢ifferentiy. One

utility had their cognizant systen engineer take over

responsibility for the pump seals “rom C4/QC and has shown

improved seal 1ife and obtained a cigrnificant man-rem savings. No

two utilities have used the same combination nor number of

methods. The “ollowing is a list of methuds applied and the

number of plants that used the method to improve seal 1ife. This

1ist is a summary of the data obtained from question B.2 of the

info'mation questionnaire in Appendix A.
1
|
(
|
l
1
|
|

Method Number of plants

improved quality assurance 3
{.nroved quality control 4
improved maintenance 9

better procedures 8
improved instrumentation 3

design changes (seal or plant) 10
fnstallation inspection 10
special storage

other

19




2.1.3

A1l 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.

Seal Vendor Number of seal assemblies in service

1983 1951
0 12

Byron Jackson SU 47 23

Byron Jackson N-9000 7

Bingham

AECL CAN 4

Question 1.3 (Federal Register)

*How often are teals being routinely replaced (e.g., every
refueling)?”

Response 1.3

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

20



2.2

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.

2uestion 2.0 (Federal Register)

*The NRC staff is interested in obtaining any available data
regarding degraded cooling or loss of cooling to the seals to
support assertions that seals can survive long perfods 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 ideniify incidents
the following guide)ines were used. A degraded cooling incident
s 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 CEOG plants, the pumps operate in a mode where the
seals are exposed to @ reduced cooling environment for several
hours. For Combustion Engineering nuclear steam supply systems
with four pumps, the fourth pump can not be started un.il the
reactor coolant temperature has reached 475 to S00°F. Seai
cooling is affected during the heatup on the Byrou 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
the tharmal barrier. The control bleed off temperature has
typically risen to 350°F before the pump is started. Upon pump

2l
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operation the control bleed off parameters return to normal and
the seals function without difficulty “or 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
tt the CEOG plants. There were § incidents of degraded seal
cooling and § incidents of loss of cooling. In all 10 incidents
the seals held pressure and prevented excessive leakage. The
fcllowing are the particulars for each incident.

1. DEGRADED 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.
b) Plant H

Seal Cooling has been degraded for minutes to hours
w'th total loss of flow.

¢) Plant J

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

22



} : !

Deqrade ea 11ng f 5-10% ha ( urred ftor 1«
¢ . 1 ¢ 4 '

thar | minuté n a (K ¥ ‘ ; Thi cond 4

g rog " |8
. I ps The maximum sea ‘Q""'n' re wa less than 1
. Seal ‘q\|\,,'( has not ¢ Jgrred
e) Plant |
ost of seal injection on the sane pump twice in the
. past ten years Maximum seal temperature during ezch
rrence was less than 200°¢ Seal fatlure ¢id not
Y
11 | . ,'\:'1
a) Plant A
mponent co.1ing water and seal 1nJection were
intermittently lost on RCP 28 for eight (8) hours
] /6 /B¢ The 1085 was caused by an auxiliary
transformer loop transient The seals reached 152°F
after experiencing cor tive heating throuoh the pumg
1 1 #
shaft for approximately € hour Seal failure did not
\
resutt
t Plant (
3
Plant pe yited for approximately | ! rs without
1 i {
omponent cooling water or sea njection to the
o reactor ant pump seals ar Ct wd not 1solate
foy ;4" v et LN 4 ' 1 f s for ad t nal
" r




2.3

) Plant D

Seal couling w~as 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 gom 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 t)
the seals. Seals were changed.

e) Plant M

During the 11/16/84 plant hot standby (RCS= 530°F) the
CCW for two pumps was isolated for & hours for
replacement of leaking flex hoses. The lower seal
cavity temperature exceeded 360°F (monitor pegged out)
and the CBO temperature increased to 330°F for one
pump and 275°F for the other pump for 3 hours, Thern
was no abnormal CBO flow or fourth seal leakage. Upon
pump restart, one pump experienced first stage
operating problems for several weeks before obtaining
normal operatio.  Both pumps operated normally for 3
months until the Jlant refueling ouiage.

Question 3.0 - Introduction (Federal Register)

*The staff acknowledges that procedures related to the operation
of the seals play »n important role in avoiding a small-break LOCA
caused by seal failure. It 1s not clear that past and current
treatment of the seals reflect their safety importance. The NRC
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2.3.1

2.3.2

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

Question 3.1 (Federa' Register)

*Are there pracedures currertly 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? Are the .equired operator actions (e.g.,
fsolating leakoff 1ines) the same for normal plant operation and
loss-of-seal-cooling events?*

Response 3.1

Yes, all member plants of he 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 operstor 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.

Question 3.2 (Federal Register)

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

Response 3.2

The CEOG plants have various amounts o, instrumentation but all
are equipped with controlled bleedoff flow, controiled bleedoff
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2.3.3

2.3.4

temperature, and three stage pressure indications for monitoring
and evaluating seal performance. A1l CEOG plants responded in the
survey that their instrumentation hes been evaluated Lo ensure
that the operators have sufficient information to implement the
operator procedures.

Question 3.3 (Feceral Register)

*How 18 RCP sea) vendor information used in establishing operation
oid maintenance practice for the RCP seals?”

Response 3.3

The CEOG plants have used the reactor coolant pump seal vendor
information in establishing their own operating procedures. In
most cases by directly transferring the criteria into the
procedure or for determining the seal degradation criteria,

Question 3.4 (Federa) Register)

*In some cases, industr. practice allows continued plant 6per|tion
with the RCP seal when first or second stages have failed. Do you
limit this practice? If so, what are the 1imiting conditions?”

Response 3.¢

There are two basic configurations represented by the CEOG and
they do not have exactly the same approach to seal stage failure.
They are the KSB seal configuration and the Byron Jackson sU,
Byron Jackson N-9000, Bingham, and AECL seal configurations.

The criteria for pump shutdown for the KSB seal is thit upon one

seal ctage failure, the pump may be shut dewn depending on which
stage has failed. The pump's shutdown is required per the
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3.5

technical manual and procedure when two stages have failed or the
Teakage s 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
has failed. The seal performance wili then be closeiy monitored
and the pump will b2 run as long as necessary. The pump will be
shut down 1f a second seal .lage fails, Some of the other
criteria that are used to determine seal fatlure are over:'
leakape, component cooling water leakoff temperature above !
or the vapor seal cavity pressure <250 psi.

The wording of the question does not ackiowledge 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 fails
first or second.

Question 3.5 (Federal Register)

*What additional quality assurance and procedural measures can be
taken regarding RCP seals to improve safety?”

Respunse 3.9

The CEOG does not believe that there are any additional generic
quality assurance or procedural measures that will improve safety.

Each utility 1s always attempting to improve the integrity and
1ife of the RCP seals. There is a very strong financial
motivaiion that will always exist to improve the seal performance
and avert a forced outage, whether the NRC imposes additicnal
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2.6

2.4.1

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.

Question 4.0 - Introduction (tederal Register)

*As part of the probabilistic risk assessnent preformed fer GI-23,
a seal model (Appendix A of NUREG/CR §167) was deveioped for use
in estimating the core damage frequency associated with loss of
RCP seal cooling.*

Note:

The mode) was developed by Atomic Energy of Canada Limited, a seal
vendor. The function of the modei is stated by AECL to be a
failure model for Westinghouse RCP seals during itation blackout.

Question 4.1 (Federal Register)

*1s the staff's model, or other wodels, adequate to predict RCP
seal leekage (1.e., modes of seal failure, time-dependent failure
probabiliiy and leakage estimates) and handle the uncertainties
in the models? Do the models correlate to actual plant or test
data?"

Response 4.1

The mode) preserte. is for Westinghouse RCP seals during station
blackout. Westinghouse was chosen because it represents the
majority of PhRs in the United States (53 of 76). However,
because of what AECL termed "basic design similarities®, the rest
of the PWRs in the United States were assumed to behave in the
same man~er as the AECL model. This is not a valid assumption,
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2.4.2

2.%

Because the mode! was built to simulate the Westinghouse plant, it
Anes not incorporate the different seal configurations and

oper *ing methods used on the CEOG plants. The CEOG plants
operate with a lower CBO flow than the 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.

Question 4.2 (Federal Regis’ °r)

*0f particular interest to the siaff are alternatives to the
probabilistic RCP seal leakage wode] developed for Westinghouse
seals and alternative models for other seal designs ({.e., for
seals by Jyron Jackson, Bingham International, or Combustion
Engineering/KSB) to predict seal lezkage during loss-of-all-seal-
cooling events. Can you provide information regarding any
alternate models?"

Response 4.2

No, however, testing has been performed ‘o 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.

Question 5.0 (Federal Register)

“In exploring alternatives to providing additional seal cooling,
one approach might be to test the existing seals Lo demonstrate
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conclusively that they will not lesk excessively 1f not cooled for
extended periods ¢’ time, even though such conditions exceed the
seal design ba and possibly the conditions of warranty. If
testing was ar .ption 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)?"

Responsie 5.0

The CEOG positioi < that pp additional seal testiug 1s warranted.
Operating experience under adverse conditions and seal testings
have 11lustrate the resilience of CEOG seals. See Appendix C for
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
tempe-1ture versus time. This information would make 1t 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 sinilar 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, 1f it is shown that for & particular plant the loss
of cooling is not expected to excesd 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.
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44, which are applicable to maintaining the reactor coo.ant
pressure boundary, as well as certain requiroments of 10 CFR 50.63
which deal with station blackout: loss of offsite electric power
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 7~ 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
ieals.

The Discussion section covers seal design and quality control as
well as seal failures both during normal plant operation anc
during loss of cool‘ng events,

The Regulatory Position section discusses QA considerations for
RCP seals, plant operatiny procedures and instrumentation to
facilitate the implemert: fon of operating procedures (for both
normal and abnormal conditions). This section aiso reiterates NRC
concerns regarding seal loss of coolant accidents (LOLAs)
coincident with loss of Emergency Core Cooling System (ECCS)
functions.

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

Additional .nformation 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,
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The CEOG accumulated sea) history demonstrates * iat the pump seals
are quite resilient to abnormal operation and ¢.n survive a loss
of cooling event. In Section 2.2 s presented the CEOG seal
history of degraded and loss of cooling occurrences, which have
been small in number. They do show 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
f1lustrate LOCA failures as predicted by the NRC. The leskage
that has occurred has been well within the original asscmptions
for station blackout ruls. The actual seal experience cily
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
§0.63, however, requires the assumption of unavailability of the
on-site emerg -v AC power sources d. ~ing a ctation blackout
(SBO). The anc..ion 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 existirg Dis.

NUREG-140]1 Review Comments

Title: Regulatory Analysis for Generic Issue 23: Reactor Coolant
Pump Seal Failure: Draft Report for Comment, Published April 1981

This regulatory analysis was referenced in the regulatory aralysis
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 analysic supporting the resolution of this issue are
summarized in the technical findings report, NUREG/CR-4948 and
cost/benefit report, NUREG/CR-5167, referenced throughout this
document.
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3.2.1

Summary of Content

Three key ftems are part of the NRC's proposed solution to the
seal fatlure problem:

L Safety-reiated designation and additional QA requirements
for the seals.

z. Manufacturer-recommended instrumentation and procedures for
monitoring seal performarce.

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

This dreft 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 evaluatic~s for independent seal conling systems.

The report also considers a number of other means for addressing
RCP sea) performance which were rejected. Among these is seal
testing to verify that axcessive leakage does not occur when seals
are not cooled. The NR. ':els that a very .arge number of tests
would be required to statistically demonstrate 2 reliability
comparable to that of a backup cooling system. The NRC more or
less rejects existing test results and plant experiences as
inadeguate,
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3.2.2 CEOG Comments
Executive Summary

In the Executive Summary the NRC defines a RCP seal faflure 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) 1s an erroneous approach which only bolsters the
volume of statistical data to incorrectiy conclude thatl thére 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
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 1imit primary coolant leakage aiong
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. 1f 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 by the pump/seal suppliers These consist of
anitoring the seal staging pressures (pressure transducers), the
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 sea)l 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 : fference in seal configuration just
within the owners group. Byron Jackson seals, Bingham, and AECL
seals used in CEOG plants use a 4 stage design. The KSB seals use
a 2 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. A1l of the seal typcs have
either been tested at SBO conditions or similar conditions, or
have been inadvertently subjected to high temperatures during
plant operation. None of these tests or operations have resulted
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in a8 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
reqdy for continued operation (without refurbishment) after having
been subjected to relatively severe conditions during an extended
SBO event. There 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 seals have indeed
survived a 1oss 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 SBO
event. The NRC have criticized this test because there was no
vertical motion of the pump shaft as would be expected during a
siation 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
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3.2.3.2

Corrective Action:

The sensing 1ine weld was repaired and flex hoses were installed
on 211 sea) cavity pressure sensing lines to replace part of the
rigid pipes. The failed shaft seal cartridge wi' ~eplaced.

Comment :

The seal failure was caused by a fracture of a prossure sansing
pipe. This pipe is not part of the seal. The proposed
regulations would not have prevented this failure. 1t must be
emphasized that this was not a seal inftiated failure.

Event Date: Nov 9, 1988

Plant: Waterford, Unit 3

Seal Type: BJ N-9000 Seal

Description of Failure Event: Seals failed after startup.
(according to NUREG 1401) Replaced with old BJ seals.

Description of Fallure (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:

A1l four N-9000 seal cartridges were replaced with old (SU) type
BJ seals.
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Comment:

The ses) degradation was the result of sand-1ike ~ sterial
introduced int., the N-8000 seals from a filter which had

disintegrated The controlled bleedoff had increased but not

significantly The proposed regulitions would not have prevented

this =eal degradatiyn,

3.2.3.5 Event Date March 3, 1989 o
Plant: Palo vVerde (PVNGS) ‘,
Seal Type: CE/KSB lua’
Description cf Failure Event: Seals damaged.

"

(according tn NUREG-1401) Seal leakage 2 GPM. -

Pescription of Failure (according to the Utility):

\

PYNAS Unit 3 was at 100% power and was scheduled to cceme down for

s. Due to a logs of site “

o

a refueling ouiige in the rcxt few da

-

sower all 4 RCP's 2xnerienced a 'oss of Seal Inisctinn ana
componen, coeating water (CCW) 1ip addivion wna2 CBO was
iradvertently not isolated. These uonditicas .asted for

approximately 90 minutes, seal temceratures reached 43774

Se:1 damagz to pump 1B was evident bv abnurmal CBO/staging
pressure after reestablishment of “=al Injection. Following
recctanlishment of :.2" injection 2 of the RCP's were started (o
estavlish forced ~irculation in the RIS and ru. spprorimately 7 to
8 hours at RCS NOP/NOT with subsaquent run time at decreasing RCS
temp/press fr cooldown, which took approximately 29 hours.
External sea! leakage from Hump 18 was later verified to be 1.25

= Only pump 1B experienced leakage. Seals in all four pumps

vere replaced



3.2.3.6

Corrective Antion:

The shaft seals in al)l 4 RCPs were replaced during the refueling
outage.

Comment :

The event occurred while the plant was preparing to come down for
a refueling outage. Bo*h seal injection and CCW cooling were lost
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.

Event Date: Nov 7, 1989
Pirnt: Maine Yankee
Seal “ype: BJ SU
Description of Failure Event: N-8000 was earlier replaced by
(according to N'MEG-1401) SU vype, which failed. Plant
shut down.

Description of Failure (according to the Utility):

One N-9000 type seal and two SU type s~als wore in operation. The
SU sea) installed in pump #1 had the drive lock ring lugs broke
off into the seal and the resulting filirgs caused seal face wear.
Seal staging pressure degraded and the plant was shutdown in an
orderly manner before any problems occurred. The CBO flow was
less than 5 gpm and the vapor seal did not leak.
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3.2.3.7

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 lork ring lug.)
broke. This produced filings inside the seal cartridge causing
wear of seal faces. Seal staging pressures became degraced. This
was noted on the existing instrumentation and 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
this seal . ~radation.

Event Date: Jan 20, 1990

Plant: Waterford 3

Seal Type: BJ N-8000

Cescription of Failure Ever Seal leak found during shutdown
(according to NUREG-14C1) while checking reactor coolant

system leaks.
Description of Failure (according to the Utility):
SU seals were in use. “ome minor leakage was found in the driver
mount. The source was ‘e‘ermined to be the upper shaft sleeve

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

47



3.2.3.8

Corrective Action:

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

Comment :

The se:] leak Jiscovered 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 O-ring between the shaft and the shaft
sleeve with two O-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 O-rings. There was no degradation at any stage. The seal
was not replaced.

Event Date: Jul 2, 1990

Plant: St Lucie 1

Seal Type: BJ

Description of Failure Event: 1st and 20d seal stages
(according to NUREG-1401) Jeteriorated. Leakage 3 GPM.

Pescription of Failure (according to the Utility):

The pump shaft was bent. It is suspected that thic may have been
caused by the temporary seal injection when the Tourth 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 tuin caused accelerated wear of other seal
parts. Controlled Bleed-oftf increased from 1 to 1.6 GPM in one
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3.2.3.9

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 urbit had been
noted. Seal pressure staging was degrading and the controlled
bleedcff 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.

Event Date: Aug 24, 1990

Plant: Fort Calhcun

Seal Tyr . BJ

Desc: .piron of Failure Event: Inlet presi.re on 2nd stage
(according to NUREG-1401) steadily decreased. Plant shut

down. Seal replaced.
Description of Failure (according to the Utility):
Plant was at 100% power and had been in operation for about 3

months since the last outage. ihe iB pump controlled bleedoff
fiow started to dec-ease and the second stage inlet pressure
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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 siaging flow.

Corrective Action:

The seal cartridge was replaced. The safety wiring technigque was
changed to preciude a repetition of this problem.

Comment :

The seal degradation occurred about 3 months after a refueling
outage. A piece of lockwire broke off and lodged in the pressure
breakdown capillary tube, partially blocking the controllad
bleedoff. Seal pressure staging degradec and was notad by means
cf existing instrumentation and alarms. The proposed regulations
would not have had an effect on this event.

33 NUREG/CR-5167 Review Comments

Title: Cost/Benefit Aralysis 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 1 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 agplying
quality assurance requirements consistent with Appendix B of
10CFRS0 and applicable General Design Criteria of Appendix A to
10CFR50. The second item would require utilities to provide RCP
manufacturer-recommended instrumentation and instructions for
monitoring RCP seal performance and detecting incipient RCP seal
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on blacke
Cost/Benefit Anal

used the AECL model btain the core melt probabililies due 1«
seal failure The rest of the values used in the analysis are
estimates taken from various sources. The general format of the
analysis follows the Handbook for Value-Ilmpact 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 analvs wre poor and lackad consistenc

The CEOG plants were 1\« ed to provide plant specific estimates

for the data points used in the Scientech NUREG CR-5167 analysis

See questionnaire in Appendix A Section A4 The responses
received demonstrated inaccuracy of the Scientech estimates. The
pbenefits of implementing 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 cemonstrates
relatively high seal failure rates and the possibility
leakag rates well into the range of
coolant accidents. The CEOG plants
1d be excluded, because there have never been any
ing the size of a small-break LOCA as a

seal failures.

estimates for Cc

failur




Page 3-3

Page B-1

Page F-30

Westinghouse plants only. For CEOG plants the values
for Core-Melt should be obtained instead from
NUREG/CR-4948, Technical Findings Related to Generic
Issue 23: Reactor Coolant Pump Seal Failure.

The report states that power supply reliabilities of
99%, 90% and 95% were used in the aralysis 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
estirates taking all this into account. When
everything is added in the reliabilities drop to at
most 90%, 60% and 75% respectively.

The mode) upon which t' snalysis is based excludes
PWRs not employing Westir_iouse pumps. This statement
conflicts with page F-30 in the actual calculation of
the cost/benefit.

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 CEOG plunt 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
CEOG plant.

The analysis used two different values for the
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probability of core meli due to icss 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 threz categories. The first benefit is
Public Health which represerts the exposure rezduction from core-
melt as a result of ‘mproved seal performance.

Public Health (person-rem
1tem 1 1tem 2 item 3¢ tem (182)
Kigh 0 930 £,256,658/ o3
3,302,121
5,323/10.37% 648
3748

* The first number is for plants with a vapor seal and
the second is for those without.

The second benefit group is Accidental Occupatioral Exposure,

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.

ure (person-rem)

Accidental FoLc_Etionll EX;

1tem 1 1tem 2 ltem 3* Item (142)
0 15 3,821/3,898 15
R 0 6 42/81 )
1/14 1

The last benefit group is QOperational Occupational Exposure, which

is the reduction of exposure as a result of less maintenance.
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Item (162) 4
428 - Tab . 663 |
I Bes! - 184 =502 » <486

I L ow 2,363 2,603 s -2, 683

Costs are proken down into several categories. The first two
categories are Industry Impleme~igtion and Industry Operation,
where implementation refers to t'e single cost of installing the
item, and operztion refers to the annual costs of maintaining the
item.

Ltem (162)

retion (dollar
Item | Item 2 ltem 3 1tem (182)
325 419 701,051 969 (64 -2,130,284
139,765 | 1,137,017 917,947 334,033
1,799, 553 3, 604 104 glm slmlm I

The values rtor NRC Development, Implementation and Qperation Costs
are assumed to be accurate as presented in NUREG/CR 5167 so they

arz not presented. Qff-site and On-site represent the costs due
to core-melt that would be averted if the items are implemented.
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M w
tiaite bripects (gellare) |
1tem 1 Item 2 jtem 3* 1tem (142)
4 ah 31,240 19,462,696/ 31,240
L 19,884,793
IAu..x -160, 633 1,038,228/ -160,633
-3, 028 376
Low <1,269,076 417, R3%/ -1,269,676
-6,937, 050

Item 1 Jtem 2 Item 3* Item (142)
Kigh 13,608 8,475,826/ 13,608
-8, 646,581
Best 69,535 “hh, B64 7 69,535
-876,751
48,934/ 148,693
812,408

The last category is Plant Availability Improvemeny Sevings. 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.

t Av.n,gnn, Improvement Sevings (dollars)

1tem 1

item 2

1tee 3

Best

24,509 609

1v, 922 638

24,509 609

The Basi¢ Cost/Benefit Ratio is calculated by dividing the

industry anc NRC costs by the Public Health benefit.

M
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gasic Cost/Benefit Ratio (3/person-rem)
1tem 1 1tem 2 Jtem 3% Ttem (182;
8,12% 26/25 6,565
11,510 10,814/5,549 11,311
38,606 19,878,430/ 40,034
1,197,156




The values for item 2 and 3 greatly exceed the vaiues presented in
NUREG/CR-5167 and the recommended $1400/person-vem guidelines.

The value for item 1 is shcwn as an error which is caused by
dividing by a zero benefit.

The Supplemental Cost/Benefit Ratio 1s calculated using all the
parameters except Plant Availability Improvement Savings. A1l the

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

| Cost/Benefit Ratio ($/per on-rem)
ltem 1 Item 2 tem 3¢ Item (142)

-3,990 37,683 313

-4, 430 47,2 10,452/3,228 |
914 -3,648 15,1;3 103/ (3,597)

7,296

Again, the values for item 2 and 3 exceed the values presented in
NUREG/CR-5167. Thev are clearly not within the $1400/person-rem
guidelines and should not be implemented.

The negative numbers for Item 1 are provided by dividing a
positive cost by a negative person-rem savings. The negative
manrem savings comes from the operational occupational exposure
from implementing Item 1. This demonstratec a problem with this
current Cost/Benefit analysis, because what appears to be very
cost beneficial is actually paying for increas~4 exposure.

The major cause for these unorthodox results is that plant data
showed no benefit for Item !, Many plante, 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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L “
I similar to quality assurance, improved maintenance system or by
I establishing an engineering group to oversee and contir uously

@ 1t has been shown that for the CEQOG the Scientech Cost Benefit

Analysis, NUREG-CR §167, is inconsistent and did a poor Job

\ ; ectimating both the costs and benefits for all trree of the

¥ proposed itams. When accu at2 estimates for CENG plants are used
in the NUREG/CR-5167 format the results ae strongly against the
three items. This confirms that the plants are handling seal

improvement on their own and the proposed NRC 1tems shuuld not be

\ considerad for implementatlion.
'
3.4 NUREG/CR-4948 Roview Comuents
Title: Technical Findings Related to Generic Issue 23: Reactor

Coolant Pump Seai Failure

This report addresses lhe various fact-finding 1ssu¢ tasks
° doveoped for the Generic {ssue 23 action plan and provides
packground information on seal failure as well as an evalvation of
seal covling and mechanical and maintenance-induced failure
g mechanisms. While generally informative, the report relies too
¥ heavily on the AECL findings of NUREG/CR-482]1 and re-reports the
test results while omitting the test short comings. Qualitative
judgements are passed and generaf conclusions are drawn with very

) >

'ittle basis provided. ihe report also summarizes inputs from

3

seal manufacturers bul appears overly biased ‘oward another venaor
in the manner in which theh ~rauments relative to the 1ssue anc
the conclusions being drawn are included in the document. Given
the significant design differences between the seals offered by
the various vendors, conclusions about the applicability of test

e 1 1 , . 1¢ o . r . st \ " P
analysis results should be drawn mOre carefully and vendor

-y < ¢! ey 14 % ’ g
etens S yig U given e

i)
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summarizing *technical findings®. More specific comments are

provided below:

Page v

The terms *seal degradation® and "seal failure® are
used frequently throughoui the document. The "seal
fatlure® description is used to describe several
distinctly different occurrences. The terms being
used should be carefully defined and used consistentiy
and appropriately throughout the document. It may be
more appropriate to consider the following
definitions.

1)

)

"Seal Degradation" 1s where one of the
individual seal stages is not operating normally
but the pump can continue to operate in
accordance with the plant specific operating
procedures.

*Seal rfailure" is when two or more seal stages
are not operating normally, the control bleedoff
temperature or flow is not within normal
operating range, or the external seal leakage is
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 severity as determined
by the cperating procedures. A seal failure may
or may not result in evternai leakage (ioss of
veactor coolant system inventory) but if there
is leakage 1t is within the normal (charging)
capacity of the plant.
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Page vi The tt rs to "catastrophic loss of
CCw"™ ophic’ hould be reserved for
only the most severe eveni,. Tte loss of CCW s
rarely "catastrophic®
‘ The report acknowledges that, in compar:son to the
\ seals used at other plants, a significantly smaller
(incremental) contribution is obtained for the CE/BJ
o
seal system if credit ic given to the presence of the
’ fourth stage vapor seal. This difference is vitally
important in judging the adequacy of CE/BJ seals, or
four-stage Bingham seals for that matter, since the
fourth stage vapor seal is an integral part of both
o ea) desigrs and a major difference in comparing inese
gseals with other seal systems while operation of the
pump when the other three seals have failed 1s not
recommended. the vapor seal will function dur*~" a
- punp spindown and during the subsequent pum, .ie
o period
- The: safety impact of ioss of all seal cooling
R scenarios was also assessed. When full credit is
given appropriately to the fourth stage vapor seal iIn
the CEOG plants, a pegligible core damage frequency 1s
obtained The adva.tage of the vapor seal in this
* respect seems to be overiooked el sewhere in the
gocument




Page vii The first paragraph discusses the high temperature
survivability of seal elastomers. The statement
concerning the extreme hardening of BJ seal elastomers
due to high temperatures is apparently based on the
"findings" in NUREG/CR-4821 wnere 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 1t is reasonable to expect the
elastomer hardening process to vary depending upon
whether or not it remains wet. Under all conceivable
conditions of opecation, 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 comments, it is important to
note that there have been seal degradations and seal
failures but very foew 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 care lhat
must be taken when comparing seal designs and drawing
conclusions as to their performarce characteristics,

Section 2.3, It is important to point out the absence
of CEOG plants from the 1ist of significant seal

failures that led to the current seal integrity issue.
The performance of the four-stage seal designs used at




fai
o f

plants in spite of being subjected to some rather
extreme operating conditions (pump operation without
CCW, idle pump at h anc thout CCW, CCW
reinitiation to a hot car ) [A hydriulically
induced failure of the 4-stage seal system hcwever,
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 recel yast. This can be
attributed to industry wice pveme! in operate

training, seal handling, seal m ance and seal

- B

Section 3.2.1 Shaft page is targeted for
additional stig on into the effects of re

initiating sed oling. Re-initiation of seal

1ing has y other effects besides st ft warpage,

*h as a severe ansient on the entire seal

tridge

tion concerning
needs additional
e operation
feasit
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jependent on the pressure gradient When the face:
are flat and parallel, the pressure gradient is almost
' ’ -

linear and the separating force is independent of the

face separation Lnder these conditions hydrostatic
lubrication with a stable, balanced separation is not
possible When the faces deflect to form a diverging

o

gap in the direction of leakage, the separating force

is small and ful) hydrostatic lubrication impossible

resulting in hard rubbine of seal faces. When seal
faces deflect to form a converging gap in the
direction of leakage, however, the separating force is
dependznt nn face separatior Smaller separation
would cause a greater sc-arating force while greater
separation would result in less separating f«
Full film hydrostatic lubrication is achieved at a
stab'e paration dependent on the amount of
convergence and the baiance rat

Page 4-1¢ Section 4.1.2.% Conclusions on O-ring tests are
relevant only if the manufacturer of the seals has not
changed materia over the years Also, specific seal
elastemers vary from desian to design miking 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
rradiation and gap sizes More specifi
quantitatiy ( ar or would be necessary 1Ir
jemonstrat ing mors sively the vV (17‘ i :c““. or
pertformance
¢
A 2 - .
“
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Page 4-18

Page 4-22

Page 4-23

Sectirn 4.1.3.1. Statistics on seal failures are
presented in the third paragraph. Not only is the
term “seal failure®™ not adequately defined, but
quoting mechanical- and maintenance-induced seal
failures per NSSS supplier/pump manufacturer without
stating the tota)l number of plants/pumps involved can
be misleading. Also, lumping old designs and new
designs, with no corrections or ex).anations regarding
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 1ife failures, yet no clear
definition is provided for what constitutes the seal
life. Typical seal lives range from 2 to 4 yea‘s.

Section 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
and disassembly. This in ‘tself could lead to
problems as has been identified in reviews uf
maintenance- induced seal failures. When the seals
are remcved the utilities may find it more economical
to replace . » seiis. A greater emphasis should be
plarad on seal performance monitoring as a means of
dece ting potential oroblems.

Section 4.1.3.2. The second paragraph recommends
isolating the controlled bleec-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
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Page 4-27

Page 4-31

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

Section 4.2.1.2. Calculation results are discussed
that bring into question the validity of the
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 excremely difficult. It is
acknowledged further, that, while the leakage rate is
recognized to be a function of the "primary stability
narameters" and the closing balance ratio, the exact
“functional form" of this dependerce has not been
determined. A1l 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 atv the top
of page 4-28.

Section 4.2.1.3. Commerts on BJ seals are not valid
for all BJ pumps. New N900O 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 behaviur during station
blackout.

Comments on Bingham seals do not identify the type or
vintage of the seal. Bingham seals 2t SONGS 283 have
4 stages. Siwilar seals are also being installed at
Caivert C1iffs. Leak rates are stated but no mention
is made as to where the leakage is going. In CEOG
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Page 4-56

Page 4-60

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

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 cooiing.
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 resti 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 gpm in most CEOG plants.

Section 4.2.4.3. The "newer information" develeped by
AECL on seals popping open is not the final word on
this subject. There are several tests and incidents
in operating nlants which dc not support this AECL
study.

In the St Lucie test the BJ SU seal cartridge was
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
rest. Seal staging remaired rormal.

The BJ N-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.
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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,

CEOC plants do not start the fourth RCP until the .t
temperature reaches 475 - S00°F. Pumps with SU seal:
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 witiiout any
repotted problems.

Page 4-62 Section 4.3.7.1. Using "representative® plants is
velid only for other similar plants but not valid for
plants that are sionificantly different. It is
inappropriate to make tne resulting conclusions
applizable to all plants by a particular NSSS supplier
and risk the information being used incorrectly.

Page 4-70 Tahle 4.3.4. The information in this table may be
misleading. BJ CBO fiow moters typically have a range
of 0-3.5 gpm at CEOG plants and shaft orbit
instrumentation is not used in all plants. In most
cases, in plants where it is installed, the shaft
orbit instrument.tion was not suppiied by BJ.
Therefore, there may be some differences in individual
installations.
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Recoruing of data varies from plant to plant, as does

data retention, retrievability and trending

This table should also mention CCW temperature and

4

flow monitoring

L ¥ )

wn

Pag 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 CEOG plants with BJ and Bingham seal

systems.

Page 5-6 Section 5.3. It is claimed that station blackouts of

"extended duration® must be included when considering
loss of seal cooling scenarios. “Extended duraticn®
has not been defined, but many of the analyses
supporting the conclusions of this report are based ©
a 24 hour station blackou ¢ '«ch extended duration
SBO analyses may be appropriate from an academic
perspective but are unreasonable given the NRC ruile 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 SBO analyses for
extended periods of time simply to demonstrate tiat
core damage s possible goes beyond reason and clouds

L

€7
L.




l
¢ ' o "
1
the issue with unrealistic core melt probabilities
C vera f‘, t oy c ome nt ;’0‘ n determining whethey
or not core ur v(‘yh‘vY('>“x"')u"'(v"k
. |
actual inventory 108§ rate
( auxiliary cooling capability
0 time to restore offsite power

These factors must be balanced reasonably when it

becomes necessary for licensees to demonstraie their

t
ability to cope with av SBO. With a time to restore
ffsite 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 SBO event at a CEOG

RCS leakage can be reasonably expected to
v Y

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 consequenc
during the duraticn of the SBO
Page 5-12 The term "divergent face deflection"™ should be

clarified It appears to be in conflict with the

[ %

desirable convergent face arrangement
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CONCLUSION

The NRC had requested understandings, findings, an¢ potential
recommendations regarding resolution of Generic lssue 23, Reactor
Coolant Pump Seal Failure. They presvnted their solution to GI-
in Draft Regulatory Guide DG-1008 along with the supporting
docurents of Draft NUREG-1401, Regulator Analysis for Generic
1ssve 22: Reactor Coolant Pump Sea) Failure; NUREG/CR-5167,
Crst/Berefit Analysis for G1-23, Reactor Coolant Pump Seal

Fail re; and NUREG/CR-4948 Technical Findings Related to GI-23,
Reactry Coolant Pump Seal Failure. In the Fede:al Register the

J
]
'

NRC atso presented a series of questions for comment

In order ‘o respond to the NRC request for up to date information
the CEU3 unde ‘ook a survey of all member plants in order to
obtair ‘% rejuested information This data was used to respond
to the federal Register gquestions. The questions and the CEOS

rasponisus ar2 presented in Section 2.0,

The Dra 't Regulatory Guide DG-1008 and the supporting documents
NUREG~1401. NUREG/CR-5167, and NUREG/CP-25%48 were reviewed
rela.ive to the survey data and the CEQG interpretations,

corractions, and comments were presented in Section 3.0.

The NRC has presented their three action items for resolution of
Generic Issue 23. The CEOG comments and recommendations of these
three items are presented in this section
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RESOLUTION ITEM )
The NRC resolution Item 1 is:

Treat the RCP sea) assembly as an item performing a safety-related
function similar to other component: of the reactor coolant
pressure boundary, applying quality assurance requirements
consistent 1 ith 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 sea)l materials and fabrication

. Quality control over installation and maintenance through
the use of process specification

. Quality contro) over plant operutions through the use of

operating procedures designed to avoid damage during pump
start'~ and shutdown.

The CEOG do. dpport 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 leve' of care to insure thi* 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'-., 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 desiagn function. These materials are
not necessarily listed in ASME Section 1Il as acceptable pressure
boundary materials. Section IIl deals with the pressure bcundary










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 does not support this resolution. The addition of bactup
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 expected 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 § 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 Appenuix 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 SBO 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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4.4

gross manner, the safety systems will protect the core, but the
subsequent cleanup is expensive and will keep the plant off-1ine
for a considerable period of time. The plants therefore have
great economic incentives to use the best sesls 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.

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 ecunomic pressures are in place which
have forced the utilities to aduress 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 werformance record.
Eight of the last nine seal failures attributed to the CEOG plants
in NUREG-1401 were not seal initiated feilures 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
fo. .«cognizing, identifying, monitoring, and evaiuating seal
failure for initiation of corrective action that ensure ihe system
safet,.
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APPENDIX A
SURVEY SUMMARY

Objective

The NRC had requested information about the reactor coolant pump
seals. In order to obtain the quantity of current information
being requested, i1i was decided to prepare and submit
guestionnaires to the CEOG. Three questionnaires were produced to
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 CEQC 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
questionnaire is presented in the following sections.

Seal Information Questionnaire

The seal i formation 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
reauested 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,
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SEAL INFORMATION QUESTIONNAIRI
REACTOR COOLANT PUMP SEAL INTEGRITY (Gl
CEOG TASK 689




SEAL INFORMATION QUESTIONNAIRE
REACTOR COOLANT PUMP SEAL INTEGRITY (GI-23) Page 2
of 6

CEOG TASK 689

1983

. Seal Monitoring Instrumentation (Cont'd) Other

Other Location - Flow?

- Pressure?

- Temperature?

.

11. Instrumentation Function - monitor
performance?

- 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?

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

a) Where? above seal cartridge”?

below sea! cartridge?

motor bearing?

other?

Type of instrumentation?

proximity probe?

accelerometer?

Is a vertical shaft displacement probe in use?

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

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

Is trending monitored?

How is the data recorded?

A-4
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18,

16.

SEAL INFORMATION QUESTIONNAIRE
REACTOR COOLANT PUMP SEAL INTEGRITY (G1-23) Page 3 of 6

CG TASK 23
(Continued)
g) What are the operatir.g limits”
Any Seal Testing? To prove seal integrity during station
blackout?

If yes, please provige test ropoii.

Provide P&ID of RCP with corresponding seal injection or companent cooling water
systems.

M

Reactor Coolant Pump Seal Quality Assurance/Quality Control

I. Has seal operating experience improved in last 8 years?

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

a) improved quality assu.ance? ofwhat?_______ when? ______
b) improved quality control? of what?__ when?
¢) improved maintenance? of what? __ when?_
d) better procedures? ___of what? when?_______
¢) improved instrumentation? of what? when?
f) Design changes? of what? _when?_______

g) Seal parts inspected just prior 1o 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 ¢
seals?

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

5. If your plant-specific Quality Assurance procedures were applied to the ICP
sea's w2 uld there be an increase in seal reliability?

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

b
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SEAL INFORMATION QUESTIONNAIRE
REACTOR COOLANT PUMP SEAL INTEGRITY (G1-23) Page 4 of 6
CEOG TASK 689

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

7. If yes, has cause of degradation been established?
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 levels; provide shaft orbit valves versus time or summary of
data?

¢) Poor spare part quality, provide details?

d) Poor maintenance practices, provide details?

¢) Improper seal venting pricr to pump startup?

f) Pump to motor alignment out of tolerance?
p

g) Other plant operating causes?

h) Other mechanical causes?

C. Maintenance Schedule

1. How often are RCP seals routinely replaced?

L)

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

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

maintenance?

4. Isa seal cartridge tester used to check controlled bleewoff 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? __

RSN,

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

b) What was seal maximum temperature?

¢) When? _how often? _

e e e ————

_____ which pump? _
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SEAL INFORMATION QUESTIONNAIRE
REACTOR COOLANT PUMP SEAL INTEGRITY (G1-23) Page 5 of 6
‘ CEOG TASK 689

j D. Loss of Seal Cooling (Cont'd)

d) What corrective action was taken?

¢) If seal failure resulted, is recorded data in Section E?

Has seal cooling ever been lost? how long?

*J

a) What was seal maximum temperature?
b) When? how often?

¢) What corrective action taken?

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

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 History since 1983

(per occurrence) date?

1. Plant mode of operation (e.g., startup)
Pump involved? 1A, 1B, 2A, 2B
Seal vendor?
Which seal? 15, 2nd, 3rd, stage, or vapor sea!

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

6. Seal failure mode? wear, "O"-ring extrusion, "0O"-ring hardness, "O"-ring
break, seal face break, pop-open, other

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

I ast seal or vapor seal leakage rate (GPM)?  start end

. —————— e o

C rrective action?

. Forced outage?

11, How was failure first discovered? Staging pressure?
Temperature?
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SEAL INFORMATION QUESTIONNATRE
REACTOR COOLANT PUMP SEAL INTEGRITY (G1-23) Fage 6 of 6
CEOG TASK 689

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

12. Length of plant operation before shutdow a/replacement?

13, Additional comments?

F. SUPPLEMENTAL INFORMATION

1. 1Is 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)
. COMPLETION OF QUESTIONNAIRE

1. Please use additiona! 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
Mesartment $421-0421
ABB Combustion Engineering Nuclear Power
1000 Prospect Hill Road
Windsor, CT 06095-0500

4. Questions concerning the information requested should be wirected to Harry
Perrine at (203) 285-9904.
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A.3

Seal Procedure Questionnaire

The seal procedure questionnaire was developed to obtain up te
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 guestionnaire is used to respond
to question 3 in the Federal Register.

A1) fifteen utility plants responded to the following two page
seal procedure questionnaire.

A-9



SEAL PROCEDURE QUESTIONNAIRE
REACTOR COOLANT PUMP SEAL INTEGRITY (GI1-23) Page 1 of 2
CEOC TASK 689

UNIT
Phone No.

Date

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

a) During normal plant operation?

b) During loss-of-seal cooling?

¢) During station blackout?

2. Are the required operator actions identified in question la, 1b, lc the same?

—

What, it wthing, is different about these procedures?

. Has any special operator training been implemented?
If so, what?

4. Please send copies of procedures.

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

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

7. 1s it feasible to shut the controlled bleedoff isolation valve manually?
If 0, how soon after the start of Station Blackout? minutes,

B. Was RCP seal vendor information used in establishing operation procedures for RCP
seals? 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?

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

11. What would be done differently if the seals were designated as "Safety Related"?
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SEAL PROCEDURE QUESTIONNAIRI
REACTOR COOI ANT PUMP SEAL INTEGRITY (G1-23)

CEOG TASK 659
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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
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.
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CostvBenefit 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 10 the NRC proposed resolution of Generic Issue 23 and developing
answers to NRC questions. This particular questionnaire will be used 1o examine the
validity of the NRC CostBenefit analysis (NUREG/CR 6167).

The term *ltem #* is used throughout this survey ltems * -3 are defined below as

taken directly from NUREG/CR 5167,

Item (1) Treat the RCP seal assembly as a component performing a sa‘ety-related
function similar to other components of the reactor coolant pressure
boundary, applying quality assurance requirements consistent with
Appendix B of 10 CFR 80 and applicable General Design Criteria of
Appendix A. \

item (2) Pruvide RCP manutacturer-recommended instrumentation and
instructions for monitoring RCP seal performance and detecting
incipient RCP sea! fallures.

htem (142) The implementation of items 1 and 2 overlap costs and benefits. Therefore
a costbenefit analysis is performed for the combination of both items.

ftem (8) 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 1o 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 CostBenefit enalysis that some CE plants rely solely on CCW
cooling of the thermal barrier heat exchanger for RCP seal cooling, and do not wtilize seal
injection from the CVCS. These plants would require modifications to provide back-up
cooling to the thermal barrrier heat exchanger in lieu of & back-up power supply o the
make-up pump to imiplement item 3 (figure 3).
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Figure Simplified diagram for piants with RCP seal injection cooling.
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NRC Your plant+)

Hi i Best | Low High | best |
iant Information
1. N=number of plants (plants
76 L J
2. Teaverage remaining piant lifetime (years)
L 5 B i
3. l=outage interval maonths/outage)
( 18 | L B
4. CO=current outage time ((days/plant)/year)
["'m - g.w i L J
5. IR=industry labor rate dollars/month)
[ T8.333.00 r ]
96. SEALwaverage cost of replacement RCP saal (doliars/seal)
i 15555§ooj L |
7. FCwreplacement Sower oSt (doliars/day)
300,000.00 { B

1. DCM=total dose expested frord core melt accident (person-rem)

a. ltemis 1,2 (142}
™74 700E+06 } [ X
b. tem 3
2.000E+07 3.000E+06 { 5 000E+N4 | 1 |
7 ID=immediate accidental dose (person-rem)
4.200 | 1,000 | 0] 1 |
3 LT=long-term accide: al dose rson-rem)
30.000 20,000 10,000 | | 1
4. CMoti=otfsite v costs associated with a core melt acchuent (dollars)
200E+09 8 S00E+08 T

IE EMon=onsite property costs associated with & core-melt accident (doliars)
7 563E+00 |  1.035E+09 | € 170E+08 | | {
= information
1. NR=NRC labor rate (dol.. /week)
2,433.00
2 NLD=NRC labor required to develo item {weeks/plant) item 1,2.3
6 0.67
3. NLI=NRC labor required 10 implement iten (weeks/plant) ttem 1,2,3
1] 0.2 02|

{4 NLO=NRC labor required for item operation weeks/plant)/year) ftem 1,2,3
RS, & T E 0.2 "'o‘.j%
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NRC Your plani(s)

High | Bewt Low High |  Bewt |

Low

b‘;mmmmwmmm
1. S1=average number of seals changed per outage prior to implementation of any item

seals/plantyoutage)
(o2 4l 2] 1.33 | i |

3 B2=average number of seals changed per outage after implementation o: item

((seals/prant)outage)
a ftem 1
36| 1.8 | 1.2 | | 1
b. item 2 F
36 | 1.8 | 1.2 | { |
c. Item (142)
32 ] 16 | 11 ] 1 [

3. L1=labor per change of single seal prior to implemanation of any iterm (hours/seal;
[EThRre o"oo!!!!!j“g! 400 | 20¢ | {

4. Lawlabor per change of single sea) after implementation of iter) (hours/seal)

a ltem 1
670 | 460 | 230 | | |
b. item 2
680 | 460 | 230 | i |
c. Item (182)
690 | 460 | 230 | | |
5. L3=instailation labor (hours/plant)
item 2
J L 210 | | ]
6. La=periodic ma tenance labor ((hours/plantyyear)
a tem 2
L 28 | L J
t item 3
40 | 30 | 20 | | 1
7. Ls=monitoring time for equipment ((months/plant)/year)
item 2
2] 1] 0.25 | | | B
8. IL=Industry labor required to implement item (menths/piant)
& item
8 | 6] 3| | |
b. ltem 2
8| 2| 1] 1 |
. CAP1=capital costs of additional instrumentation and equipmant (dollars/piant)
item 2
[ 250,000.00 | { g




-

NRC % our plant(s)

High | Bost |  Low Hi | Best | Low
10. CAP2=equipment and installation costs of new system and modifications (dellars/plant)
include all costs for added components, piping, connections and valves.
la 1 & seal injection plant this inciudes back-up cooling for the seal injection purmp
and & dedicated non-safety grade diesel generator to powsr the CCW pump.
p, i not & seal injection piant then this includes back-up cooling for the thermal
barrier heat exchanger and & dedicated non-safely grade diesel generalor to puwer
the CCW pump and the make-up pump.

hem 3
{ __848,200.0C | | |
1. PSFetractional reduction in trequency of RCP seal failures attributable 1o item
& ftem 1
0.31 | 0.18 | 0.06 | i | |
b. item 2
0.33 | 0.23 | 008 | | 1
¢. ltemn (142)
0.83 | 0.85 | 0.14 | 1 |
d. ltem 3
0.89 | 0.85 | 09 | 1 |
2. PCM=probability of core melt due 10 RCP seal leak (normal operation)
ltem 1,2 (182
1. 630E-05 r =
3. PCMecows=probability of core melt due to RCP seal ieak caused by loss of CCW
itom 3
[__G.OOOE-OG | l |

Either complete PCMsbo or the three (3) following it which are used to calculate PCMsbo.
4. PCMsbo=probabllity of core melt due to RCP seal leak due to station blackout
tem 3

2.800E-04 | 6.600E~06 |  1.800E-07 | | T

a. PC(1'=the incrementa! probability of core uncovery between t-1 and t hours
ollowing station blackout

| L =3

ro.rcm-mo cumulative probabiiity of a core uncovery ntuxhoun[ -

fe. FSB(8)=the frequency of a station blackout six hours or longer 2
L

i

F. Questionnaire Compietion

1. Pisase provide your best estimate for the variables provided.

2. FAX completed questionnaire to (203) 285-4232 attention Bob Eeger on or before 6/7/91.

p. Mail guestionnaire and any supplemental information to: R.A Eager 8421-0421

ABB Combustion Engineer.ng
1000 Prospect Hill Road
Windsor, CT 06095-0500

4. Questions concerning the information requested shouid be directed to

Bob Eager (203) 2859603
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Addendum to Cest/Benefit Questionnaire-Generic Issue 23
On the last page there are two errors in the shaded portion. The first is in

lguestion 4a. | ask for 6 incremental probabitities (t=1-6 hours) and leave only one
space The second error is the absence of a variable:

FSB(1-1/2)=the probability of a station blackout lasting at least 1172 hours (t=1-6 hours)

i¥ you chese fo compiets the shaded portion piease provide the 12 valkues jf~ Y1), FS8(t-1/2]

FSB(1-1/2)

The third error is the om.nission of a variable of importance:
DR=dose rate while M_HHCP seal (millirem/hour)
NAC= £ 15 Your Plant= | ]
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APPENDIX 8
SEAL DESCRIPTIONS

Gengral Descraplion

Reactor coolant pump seals 1imit the leakage of reactor coolant along tne
pump shaft, directing the rojority of this flow back to the chemical and
volume control system with ¢ - 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 orimary seals
(meta)lic oxides, carbides and graphite) 1imit the leskage of reactor
coolant across the interface between rotating and stationary RCP
elements. The secondary seals (elastomer O-rings, l-rings, U-cups and
teflon channel seals) prevent leakage between stationary mechanical
elemerts of the RCP seal or those elements which have only a slight
relative motion. Both tne primary and secondary seals regJire continuous
cooling during pump operation and at hot shutdown conditions with RCPs
stationary.

The reactor cuolant 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 » temoerature changes (both slow and rapid),
pressure changes and oscillations, as well as shaft vibration (such as
above-norma) shaft orbits during pump startup and spindown), and shaft
111t due to eccentric - .amic hydraulic forces. While the RCP does not
perform safety-relate perational functions, 1t has to maintain the
irtegrity of the reactor coolant system pressure boundary.

Since the PWR RCP shaft seal application is rel.tively severe, all seal
designs presently in use utilize a pressure breakdown system and
controlled eakage, called controlled bleedoff. A cool liguid is
intentionally leaked through the seal cartridge in order to provide



lubricaiion and cooling fer the moving parts. This 1iquid can provide
challenges for - 1) operation 17 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 Lo entering the seals  The seal
injection water comes from the charging system and 45 filtered to remove
any particulates. The only (- plants to use full-tim. seal injection
are Maine Yankee and Palo Verde Units 1, 2 and 3.

A number of seal designs have evolvod 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 §0-100 psi, and
the fourth seal (also called the “vapor seal®) to act as a backup and to
minimize externa)l leakage. The KSB seals have tnree sti,es: two for
breaking down the primary pressure by 84X, and the thirc stage vapor seal
with 16% pressure breakdown. Each of the hree stages is capable to
operating at ful' system pressure.

In some cases the original B) seals have bien replaced with N-$000,
Bingham International, or AECL CAN 4 seals. Ali 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 hydroststic seal operates with a controlled seal face
clearance gap produced by axial force balance from hyd:ostatic pressure
on top of tne sea) and film pressure between the seal faces. This type
of sea) 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,

..
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usually on the order of gallons per minute. The Westinghouse multi-stage
sea) 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 sea) leakage, on the crder of cc's per hour. This thin fluid
film requires very flat and parallel (although slightly converging during
operation) seal faces. The BJ, Bingham, K§8, and Atomic Energy of Canada
Limited (AECL) seals are of the hydrodynamic iype.

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 so under all steady state and
transient operating conditions. This has been tha major reason for seal
problems with B) seals. The original BJ design is such that under some
operating conditions the faces become divergent, 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 1t could lead to failuve,

Byron Jackson (BJ) SU RCP Sea) System Design

The majority of Combustion Engineering plants util..« reactor coolant
pumps supplied by Byron Jackson. A1) 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 {s 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) s about 1-1.5 gpm
during normal operation. Any leakoge past the vapor sea)l (fourth stage)
is piped to the drain system and is usvally let than 3 gph.

Multistage wmechanical ses)l cartridges with two component stationary and
rocating face assemblies and rotating springs have been used in reactor

B-3



coolant pumps. Mechanical seals of this design have some undesirable
responses to pressure and temperature transients which can 1imit seal
1ife 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 1ife
expectancy. The seal utilizes hydrodynamic effects between single
component stationary and rotating faces. The design was verified by
three-dimensional finite element analyses .nd @ three stage sea)
cartridge was successfully te ed in & 6,600 hour laboratory test with
very low wear rates.

A research and development program was started in 1983 with the objective
to design a long-1ived seal cartridge for PWR reactor coolant pumps which
currently use mechanical seals originally designed in the 18¢0's with
11fe expectancy of less than two fuel cycles.

The reactor coolant pumps differ depending upon the NSSS 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 fnjection), an injectioniess
system is used where primary coolant 18 circulated through a seal cooling
heat exchanger and then introduced to the seals, which are in a four-
stage design. In 8 typical C-E injectionless system, controlled reactor
coolant leakage (CBO) provides seal Jubrication and cooling while the
pumps are operating. This leakage is pumped by a recirculation impeller
through a heat exchanger where it is cooled by the CCW system. From this
point, 1t is delivered to the seals and discharged from the seal assembly
as CBO flow. On several of the installations, circulation through the
heat rxchanger ceases {f the impeller spins to a stop but the leskage
flow is maintained across the seals because of the pressure drop across
each stage. On other BJ installations, the CBO leakage circulates
through a separate internal heat exchanger and continues to flow while
the pump is idle.

B~i_______________________________________________J




8.3 Byron Jackson N-9000 Seal

The newly desi . Byron Jackson nuclear seal cartridge contains “hree N-
9000 seals in & series staging arrangement. ' fourth stage vapor seal is
included on the sea) assemb)ies installed in member CEOG plants. The N-
9000 sea) embodies the results of over five years of sea) research to
develop a nuclear shaft seal cartridge with improved performance,
relfability and maintainability.

The design 1s based on a system approach which considered reactor coolant
systom steady-state und design transients, compatibility with existing
equipment, and seal response to externa) influences such as pump shaft
orbital characteristics experienced during pump operation. Extensive
analytical work »nd operasiional 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 6,600 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 811 PWR NESS 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 se’ 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 Millstone Unit 2,

8.4 Bingham International RCP Seal System Design

The Bingham International (formerly 8ingham-Williamette) RCP seal system
consists of three seal stages which operate on principles similar to the
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B) design discussed in Appendix B Section B.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 ti1t 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 wobbling 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
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 ~ff water is cooled by low
pressure, externrally supplied component cooling water (CCW). The seals
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of BGAE Calvert Cliffs 1 & 2 and SONGS 2 & 3 are not equipped with seal
injection,

The 1.5 gpm for seal staging come from the reactor covlant and the CCW
system can remove sufficient heat through the recirculation loop when the
pump s running. If the pump is stopped, Binghem instructions are that
the seals must be known not to have exceeded 200°F in order to be
qualified to be restarted.

The Bingham 4-stage seal design has been in operation on eight reactor
coolant pumps at SONGS 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. BGRE Calvert C1iffs 1 & 2 have made the transition
to Bingham four-stage seals with good performance to date.

CE-KSB RCP Seal System Design

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 hydrody.amic stage
vapor sea) are arranged in series, The reactor coolant system (RCS)
pressure is redvced 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 B4%, and the third stage
decreases it by 16%. Each of the 3 stages is capsble of operating at
full system pressure.

The controlled bleedoff flow is approximately 4 GPM ufﬁ‘fs P “nd to the
volume control tank. Any leakage past the vapor stage is 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 stee) support ring on both the inside diameter and the



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 journa) bearing and {s 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 sea)
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 suxiliary 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 AECL CANG RCP Sea) System Design

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 fsolation ring to ¢liminate 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. O-rings of the same size are
required for the three interfaces to prevent leakage.
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The rotating assembly includes a reversible carbide rotating face ring
(rotor) and a rotor support ring designed for very low deflection
hysteresis. One O-ring seals the rotor/rotor support interface to
prevent potential leakage. The interface surfaces and the rotor seal
face are lapped. The U-cup 1s of AECL design optimized for low friction,
fach stage, therefore has 6 lapped surfaces, 4 O-rings and a U-cup. Seal
refurbishment, however, requires the lapping of only the seal ring
surfaces.

The CANd sea) 1s insensitive to temperature fluctuations and should,
therefore, be able to cope with transients involving component cooling
water, 1.e., it should be insensitive to the operationa: CCW temperature
swings which, on occaston, have vaused the SU seals to degrade, which
eventually required premature seal replacement.

One seal cartrioge of this type has recently been installed at Waterfurd
"

Description of Seal Failure

Degradation of RCP seals has occurred for all seal types. The causes of
degradation can be grouped together as those resulting from mechanica)
problems ¢nd 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 norma) 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



have occurred to date have been “elatively minor. Although a few gross
failures have occurred, none of these have occurred at C-£ plants.
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APPENDIX (
BCP_SEAL TESTS

Sea) Tests

Severa)l 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.

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 SBO
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 Timits
(approximately 1.0 gpm) and vapor seal leakaye did not exceed 0,25 gpm.
Vapor seal leakage i1s that which leaks past the fourth seal and
potentizlly into the containment. However, with such & low leakage rate
it 1s 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 1imits and the vapor seal
temperature reached approximately 400°F. Post-test inspection showed a
cracked vapor sea) 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 SBO for a time period in excess of any of the times
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considered in NUREG-1032, “"Evaluation of ftation Blackout Accidents at
Nuclear Power Plants™,

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 SBO 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
functior was maintained. Maximum controlled leakage was 2.0 gpm (1.0 gpm
norma) value) and vapor seal leakage did not exceed 0.5 gpm. Pressure
breakdowns remained within acceptable 1imits and the vapor seal
temperature peaked at 450°F, After (CW was restored the pump ran 2.5
hours and the seal leakage rates returned to normal. Fost-test
inspection showed a cracked vapor seal rotating ring and some
deterforation of the elastomers. This test confirmed the capability of
the seals to withstand an abnormal event equal to or more severe than a
$B0.

Binghan 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
scceptable seal performance for 30 minutes following the loss of seal
cooling. The seal behaved in a stable manner and seal leakage did not
exceud 3 gpm.

N-2000 Seal Test

The objective of this test was to determine the ability of an age-
conditioned N-9000 sea) cartridge to maintain integrity when both seal
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injection and component cooling water flow services to the reactor
coolant pump are interrupted for an extended periou of time.

the test cartridge was a 3-stage Byron Jackson N-9000 Reactor Coolint
Pump Seal Cartridge which has been subjected to a 5186-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 PNR. The same seal cartridge, without disassembly, was then tested
for & loss of sea) cooling water transfent, The tester shaft was axially
movable by means of @ worm gear drive. The leakage was condensed and
collected in a tank. Periodic measurements of leakage volume were made
and recorded.

The controlled bleed-off (CBO) valve was left open for the first thirty
minutes of the test to allow response time for the cperator to close the
valve. The system pressure of 2200 psi and lower seal cavity temperature
of 555 ¢/~ 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
sea) leakage from four reactor coolant pumps (5 gpm outleakage per seal).
After 2.5 hours at this pressure, the systew 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 O-
ring failed in the top seal stage. The seal immediately restaged,
1*miting the leakage to approximately the same rate as the normal CBO
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 unfu.orable 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,




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. ODuring the 7.4
hours, the total outleakage was 1imited to less than 67 gallons; an
average leak rate of 0.15 gpm which includes the leakage due to the
damaged O-ring. Seal leakage alune was 0.04 gpm.

The test data indicate that the flow through the seal faces was a steady-
state two phase flow; the phase chinge taking place between the sealing
faces. There were no pressure fluctuations or separation of seal faces
during the entire test. After the O-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 s%al cartridge exhibited
excellent performance. The Byron Jackson N-%000 seal cartridge, thus,
more than adequately meets the 25 gpm maximum seal leakage flow rate
specified by Unresolved Sefety Issue 44 and the NUMARC 8700 station
blackout document. Furthermore, it provides additional justification
that the 25 gpm per sea)l leakage rate is an overly conservative
assumption in regard to CEOG member plants.
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APPENDIX D
HISTORICAL PERSPLCTIVE

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 1073 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 per
reactor-year. This trequency 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.

IML Action Item 11.K.3.29

Following the Three Mile 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 TMI Action Item 11.K.3.25, “Reactor
Coolant Pump Seal Integrity Following Loss of Cffsite Power". 1Ml Action
Item 11.K.3.2. required Ticensees with Combustion Engineering, General
Electric, and bestinghouse designed plants to evaluate the integrity of
their reactor coolant pump seals for a period of two (2) heurs following
a loss of offsite power (LOOP) event.

During the course of attempting to resolve TMI Action Item 11.K.3.25, the
NRC determined 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
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the CCW pumps by the diese) generators, no operator action would be
necessary in order to provide seal cooling te the RCPs. However, four C-
£ plants (Calvert C1iffs, Units 1 and 2; Arkansas Nuclear On., Unit 2;
and Palisades) relied on operator action to restore sedl cooling.
Baltimore Gas and Electric (BGAE) and Arkansas Power and Light (APAL)
decided to fight the issue (Consumers Power Company opted to start CCW
automatically upon LOOP). Their responses directly addressed the issue
by concluding that seal cooling was not required to assure seal integrity
for LOOP conditions.

Following lengthy discussions and interaction between representatives of
NRC, APAL and BGAE, the NRC issued the final safety evaluation report
(SER) for TMI Action Item 11.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 15 not necessary in order Lo get the
plant to cold shutdown without losing seal functional
integrity,

(3) Loss of RCP seal integrity due to 12ss of (CW 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 staff evaluation of the APEL and BGAE submittals, however, the NRC
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,
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D.4 Unresolved Safety lssue A 4

Station Blackout 1s defined as the complete loss of alternating current
(AC) electrical power to the essentia)l and nonessential switchgear buses
in & nuclear power plant. Because many safety systems required for
reactor core cooling and containment heat removal depend on AL power, the
consequences of a station blackout could be severe. Prior to 1968,
regulations did not explicitly require that nuclear power plants be
capable of withstanding a station blackout event,

In 1975, the “"Reactor Safety Study” (NUREG-75/140) showed that station
blackout could be an important contributor to the total risk from nuclear
power accidents. In addition, as operating ex. rience accumulated, the
concern arose that the reliability of both *+« onsite and offsite
emergency AC power systems might be less than uriginally anticipated,
Thus, in 1979 the NRC designated station blackout as an unresolved safety
fssue (US1). A task action plan was issued for i1ts resolution in

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 1ikelihood and severily
of station bliskout accidents were identified. The 1ikeli* od that a
station blackout will progress to core damage or core-melt is dependent
upon the relfability and capability of decay heat removal systems that
are not dependent upon AC power. If the capability is sufficient,
sdditiona) 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 statiun biackout) was
the magnitude of reactor coolant pump seal leakage. .n fact, 1f the
auxiliary feedwater system can remain operable, and if primary coolant
inventory ci- be maintained at a level adequate to maintain core cooling,
a PP should be able to stay in this mode for a substantial period of
time. This time period is generally limited by primary pressure boundary
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Teakage and the capacity of certain support or auxiliary systems. With
provisions for manual 1solatien of letdown lines ard reduced frequency of
Power Operated Relief Valve (PORV) demands, the RCP seal leakage rate is
considered to be a potentially 1imiting factor for some designs. If the
Teakige rate 15 low (on the order of severe] gallons per minute) this
concern 15 neqligible. However, 17 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 liniting the capability of removing decay heat
for an extendrd period of time.

Generic lssue 23

As a result of the growing concerns over sta.i™ blackout, the NRC
assigned a high priority to the investigation of RCP seal failures
(NUREG-0933, *A Prioritiz¢''“n of Ceneric Safety lssues” dated

Nuvember 10, Y952). The Office of Nuclear Reactor Regulation (NRR)
Operating Plan Tor fiscal year 1982 included ‘he review of RCP seal
fatlures as GI1-23, and authorized work in October 1983, As discussed,
another closely related task, GI-&5, was 31so assigned a high priority,
Due to the close relationship between GI-23 ano G1-65, Generic lssue 65
was incorporated inte the task actiun plan for Generic Issue 23. In
addition, because of (he dependence of RCP seal couling on AC power
supplies, RCP seal frilures arn linked to the relfability of onsite and
offrite electrical power supplies. These concerns were heightened
following two V.S, prebabilistic safety studies regarding station
blackout, NRC comparisons between & Westinghouse and a British plant
design, and the fact that both French and British systems use steam-
driven power sources to maintain PCP seal cooling under station blackout
conditions. Consequent);, it was decided that Generic lssue 23 would
consider the effects of station blackout on RCP seal performance to the
extent they were not addressed by unresolved safety issue (US]) A-d4,
*Station Blackout®.
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The purpose of Generic lssue 23 is to evaluate the adequacy of current
1icensing requirements relating to RCP seal integrity and to determine
whether further NRC action is necessary ‘o assure that RCP seal failures
and sea) auxiliary system failures do not pose an unacceptable risk,
This generic 1ssue has two main objectives:

(N

(2)

Determine the need to improve the reliability of RCP seals
during normal operations, and

Prevent small break LOCAs resulting from RCP sea) failure
during station blackout.

To determine what steps, {f any, should be taken by the NRC to reduce RCP
sea) fatlures, the NRC funded tasks to:

8}

(2)

(3)

Determine actua) seal failure mechanisms,

Evaluate seal cooling for all relevant modes of operation,
and

Review mechanical- and maintenance- induced seal failure
mechanisms.

Following the review of the results of the various research programs
established to address G1-23, the NRC determined that sea) failures could
be divided into two categories:

(1

(2)

Those resulting from mechanical-induced and maintenance-
induced fatlures, and

Those resulting from a loss of all sea) cooling including
the loss of all AL 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 parl of the primary
coolant pressure boundary with the appropriste QA/QC requirements.
The adoption of this alternative would mean & tighter system of
quality contro)l cver 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 3: 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 sea) design (SU), the
Bingham sea) design, and the KSB seal design.

Furthermore, early in the resolution process for USI A-44, it was
necessary to make certain assumptions in grder to proceed to resolution,
One of these assumptions defined the resolution interface with G1-23 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 (NUGSBO). It was felt that G1-23 would study the station
blackout RCP seal failure issue and determine that the expected ‘eakage

D-7




