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- PEMORANCUM FOR: James M. Taylor, Director
Office of Inspcctlon and Enforccmcnt
FROM: Edward L. Jordan. Director
Division of Emergency Preparedness
and Engineering Response ’
Office of Inspection and Enforcement
SJSJELT: STEAM BINDING IN AUXILIARY FEEDWATER SYSTEMS

-

Terporary Instruction 2515/67 directed the regional offices to conduct surveys
of licensee respenses to two identified safety issues: Steam Binding in Auxil-
jary Feeldazter Systems and Mispositioned Control Rods. These issues were
z=zvess2c more than a vear ago by IE Information Notices (IN) anZ by Institute
c® Nuciear Power (IN®0) Significant tEvent Reports (SERs) and INPO Significant
Coerating Sxperience Reports (SOERs). The SOERs ceontained specific recommended
gzticns tc alleviate the safety concern.

Tne primary purpose of cur survey is to determine the actions that iicensees
g*e taiing in response to the two selected safety issues. The secondary
c.rpcse is to determine the actions that licensees are taking in response to
1-& rezcommzrgations in INPO's SOERs.

"
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r 2ne first issue, Steam Binding in Auxiliary Feedwater Systems, the resson®
5 ra.e been received and an initial review has been performed. The results
¢ proviged in tne enclosure and can be summarized &s follows:

LR R

) K2 irmediate safety problems were found; that is, no hot pip2s or disabled
puros were found by the inspectors.

i . Thne IN®0 rezommencetion of primary safety importance c0ﬂ'='~e“ monitoring
a.»iliary feedwater system temperature each shift. Of the 22 units
surveyed, 39 had such monitoring to cetect any back lezkage of hit water

into the system, At most of the units, this is done by tOurh\ng the pipe.
teven‘een units h2s scme degree of justificatien for not monitoring, such
& a normally clo<ed glcbe valve in addition to check valves in the
system.  Two units ¢id not have what we considered tc De reasonadle
J-s:uf'ca:ion for the lack of monitoring. These two units are THI-1 and
Treign. Based on followup discussions with Regiuns 1 and V, we understand
+=1% 5oth facilities have now begun monitoring.

Contact: M. S.-Wegner, IE.
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canes M. Taslor o

=} The 1?0 recommendations next in safety importance concernec procedures
énd training for detecting and correcting back leakage. Of the 58 units
"surveyed, 25 had both procedures and training, 20 lacked either procedures
or trzining, and 13 had neither. Procedures are guite imoortant to ensure
thzt monitoring is consistently performed, both now and in the future.

For exampie, simply telling the auxiliary operators to check the pipe
temoeratures each shift, without explaining why or providing any guidance
on recovery, will not rrovide a lasting solution of reasonabie quality.
Therefore, we will propose an IE bulletin to request that all licensees
deveiop and implement procedures. (Training and awareness will follow as
a matter of course from implementation of procedures.) Ve plzn to meet ’
with INPO to review results of their review of licensee aztiors to the
SCER and discuss our findings and planned actions.

&) Other INPO recommendations of lesser safety significance had a lesser
cecree of implementation. We do not plan any short-term action regarding
these other recommendations.

£) In tne longer run, all of the responses will be reviewed by NRR in tne
process of resolving Ceneric Issue 93, “"Steam Binding of Auxiliary
Feedwater Pumps.”

17 susmary, for the steam binding issue, all but two units had alleviated tne
safety prodlem to some decree, but many )icensees lacked the procedures cr
training needed for a lasting solution of reascnable cuality.

s for the second issue, Mispositicned Contro) Rods, are expected later
h. we will inform you of the results when a preliminary review has
rleted,

Edward L. Jordan, Directer

Division of Emergency Preparedness
and Engineering Respunse

Office of Inspecticn and Enforcement
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Summary of the Responses to Tl 2515/67 Related to
Steam Binding of Auxiliary Feedwater

Teroorar; Instruction 2515/67 directed the regiona) offices to conduct surveys
of licensee responses to two icentified safety issues, steam binding in
auxiliary feedwater rystems, and mispositioned control rods. For the first
issue, steam binding in auxiliary feedwater systems, the responses have been
received and an initi '] review has been performed. Tabulation of those

" responses &re given in the attachments. :

No immedizte safety problems were found: that is, no hot pipes or disabled
pumps were found by the inspectors.

Of the 5B units surveyed, 29 units monitor AFW piping temperature at least
once every 12 hours (INPO recommendation 1). The principal method used to

manitor the AFW piping temperature is touch. Only four units have control
room reasout.

Cf the remainder, 17 units had some degree of justification. These units
are listed below and their justifications are summarized.

Calvert Cliffs 1 & 2 - monitoring is accomplished weekiy. No recent
history of steam binding. Appropriate check valve
design.

incian Point 3 - closed MOV in discharge line.

I'illstone 2 = normally ciosed régulating (globe) valve.

Sglem 1 & 2 - closed isolation valve.

Varvee Powe - compiete separation of AFW trains mzkes multiple failu'es.

unlikely. Licensee also claims credit for watch-stancers's
ability to detect but resident disagrees.

Crysta) River 3 - has ultrasonic flow cetectors that alsc cZetect tack-
leaksge. (Monitoring has begun since the survey.)

Cconee 1, 2, & 2 -~ a closed gate valve, ro histery of steam binding,
and a long uninsulatecd discharge line.

Turkey Point 3 & 4 - closed globe valves and self-venting pumps.
Pzlisades - closed flow control (globe) valves.

Davic-Besse 1 - rormally closed MOVs.

Eyvon 1 - purmp casing vented daily. Licensee also claims crecit for
water nzmmer prevention instrumentation 'but resident disagrees.

waterfurd 3 - closed isolation valves.



Two units that cid not monitor had little justification. They are:

TiI 1 = no previcus problems. Check for leakage during plant startup.
The licensee planned to provide genera) awareness training.

(Sinco)the survey, the lirensee has ag =d to munitor once per
shift.

Trdjan = considering monitoring. (Monitoring has begun since the survey. )

Seventeen units monitor the temperature of AFw piping after each operation
in addition to the routine checks (INPO recommendation 2). Note that for
plants already monitoring once a shift, this does not carry a great deal
c? safety significance.

Twenty-five units had procedural guidance and training on identifying and .
correcting backleakage (INPO recommendation 4), 13 had neither, and the
remaining 20 had less than full implementation of the recommendation.
C2tails are provided in Table_l.

Feocecdurag] corrective actions include: vent and flush, close isolation
v2lves and slowly reopen, use AFW booster pump to coo), and stroke MOV to
reseat check valve.

line units leak test the valves or verify that they shut (INPO recommendation
€). In-service testing (IST) required by ASME Section XI Part IWV depencs
Loon the licensee's classification of the valve. It usually entails oper-
:2i1ity testing only, when any testing is required. The answers to guestion
72 left doutt about the respondent's definition of "inspection," but ‘he

- -

-2 'yes" answers probedly refer to the ASME in-service inspection.

~2 did not determine now many units had reviewed their check valve desigrn

for suitability; that is, ability to seat with low AP (INPO recommendztion 3).
w2 €i¢ ncte that 13 units determined that procedura) changes were nzeded to
gssure check vaive seating and implemented them.

v& ¢id not determine whether or not unnecessary thermal insulation had been
re=d.ed (INPO reccemmendation 6).

~thachrents:
1. Tavle 1 - Tabular Summary
2. Tabie 2 - Follow Up Commitments

lentioned in Response tc TI 2515/67



e -

3
LU

2 m
[ B b

L0 L= el ERE

0noan
< ‘.
=

lrrrammmm T Ty

oo vay

ceINEE 2

SSONREE 3

CALVERT CLIFFS 1
CALVERT CLIFFS 2
YANIEE-ROWE

EYRON 1

‘=VS'A' RIVER 3
INDIAN POINT 3
HILL‘TONE 2
.L=L-Y PJINT 3
"-Y PQ.NT &

e n .
AT U] 1'l
i X N
ll R E]
|lﬂ "l
m
m
(

» 0
b1
W<€ -

a1

-

- - ' -

MM )
2 %3
O 2w we i 3
<
3l
Iz
1=

5

onmrm
mimm

= un

BRI

<
3
&

ACTIDN
(JUSTIFY/
MIONITOR)

JUSTIFY
JUSTIFY
JUSTIFY
JUSTIFY
JUSTIFY
JUSTIFY
JUSTIFY
JUSTIFY
JUSTIFY
JUSTIFY
SUSTIFY
JUSTIFY
JUSTIFY
JUSTIFY
JUSTIFY
JUSTIFY
JUSTIFY

MONITOR
MONITOR
MIONITOR
MONITOR
MIOINITOR
MONITOR
MONITOR
MONITOR
MONITOR
MONITOR
MONITOR
MONITOR
MONITOR
MONITOR
MONITOR
MONITOR
MONITOR
MONITOR
MONITOR
AONITOR

TABLE 1

TABULAR SUMMARY

PROCEDURES FOR
IDENTIFICATION/

CORRECTION

BOTH
BOTH
BOTH
BOTH
BOTH
BOTH
BOTH
CORRECT
CORRECT
NEITHER
NEITHER
NZITHER
NEITHER
NEITHER
NEITHER
NZITHER

NZITHER

BOTH
EQOTH
EOTH
BEOTH
BOTH
BOTH
BOTH
50TH
BOTH
BOTH
BOTH
BOTH
BOTH
BOTH
BEOTH
BOTH
BOTH
BOTH
EOTH
BOTH

TRAINING FOR
IDENTIFIZATION/

CORRECTION

BOTH
BOTH
BOTH
BOTH
EOTH
NEITHER
NZITHER
CORRECT
NEITHER
BOTH
NEITHER
NEITHER
NZITHER
NEITHER
NEITHER
NEITHER
NEITHER

BOTH

BEOTH
B80TH
BEOTH
BOTH
EOTH
EOQOTH
EOTH
B0TH
EQTH
EOTH
BOTH
BOTH
EOTH
BOTH
BOTH
BOTH
EOTH
BOTH
EQOTH
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ACTION

(JUSTIFY/

MAONITOR)

MSNITOR
MONITOR
MONITOR
MONITOR
MONITOR
MONITOR
MONITOR
MAONITOR
MONITOR
MONITOR

MONITOR

MONITOR
MONITOR
MONITOR
MONITOR
MONITOR
MONITOR
MONITOR
MANRITOR

NEITHER
NZITHER

TABLE 1

TAEBULAR SUMMARY

PROCEDURES FOR
IDENTIFICATION/
CORRECTION

BOTH
BOTH
BOTH
IDENTIFY
IDENTIFY
IDENTIFY
NEITHER
NEITHER
NEITHER
NEITHER
NEITHER
NEITHER
NEITHER
NEITHER
NZITHER
NEITHER
NEITHER
NEITHER

« NEITHER

NEITHER
NEITHER

TRAININSG FOX
IDENTIFICATION/
CORRECTION

REITHER
NZITHER
NEITHER
IDENTIFY
IDENTIFY
IDENTIFY
BOTH
EOTH
BOTH
EOQOTH
IDENTIFY
IDENTIFY
IDENTIFY
IDENRTIFY
IDENTIFY
NEITHER
NEITHER
WEITHER
NEITHER
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FOLLOW I8 COMBLIFICNTS FBENTLIONLD IN BLSCONSE 10 T 29515767
¥ oltems Lhat lwesident has reported comploete ol lowing sarvey

CSTATSH LEAK CIECES IN FUTUKE,

LSIADCT S LA CHECKS TN TONKE.

ADDITIONAL KEVILY OF APPRDPKINTENESS OF WNTER HINMMER  INSTRUMENTS FUR STM DINDING
REPLACE DLTRNASONTE FLOW DET. DEGIN MONITURING.* INSTOLL ALNAKRMS.

DEGIN PMOMITORING LY 671705, TRAINING AND PROCEDURNL GUIDANCE 1Y 671705,

PDEGIN MONTTURING DY 671705, TEMNLGG OND PROCEDURNAL GUIDANCE DY &/71705.

NACTIUN ON LENK CHECK Iy 971705,

CUNSTDERING INSTALLING TCMPERATHIRE INDICATORS.

CONTROL ROOHN COMPUTER PT FOR TEMP RENLOUT.

DESIGN CHNANGE CONCERNING 1EHP RENDOUT IN CONTROL ROOM.

DESIGN CHANGE COUNCERNING TEMF READOUT IN CONTRUL ROOM,

PERMANENT T0HMP MUONITORS 70 DE INSTALLED FALL 0O5.

INSTALL CONTRUL ROOM ANNUNCINTUR.

DESIGN CIHONGE T0O INSTALL CONTROL ROOM ANNUNCIATOR.

CVALUNTE LEAID TEST, INSIFECTION.

EVALUATE LEAK TEUT, INSFEUCTIUN.

REPLACE LENING CHECK VALVE. =

INGTALL TEMP DETECTORS IN AFWP DISCH LINE W/REMOTE COMPUTER MONITUORING AND ALARM
CHECK FOR LEAEKAGE AFTER CACH OPERATION. TRAIN WATCH-STANDER. CUNSIDER INSTRUMENT
HONTTOR,INSTALL PYROMETEKS ,FROVIDE PROCEDURAL GUIDANCE AND TRNINING, INSPECT.

L}
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The steps anticipated that licensees must carry out to complete the
requirements are briefly described below:

Are there any short-term and long-term requirements? [s the
proposed bulletin the definitive, comprehensive position on the
subject or does it represent the first of a series of require-
ments to be issued in the future?

The proposed bulletin discusses both these aspects. Developing
and implementing procedures for monitoring, detecting, and
correcting AFW steam binding will satisfy the short-term re-
quirements imposed by this proposed bulletin. However, NRR also -
is reviewing this subject under Generic Issue 93 and may impose

additicnal requirements in the future.
/

How does this requirement affect other requirements? Does this
requirement mean that other items or systems or prior analyses
need to be reassessed?

We do not believe that the requirements of the proposed bulletin
will affect any other requirements. Neither will they change
other assessments.

Is it only computation? Or does it require or may it entai)
engineering design of a new system or modification of any
existing systems?

The proposed bulletin states that the requirements can be
satisfied by simple means, such as an operator touching the pipe
to make sure it is not hot. Some licensees may wish to make
system modifications, such as adding a resistance temperature
detector with alarm and readout in the control room,

what plant conditions are needed to install and conduct
preoperational tests and to declare the plant operable?

The requirements of the proposed bulletin can be implemented
independent of plant conditions.

Is plant shutdown necessary?

No.

Does design need NRC approval?

The requirements of the proposed bulletin do not impose design
changes. If designs are changed, however, 10 CFR 50.59 applies.
The most likely design changes are the additions of-temperature
monitors, which would not require NRC approval under 10 CFR

50.59.

Does it require new equipment? Is it available for purchase in
a sufficient quantity by all affected licensees or must such
equipment be designed? What is the lead time for availability?

No new equipment is required. If some licensees choose to
install temperature monitors, this can be done with readily
available equipment.

2




h. May equipment be used when it is installed or does it need staff
approval before use? Does it need Tech Spec changes before use?

If temperature monitors are installed, they may be used once
installed without staff approval. No Tech Spec changes are
required.

The requirements of the proposed bulletin would apply to the addressees
for action given in Attachment 1 of the proposed bulletin. This consists
of 28 of the PWR units having an OL and all 26 PWR units having a CP.
The;e PWRs have been determined to need procedures concerning this
subject.

Fo; each applicable reactor category, additional information is supplied
below. ]

Note that the action addressees are 28 operating units and 26 units under
construction. This amounts to 36 sites when we count multiple units, such
as Byron Units 1 and 2, as a single site. For the purpose of the analysis
described below, there is no real difference between the operating units
and the units under construction.

a. A risk reduction assessment performed using a data base and
methodology commonly accepted within NRC.

The risk of core melt because of unavailable AFW is estimated in
the AEOD case study, Section 3.2, and in the NRR prioritization
for Generic Issue 93.

In the AEOD study, the results of the Reactor Safety Study
Methodology Applications Program (NUREG/CR-1659) for Sequoyah
were used. There, the accident sequence (labeled TML) for the
loss of the steam conversion system after a transient event
other than loss of offsite power was a dominant contributor to %
risk of core melt. The unavailability of the AFW system in-
creased by a factor of 4 above previous estimates because of
steam binding. This increase doubled the contribution of the
TML sequence to the probability of a category PWR-3 release and
added at least 1x10-5/RY to the overall probability of core
melt. This increased the risk by about 60,000 man-rem for the
remaining 1ifetime of all operating PWRs (47 units with an
average remaining life of 27 years when the AEOD study was
published in July 1984).

In the NRR prioritization, the results of the Reactor Safety
Study (WASH-1400) for Surry were used. There, the accident
sequence (labeled TMLB') for the loss of the steam conversion
system after a transient event with loss of offsite_power was a
dominant contributor to risk of core melt. Because of uncer-
tainty, NRR considered a range of values for AFW pump failure
probability. For the lower value (basic case), the steam
binding would result in the doubling of AFW system unavailabili-
ty; the contribution of the TMLB' sequence then also would be
nearly doubled. The difference from the Sequoyah case is
represented by the higher starting unavailability for AFW
resulting from loss of offsite power in the Surry case. The
weighted sum of increased public dose resulting from considera-
tion only of the TMLB' sequence for the 90 PWRs expected to be




operating having an average life of 28.8 years is about 30,000
man-rem. It is possible that the pump failure probabilities
used in the basic case are overly optimistic. Accordingly, NRR
also made a more conservative estimate which yielded a dose
increase of about 96,000 man-rem.

The requiremeits of the proposed bulletin are intended to ensure
this risk is not realized. Monitoring once per shift is expect-
ed to decrease the likelihood of steam binding substantially.

As discussed previously, the monitoring already is being con-
ducted at many operating PWRs and the nther operating PWRs have
some justification for not monitoring once per shift. However, .
many of the operating PWRs as well as PWRs under construction do
not have procedures. Without procedures, the gains in risk
reduction are expected to dissipate over time. For instance,
simply telling operators to feel the pipes once per shift
without any further explanation or guidance will not provide a
lasting solution of reasonable quality. The bulletin seeks to
require such procedures be prepared by those licensees that have
not already done so. The needed training and awareness should
follow as a matter of course from implementation of the proce-
dures and the solution should be lasting.

An assessment of costs.
(1) To NRC:

We estimate a man-week is required for inspection and inspection
reporting and review for each site. At $2000 per man week, this
translates to a total cost of about $70,000. After a year or
two has passed, an additional $30,000 will be needed to review
licensee respnnses, close the bulletin, and print the NUREG
report. Thus, the total NRC costs are estimated to be about
$100,000. ¢

(2) To licensees:
(a) Occupational dose.

No additional occupational radiation exposure is expected
from the requirements of the proposed bulletin. The
procedures deal with a secondary system that handles
nonradioactive water.

(b) Complexity of plant and operatiuns.

The requirements of the proposed bulletin do not add any
foreseeable complexity to either plant or operations. The
monitoring already is being performed, where needed. If,
as a result of the bulletin, additional licensees decide to
perform monitoring, this can be readily accomplished in
conjunction with routine tours already conducted by
operators.

?c) Total financial costs.
We estimate the one-time effort would require about 11.5

man-weeks per site or about 400 man-weeks in all. This
4



includes writing, testing, and promulgating the procedures
and writing the response to the bulletin. The cost of
one-time effort for 36 sites is then about $800,000. We
estimate continuing effort to require about 45 man-weeks
per year for monitoring the system temperature and about
140 man-weeks per year for retraining and maintaining the
p;?cedures. This amounts to about $300,000 per year in
all. '

These estimates assume that, at each of the 36 sites
addressed for action, procedures are written and imple-
mented. With regard to the actual cost of monitoring, most
plants that need monitoring are already conducting it. It
was assumed that 10 additional construction sites would
perform monitoring as a result of the bulletin. J

The basis for requiring or permitting implementation by a given
date or on a particular schedule.

Requiring the response to the proposed bulletin within 120 days
for operating reactors allows a reasonable time period for
licensees to develop and implement the procedures, which essen-
tially only document present practice. The time period is not
so long that licensees would tend to neglect the work. The
1imit of 1 year for plants under construction is to allow for
orderly closeout of the bulletin within a reasonable time.

Other acceptable implementation schedules and the basis
therefor.

We currently foresee no real need for requesting a different
schedule, but would consider any licensee's request for addi-
tional time on its own merits. Since the monitoring is already
being conducted, where needed, different schedules for imple-
menting the procedures would not present problems.

Schedule for staff actions involved in completion of requirement
(based on hypothesized effective date of approval).

The staff will issue the proposed bulletin upon approval.
Depending on region and resident inspector schedules, the staff
plans to close the bulletin in 2 years.

Prioritization of the proposed requirement considered in light
of all other safety-related activities under way at all affected
facilities.

The problem, which this proposed bulletin addresses .in the near-
term, has been assigned high priority by NRR in its Generic
Issue No. 93, which addresses the problem in the longer term.
Thus, we consider this proposed bulletin to be of high priority.

Does this proposed requirement involve recordkeeping?

Not é;plicitly. However, log entries will probably be made to
record the results of monitoring once per shift.
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IE position as to whether the requirement implements existing regulations
or goes beyond them.

Because plant technical specifications require the AFW system to be
operable in modes 1, 2, and 3, the requirements of the proposed
bulletin for detecting and correcting steam binding implement exist-
ing regulations and do not go beyond them. The requirement for
procedures on monitoring temperature of the pump casing or the
discharge pipe amounts to formalizing an existing good surveillance
practice. This ensures the continuation of the practice and, thus,
the availability of the system. Accordingly, we conclude that all
the requirements of the proposed bulletin implement regulations and
do not exceed them.

The proposed method of implementation along with the concurrence (and any,
comments) of OELD on the method proposed.

The proposed bulletin has been concurred in by OELD with no comments.
Regulatory analysis sufficient to address the

a. Paperwork Reduction Act
b. Regulatory Flexibility Act
¢. Executive Order 12291

This request for information was approved by the Office of Management and
Budget under blanket clearance number 3150-0011 as meeting requirements of the
Paperwork Reduction Act and Executive Order 12291. Sufficient hours are
included in the NRC budget for this request. Since this is not a rulemaking
action, the Pegulatory Flexibility Act does not apply.
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IN 84-06

UNITED STATES
NUCLEAR REGULATORY COMMISSION
OFFICE OF INSPECTION AND ENFORCEMENT
WASHINGTON, D.C. 20555

January 25, 1984

<Z INFORMATION NOTICE NO. 84-06: STEAM BINDING OF AUXILIARY FEEDWATER PUMPS

AdZressees:

A1l pressurized water reactor (PWR) facilities holding an operating license
{2.) or construction permit (CP).

Furgosl:

This information notice provides notification of a problem pertaining to steam
binding in the auxiliary feedwater (AFW) pumps due to leakage from the main
feegwater system. It is expected that addressees will review the information
provicec for applicability to their facilities. No specific action or respense
is required.

Lesc=inzicn ¢f Circumstances:

Cn April 18, 1983, Carolina Power and Light reported that the two motor-driven
AFW pumps started automaztically on low steam generator level following a manual
sc-a= at the H. B. Robinson nuclear plant. After two minutes, the B train AFW
Fu=p trigoed. The trip wes attributed to a signal from low discharge pressu-e.

Tne cischarge piping frem the motor-driven AFW train is connectec to the main ¢
‘eecealér pizing near the steam generator. (See Figure 1.) Hot water, atous
EZE°F, from tne rmain ‘eedwater system leaked back through the first check
vélve. the motor-croe-ated valve, and the second check valve to the purp ang
“lesned 1o steam because of the lower pressure in the AFW system. (A signi-
ficant amcunt of steam was vented from the pump casing during the testing to
cetermine the cause of the trip.) Wwhen the motor-cdriven pumps started, ihe
ingirumentiatiion sensed a low discharge pressure. The steam binding reduced flow
&éns sreverted cischarge pressure from increasing above the low pressure set-
paint in the 30 seconcs before the instrumentation tripped the pump. Con-
cersztion could nave further lowered the pressure 10 the sensors.

robinson has experienced leakage through valves in the discharge piping and
conseguent trips of the A train AFW pump on June 11 and 16, 1981. On July 21,
FZ3 the steam-driven pump was declared incperable because of potential steanr
tingding caused by leakage from the feedwater system. Crysta) fiver 3 reporied
W steam-voiging events which caused the emergency feedwater system train £ tc
te cecle~ed inoperadble. Two similar events were repcrted at D.C. Cook Unit 2

\
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in 1581. (Reference LERs 50-261/83-044, 83-016, and £1-016; 50-301/82-076, and
£3-045; and 50-316/81-032 and 81-063.)

A special interim procedure at Robinson calls for the venting of all three

pumps once each shift, monitoring of the casing temperatures, and operating the
sumps as required to prevent saturation conditions in the system. Cook also

] monitors the AFW system temperature. Robinson is exploring a design change or

” replacement of the check valves as a long-term solution. >

The safety implication of these events is that leakage into the AFW from the
feedwater system constitutes a common mode failure that can lead t, the loss of
all AFW capability. Further, there is the potential for water hammer damage if
an AFW pump discharges relatively cold water into a region of the piping systém
that contains steam. Since the design of the AFW at Robinson is typical of
other PWRs, the potential for backleakage exists in other operating plants.
Routine monitoring of the AFW system temperature would detect backleakage so

that the system could be periodically vented to prevent steam binding until an
appropriate long-term solution is developed.

No written response to this notice is required. If you have any questions

regarding this matter, please contact the Regional Administrator of the appro-
prizte NRC Regional Office, or this office

R
——fﬁbi L org:ffﬁﬁrector

Division gf Emergency Preparedness
- and Engineering Response
Office of Inspection and Enforcement
’
Technica) Contacts: M. S. Wegner, IE
301-492-4511

J. J. Zudans, IE
301-452-4255

AFttachments:

-. Figure 1, "Simplified Schematic of Feedwater
and Auxiliary Feedwater Systems"

2. List of Recently Issued IE Information Notices
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EXECUTIVE SUMMARY

A case study yas completed to evaluate the generic safety impl zations of
backleakage to the auxiliary feedwater (AFW) system. Backleakage is defined as
the leakage of hot main feedwater or steam from the steam conversion system to
the AFW system. The AFW system is a safety system on a pressurized water
reactor (PWR) whose safety function is to provide a source of water for the
steam generators when the main feedwater system is not available and to mit{gate

design basis accidents. ;

Operational experience has shown that on numerous occasions an AFW pump was
rendered inoperable due to steam binding resulting from the leakage of hot
feedwater to the AFW system. Multiple valves in series between the steam

conversion system and the AFW system leaked and failed to provide isolation
batween the interfacing systems. The safety implication of these operating
events was that backleakage represents a potential common cause failure for

the AFA4 system that can cause the loss of its safety functien.

Coerzting experience fnvolving backleakage to the AFW system since 1831 .
included twenty-twd events at six operating PWRs in the United States and

one foreign plant. These events involved the misoperation or failure of
about 60 check valves and five motor-operated valves installed %o prevent
reve~se leakage. Other plants were known to have experienced back)eakage,

out tre events were not considered as reportable occurrences. Tne evenis at
surry Power Station Unit 2, H. B. Robinson Unit 2, and Josepn /1. Farley

units 1 and 2, provided evidence that more than one AFW pump can be simul tane-
cusly acversely affected by backleakage. The recent Surry event is the

most significant event analyzed and is considered a precursor to a potentially
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serious accident scenario involving tie loss of al) feedwater. At

Surry, the sinultaneous stean binding of a pump in each train of the ArJ

systen rendered the system incapable of performing its design function.

The major findings of the study are:

1. The trend of the operating events involving back)eakage to the AFJ p

2.

system increased sharply in 1983 when 13 of the 22 events occurred at

five Westinghouse-designed plants.

AE00's assessment of the safety significance of the events showed that
(a) the loss of a -ingle train due to stean binding 1s significant
because it is presently an undetectable failure that Jeoporaizes the
capadbility of the AFW system to meet single failure criterion, 1.e.,
potential common mode failure, and (b) the unavailability of the AF4
system due to steam dinding contributes significantly to risk of core

melt in PWRs.

.
The potential for backleakage into the AFY systam is generic to al)
operating Pu3s. The review of the AF4 designs for the taree 7.1
vendors found that check valves and remotely-operated valves in sone

designs isolate tne AFU system frou tne stean conversion systes. The

AFid designs at .estingnouse-desijned plants apneared .Jore suscastivle

to Dackleakage and steam binding of the pumps bDecause the renotely-
operated valve is often nomally open. Ooerating experignce sacwed

that dackleakage occurred primarily at nestingnouse-designed plants.



The potential for common mode failure of the AFW system i3 present
whenever one pump is steam bound because the pumps are connected

by common piping (dischirgt header and/or recirculation piping) with
only a single check ya)vo to prevent backleakage of hot water to a
second or third pump.

While a potential exists for backleakage to other safety systems in 3
both PWRs and boiling water reactors (BWRs), there is no known report
of steam binding of a pump in other safety systems. The standby safety
systems are isolated from operating systems at higher pressures and
temperatures by check valves and motor-operated valves similar to the
AFW systems. The potential for steam binding is minimized because the
remotely operated valve is normally closed and is leak tested (the AF4
valves 2re not). However, leakage through an upstream check valve has

caused the remotely-operated valve to fail to open due to thermal binding

ana cther reasons--a separate concern from steam binding. A previous

52200 study recommended measures to ensure the function of the valves *

wiish should address this concern. Since some B4R systems employ a
snzller nuaber of valves than were availadble in the AFW systems that
experienced backleakage and steam binding of the pumps; a separate AZZD
effort will further evaluate the safety significance of backleakage in

AP systems.

Tre analyses of the causes for check valve leakage did not identify

any pattern cr single major cause of the failures c¢f the check valves.

The causes differed between plants and involved different valve designs.




7. The study did not identify any regulatery requiresrents or unifam
plant practices to reduce the likelihood of stean binding of the AF4

punps and common mode failure of the AF. system., S

AZJD recommends that the Office of Nuclear Reactor Regulation require PN
Ticensees to monitor the AFW system to detect backleakage and ensure that sthe
. fluid conditions within the AFW system are well below saturation congitions

to prevent stean binding of the AFW pumps.

AEQD suggested a possible method for further consideration tnat could reauce
tne 1ikelihood of stean dinding the AFU pumps and common mode failure of the
AFd systea. The method contains two basic elements: first, preventive neasures
éa ansure that the isolation valves can perform their intended function; an¢
sacond, surveillances to ensure that the isolation function does not experi-

ence undetected degradation during operations.

.
s

‘ 1.9 IXNTROJUCTION
Aecurrent ooerational events at the M. B. Robinson !uclear Power P)ant involving
autanatic trips of the auxiliary feedwater (AF.) puips prompted AZ3D %o

serform an engineering evaluation of the events. The puips tripped due to a

- ———

10w pressure sensed in the discharge piping after the puips were starsed

! autonatically. The cause of the low pressure was atiriduted $2 stea. 21nding

i of the pumps from leakage of main feedwater (1F4) into the AFJ syster (dack-

‘ leakage). Tne hot AFJ (about 425°F) leaked past two check valves and a ¢)osed
'

aotor-operated valve and flashed to stean in the lower pressure AF. systen.

Althougn the events involved only a single pump, tne sane phenonena hagd

: -




occurred in different AFU pumps at different times. Thus, a safety concern

" w23 rafsed that both trains could become stean bound simultaneously.

The Engineering Evaluation (Ref. 1) concluded that an Information lotice

should be issued promptly to inform other licensees of the potential for the

1oss of AFW capabflity due to backleakage and stean formation in the AFJ »

systen. The Office of Inspection and Enforcement issued the Infamation

dotice on January 25, 1984, [n the meantine, AEQD proceeded with a case

study to evaluate the generic safety implications AnJ to identify potential

changes to technical specifications and inservice testing prograns to detect

Teakage into the AFJ system and prevent steam dinding.

Tiis case tudy report documents the results of AZ0D's activities wisth

“¢3ard to stean binding of the AFW pumps. Representative designs of AF.

systens at operating PWRs are evaluated in Section 2. An evaluation of the

‘ scerational experience dealing with reported dackleakaje events is con:nigez

‘n Section 3 followed Dy a discussion of tne causes for valve leaxage in

ieciion &, Pequirements for leakage detection are 20dressed in Section 3.
section § presents the findings and conclusions develooed from tne analysis
174 evaluation of AFJ steam oinding phenomena which forn the bases for w2

~econmencations contained in Section 7.

! .9 AUXILIARY FZEODWATER SYSTEM DESCRIPTIONS
] This section suwnarizes the AFA system designs for operating Jdestinjnouse,
2a3¢cozk and wWilcox, and Combustion Engineering plants Dasea on the AF. syston

sescriptions compiled by the !IRC Bulletins and Jrders Task Force in Ji3-J32J,
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NUREG-0611, and NUREG-0635, respectively. (Note that as a result of this and
other post-TMI activities the designs of some AFW systems were changed or are
undergoing changes. The descrfptions contained in this section reflect the
configuration of the AFW system at the time of this study.) The designs are
reviewed to determine (1) uhithor the potential for backleakage exists during
normal plant operation when the AFW system is not operating and (2) whether ’
multiple pumps could be sinhltancously affected. Thus, the focus of the
review is to first highlight the number and kinds of valves that are used to
fsolate the AFW system from the steam conversfon system (main feedwater and
steam generators) and then {dentify common piping between the AFW trains which
could provide a flow path for MFW or steam that could lead to siﬁu1tancous

steam binding of the AFW pumps.

2.1 Westinghouse Plants

The review of the AFW designs at Westinghouse operating plants found that the
AFW and MFW systems are isolated efther by multiple check valves in series
because the remotely operated valve is normally open, or by multiple check
valves and a normally closed remotely-operated valve. Thirty of the operating

plants use only check valves while only three plants (Robinson, Sequoyah, and

«Turkey Point) employ the latter configuration for isolating the interfacing

systems, Since Robinson experienced more backleakage events than other

plants, 1ts AFW system {s described in this section.

The primary differences among the plants that use only check valves to

fsclate the interfacing systems 1, that in two plants the AFW system 1s
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connesisd directly to the steam generators via the (IFd bypass piping retner
toan to the iIFW piping as for the other 28 designs. These two plants
(iicsuire and Summer) employ the Hodel [ preneat steam generator gesign, 4 sial)
feedwater flow rate is maintained in the bypass piping to prevent backlearage
fron tne stean gjenerator. However, even in these two desizns the AF« and .iFa
systens also interface at another location that provides the sane potential

/
for dackleakage as for other Westingnouse steam generator designs.

A scliematic of the AF.J system for the H. B. Robinson Unft 2 plant is snown in
Figure 1. The two motor- and one turbine-driven pumps share a common suction
fron the conaoensate storage tank. The two motor-driven pumps discharge to a
¢enmn header vefore tne flow s piped to each of the three stean generators.
L zirzle cneck valve exists between each pump and the header. A check valve and
2 nomally closed motor-operated valve exist in the piping between eac) stean
Jenerator and the connon neader. Thus, 1f the check valve and mozor-operated

valve Te2k in tne pize to efther stean generator, only a single cnecx is avaiianle

td rrotect the pumd from pack)eakage.

The turdine-ariven AF.J pump is connected %0 the .\F. piping oy a separase
fiow patn via tnhe IFu dypass piping. This piping contains only one ¢rec

/8ive an2 2 normally closed motor-operated valve far isalation.

ine 2iscnarge of all tnree punps 1s connected Dy & Sonaan recircuiation pipe
to ire concensate storage tank (see Figure 1). .hen the ' leaks 11to tie AFu

57527, the water in the .omally filled pipes is transferred™ts %92 conzensate

storaze tank througn the recirculation oiping.
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A single check valve in the recirculation piping separates ezch of the pumps

in the AFW system. Hence, in the event that a pump becomes steam bound,

‘the recirculation piping provides a flow path for the hot water to the other

punps 1f the single check valve in the piping to each of the other pumps

leaks. The seating force for the check valve is provided by the column of Qater
from the valves to the condensate storage tank, which may not be effective 13
properly seating the valve to prevent backleakage because both sides of the
check valve communicate with the condensate storage tank. The valve in the
recirculation piping near the pump discharge opens each time the AFW pump
cperates. Operating the pump would augment proper seating of the check valves
in the recirculation piping to the other pumps. But after the pump is shutdown,
:hi differentia] pressure across the check valves may equalize, possibly

unseating them,

The lzGuire and Summer plants have Westinghouse Model D preheat steam generators
and separate AFW nozzles to the steam generator. For these plants, the AFHg
system is connected to the steam generator via the MFW bypass piping rather
than to the MFW nozzle as 1s the case for older Westinghouse steam generator
designs. A small feedwater flow rate fs maintained in the bypass pi.ping to
orevent backleakage from the steam generator. However, the AFW system

15 stil] connected to the MFW piping at an upstream location. At McGuire,

one motor-driven punp and the turbine-driven pump share a common discharge
header. There 2re * = check valves between each AFW pump and the connection

t0 the MFW piping and the remotely-operated valve is normally open. Both

piants have temperature indicators on the MFW bypass piping near the auxiliary



feedwater nozzle and downstream of the intersection of the AFW and MFW

biping. The purpose of this ins;rulontltion is to detect steam in the

feedwater bypass piping to prevent water hammers in this piping, rather than . '
to detect backleakage to the AFW pumps from the MFW system. The instrumen-

tation is not capable of monitoring for backleakage to the pumps because of

its location. ’

In general, all AFW systems in Westinghouse operating plants have at least one
check valve and a remotely-operated valve in series uhiéh can isolate an AFd4
train from the main feedwater system. However, the remotely-operated valve is
normally open in most systems. As a result, only the check valve(s) provide
the fsolation function between the AFW and MFW systems. The flow contro)
valve is normally closed in some plants, but this valve is not intended to be
an isclatifon valve. In about two-thirds of the Hestinghousc.dos19ns. at leass
two of the AFW pumps share a common discharge header with a single check valve
between the header and a pump. For some plants, only the motor-driven .
pumps share a common discharge header; in other designs, all three pumps

share a common header. A few designs have separate flow paths to the

steam generators from each pump. Back)eakage has occurred in each of the
designs. For most AFW systeme, a'l pumps share a common suction header from

the condensate storage tank and are connected by the recircul ation piping.

2.2 Babcock and Wilcox Plants

The review of the AFW designs at Babcock and Wilcox (BAW) operating plan.s found
that the AFW system is connected only to the steam generator in all designs except

for Crystal Rive= which is connected to both the steam generators and the MFW system,
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Only Davis Besse, Oconee and Arkansas Unit 1 employ normally closed isola-
tion valves in addition to check valves to fsolate the interfacing systems.
The other B&W p1ants_usc only check valves to isolate the AFW system because
the isolation valves are normally open. The flow coﬁtrol valves are normally
closed in most plants, but these are not intended for isolation purposes.

A1l designs have a common pump discharge header except for Davis Besse, ’
Oconee and Crystal River. The recirculation piping ;nd the piping from the
condensate storage tank are common to all pumps in all designs. For discus-
sion purposes, a diagram of the AFW system for Crystal River is shown in
Figure 2.

At Lrystal River the pumps consist of a full-capacity turdbine-driven pump
and a full-capacity motor-driven pump (some B&W plants have 3 AFW pumps).
The piping arrungment is that either pump can deliver emergency feedwater
to both stzam generators. The piping is separated so that the pumps do not
share a ccmmon discharge header, e.g., isolation valves exist between the ¢
pumps and the piping connecticn to the steam generators. The recirculation
21ping, however, is common to both pumps with two check valves available to

prevent cross-flow between pumps.

The AFA flow f1- R&NW plants fs through separate nozzles in. the upper region
ntd the steam generator tubes. As a result, the termination of the AFa

discharge piping 1s in a slightly superheated steam environment. This

design sud,eCts the AFW system to higher pressures and temperatures from the

stean generator than other AFW designs. The Crystal River design also
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connects the AFW and MFW piping as shown in Figure 2. During normal operation,
four check valves isolate the interfacing systems to prevent hot MFW from
leaking into the AFW system, since the remotels-operated valves are normally
open. Three of these check valves and an additional check valve near

the steam generator separate the steam enviromment from an AFW pump.

J
The otner BAW designs do not interface with the MFW system. However, steam

binding of the AFW pumps could result from the steam formed in the system
if the AFW 1s heated to saturation conditions by the 1c;kaqc of steam from
the steam generators. Backleakage to an AFW pump fs prevented in these
designs by four check valves and a normally closed remotely-operated valve
fn.the Oconee plants and two check valves in the Rancho Seco plant (the
motor cperated valves are normally open) or a combination of at least two
check valves and a normally closed motor-oporatod'valvo at the Davis Besse

and Arkansas Unit 1 plants.

¢
The pumps in most designs share a common discharge header and recirculation
512173, At least one check valve s available to prevent dackflce to the other
pump 1f one pump becomes steam bound in all designs except for Crystal River
{¢iszussed adove) and Davis Besse. The latter plant does not have 2 common
discharge header, but the recirculation piping connects both pumos with

2 cneck valve to protect each pump as is the case for other BAW plants.

2.3 Lemdbustion Engineering Plants -

The designs of the AFW systems for Combustion Engineering (CE) plants differ

between plants and there does not appear to be an AFW design that is typical
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for operating CE plants. A diagram of the Calvert Cliffs AFW system 1s shown

in Figure 3 for reference.

The AFW pumps usually consist of either a 100% capacity motor- and a 100%
capacity steam-driven pump or one full-capacity turbine-driven and two
half-capacity motor-driven pumps (Calvert Cl11ffs has two 100% capacity
turbine-driven pumps and a 100% capacity motor-driven pump). Except for
Arkansas Nuclear One, Unit 2, the other CL AFW designs employ a common
discharge header for at least two pumps. The rocirculciion piping is coﬁnon
to all pumps with a single check valve to prevent backleakage from another
punp. Typically, the AFW designs employ two check valves and one normally
closed remotely-operated valve to fsolate the AFW from the steam canversion
system, except for Calvert C1iffs, where the remotely-operated valves are
partially open. The discharge of the AFW system 1s connected either directly
t0 the steam generator downcomer by separate nozzles or to the MF4 piping
upstreanm of the main feedwater nozzle. For some of the plants that have the

separate AFW nozzles, the AFW piping 1s also connected to the main feedwater

piping.

2.4 Summary of AFW Designs

To summarize the review of the various AFW designs, all systems contain

rultiple check valves and at least one remotely-operated valve in series that
can fsolate the steam conversion and AFW systems. The operation and designs

of AFW systems vary considerably among operating PWRs. .ne primiry difference
between the AFW designs for the three PWR vendors is that the remotely-operated

valve(s) 1s normally open in Westinghouse plants (except Robinson, Sequoyah,
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and Turkey Point) and B&W plants (except for Davis Besse, Oconee and Arkansas,
Unit 1) and fs normally closed in CE plants (except Calvert Cliffs). Hence, a
rajority of operating PWRs have only check valves to isolate the AFW and -
steam conversion system uh(cp could make them more susceptible to back]eakage
and steam binding of the AFW pumps than the plants which have a normally
closed remotely-operated valve. The AFW pumps in most designs have common
piping which increases the potential for steam binding of a second or third :

pump 1f any one pump becomes steam bound. .

The review of the AFW designs did not {dentify any available instrumentation to

menitor or detect backleakage from the steam conversion system,

3.0 ANALYSIS OF BACKLEAKAGE EVENTS

Backleakage is defined as the leakage of feedwater or steam from the steam
conversion system to the AFW system. This backleakage occurs while the AFW
system is idle and the main feedwater system is operational., As discussed 3
in the AFW system descriptions, check valves and, in some designs, rcmoto1y:
cperated valves fsolate the AFW system from the steam conversion system,
Secaute the MFW and steam generators are at a higher temperature and pressure
than tne AFW system, the effect of backleakage on the AFW system is to
increase the temperature of the AFW flufd to saturation conditions that can
result in steam in the system. Steam in the pump ' “sing can prevent full

flow or cause pump cavitation and possible damage to the pump due to overspeed

and vibration.

The potential exists for steam binding of the redundant AFW pumps because

the trains are cross-connected in most designs by a common discharge header
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and/cr by common recirculation piping. In order for a sinjle pump to exzerience
stean dinding, it fs relevant to note that leakage wust occur through aultisle
valves in series. However, after one pump is exposed to steam in most plants,
only a single check valve in connecting piping 1s usually available to prevent

leakage and potential steam binding of another pump.
/

3.1 QJperational Experience

Since 1981 and more frequently in 1983, events involving backleakage were
reported at H. B. Robinson (Refs. 2-5), D. C. Cock Unit 2 (Refs. 6-8), Ji11iaa
8. Mciuire Unit 1 (Ref. 3), Crystal River Unit 3 (Refs. 10 and 11), Surry
Power Station Unit 2 (Ref. 12), and XRSKD Nuclear Project (Vuéoslavic.

Ref. 13). Taole 1 provides a tabulation of these events. The events at «. 2.
xooinson and D. C. Cook are described in Reference 1, «nich is enclos2d in
Aspendix A, The reader is referred to the Appendix for details of these

everts, zarticularly the events at Robinson.
L
t

The event at the Surry Power Station, Unit 2, fs the most significant operating
event Decause it is considered a precursor to a potentially serious accident
scenario involving the loss of all feedwater (IFJ and AF.). .hile at joser
#«1%a 'IF.J available, one of the AFJ notor-driven puips and the turding-Jdriven
puno #ere sinyltaneously stean bound leaving only a ane-nalf casacisy
aotor-driven pump availadble. Thus, the AF. systen was not capadle of
performing fts design function, although one punp nay de suffi;ient t

renove Jecay heat (see Section 3.2). The systen ~as fnoperadle sursuans ¢

the technical specifications, and this event hignlignis tne comon ciuse
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failure potential of the AFW system due to backleakage and stean dinding of
the punps. Backleakage had occurred previously, but it had affected only a
single AFY train. Fortunatcly'in the event of loss of 211 feedwater, at

Surry Unit 2, there is ghp capability for the AFW system at Unit 1 to supply
emergency feedwater to Unit 2.

/
The coincident failures of two AFW trains was the identified concern resul ting

from the previous analyses of the Redinson events (see the Appondiu)._
Separate trains had fafled at differ:.t times at Robinson, but elevated AF.
temperatures provided evidence that multiple pumps could pe sinul taneously
affected. This led to the conclusion that the faflures of single AFd trains
should not only be considered as random failures, but also as contributing
events leading to the potential common mode failure of the AFW systen., The

Surry event provides additional evidence to support this conclusion.

It 1s ncteworthy that backleakage in these events was detected 1nd1rect1y.4ﬂd
reported only because the AFJ train was declared inoperaple. For lxanplc:
three events at Rooinson involved an automatic trip of aither a notor- or
stean-driven AFY punp due to low discharge pre::u;o after an autonatic

start which caused the train to be declared inoperable. The events at
Crystal River involved a single train of AFJ systen deing declared inopere
able decause a flow sensor fafled. The backleakage at ). 5. Cook was
detected during a routine operator tour by feeling the piping before the

punps were required to operate, but was reported only after the pump was

fsolated to work on the check valves. Dackleakage from the stea) generators
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at KRSKQ was fdentified after experiencing a severe waterhammer. The events

dt Surry were reported because the pumps were steam bound.

At Crystal River, recurring failures of the ultrasonic AFW flow 1nstrun'n£
were 2tiributed to backleakage which increased the temperature of the AFW
piping and fluid and caused steam formatfon fn the system which resul ted

in erratic indications and subsequent faflure of the instrumentation. The
t}ain was declared inoperadle. The pump was not thought to be affected by the
Teakage, although the pump casing was not checked aftor.thc event for high
temperatures indicative of backleakage. For this case, three additional check
valves were availadle between the Teaking check valve and the pump. Thus,
instrument readings and eventual faflure provided an indirect indication of

check valve leakage.

Tne events repcrted at the Willfam B. McGuire (Ref. 9) and 4. B. Robinson

‘ (Rcf'. 14) plants involved backleakage which caused the suction piping of thq=
AFa system to be overpressurized. These events were caused by efther the s)ow
clesing (McGuire) or improper seating of the discharge check valve (Robinson)

whicn permitted the MFW to pressurize the piping. Although these events

,  involved gross dackleakage, they represent another mode where the AFd pumps can

pecome steam dound.*

Gross backleakage from the steam generators to the AFW pumps occurred at the

KASKD plant in July 1981 during hot functional testing. KRSKDO is a two-loop

westinghouse plant with preheat (Type D) steam generators (separate AFY

nozzle to the steam generator)., The significance of the event was that a

WAIUU nad previousTy analyzed these events as they related to overpressuriza-
tion 1n an Engineering Evaluation Report (Ref. 15).
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severe waterhammer caused damage to the AFW piping and hangers associated

with both steam generators. The damage was not discovered until severa)
weeks after the incident was believed to have occurred. The main feedwater
system was probably not in operation at the time (Ref. 14). Based on the
information available, the AFH‘puups were started and stopped during the
testing. It could not be ascertained whether the AFW pumps tripped or the ’
fntermittent starting and stopping of the pumps was performed by the operator.
Two check valves in the piping to each motor-driven pump leaked while the
pumps were idle between restarts, and was indicated by evidence of high
temperatures (blistered or discolored paint) on the AFW piping back to the
motor-driven AFW pumps. The turbine-driven pump s Helieved not to have been
affected. although this train was not checked for leakage at the time of the
event., The AFW pumps were not reéufred to be operable because the event

occurred during preoperational testing.

As tne result of the KRSKO event, temperature instrumentation was installed®
on the MFW bypass piping near the steam generators at McGuire and Summer

to datect and prevent waterhammer events similar to the one that occurred at
KRSKQ because the steam generator design (Type D) and AFW piping layout are
similar. This instrumentation is not intended to detect Teakage to the AFW
pumps because the connection of the AFW and MFW piping is upstream of the
instrumentation. A small constant flow rate is also maintained in the bypass
piping to prevent steam formation or backleakags in this small sectior of the
AFd piping. The AFW and MFW systems are connected at an upstream location,

providing a potential leakage path to the AFW system.
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TABLE 1

SUMAARY OF BACKLEAKAGE EVELTS (Since 1921)

Plant Date

Cook=2 7/12/81
Cook-2 10/29/81
Cook-2 1/16/83

Crystal liver-3 12/20/82

Crystal River-3 10/03/33

obinson-2 §/11/81

220insan-2 6/10/81

‘ 203inson=2 6/19/81

: lo3insan=2 4/19/83

é Rooinson=2 4/20/33
{
{
f
}
i

f0binson-2 7/21/83

ﬂo. of Valves

Comments

Teaking

- . 2 check

valves (CV)
2Ccv

2cv

1Cv
1Cv

2CV and 1
motor-operated
valve (;10v)

2CY and
1 10V

Unknown

2CY and
1 10V

4CY and
2 QY or
3CV and
1 10V

1CY and
110V

Turdine-driven AFU pump (TDAF.P)
casing was hot. Pump isolated and the
train declared inoperable.

TDAF.P casing was hot. Pump i%0)a%ed
and the train declared inoperable.

TOAFWP casing was not. Plant in
operational mode not requiring puips
to be operavle.

Train declared inoperadble. 3ack)eakage
caused flow sensor to fail,

Train declared inonerable. Backleakage
caused flow sensor o fail.

ilotor-driven AF.J pump (.WDAF4P) trippec
during plant startup.

ADAF .42 tripoed after reactor trip.

{WDAFJP trioped on low aischarge
oressure after reactor trin. TJAFU
out of sarvice. Puap trip celiavey
to de causad oy iuproper Jiscnarze
valve tnrottle satting. Saze »up
tripped on 5/16/31 due to stean
binding.

[DAF.IP tricped after reactor srin.
Stean vented froa ouap casing.

Both .WAF.P casings were not. The
leakaze nath for the 7ot w~2%er %0
the second punp was not flentified.
Leakage to the sacond dunp nay nave
been througn e¢itner the coamon dis-
charje header or the recirculation
nising throush a single cneck valve.
(See Figure 1).

TIAFUP casing was not and st:an ventes
froa tne casinj. Train inoperanie.



Plant
Surry-2
Surry-2

Surry-2

Farley-1/2

ARSKD

(CGuire-l

-2 -

TABLE 1 (contd)

SUILIARY OF BACKLEAKARE EVENTS (Since 1981)

Date

11/18/83

"11/20/83

12/06/83

Ongoing
since
nid-83*

7/81

3/25/31

No.‘of Valves

[u“ng
acv

8CF

acv

4-12Cv
per unit

4Ccv

2CV

-

Comments

IDAFWP steam bound and failed
to develop flow.

I'DAFWP and TDAFWP steam bound F
AFil system was inoperadble.

1IDAFWP steam bound. Train declared
inoperable.

MOAFWP and TDAF.P casings were

hot, sometimes at the sane tine.
Pumps were run to reduce temperature.
No pump declared inoperanle by
licensee. -

Waterhamaers occurred when AF.P
started. tvent occurred during pre-
operational testing. (Puaps not
required to be operadle.)

Slow closing of CVs caused tne
AFd pump suction piping to be
overpressurized.

-
1S

* A nininun of six events are assuned to have occurred at oo;h Farley units
although each train has been affrcted more than one time since 1943.

u‘__———_——_ ,



A sezrch of the operating experience data bases did not fdentify Sac.leakage

pradlens affecting AR punps at other operating plants. It coula ass: de
ascertained wnether other plants had not exparienced this prodlen or .netner ] I
tne proclen existed, but was not identified as the root cause for the
reported events involving ‘nbperablc AFW trains. For exannle, wnen a. 3.
radinson experienced failures (LERs 79-32, 33 and 34) of the AF. pumo ’
cischarge motor-operated valve to open, the initial causes were atiriduted
to eitner the Limitorque operator or the inadvertent operation of the power
supply oreaker. The final evaluation of the valvr failures concluded that
tneérmal binding caused tne valve to stick closeu, wnich ultinately affected
tnhe interaction bDetween the torque switcn and valve internals. Backleaiaje
w3¢ tne reason icentified for tne thermal >inaing. Crystal River nas aled
reported failures of the motor-operated valve to open, but the cause -as
eiiriduted to otner reasons, although dackleakage is known to nave ocsurr=ed
4‘ i1 :Se\r AFd Systen. 4. B. Rodinson haa also reportad AF. pund trins lue e

ingnscer throttie valve settings. It is possiole that backleakajze Jay nave

ciuss: the trid because the trip was initiated by the same low zisczr:
~res3zure instrumentation that caused the pump trip when staan dinding of the

cura uas positively iZentified.

T 50oull 2e ngtec that uniess the backleasag: results in én vant wiicn is
tiersise reportadle dy the technical specifications, the facst t.3% sSacke
122%eye occurred is not resortadle. Je nave been told inforaally thst
ct.gr operating plants, in addition to J. C. Cook (Ref. 9), nave exzerienzai
1e3k23e of the Ar. discharje valves. This leakagce has accurres in 20t AFu

triins several times and «as never judged to b2 a reportadle event.
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Cn several occasions since very early in the plant life of Fariey Nuclear
Plant, usually after stopping flow through the check valves, leakage past
the stop check and the check valve downstream of the flow control valve
(FCV) has been observed. In each case the AFW pumps were started to flush
water through the check valves and, when the pumps were secured, the check .

valves would reseat.

In the summer of 1983, the symptoms of check valve leak!ge changed. The
valves started leaking without an initiating event, i.e., without flow
through the valve. When this occurred, surveillance of the feedwater line
temperature was increased to once every 4 hours. In late July.'back1cakage
w2s detected past the motor-driven and turbine-driven AFW pumps discharge
check valves. The existing on hand spare parts were used to repair the
motor-driven AFW pump check valve. Sufficient parts to repair all the valves
were not in stock at that time. Some parts were already on order and addi-
tional parts were placed on order to repair all the check valves, The
leakage past the check valves was slowly getting worse and the surveillance
of the auxiliary feedwater piping temperature was increased. In order to
keep the temperature below 180°F, the AFW Pumps were typically being run once

a day.

in November 1383, some of the parts were obtained and the worst leaking

check valves were repaired. However, the leakage continued to require the

periodic running of the auxiliz~y feedwater pump to cool down the lines

¢

gownstream of the motor-driven and the turbine-driven pumps' discharge check

valves. -
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On December 4, 1983, the motor-driven AFW pump was run adout 20 minutes to
cool down the auxiliary feedwater lines. During the check of the feedwater
lire temperature after running the pump, the pump discharge piping was found
to be h>t and the suction relief valve was relieving.i The pump was started to
cool cown the lines but was immediately secured when pump cavitation occurred.
The other pump was started and the system cooled down and the motor-driven ’
pump was declared inoperable and isolated. It was determined that the back
leakage through the check valve nearest the pump was caused by one missing
and one worn hinge pin bushing in the valve. These parts were replaced by
bushings designed by the valve manufacturer to prevent recurrence of the
problem. It should be noted that the valve failure which resulted in steam
binaing of the motor-driven AFW pump was a sudden type failure with substan-

tially greater back leakage than had previously occurred.

The cnly event reported by the Farley plant (Ref. 17) was the dackleakage .
through the check valve closest to the motor-driven AFW pump at Unit 1. The
~Aa train was declared inoperable to repair the valve. No mention w2s made
in the report that the three upstream valves had also leaked in orcer for
+nis valve to leak, and that the backleﬁkage caused the relief valve on the
AFa 2ump suction to 1ift. An operator during his routine rounds ncticed
that the relief valve was opening, and measured piping temperatures in
excess of 200°F. For some time, both units of the Farley plant have experi-
en:ed-?e:urring events involving backleakage through check valves that were

not reported. Presently, the AFW pumps at both units are run periodically

t0 reduce the AFW fluid temperature.
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There have been numerous AFW check valve failures reported in Licensee Event
deports. The descriptions of the events address single valves and do not

fdentify multiple check valve failures that could lead to steam binding of ‘ '
the AFW pumps. As a result.'these events have not been included in this study.
These events, particularly the failures of the check valves to close and

separation of the disc from the disc arm, contribute to the potential for
backleakage and steam binding of the AFW pumps. In addition, there have been
reported failures of the single check valve in the recirculation piping ihat

could provide a path for steam or hot water to reach the other AFW pumps.

Operational experience shows that check valves, in general, have a history of
Teakage problems in all systems. Most plants consider check valve Teakage as
routine and expected. Operating experience shows that the check valves in the

AFd system also fail open or leak.

Stean binding of the AFW pumps can also result when the AFW pumps are exposeg %0
i“' Not water besides leakage from the MFW systems. On April 7, 1980, both AFW ;umps
Tost suction due to steam binding at Arkansas Nuclear One, Unit 2 (Ref. 16). The
suction of the AFW pumps was aligned to both the condensate storage tank and
.10 tne stariup and blowdown demineralizer effluent. The hot water from the
startup and biowdown demineralizers flashed to steam at tne pump suction and
céused cavitation of both pumps. The operators isolated the flow from the
demineralizers and vented the pumps. The procedures were revised to isolate

' -

the effluent from the demineralizers when MFW is available.
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Tner2 are other systaas in PiRs where the interface betwzen cperating systens
&% nizh temperatures and pressures are seperated from stenddy sysiems 37 Shetx
vilves and remdtely-operated valves in series, e.5., the enerjency cors

¢ocling system (ZCC5). Thus, the potantial 2lso exists for packleakage tc

these systems.  Although there are reports of these valves leaking, no evert

is xnown to involve steaa binding of the pumps. The renctely-cperates valve

15 ncrmelly closed wnich should minimize the potentizl for peckleakage 12’the
PuTs. Additionally, tnese vachs are periodically leak tested (the AF.

véives are not) to ensure their leak integrity (see Section 5). uowever,

irne reverse leakage through the check valve can adversely affect the cperzoility
¢¥ tne motor-operated valve 2s evident by the Rodinscn events (see Sec=<ecn

<.+ AN AEQ) stucdy (Ref. 13) of valve cperator-related events 21so0 founs

*n2% cneck valve leskage can cause Tailure of the motor-operated vaive %2

cren wnen required. Thus, check valve leakage has other safety implicaziors

in g2cition 2c stean Hinding of punps.

-

ing potential &lso exists for backleakage from the !FJ syssen $5 sifezvers)azed
¢r37e7s in Doiling water re2ctors (8WRs). For example, a cneck ve

-~ —
e

My

m

(a)

loseg moter-operated valve isclate tne high pressure 202
ysten froﬁ‘:ne HFW system. ('lote that this represents 3 s2llsr ~u=ner
¢f velves in series than in the AFW systens that experienced bdacklezkage.)
»t: valve arringenent s 31s0 true for the Neacter Corw Isclaticn Ssoiin:

-~ .. '

(aces) syssen. Zvents have been repcried at 243s involving the sicklzekage

fron tae 4 and reactor coolant systems to tnhe »”Cl and AC.. systens. Tnis

sTudy did not attempt 10 evaluate the safety inplications of Satileskazes %o

™ -
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these systems. However, a separate AEOD effort will review the operating

experience and safety implications of backleakage in BWR systems.

3.2 Szfety Significance

The safety implications of backleakage of feedwater or steam to the AFW
system is that it represents a potential common cause failure thas could
render both trains of the AFW system inoperable. Some plants are more '
vulnerzble than others depending on the piping configuration and layout, the
nunber of pumps, the number and type of isolation valves, the normal operating
position of the valves, and the maintenance and surveillance practices in
effect. The events involving single AFW trains, particularly the recurring
evenis &t A. 3. Robinson, should not only be considered random failures of
sfﬁ;ii ~-n trains, but as contrituting events which portend the potential
loss of AFW capability due to a common cause failure. The loss of a single
train Dy itself is significant because its failure may not be detscted

Jsn3fl it is recuired to operate. This jeopardizes the ceapadility of the AFx.
systen 10 meet single failure criterion. That {s, the margin inherent in :h;
cgsizn of the system to meet single failure criterion is recucec cue 20 the
potentie] cegradation of the remaining single check valve to isolate the two

Triins of the AW system, 1.e., common cause failure.

19221, the 22 reported events involving backlezkage to the AFW sysiem
represznt about 60 check valve failures to prevent leakage. In 1983, there
! were .4 events that rendered an AFW train inoperatie (only six events were
couniea at Ferley Units 1 and 2 although every pump was affected more than
ore time). Thirteen of these events occurred at operating nestinghouse

plants.
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#2300 essessed the safety significance of the lcss of the ATW systen dus %o
5tz Sincing of the pumps using a risk-based a;procach. The accicent
gsgzuence considered is the loss of the steam conversicn system after 2
transient event other than loss of offsite powver. This sequence (TM.) i3

2 dominate contributor to risk based on a probabilistic risk assessment for

the Sequoyah plant and results in a category PhR-3 release (Ref. 15). The fault

o ==y

t=ees for the AFW system do not include steam binding &s a separzte failure’

rcde for the AFW pumps.

Tne lcss of both the MFW and the AFW systems is a severe accident sequence
wnet tarminates 211 feedwazter flow to the steam generators. Without feedwater,
the stezn g2nerator secondary side boils dry, resulting in the lots of the
. n2it sink tO remove energy from the reactor coolant system (RCS). The 207
srzssure will then increase, causing the safety and relief velves < open.
The XT3 inventory will be lost through the velves, which require tne operation

5 I s¥ste™s for mikeup in order to avoid core ungovery 2ns eventuzl gor

"e a0

.
:&':.

Trne fz2d zna Dlsed mode of deca2y heat removal is an alternat2 metheod of
sovizing edesuite core cooling when the AFW system is unaveiladble <o provide
e=grzinsy fzes.ite= t3 the stean generators. Altnough scme other srocadie
c3nernts incorporate this moce of cscay nezt remcve’, the
Tezusyin entlyses (nef. 19) did not take cregit for it. Dug to th2 design of
eouis~z:% and r.omen fictors considerations, credit for this moce of heat

L12nt szecific, and must be evaluated on a cese by cz:s desis.
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For westinghouse-designed plants, the steam generator dryout times range from
gppreximately 13 to 40 minutes. In the event the AFW pumps are steam bound,
the czerztor must identify that this is the failure mode of the AFW system,
st0p tne pumps before permanent damage occurs, and restore their function in
order to interrupt this sequince. Unless the operator immediately recognizes
that the pumps are steam bound and recovery actions (which must be performed,
Tocally 2t the pumps and coordinated with the control room) are timely and
successful, the 1ikelihood of preventing steam generator dryout is small,
Eoiling the steam generators dry does not always resh]t-in core melt scenarios,
e.3., fzed and bleed ma2y be an alternate method of removing core decay heat

&t sone plants.

e Frezedilistic risk assessments for some plants show that successful AFW
systen operation (sufficient to remove decay heat after shutdown) requires
the fow equivalent to one pump to one stean generator. Hence, the flow from
2 ong-nzlf cenacity pump may be sufficient to prevent stean senerztor (ryouy
besed on bast estimate analyses. However, the expected increase in the 1
reiizzility of the AFW system, assuming successful operation with only one
pump, miy be recuced by the potential common mode failure contribution in

tateining the overszll reliability of the system.

©sinz & risk-based approach for determining safety importance, %he unavailasility

g S

of &n A74 system containing three pumps is calculated based on the operating
experience for PaRs for 1983 (a conservative approach since most-events were
regorted in 1583). First, the unavailability of one or more AW pumps due to

-3
steenm dincing is about 7x10 /demand (13 evercs at 47 operating plants each
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with I AFW pumps sudject to 15 demands per reactor year (RY) dased on
:2 surveillence tests and three AFW challenges after reactor trips). Secondiy, the
conditicnel failure probability for 2 second pump to fail due 1o stezn 41n:1n; is
0.23 (i cf the 1I everts involved two pumps). For this calculation, a pump is '
conse~vetively considered to be steam bound when hot water is detected at tne
putp, 1.€., the hot water flashes to steam when the pump starts and binds the
tonp. Two of tne events involved this conditicn; the third evernt invslved
ectuel steam Lincing of twd pumps. The probability of a third pum) becoming
steam Leund is assumed te be 0.1 based on the common cause dependency for the
nerde2re Dety2en tr2ins having the same design and subject to the same
grwiren ers, Comdining tne failure prodbabilities for the three pumps, tne
vagrediendiisy ¢f the AFW system is about 1.5110-‘/ﬂema::. Fer casigns #1th
wwd £FW sunps, the unevailability is increased by 350%.
The Jnivaiiability of the AFW system for the Sequcvyéh piant withcut loss
€ 22 zovzr {low unsvailability for the onsite nmowar) is 2dcut 4<13-5 ner 2

grztc. Tnerefore, the core-m2lt prodebility ccnsicering the steam binding
-5

fo-ca

cf one TN pumas Tor tng TUL sequence 1s increzsed froa dLOout 2.8xi0 /AU

-
-

ot

gotus L..zi0 /%Y {en increase by 2 factor of four). Tnis is cbtaines by

go2imz w08 Jnevzitasiiity of the AFW systen cue t0 stgew dinding 12 tne
Igscusoan viiue 2an? using the probedilities contained <n the Secusyveh analvsis
-2

e wringients (7/R7) znd loss of the power conversicn svstem (10 /demana).
Thie inc=e2ce Coudles the contribution of the TilL sequence to the prohability
3 gitzrory PaP-l relezse, which is alreacy the most probeblie relezss
cazerc~y &2 Seguoyen. For a PwR-B release, this would represent 2 risk

increzse of 2bout 45 man-rems/RY based on a dose calculation for a PWR and

tycice) mid-nestern meteorology (NUREG/CR-2802). Using this tachnique, the
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estimzted risk increase is about 60 thousand man-rems for the remaining
lifetime of all operzting PWRs (47 units with an average remaining 1ife of 27

years).

These estimates are based on known operating experience involving backIeaEa;e
to the AFW system and 2ssumes that the events are unrelated and independent.

Although the events may not be clearly distinct (this was one reason the
/

‘nunber of events was limited at Farley), this conservatism is believed o be

tenpered by using only the number of reported events in gaining 2 risk
perspective associated with steam binding. As discussed previously, reportad
operating experience may not accurately reflect the number or frequency'of

st22m dinding events, or the number of pumps that are affected, because

_o2cklzzkage is not by itself a reportable event. In addition, the reasons

are not clear for the absence of steam binding events at CE and B&W operating
plants since the AFW designs are very similar to the Westinghouse designs.

ceasszusntly, the sm2ll population of steam binding events are not sufficient

"ne

t0 predict future ccturrences with certainty, and the risk could be nhigher
than indicated by the point estimates based on the reported operating experience.
Cn the other nand, there may be plant specific features that make some plants
1ess susceptidle to stean binding than other plants. Thus, there is scme
Jncertainty essociated with tne estimates, but tney still provide some
serspective on the safety implications associated with steam binding.

The lessons learned from the evaluation of the operating experience for

reactor trip breakers after the Salem anticipated transient withébt scram

(AT#3) everts should nct be forgotten in assessing the significence of available
operating experience for steam binding events. One of the important lessons

wis that routine statistical analyses of single failures and failure rate data
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czardt 2y itzelf predict potential comacn mode failures, even wnen a relazively

larze ziouiaticn exists (as in tne case of trip brezkers), 25 couyzred to tne

“h
™

32y

I'

y 0

vzitasle st2an binding data.

Similar to tne odserved patiern for reactor trip oreseker failures, the

coerzting experience for ste2n binding events shows that a sa2)! aumper of

»
"W

ris ere apparently experiencing difficulties with the cnecs valives failing to
s gvent dackisezkige. Thus, the random nature and low frequency ¢ siean
siniing events snould de regarded as potentially important szfety problems.

4% 1ik2 reactor trip drezker events, the licensee reports fail <2 cocnnecs

LA

ro2t czuses (wnen identified) with common mode failure potential., Thus, 2
megc~ common acde failure may exist that may not be fully recoznized oy

i2gnczes 2°C evidencel by their cperating excerience. Furihermors, tie

speraticnel caz2bility of the chesk valves o perform their isalation funceisn

1y receiving Tess l1icense2 zttention than dic tne ressser trin

.
w
™"
“
L 3]
N
e |
m

1
(o

tigrs defore tne Selen ATLS events, e.3., t2sting and naintenerce [ ley
s
s2itn 3. .cwzver, one important cifferenc2 petueen the Joerzting <arsrience

» #v¢%%8 13 tres 8 precursor event exists for stern dinging evernse

L = =
- - - L L, -

< toamiry, stest dinging of the AFW pumps represents 3 potenticlly sijnificans

¢. 3t2zn dinging of a puap(s) is cresentiy an uncetectanle Teiiure

8% 22,18 result in tne coamon mode failure of the AFW systen. Fursher, %ne
soirising excerience (eand AF. uesigns) snows tnat the potentidl for ccanen
=c2e Tailurg of ne Ar. Systen cdue t0 stea. binding of the punus exisss anc

wnat tne Jnaveiiesility of the AFW systen due to this f7ailure moJe contridutes

snifizently <5 risk ¢f core melt in PuRs.



=.J CAJSES FOR VALVE LEAKAGE

o0 orcer for the rot main feedwater to reach an AFW punp, the water sust leak
223t multiple velves in seriés.- Operational experience showed thet multiple
cneck valves in series or in one case even two cneck valves and a c)osed
mcior-operatad valve, have leaked in a single AFV train and leakage has
occurred in two trains, sometimes simultaneously. Hence, an unexpected

rumder of velves are leaking concurrently. The purpase of this sec=ion is to

gvaluate the causes for the valve leakages.

#. 2. Robinson experienced recurring leakage through the check valve(s) and
tne closed actor-operated valve in both the motor- and turbine- driven AF4
irzins at different times. One event involved both moter-driven pumps. The
icentified causes of check valve leakage have incluced a burr on the ninze, a

2in nole in the seal weld, leakage by the seat assemdly, and slow closing.

w

cneck valves (s-inch Crane, !lodel 973, drawing NY $33112-3272-338) were
‘ rg2 acel with units of the sane design, and leaxege nas continusd %o ceiug.
licensee nas now decided to replace the check valves witnh a Zifferent

ica in the near future.

8 notor-crerated vaives at Robinson were replaced in 1572 witnh 2 different

T R T |
“" -
"W i
w w

vélve cesign. 2ackleekage tnrougn the check valve apnarently ceused sneral
27azing of tne originally installed motor-operated valve, wnich tne licensee

\ieves caused the valve to leak and fail to open on severa)l occasions.

p)

o

:;a&veé, Teakage has 2lso occurred threugh the replaceasnt valves. After the
: surcine-griven punip was stean-bound on July 21, 1532, the licensse re.orred

t#2 of the three motor-operated valves in the stean powered train. A pin ncle
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wes «21d repaired on one valve and the seats in the other valves v2r2 lazzz? 1t

.ensure 3 5o0d seal.

Jrtil tne check valves are replaced, H. 2. Robinsap nes maae cranges anc ¢ :
acditions to the procedures to minimize and detect backlezkage in the AFd

systen. First, the AF4 punps are now vented each shift (the initial tine interval
w28 four hours before corrective action on the valves) to prevent a :umpe?e:urc
inc-z2se sufficient to cause stean binding of the pumps. Secondly, the

pro.csure for shutting down the AFW pumps has been cﬁanged to delay :iosin;

tne notor-operated valves until the check valves have had time to seat sroperly,
e A4 punp trinss or dackleakage have been reportad since thase procsdurzl

chinzes were nade in July 1983.

Tne preventive action taken by Rodinsun sugoests that tne ctheck valves ere
not seatinz preperly due to an inadejuate pressure gifferentiel acress o2

‘|

velv2s. ror caeck valves in series, it is not cle2r now 217 tne Cnelx valves

L
cin szat properly unless all the valves close a2t tae 2xaect sane tine, wnich

tooezrs vnlikely, As 2 result, the avafladle numder of chech velves in

series o isclate the AFd4 system may be misleading decause only one2 ¢neck

te off22%ively preventing the cackleakage cue %o th2 ¢iffergnzil)
oressure availadle to seat valves in series. This nyootnesis is supsorted oy
1.8 forry evaluasicn of check valve leakages wnere only tnrze oF tThne twelve
leazing check valves showed any damage &nd the reasons for the otner vaives
ieziing could not de deterwined. The danejed velves were ones lozasas clzsest

2 tne Fd piging.
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~% Surry Power Station Unit 2 in December 1983, four check valves in each train
ieered and each of the two pumps became steam bound. The motor-operated
valves are normally open. A single check valve near the discharge of the .
remdining pump prevented 1§‘from also becoming steam bound. A1l pumps share

a common discharge header. hocause of previous external leakage problems, .
the check velves were replaced with units of the same type (2 and 6-inch Crafe,
Model 175.5X, Dwg. B-363-534) ddring the December 1981 refueling outage. An
evaluation of the valves' internals revealed that the check valves

nezrest the MFW piping had steam cuts on their s:ats caused by the flashing

of the hot water as it leaked by the valve. The other check va)ves did not

show any visible damage. A1) valves were refurbished. Hence, the reasons

f3r %he failures of these latter check valves to seat properly arg not known.

Zven after the check valves were repaired in December 1983, leakage was again
identified in January 1984. The 3-inch valves were removed fron the system
in¢ sent to the vendor for refurbismment. The 6-inch valves were reworked by
e licensee. The causes for some of the check valves to leak ware excessivz
mevement in the valve disk and small holes in the valve szat. The plant
srocecures now require frequent checking of the AFW system for elevated
t87cerzlures Dy using a hand held pyrometer during operzior rounds. In
agdition, the valves will be tested for leak integrity during future refueling

satages.

The only check valve failure reported by the Joseph 1. Farley Plant was caused
2y one missing and one worn hinge pin bushing. Tne check valve failed to

clcse after surveillance testing. However, the three upstrean valves were



kncwn t0 e leaking before the test. As & result, gross beckizakase causs?
“ne relief velve 2t the AFW pump suction to open. The causes for the g<her

check veives to leak could not be determined. One possible rezson being

eviluzted by tne licensee and valve manufacturer is the valves (Anchor-aer1‘n;,

2-incn, Model 900) are not suitab]e for preventing backleakage to the AFW -

systen, e.g., large ¢ifferential pressures are required to close the valve.s

In Cenuery 1984, Farley initiated design changes to replace the auxiliary
feediztar check valves (Anchor-Darling) with a different valve design.
Yowzver, after conversations with Anchor-Darling and with Bechtel Power
cirzeretion (the 2/E for this system), Farley management cezideZ not €

rezlece the v2ives but rather to modify the existing valves.

“ne 1icensee has m:dified the AFH‘check valves in both Farley units. T
mocificetion consists ¢f adding acditional weight to the Lackside of tne
cne:i véive €iscs 10 ensure proper seating ¢f the discs éceinst tne détuzras-
sure in the system. In addition, design changes waere initiated in Januan;
<382 %5 inse vy evC ‘a oy
¢antrel raca on the auxiliary feedwater systems. The locel énnunciziion
mgdifization is currently 1 planning for implerentation. The zontrsl =2¢n
annuncietion modificetion is currently scheduled for the next refueling

mit. Farley continues to monitor the auxiliary Teedwizer

backlezkage which may occur.

%% Surry and Fariey plants indicated that they were considering reglacing

sne check vaives in tne AFW system (a second time for Surry). Ircnically, the
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replacenent valves under consideration by each plant were the valves with which
the cther plant wes experiencing problems, i.e., Surry was evaluating the
replacenent of the Crane valves with Anchor-Darling valves, while Farley was

evéluating just the opposite. As a result of our discussions and suggestinns,

the plants coordinated with each other to resolve the backleakage probl.m.

The cause for the back]eakage‘through the two check valves at D. C. Cook, /
Unit 2, was identified as 1ncorf;ct assembly of the check valve internals.
The corrective action was to assemble the check valves properly and to
hand-check the temperature of the AFW system during routine shift rounds by

the operators. The motor-operated valves at Cook are normally open.

. 22¢zleziiage through a check valve at Crystal River Unit 3, was identified

indirectly because the water heated by the steam increased the pipe temperature
which adversely affected the AFW flow indicator. Although it was certain that
2% lez25t one check valve leaked, the licensee did not check for leakage of
3ther check vealves at the time of the events. The plant had experienced :
numarcus failures of this flow instrumentation, but only two of the reported
events identified backleakige as the root cause. The latest event (Ref. 12)
fdentiiied steam in Lue piping which caused the indicator to fail due to high
;ecoereture. The causes for the check valve leakage were not identified. The
chetk veélve has been reworked and an additional engineering evaluation by the
licensze will be performed to determine if additional corrective actions are-
necesséry. Upon receiving erratic instrument indications, an AFR pump is

run %3 put cool water into the AFW4 piping. Backleazkage %0 a sump has not been

erxperienced.



o

Tng Witlian 3. McGuire event (Ref. 10) did not involve leakaze of 4re zhezk

.vzlve, but retner, slow closing of the check valve wnich pernitted .iFs 1o flow

in3s the AFJ system, overpressurizing it. To mitigate future events, relief
valves ware installed in.the AFW pump suction piping. However, tiuis z2tion .
gses nct address the conﬁéfn for steam binding. Slow check valve resjonse

sr fzilure to close represents another means wnich csuld czuse failure ofy tne

A~n System due to stean binding of the AFU pusps.

The reason for the check valves leaking at the KRSX0 plant wzs not resarzed,

izference 14 only indicated that the check valves were refurdished.

Tne plants that have experienced backleakage were not aluzvs suscess?ul
“nocrecicely iZentifying tne root cause for check vaive leakage. In 2:ner:d,
evzluations are s:i1) underway by the affected nlants to identify an: corract

sheck valve lechage prodlems.

-
L

Werg 2ppecrs to be no pattern or single major cause fur cneck valve laagazs.
s

¢

o

tuses differ cetween the events discussed at tne six plants wner2 l:akage
rnes 2z2syrred, and involve different valve designs or .aenufacturers. In sost
cizes, tne check valves have =xperienced recurring lezkize, even afssr reziir

g~i raplacemens. The causes for check valve leaxages .11 continue =t 32

“n

4 LEAR OETZICTION

.~ -l oawin
I~iszing (e3ulatory requirements were reviewed %3 deteraine iT thare are

¢~y r2quirements for the check valves or ranotely-operated velves <0 22 leak

DU — o— - =~ - - - -
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teste2c or wnether monitoring the AFi system for valve leakage is par: of
existing surveillance requirenents contained in the technical specifications.
These issues were ciscussed with members of the Containment Systens Branch,

the iiechanical Engineering Branch, the Auxiliary Systems 3ranch, and the .
Standardization and Special Projects Branch from the Office of luclear Reactor
Aegulétion. The discussion§ indicated that neither leak testing nor tempc?a:ure

aonitoring of the AFW system are required for the reasons discussed below.

Rezulztory requirenents to leak test valves are cohta}ned in 10 CFR 50,

spcendix J for contzimment leakage testing and in 10 CFR 50.535a, paragrasn 3

for tnhe Inservice Testing (IST) program. Leak testing is primarily required
only for contairment isolation valves. For the valves tnzt receive an aussaasic
centairment isolation signal, the technical specifications require tnat the

vélves can Se closed within a specified time interval.

AlTnousn a renotely-operated valve in the AF. system piping is identified fs a
containment isola*ion valve pursuant to GJC 57, the valve is not included in tne
contziment lzekege testing pursuant to Appendix J because the AF. piping is
assuned to de filled with water, precluding air leakage. As 3 result, the

valve is not reguired to close automatically on a containoenst isolation

siznel. The Appendix J leakage limits apply to tne in::ére:ed containment
ieakage rate and not to specific valve leakage. Thus, even if the valves were
incluced in Appendix J testing, they could be leaking Sut the Epta1 leakage of
211 valves could be pbelow the allowable lezkage rzte for the containment, and

tnus corrective action would not be required for any particular valve or velves.
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=2 1T progran for valves includes those velves desijnated as Class !, 2, or &

®9 @9

‘.

g= Section III of the ASHE Code and whose function is required for safesy,

ard 31sd> includes those valves not categorized as AS.IE Class 1, 2, or 2 out
Wwhith 2re considared safe:y-re1cted. The valve te;t procedures are prescrioes
by 3ection XI of the ASJIC Code and the type of testing depends on the catesory
:¥ tne valve as defired by ie;ulctory Guide 1.25. The AF. valves are ic24+i%isc
2s Cat23ory C velves and the IST progran r2quires the safety functicn of <he

vilvaes to be verified.

For the AFW valves, the identified safety function of the AFY valves is %2 2:2n
22 provice 2 sergency feedwater flow path to the steam gensrater. .ence, o

12T rezuirements ensure that the valve disc opens freely. The IF. velves 2r

“w
-

thérefore, nct rejuired to be leak tested 2s part of the IST prozran.

ixzancing the definition of the safety functiion of the AF. valves %9 ingilze

izsl2sicon of tne AF4 systen from the steam conversion systes 2 srivens

e

iezraze could result in defining them as Category A valves whicn wuls
cgz.7e leegk %223%in3 ¢f the valves in tne IST prograa. owever, ti: ti-g
intgrvel petw2en tests (e.g., during refueling ocutages) would nc. azossr

s seovide 2an effective method by ftself tu prevent steam formetiln i

QWW
*

< 3 AF4 system, essecially when snall leakases ar2 2 concern. Tnis is acs

> 33y that inservice testing would not be effective 25 part of an cverell

sroiren.  for exanple, the combination of the IST progran and perisdic

e~

5ot .2i11ance fer leakaze Curing the intorval between IST tasts coull rindnize

g Vi<elihood for stean formation in the AF. systam.
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Tne I5T prograr could identify reverse leakage through individual valves and
-when corrected, mininize the.potentia1 for gross leakage to occur sinul tanecusly
through a1l the valves in series. By including these valves in the IST progran,
tne leak testing could additionally ensure that each valve perforns its 1nten;ed
function of preventing ré?erse rotation of the pump impeller.

' /
Tne existing technical specification requirements for the AFW systenm verify

the capadbility of the pumps and valves in the systen to deliver emergency
feedwater to the steam generator. The surveillance reguirements co n&:
include monitoring the AFU fluid for elevated temperature to detect backe
lezkage from the stean conversion system. The review of the various AFW
designs dia not identify any existing instrumentation that could be used for

Tiis purpose.

At a2 sn2ll number of operating plants surveyed, the AFW piﬁing and pum) casings
ar; touched Dy an operator during his routine rounds of the plant & ds:e::iwe
Cif the piping temperature is hot. This practice was linited to those pla;ts
thet nad previously experienced backleakage. Typically, the operater checks
the piping and pump casings each shift and checks more frequently when ele-
vited temperatures are detected. Although thnis procedure has usuilly dDeen

gffective at the affected plants, a pump pecame stean dound 2t lodinson

altnouzn tne punp w2s checked every four hours.

The mcst effective method of reducing the potential for steam Hinding of tne
AFW 2umps 18 to centinuously monitor the AFY piping for elevated tenperatures

Setueen the punp discharge and the interface with the stean conversion systen.
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Tor sainple, temperature instrumentation with an alarm ia tne 22azrol rao

ocutd glert the operators that inleakage to the AFY system n2s occurred such

enit corrective actions cou1d be tzken before the hot water rezches saturati:n

¢ongitions and Tlashes to Ss'lm before or aftsr the AFJ punp is started.

oy

od FIQINGS AND CONCLUSIONS

Tre evaluztion of the operating experience for leakage of hot 7 in%d :n‘
AF. systen found that 20 of the 22 events occurred at lestinznouse-designed
2lants: thirteen events occurred in 19383 at fivé élaﬁts. Sowe of :he'even:s.
sarsiculerly at Surry, Farley, and Robinson, indicated that backleakage

c2n de & potantial csumon cause faflure for thne AFW system. Altnough the
sener events affscied single AFY trains, AZDD concludes thet these events
snouid not only Se considered random failures of single AF. trains, tut 2182
3s contriduting events that can lead to potential loss of AT c2padilizy sue

§ SSTNICN CaJse.

“Z.2 s2)isves snat the nuaper of identified events is not 2 true ingicazfon
=% “zarzsa oronlens at operating plants because lezzege ity tha AF. syster
is notT, oy i:self, a recortadle event. Thus, dackleakaze may dDe 3 nore
fezz_ognt stturrence tihen indicated by the oserating exderience. Tnis 22aCk-
Tezizze is c2using an unwarranted challenge to0 a safety.systen. Tn2 generi:.
sefety significance of tnis leakage in the AF. Systen has asparently ndt Seen

£.11y recognized.

AZoL's assesstent of tne safety significance of tne identifiza events found
«=3% (1) Ycss of a single train due to ste2n dinding is significznt pecause 1%

is sresently an undetectadle failure that jecpordizes the capavility of the Afd
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systen to meet single failure criterion, i.e., common mode failure and (2)
the unavailability of the AFW system due to steam binding contributes signifi-

cantly tc risk of core melt in PWRs.

The potential for backleakage may be generic to other safety systems in both -
BaRs and PARs because the standby safety systems are isolated from the |
-operating systems, which are at higher pressures and temperatures, by che:k'l
valves and a normally closed motor-operated valve. HMowever, there are no

known reports of steam binding of the pumps in other safety systems. Operating
experience shows, ho&ever. that check valve leakage can cause the motor-operated
vezlve o fail to open due to thermal binding (Robinson) or other reasons

. (igf. 18)--a safety concern different from steam binding. In Reference 13,

AZJD recommended measures to ensure the function of the motor-operated

valves, which when impiemented, sho#ld address this concern. "~ In addition,

the safety implications of check valve failures to open or leak in other

sefety systems will be further evaluated.

The review of the AFW system designs for the three types of PWRs found that

the potential for ba¢k1eakagelis generic to all AFW designs because check
valves isolate the AFW system from the steam conversion system in most
operasing plzants., Some designs also employ a normally closed remotely-operated

vélve in addition to check valves to isolate the interfacing systens. There

méy e plant specific features that make the AFW systems at some plants less

susestible to backleakage and steam binding than c'..er pleants. The AFW designs
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2t nestinghouse plants appeared more susceptible to backleakage tnan the o;n
C{si;xs becéuse the remotely-operated valve is normally open in most aestinghouse
piants. (perating experience supports this conclusion &lthough multizle events
ceccurred at Rebinson, which eaploys 2 rormally closed motor-operatag va]vi to

jszlate the interfacing systems.

The s:udy concludes that the potential for common mode faflure of the AFd ’
systems due to steam binding of.the pumps is present whenever one pump s

stez~ bound because the pumps are connected by common piping (discharge header
eénd/or recirculation piping) with only a single check valve to prevent dack)eakage
of nzt w2ter to a second or third pump. In addition, the capability of tnese

chezk valves to prevent cross flow betwa2en pumps is unceriain beceuse of & iow

Oh .
"

ezure gifferentie) across the valves ¢o ensure they are progeriy szt

'l.l

The 22 events represent approximately €0 check valve fai1ure{ to prevent

-zver3e leskags. Tre an2lyses of the causes for check valve lezgage Cig =it

"y

icentify any pattern or single major cause for cneck valve lezkage. Tne causes

giffsred betwesen plants and involved different valve designs and manufacturers.

This tsudy did not identify any regulatory requirements or uniforn plzat
sr13%i2e %6 redoce the 1ikelincod of stean binding of the AFW pumps. ‘“resantly,

rare are no resulatory requirements to leak test any of the valves {solating
ng AFa systen from the MFW system as part of the containment leak rate

testing or inservice testing programs to ensure the isolation fgpction 2f the

velves, ©xisting technical specificaticns presently do not contain surveillance

resuirements to monitor or detect leakage into the AFd system. & small nunper

of plents presently have ad hoc procedures for the operator %o touth the AFa
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piping to detect elevated temperatures during routine shift rounds. This
practice exists primarily at those plants that have experienced backleakage.
One of the plants that experien&ed steam binding of the AFW pumps has in-
stalled temperature instrumentation on the AFW piping with indication in tﬂe
control room. This s a commendable self-initiated monitoring method that we

endorse for operating plants, especially those which have experienced backle,kago.

The loss of the AFW system due to steam binding of the pumps is a potentially
significant safety issue requiring attention. The loss.of the AFW system is
2 major contributor to dominant core melt accident sequences. Although

an Information Notice was 1 'sued to alert licensees %o the poteqtfa\ for
backlezkage and steam binding Of the pumps, adequate measures to detect and
.moéizcr backlezkage do not now exist in all plants to minimize the 1ikelihood

of the common mode failure c¢f the AFW system.

7.0 RIZOMMINDATION

.
*

~Z0) recommends that the Office of Nuclear Reactor Regulation either (1)

rezuire the regula~ monitoring of the AFW system to detect leakage and ensure

+hat the fluid conditicns are well below saturaticn conditions; (2) confirm

that such 2 practice is already being implemented; or (3) determine that

L

tacrleekace is nct a safety problem and no additiona)l actigns are necessary.

The purpose of this recommendation is to minimize the potential for steam
binding of the AFW pumps due to backleakage to the AFW system from the
steam conversion system. The method shouia include twd basic elements:

first, preventive measures to ensure that the valves can perform their
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intgnced function; &nd second, surveillances to ensure that tne valvas'
is3%a%ing function has not degraded with tima.

- -

For example, the first element could include leak testing of the isoletion
vélvas in the AFY system as part of the operabi.ity requirement: for the |
systeT. This testing could ensure that the valves can perform their
inte~csZ function and be maintained in an .perational conditicn required
for szfety ecuipment. In addition, this testing could identify individua)
jesking valves and minimize the potential for gross reverse leakage through
g1l vilves. Lezk testing could be required prior $o 2 startup from an
cvtize if tasting had not been completed in the previous six months.

sorsver, this @lzmzil oy 1tself is not considered to be fully acceptabdle,

The sezond elament suggests 2 technical specification surveillance require-
Ters u monftor end detect backlezkage during the lear test interval as

pars cf wne cperadiiity requirenents for the AFW systam. for example, a
s2nperzture 1imit on the AFW fluid conld be required e¢s a Limiting Concitio;
far Co2rgtion. In order to meet the Limiting Conditions for Cperation, the
sesperezure of the Tuid must be known. The fluid temperature could be
toseines either by (1) installing instrumentation to continudusly monitor
sn2 wimzerature near the discharge of the AFW pump witn an'elerm in tne
conirol room, or (Z2) measuring the temperature periocicelly using a hang-
nels sv=ometer, The plant procedures should adeguately acaress corrective

gttions to te taken in response to a high temperature ccadition., The fragqusncy
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in the latter case might be adjusted based on the history of measurenent
re;ults. i.e., increase the frequencyiif the temperature is frequently found
high, or decrease the frequency if the temperature is routinely found acceptable.
Depencing on the design and operation of the AFW system, there may be sité

specific provisions that preclude backleakage and no additional licensee actions

m2y be necessary.
’

In the interim, until an approvea method s implemented 2t operating PaRs,
plant administrative procedures should require an operator to measure the
tenperature of the AFW piping and pump casings with a pyrometer and record
the reading in the check-off 1ists that are used during plant tours. Monitor-
ing cf the AFW pipinyg temperature should be completed after AFW system

' 545ve{1lance testing or whenever t@e AFW pumps are operated to ensure that

the isolation valves are properly seated.

These zctions should ensure tnat backleakage is minimized and detected

before a pump becomes steam bound, and reduce the likelihood for the ¢
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YAPOR SINDING OF AUXILIARY FZZIDWATIR PUMPS

events have 21so occurred at D. C. Cook, Unit Z.

The sotential for the Toss of ATW system due . backieskage 2ppeirs generis
sec2use the designs of the systems at Rebinsen (nd (oot ere typicel ¢of
cuner PuRs, 1.e., isolation between the stean Conversion system aac tge AF
system is eccompliished Dy check valves and motor-cperated velves., AZDD
nes ‘nftiated a cese stuly <o better cdefine tne generic implicaticons ené
es=221ish the bases for revising the technicel specifications tc ensure
ToeT wne AFN temperatire 15 monitored ent/or that The inservile ingrection
s=oz-zns test the isciation capadility of the cneck velves.
tn 2= {nterim until the cese study is completed, the Tf¥%ice of i=snezsion
enz Leforcemens i3 regquested S0 fssut &n informaticn hMtile 0 promitly
=22ify PwRr licensees 0F these events and giert tnem IC tne potz=tiel for
Teecsse from the feecwiter systeam S0 the AFW System &nd stesr dinging ¢of
*ne ATs pumps.
The Cf%fice of Kutlear Reactor Regulation is provided & cozy ¢f *he report
s smig time o higrlighs =he significanze of <he events ans p-2viZe an
{m=us {020 On,.ing NRR 2ctivities. We reve only refently betome pe2=p ¢f
TiL E2-65 enzitled, “rebinson/Cryst2) Rivar I - Afe Cnetc Yelve _epirge,’
to2 endorse the action w0 eveluate generic technicel specifigeticn changes.
1% 13 feportant 0 note that Robinson evernts arsiyleC in the enliosel reders
rave ozcurred since the TIA was fnitieted in 1FEZ. These eventis may pro-
wice ad¢itiona) information pertinent to the resolution of the TiA.
A ?
j }2’5412314 >

o]
¢

nciosed is an engineering evaluation report on the vepor
“xéliary feedwater (ATW) pumps 2t H. £. Robinsos Kuzlear
. The sa2fety implication of the events 2%t Robinson
cf mein fesdwater to the AW system conssisus
“=e thet can rencder both trains of the AW gvstem
enly single trains have been acversely affectec t
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AZ0D ENCINEZRING EVALUATION PIodnTe

-

UNIT: H. B. Robinson, Unit No. 2
TaSKET:  50-281

Pt e -

REPORT NO.:AZ3D/£125
TE: NKovemser 2., 132

rFem
=. Do "

«sw2hIZZ: Carclina Power & Light Company AUATCR/SINTALT: =&, ~innin;
KES3/AZ: Westinzhouse/Ebasco
SC3CIIT: YAPOR BINDING OF AUXILIARY FEEDWATER PUM2S AT WCSIRSON, UN:T _ '
IYIRT DATE: April 19, 1983
RITIRINCE: Carolina Power & Light Company, Licensee Y-

Ivent Report £3-044, Docket 50-261, cated 4

M2y 1E, 1683, :
SLUMARY

toinscn has experienced 4 failures of ATW pumps cue 0 low Cdischa~

A & D-essure
cs ceausel by stean formation in the AFwW piping and pump casings.

The stean

ves farmec when hot water from the feedwzter systenm leaksd through et cresk velrv:
ent & motor-operatiec valive in the piping to either the motor- cr stear-zriven
AT puamzs.  Aithough the backleakage has caused only 2 singie train of tne AFW
s-s%en 10 fail, the potential exists for both trains o 721l simulzanesusty
since Seckiezrase has occurresd resetitively in deth treins. Three e.:n3: have
2052 STCurrec &t Cook-2 involving backlezkaze and eievates temserzii~e 0f ze
A7« piping and pump casing.

Tre eveluztion concludes that Robinson has implementzed accessadie ccreestive
277cns 10 orevent steanm formation in the AFW svsiem. Sinze she ca- $% 7 She
sIoimiin AFY system s typize) of other operdting “e%s, an i Sfermpcizs Nozice
§rs.ic De issuec T inform other licensees of the poientia) for siean s¥niing

cf The AFW system.

tn 2110 case stucy is recomended to further evaiuste the genesiz ims'iiiziang
fom siner ATW systiems and develop approgriete recomencations o pinimise the
cotectial for steam bincing of the system. Generi: eInnicel spesifization
STetges snsulc te evaluatel 5 resvire thet approsciete sutveillance pepossuces
te Tt ementes, ¥ net elreacy evailable, 0 cetecs leacize and sTevEnT SLtam
feemetion in wne ATW system.

uaperis ongoing ATOD anc NRC ectivities eng coes net re;-esent
requirements cf the respersitle NAD prograr office.
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soring the review of operating experience, the references LI2 .25 jcenc:

e3 & ciznificent event 200 wirranted AIDD svaluaticon beziuse ¢f the pocen

v -
F ----Q.

sammes moee faiiure of tne auxiliary fzec.ater (AFW) svsoam., Thma ou

-‘s enzineering evaluztion is to sumz=ize the event, evel.a~9 he s
:oﬂ , &n¢ celermine whether 2igition2) licensee or KAZ cc:m."s ire

¢ manual reactor:trip on April 15, 1983, the twe mator-criven
Teedwzter pumps started autometizailly on low stiezn gener
er 20out 2 minutes, the "B" AFA pump tripped. During testing
significant amount of steanm w2s vented from the sump casipsg.
P w2s 2ttriduted 0 2 protection trip signal gensrates by ne
srumentation in response to & low discharge pressure.

=y
h
r

from the motor-driven AFW train.is connessed $3-3n
ing near the steam generatir. HOU water (about £23°F)
systen leaked through two check valve:nd 2 motor- °'e-=:e:
ing 0 the AFW pumps. This weter flached in tne discne-ge
mo casing decause the AFW system w2s 2t 2 low2r Dressure than
system. Wnen the AFW pumps started, the instrumenzasion
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gd=ze piping sensed & iow pressuc~? and sighaiies & turs
S473e PressuTE wis Caused by staar Dincing ©f the ume
flee anc preventes the giscnerge pressute Trom iniressing
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n Res experienced prior Tegkege thToug
.rm:s cf wne metar-Criven AFW ZUTD 4
Tne unit was &t 525 power curing hE S
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tne Cischarge valve althoush steam bincing could nave
w pressure trip.

on July 21, 1881, » simfler event (LER 83-016) cccurred resulting in the
stezm-sriven AFw pumD being ceclared inoperadie dae to petential stean Singing.
=22 water from the fredwas e' SVStem Jeaked through tne ¢ischargs check ve'ive

n¢ the metor-cperaiel velve producing steam 2%t”™ he suction ven:t ang ciscnarge
n cf <he punc. Tne discharge piping from the steam-g=iven pums is connested
ne Teelw2zier Sypess piping. The potential existed for pumy cavitetisn anc
on low cischerge pressure following an gutometic start. The sream was
overed during & routine: check of the AFW train and the pump hac not Seen
uirec %0 operzte. On August 17, 1977, the steam-driven train experiencesd &
gilure of 2 check valve to close which causec wne relief val &5 on the suztion
neecer 0 1ifs. ’

o

e BAN A
-ty
0w

C:,g- feilures of the motor-operated valves occurres on September S, € anc
12, .87% when they failec to cpen (LERs 78-322, 75-I2 and 78-34). Tne cause
for the failures w2s due t0 2 therme) overcurrent relay trip resuiting from
=ne faiiure ¢f ne torque switch to de-energize the motor after the valve

wes fully clesed. :Ixcessive wear of the worm gear prevented proper operetion
¢f tne torgue switih. The excessive wear is believed to have ofcurres curing
==evious events when the velve stuck closed due to thermal bincing caused dy
<ne Seaxing upstrear check velve. Thermel binding can lead o ce...mc..or

¢’ tne velve interneis and Jeskage. The three check valves ang thne inree

- metseeszeritel viives were resiaced with the same tyoe (&-inch "rane mogel
§73, crawing N:£32012-5378- 308) in 1880 15 cor-ezt he backle 2kege.

The cesign of the AFW system &t other operating piants 2150 generally include
cnesz vaives a%2 motdr-osereteld velves in series t0 prevent dalkieskase

f=om tne Teect~2te” sysiem 1O Ihe AFW syst This susgessts & potenctisl
~¢n2~is concern. fhoeever, & revics of C“’c"’: exseriesce o= The pist

I vears fcensifiez oaly three similar events. These events olcures 2t ¢
Sock-2 (LIRs 81-3Z, enc B1-£3) uhero the v2lves Tezkec in tne steas-2riven
sreém aag an gancmelly high temperature wes odserves Tor the Dumd c2sing
sustisn ang gissnerge piging. .h- pump hat nct Deen resuirel T clemete N
g*y evenat, ine Res-oe”~ inspector icentified the tnirg event wnicgn oCiurrec
sn Canuary €, 1832, TRis evest wes not reporied in 2n LIR beceuse ine moe
cf szeraicn €fc net regquire the AFW system 20 be operadie.

$i%msun the cesizn of the 276 svs.ec ¢' Cook s similar To R22inson, Tne
m:sseecoe~2tes vaive ‘n ne pump O ischarae pésing ‘s Tothec-coen during
sxe-eticn.  Tre is2ietion of Ine AFW sys:eﬂ feom tne main Teelelter sysien
1§ aznieves Oy Swo Sneck vaives (&-ingh Atwool Mimrmill, Cresing #20005F,. The
cgezon for toe cnecs valve Tedkege 15 atIridulec (0 IMProfeEr vaave gssemcly
riv-es than cesizn ceficiencies reportec for tne Fobinson velves. Nevering-
"epg, Lhe zoihentiel for :e'llbeveg‘ mey be grester &t LO00k tren Ea; ason,
sezi.se tne mIiirecoecited vilve coes net -'ovﬂ'z isoletion careiiiity.
~cegvez=, tre cortezuences of Sackieakzpe et Loox is significent y less,
sesi.88 nE MITsr-Ctiven PUTSS O AST ShaTe & IOTMET CYSIRETIE Redler,

€.0., Dosh pumsr cannct Decome steam bound Cue D ledkige in ¢t singie
cischa~gze 1ine. Al] ine purps G0 shere & commen suction from tne con-
cencise suoveze 2ok, Like Rodinson, there 2re no temperziute incilator

f2 wne euriliecy “eec ~eier. The events 2t Petinson and Cook suzgess

sr2t Seczkiezkeze s @ potentid) generic concern since oifferent cnete veve




o

ceeizrs 2re enjploved in the ATW system 2nl both units have expe-ience
sezxiezreze resuiting in incperable trains cof the AFW systiem,

4 sozciel dnterim procecure has been fm;%emen:oc et Retinsom o vent oin
chg MCOTe NS steAM-Oriven pumps Once s&ch shift. In assiticn, tne

grperiture of the pump cesings are monitored lozally e*ﬁ the ,.m,; a=e
coereses &5 necessary to0 €hsure that the wzter~in the AFs 3ys rem:ins

ca23) enc wel) below s2turation conditicns. Ccook 21so nsa:::-s 'he

teczerature curing routine checks by the auxiliary operetor curing siify '
inspections. . £

in the longer term, Rodinson is evaluating & cesign crange o repleacement of
=ne check vaives ‘ocated in each of the AFw pump discharge piping. Depending
sn 2he =e5uits ¢f ne evaluatior, the check vi.lve Te2kaze sholia be :::rt::tﬁ
¢.ring tne refueling outage bcg.nning in Decemper 1582 or cu-irg the s:
generztor replacement cutage beginning in June 1983. A prograr 95 #lse unoer-
.e} %s imarove the performance cf limito=~uz valves by Cevel o-°wg velve per-
éormance histories to menitor and identiry valve cegracdation {n the future.

FIRDINGS AND CONCLUSIONS

h2s exserienced four events in the past two years invelving

of AT¥ pumps aue 1D steam binding resuiting “rom ieecage ~* ‘epc-

the AFY system. It 2ppesrs that tne failure of ine cneck vaive
ne seckiow SBuses the misOr-cpe-ated vilve €O leek anl is tne
ctuse for the events. Zasel on operdting experigncie tne edkage
ATW train hes not effected the cthe- train &itnouzh the polentiel

¢ comnon moce fafiure. The primar-y concermn is, Ni-2ver, Thet
reze »i1) occur simultaneously in e2ch of tne AFw TTeins causing
¢ the ATW system 0 pecform s sefety funelior.
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¢sirsen res imolemented prOotecuTes LT ENSUTE LRET TNE wilEr OO
remiing 03} %0 prevent stesm formetion. These preveniive z::;o
gu=¢ =nes the ATa pumps ere aveiledie o pe-form tneir safely Tun
sre zhecr velves e=¢ redesignec or replecel T COTrelt ThE lednif
Teécene ws imarsve ane peefermence ©f tne neLIrecperiies :

eiv, Tre Yicercee's lC"“: Ro0ERT BCCer2die E0C NO kI,
e ‘eves nesessiry &% wnis time,
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“re 2¢%ize of inspeztion ang Enfo*cewen. should consider issuing an infomaticn
astize =z inform otner licensees of the potential for Toss of AFW cepadiiity cue
=c s2zx<ie2k2ze and steam formetion in the AFW system.

2= future, AZOD <should complete & c2se stucy to eveluate the generic
‘cns for &) FwRs and identify and estedlish the tises for chzn;gs 0
e‘°~:- , ssecifications. In addition, the requirements to incluce tne A%W
pems Zischarge nc.cr-openated and check velves in the inservice testing pro-
g-ans snsulc be eveluated.

"ne




