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NOTICE

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor. any agency thereof, or any of:their
employees, makes any warranty, expressed or imp 5ed, or assumes any legal liability of re-
sponsibility for any third party's use, or the results of such use, of any information, apparatus,
product or process disclosed in this report, or represents that its use by such third party would :
not infringe privately owned rights.
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NOTICE

Availability of Reference Materials Cited in NRC Publications

Most documents cited in NRC publications will be available from one of the following sources:

1. The NRC Public Docum6nt Room,1717 H Street, N.W.
Washington, DC 20555

2. The Superintendent of Documents, U.S. Government Printing Of fice, Post Of fice Box 37082
Washington, DC 20013 7082 ~

3. The National Technical Information Service, Springfield. V A 22161

Although the listing that follows represents the majority of documents cited in NRC publications,
it is not intended to be exhaustive.

Referenced documents available for inspection and copying for a fee from the NRC Public Docu-
,

ment Room include Nr1C correspondence and interr i flRC memoranda; NRC Office of Inspection
! and ' Enforcement Dulletins, circulars, information notices, inspection and investigation notices;

Licenste Event Reports; vendor reports and correspondence; Commission papers, and applicant and
licensee documents and correspondence.

The following documents in the NUREG series are available' for purchase from the GPO Sales'-
Program: formal NRC staff and contractor reports, NRC sponsored conference proceedings, and
NRC booklets and brochures. Also available are Regulatory Guides, NRC regulations in the Code of
Federal Regulations, and Nuclear Regulatory Commission Issuances.

Documents available from the National Technical information Service include NU' EG seriesR

reports and technical reports prepared by other federal agencies and reports prepared by the Atomic -
Energy Commission, forerunner agency to the Nuclear Regulatory Commission.

Documents available from public and special technical libraries include all open literature items,
such as books journal and periodical articles, and transactions.' federal Reg / :er notices, federal and
state legislation, and congressional reports can usur,!!y be obtained f rom these libraries.

Documents such as theses, dissertations, foreign reports and translations, and non-NR0 conference l

p.oceedings are available for purchase from the organization sponsoring the publication cited. |

Single copies of NRC draft reports are available free, to the extent of supply, upon written
request to the Division of Information Support Services, Distribution Section, U.S. Nuclear |

Regulatory Commission, Washington, DC 20555.

CopNs of industry codes and standards used in a sub!tantive manner in the NRC regulatory process
are maintained at the fiRC Library, 7920 Norfolk Avenue, Bethesda, Maryland, and are available j
there for reference use by the public. Codes and standards are usually copyrighted and may be
purchased frorn the originating organization or, if they are American National Standards, from the ,

American National Standards Institute 1430 Broadway, New York, NY 10018. J!
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ABSTRACT

This report presents the evaluation of the potential safety concerns identified in Generic Issue
125.11.7, related to the automatic auxiliary feedwater (AFW) isolation from a steam generator
during a main steam or feed line break. For this review, existing probabilistic risk assessments
(PRAs) were evaluated to identify specific event tree sequences where the AFW system had
failed. These sequences were used to calculate the contribution of AFW isolation systera to the
accident sequence frequency. By using this methodology, the change in risk (based on a change in
core damage frequency) could be calculated for a plant with an automatic AFW isolation system
compared with the. same plant with the automatic AFW isolation system removed. The resiew
evaluated one Westinghouse plant, one Combustion Engineering plant, and two Babcock and a

Wilcox design versions of a plant. Sections 3 and 4 of this report describe the methodology used
to evaluate the various designs and provides the technical findings. Section 5 presents the cost '

benefit analysis performed to evaluate the various alternatives that were considered to resolve this
issue.

1

-

FIN No. A68818-Generic issue 125.11.7, Automatic Isolation of Feedwater From Steam Generator During
a Line Break
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EXECUTIVE SUMMARY
!

t

The issue designated as GI 125.II.7 addresses proaching end-of-life. This would introduce |

the specific concerns related to the automatic isola- thermal energy to the transient. Shutting off i

tion of auxiliary feedwater (AFW) to a steam gen. AFW to the faulted steam generator will |
erator with a broken steam or feed line. Some - reduce this effect. |

p.essurized water reactor (PWR) designs use a sp-
(

i tem to automatically isolate AFW to a depressuriz-
ing steam t;nerator. Following the Davis Besse 3. Excessive containment pressure is minimized. )i

Loss of Feedwater Event in June 1985, the benefits The containment is designed to accommodate ,

'

of this automatic isolation system versus its disad- the pressure increase caused by a primary sys-

vantages were questioned. tem loss of-coolant-accident ' (LOCA). A
steam or feedwater line break within contain-

The NRC auxiliary feedwater requirements re- ment might cause the containment design

lated to this issue are documented in NUREG pressure to be exceeded if the automatic
0800, Standard Review P/c :,1 Section 10.4.9.I.13. AFW isolation were not operable. If a reac-

This reference states that: tot restart does not occur, continued AFW
flow to the steam generator would contribute

'U.7he system design possesses the to excessive primary system cooldown and

capability to automt.tically terminate auxiliary pretsurized thermal sho:k conditions.

feedwaterflow to a depressurized steam gener-
ator, and to automatical|y providefeedwater to
the intact steam generator. Or, as an attema- 4. In some plants, the AFW isolatten is required
tive, if it is shown that ths intact steam gener- to divert AFW from the affected steam gener-

ator will receive the minimum required flow ator for orderly and safe plant shutdown and ;

without isolation of the depressunzed steam to meet the single failure criterion in supply-
generator and containment desigrt pressure is ing feedwater to the intact steam gener- \

'

not acceded, then operatcr action may be ator(s).
relied upon to isolate the depresswized steam j

generator." |

The disadvantages of automatic AFW isolation i

are related to concerts that the automatic isolation i

The purpose of GI 125.11.7 is to reevaluate these system may reduce the reliability of the AFW func- :

requirements and to determine if the disadvantages tion. Also, with operacor error, the long term suc- |
of automatic AFW isolation may cutweigh the cess of AFW for main icedwater transients, steam j
benefits. The benefits of automatic AFW isolation generator tube ruptures, and small break LOCAs 1

are as follows: could be compromised. Ivilures that cat.se inad- !

vertent actuation of the AFW isolation system I

1. In the event of a steam or feed line break, the could cause loss of all AFW system flow during ac- |
steam generator blowdown inventony is mini- cidents or transients. Additionally, during a con- i

mized. While isolating AFW does not trolled cooldown, the thresholds for automatic |

prevent the initial secondary side inventory AFW isolation (such as low steam generator pres-'

blowdown, it does prevent continued blow- sure or high steam generator to steam generator
down after the initial inventory is expended, differential) may be crossed, which would requirc
and thus minimizes the containment pressure that the operator lock out the isolation logic as the

I
rise. steam generator parameters approach the isolation

,

| setpoint. During an accident scenario (not requir-
ing isolation), the accompanying distractions could

2. Excessive primary system cooldown is mini- result in a failure to lock out the automatic isola-
mized. As the primary system cools down tion, thus AFW would not be available as predicted

: due to the heat transfer to the depressurizing for the applicable accident analyses.

|
steam generator, a reactor restart could

r occur, especially if the reactor fuel is sp.
l

| |

iii
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The safety significance of this issue is whether less than the accident sequence CDFs considered
the positive aspects of automatic AFW isolation, in the individual PRAs. Also, the study estimated
resulting in decreased containment pressure and changes to the CDFs that would occur if the
diversion of AFW to the functioning steam gener- automatic AFW isolation systems were removed.
ator(s), are outweighed by the negative aspects of These modified AFW system fai'ure rates were
lower AFW system availability due to inadvertent then substituted into the PRA sequences that in-
or spurious actuation of its automatic isolt. tion sys- cluded the AFW system. By using this methodol-
tem. ogy, the change in CDF could be calculated for

removing the automatic isolation system. The
To evaluate this issue, a methodology was change in CDF.was then utilized to calculate a

developed wherein four typical PWR designs were change in risk. More details on the methodology
selected for analyses. The PWR selections were used are given in Section 3.0. The evaluation indi-
based on, (a) PWRs utilizing an automatic isolation cated that the contribution of the AFW isolation
system, (b) Nuclear Steam Supply System (NSSS) systern to CDF depends on the plant design, but the
supplier (Combustion Engineering, Babcock and total contribution is small. Also, the evaluation
Wilcox [two different designs), and Westinghouse), showed that removing the AFW isolation system
and (c) availability of an existieg PRA. and relying on the operator to isolate a ruptured

steam generator caused CDF to change in either
One plant design each from Westinghouse (W) direction (i.e., increased or decreased) depending

and Combustion Engineering (CE) and two dif- primarily on the presence of AFW flow restrictors
ferent Babcock and Wilcox (B&W) plant designs and the reliability of backup feed-and-bleed opera-
were selected for this study. It was thought that the tions.
greatest risk associated with this issue would be for
plants with marginal or no feed-and bleed After calculating this delta risk, the cost as-
capabilities because with the loss of all secondary sociated with removing the automatic isolation sys-
heat removal methods with primary system pressure tems was estimated. Cost benefit ratios were then
greater than Residual Heat Removal (RHR) calculated and summarized. The change in risk du *
operating pressure there is no way of remming to removing or disabling the AFW isolation system
decay heat. This study included one such plant. ranged from a decrease in plant risk of 44 man rem
Another significant consideration was that some for one plant (B&W without ercergency feedwater
plants without flow restrictors in their AFW pump initiation and control) to an increase of12 man rem
discharge lines utilize the automatic AFW isolation over the plant life for Westinghouse design.
system to prevent AFW pump runout conditions.
The evaluation performed for this study also in- Cost estimates for the disabling or remosing the
cluded three of these plants. AFW iso'.ation system ranged from $351K for a

plant with existing flow restrictors to $768K for a
After the collection and resiew of the data, the plant requiring installation of flow restrictors. '

contributions of the automatic AFW isolation sys-
tems to the AFW failure p;obabilities were deter- The cost benefit ratios calculated to determine
mined based on failure rates estimated for the the cost per man-rem reduction for the proposed
automatic isolation system design, probability of plant rnodifications showed a best case (maximum
operator error, and possible common cause faihire man rem reduction, minimum cost) of $7.9K per
resulting in failure of all AFW system functions. man-rem. Therefore, it was concluded that no
Automatic AFW isolation system failure rates had plant modifications would be warranted for the \

to be estimated because all ace'. lent sequences con- resc!ution of this issue.
taining automatic AFW isolation system failures
had Core Damage Frequencies (CDF) that were

iv

'

.



'

1

|' 1

|
i

|
|
!

l

FOREWORD ,

1
|

This. report provides an evaluation of Generic Issue 125.11.7, Reevaluate Provisions to |
Automatically Isolate Feedwater From a Steam Generator During a Line Break. This report was
prepared for the U.S. Nuc! car Regulatory Commission, Office of Nuclear Regulatory Research,
Division of Reactor and Plant Systems, by EG&G Idaho, Inc., NRC Technical Assistance Group.

The NRC Task Manager for this project is D.L Basdekas.

The work was funded by the U.S. Nuclear Regulatory Commission under Authorization B&R
60195001 FIN A6881-8.
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IEVALUAT!ON OF GENERIC ISSUE 125.11.7,
REEVALUATE PROVISION TO AUTOMATICALLY

JSOLATE FEEDWATER FROM STEAM GENERATOR
DURING A LINE BREAK

1. INTRODUCTION 3. Excessive containment pressure is micimized.
The centainment is designed to accommodste
the pressure increase caused by a primary sys-

The issue (designated in 1985 as GI 125.II.7 by tem loss-of-coolant-acc| dent (LOCA). A
the Nuclear Regulatory Commission) of automatic

steam or feedwater line break within contain-feedwater isolation for a PWR steam genera'or ment might cause the containment design
during a steam or feed line break was identified pressure to be exceeded if the automatic
from the findings of the Davis Besse incident Inves- ARVis lation were not operable.
tigation Team as reported in NUREG-1154, Loss
of Main and Asuiliaq Feedwater Event at the Davis-

4. In some plants, ARV automatic t olan.
.. .

on is
Bcsse Plant on June 9, 1995.2 The investigation

required to divert ARV from the affected
identified the concern tN.t the benefits of automatic steam generator for orderly and safe riant
auxiliary fecdwater isolation could possibly be out- shutdown and to meet thc single failure
weighed by the negative aspects of this feature.

criterion m supplym, g feedwater to the intact
,

Periodic reference to this Davis Besse event is
steam generator (s).

made ihroughout this report.

The automatic isolation of ARV from a steam The disadvantages of automatic ARV isolatjon
are related to concerns that the automatic isolatioitgenerator is provided to mitigate the consequences
system may reduce the reliabih,ty of the AP.'/ sys-of a steam or feedwater line break. The isolx! n

logic, for most plants that utilize the design, closes tem and with operator error, the leng term succest
f AFW for main feedwater transients, steam gen-

all main steam isolation valves and also isolates
ARY from the broken depressurizing staam gener- erator tube ruptures, and small-break LOCAs

atcr while continuing to feed the unaffected steam could be compromised. Failures that cause inad-
vertent cetuation of the ARV isolation system

generator (s).
could cause loss of all ARV system flow during ac-
cidents or transients. Addit onally, during a con-i

The ber.elits of AFV isolation are as follows: trolled cooldown, the thresholds for automatic |

ARV is lation may be crossed, which would re-
1. The break blowdown inventory is minimized.

While isolating ARV doesn't prevent the ini- quire that the operator lock out the isolation logic
as the steam generator parameters approach thetial secondary side inventory from blowdown,

it does preclude additional blowdown from isolation setpoint. During an accident scenario, the i

continuing decav Leat removal after the initial accompanying distractions could result in a failure |
'

, inventory is endndr to, lock out the automatic isolatien, thus ARV

) would not be available as predicted for the ap-

( 2. Excessive primary system cooldown is mini- plicab!c accident analyses.

mized. As the primary system cools down
due to the heat transfer to the depressurizing The safety significance of this issue is whether .

steam generator, a reactor restart could the positive aspects of automatic ARV isoiation (
occur, esrecially if the reactor fuel is ap. resulting in decreased containment pressure ar.d

proaching r ad-of-life. This would introduce diversion of 4RV to the functioning steam gener-
l

thermal energy to #be transient. Shutting off ator(s) are outweighed by the negative aspects of
,

ARV to the faulted steam generator will
|reduce this effect. |

,

1
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lower ARV system availability due to inadvertent concerning these AFW system requirements i

Ior spurious actuation of its automatic isolation sys- (NUREG-0800 , Section 10.4.9). Other Generic Is- i

tem. sues, such as GI 124, Auxiliary Feedwater |
Reliability, and GI 125.11.1, Need for Additional

The asomatic isolation of AFW from a steam Actions on ARV Systems, should also address this I

gercrator is provided to mitigate the consequences question of requiring PWR automatic AFW isola- |
of a steam or feedwater line break. The isolatiw tion systems. |
logic, usually triggered by a steam generator low 1

'
pressure signal, closes all main steam isolation val- 3. EVALUATION METHODOLOGY
ves and also isolates AFW from the broken depres-
surizing steam generator while continuing to feed 3.1 Evaluation Technique l
the unaffected steam generator (s). i

|

The purpose of GI 125.II.7 is to evaluate typical A plant from each of the PWR vendors was
PWR designs to determine if automatic AFW isola- selected for the evaluation, and available PRAs
tion results in an increase in the risk to the public. (References 6,10,11,13,14) for the selected plants
To accomplist. this, a detailed tect.nical review was were employed for this analysis. ARV systems
performed in which four PWR designs were sub- were studied to determine how they functioned and
jected to a dett'ed automatic ARV isolation how the AFW isolation system functioned. Acci-
analysis. Five generic accident sequences were dent sequences were evaluated to determine the
identified in which automatic AFW isolation could contribution to the CDF of inadvestent or spurious i

affect plant safety. This evaluation calculated a AFW isolation system actuation. The following
change in risk based on the change to CDF caused sections describe the technique employed in this |by removing the automatic AFW isolation system. analysis and the postulated sequences evaluated.

2. SCOPE OF STUDY The AFW isolation system's contribution to the
total CDF was calculated by reviewing completed

This study evaluated, for representative PWR PRAs for the selected plants. The AFW systems i

plant designs, the consequences of automatic isola- and the AFW isolation systems wer studied to |
tion of ARV to the steam generators during a feed determine which of the basic accident sequences |

line or steam line break as well as other applicable described in Section 3.2 were applicable to the pr-
accident sequences that rely on th AFW system ticular plant. The accident seqt.ecces described in
for success. A plant representing each PWR ven- the respective plant PRAs, referenced above, were |

dor was analyzed to determine the impact of GI reviewed to identTy the accident sequences that in-
125.11.7. cluded failure of the AFW system. The AFW

failure events in those sequ. aces were then
The study also (a) identified plant designs where evaluated to determine the contribution of the

such AFW isolation could impact plant safety by in- automatic AFW isolation system to the AFW sys-
creasing the pr hability that decay heat removal tem failure probability,
capabilities n. , be lost, (b) evaluated plant
modifications that could be implemented to Throu;;hout this report, where probabilities or
mitigate the consequences of automatic isolation, tailure rates are utilized, they have been resiewed
and (c) performed a cost benefit analysis to asscss to determine if they were considered appropriate
the value-impact of removing the automatic isola- for the application. This determination was based
tion feature. on PRA experience and engineering judgement. In

general, plant specific data from the p! ant PRA was
It should be noted that this study only evaluated reviewed and used as a first choice. In cases where

plants that utilize an automatic AFW isolation sys- the plant specific data was deemed inappropriate
tem and did not address whether this type of system or the data was not available, previously used and

3
should be required. Thic scoping decision was justified data from the NUREG-0933 analysis re-
maae based on the definition of this iss as stated lated to this issue was reviewed and used as judged

in NUREG-0933, A Priodrization of Generic Safety appropriate. In cases where neither the plant PRA
3

Issues,3A because there are existing NRC criteria data or NUREG-0933 data was available or

2



judged appropriate for the specific application, failure. There are many sets of component failure

data from other recognized and widely used dMa combinations that lead to sysicm failure. These are

bases was used. The sources of the data used is in- called cutsets. A minimal cutset is a cutset that is
dicated in the text of this report, made up of the smallest combination of component

failures which, if they all occur, will cause the sys-

In general, the referenced plant PRAs identify tem to fail. The fault trees are usually so large that

several sets of accident sequences that lead to core they must be evaluated by computer and even then

damage. The calculated rate of occurrence for the they must be selectively reduced to allow computa-
accident sequence per year is called the core tion in a reasonable time and at a reasonab!c cost.
damage frequency. Usually, only the accidem se- Generally, cutsets leading to system failure that
quences with a CDF contribution greater than have a probability below a value determined to be
1.0E-08 are discussed, because CDFs less than this insignificant by the analpt are truncated to reduce
are insignificant when added to the accident se- the computation time and cost. See NUREG4492,

quences with the higher contributions. These latter Fault Tree hanabock,5 for a more detailed discus-

accident sequences are called the dominant se- sion of fault tree anrNsis.
quences. The accident sequences are identified by
the initiating event (e.g. loss of offsite power or loss For this evnluation, the ARV system minimal
of feed flow) that starts the accident sequence, and cutsets were exa.mned to determine the effects of
a series of letter designations that identify the sys- the AFW isolation system failure. In all cases, the
tems or components that are failed or fail as the se- probability of AFW failure dee to a mhimal cutset
quence progresses. For this study, the accident invohing the ARV isolation system was well below
sequences of interest have initiating events that are the probability of failure for many other minimal
perturbations in the power comcrsion system that cutsets. Thus, t!'c ARV isolation system was not a
result in a loss of main feed. In general, the other significant contributor to AFW system failure. To
accident sequences do not rely on the ARV system estimate the contribution of the ARV isolation sys-
for successful mitigation because the power conver- tem to the CDF, minimal cutsets invohing the ARV

sion system is available to remove energy from the isolation system were developed and added
primary system. The referenced PRA labels the in- scpreately. These probabilities for ARV failure in-
i'iator as a transient, e.g. T1 through T4, Tdc., etc. vohing the AFW isolation system were then sub-
The number following the T indicates the type of stituted into the accident sequence for the failure of
transient (e.g. loss of feed flow, loss of off site the ARV system to determine the contribution to
power, etc.). The letter *L' in the accident desig- the CDF for the AFW isolation sys;em. The ARV
nator signines failure of the AFW. Where a par- isolation system contribution for each of the
ticular accident sequence is discussed in the selected plants was determined by the above
following sections, the accident sequence designa- method.

| tion is shown along with a very brief description of
the accident. The CDF for the accident sequence is In addition to the sequence evaluation described
determined by multiplying the frequency of the in- above, the effects on the CDF of removing the
itiating event times the probabilities of failure or AFW isolation sptem was determined by estimat-
unavailabilides of the failed systems or components ing the frequency of a break in a steam or feed line,
in the sequence. the probability of the operator failing to isolate the

affected steam generator, and the probability of
The probability of failure or the unavailabilities feed and bleed failure. These values were then

of failed systems in the accident sequences are combined, as appropriate toc each phnt.
j

det.:rmined as follows. Fault trees are developedI

for the system that ideatify all the combinations of By using this metkdology, the change in CDF
component failures that will eaase the system to fail resulting from removal or disabling the automatic
to perform its intended function. Component AFW isolation system was calculated. The change
failure rates or unavailabilities are then deterrrined in CDF was then used to calculate a change in plant
for the failed or unavailable comoonents. Using risk.
Boolean algebra techniques the failure rates and
unavailabilities of the various component failure
combinations that lead to system failure are
evaluated to determine the probability of system
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3.2 Postulated Accident Sequences Another area of concern is any accident se- |

Affected by the AFW lsolation quence that relies on AFW operation. Spurious or

System inadvertent actuation of the AFW isolation system
could be a significant contributor to the un-
availability of the AIAV system. Recovery actions
may not be simple operations; at the June 1985

The purpose of t. .ais evaluat. ion is to m.vestigate Davis Besse event, the operators had to manually
.

the positwe and negatwe aspects of the automat,c initiate the opening of the isolation vahts becausei

AFW isolation system. The pos,it,we aspects are the valve motor torque limit had been improperly !
that the isolation system will ensure that AFW is

set, and the pumps had to be manually restarted. I
supplied to functional steam generaters only, thus
ensuring that the containment pressure and steam Actuation of the isolation system during longcontent are rmm,mized and that AFW is not

term cooldown using the AFW system for heat I
diverted to a ruptured steam generator, resulting in removal is also an area of concern. During long
a loss of heat smk for decay heat removal. The term cooldown, secondary system conditions thatnegative aspects are the contribution of the

cause actuation of AFW isolation system will even-
automatic AFW isolat,on system to the inadvertenti

tually be reached, i.e. 'ow steam generatc7 pressure.
failure of the AFW system and the potential of If the operator has not locked out or bypassed thecausing a loss of feedwater transient. The first

isolation system, the heat removal method will be
three acc,ident sequences discussed below present lost and some type of recovery action will be re- ,

an evaluation of the negatwe aspects of the quired. The added stress (caused by this additional l

automatic AFW isolation system, i.e. they present event) may cause the operators to make other er- |an estimation of the automatic AFW isolation tors complicating recovery from an accident se- Isystem's contribution to the CDP. The last two ac-
,

quence, and eventually leading to core damage. I
eident sequences present an evaluation of the posi-
tive aspects of the automatic AFW isolation system The removal of the AFW isolation system is ex-
by providing an estimate of the change to CDF if

pected to have a negative impact (i.e., an increase i
the automatic isolatiot, system were removed. The

in the consequences) on the two accident sequen-
net worth" of the automatic AFW isolation system ces described below. Both of these sequences ad- ),

is determined by comparing the mcrease m, CDF
dress the concerns related to the original purpose

caused by removing the automatic APW isolation
of the AFW isolation system,i.e. to mitigate the ef-

system to the CCF of accident sequences m, vohing fects of a main steam or feciline break.
failum of the AFW system caused by the automatic -

AFW isolation system. ,If the isolation system's Isolation of a depressurizing steam generator
failure rate contribution ts higher than the change caused by a feedwater line break, is required to lm CDF due to removing the system, then the prevent either the diversion of flow from unaffected |automatic AFW isolation system is contributmg

,

steam generators or the failure of all the AFW sys. |more risk than it is mitigatmg.
,

tem due to pump runout or cavitation caused by
. higher than normal flow rates. Upon removal of

Inadvertent or spunous actuau.ou or the AFW
the AFW isolation system, isolation of the affected I

isolat,on System could be the cause of a transienti
steam generator will have to be performed manual- IFor example, a spurious signal could cause the
ly. During a posiulated accident sequence consist- ;

main steam tsolation valves and AFW isolation val- ing of a feedwater line break, followed by the
ves to close. Closure of the mam steam isolation failure to isolate the affected steam generator, and
vahrs would trip the mam feed pumps on most the failure of feed-and-bleed (where this technique
plants because the pumps are turbtne-driven. Thus,

can be performed), the core damage contribution is
the plant would be m a totalloss of feedwater tran-

expectvd to increase because timely operator action
sient. If the ope.ators cannot recover feedwater under stressful accident conditions is required to
flow or initiate and mamtam feed.and bleed in the2

isolate the affected steam generator,
limited time available, usually about 30 mmutes, the
transient will lead to core damage due to a loss of Another purpose of the AFW isolation system is
heat temoval capabi'ic. to minimize steam blowdown to the containment

for accident sequences invohing steam line rupture
while the AFW system still supplies 11ew to the af-
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fected steam generator. The concern for this acci. AFW sptem, details of the sequence analyses, and

dent scenario is containment failure due to over- the results of the analyses are presented for each

pressure. Although this scenario does not involve plant.
core damage, it does invo:ve the potential release of
radioactive material to the emironment due to the
release of primary coolant through potential steam 4.1 Plant A

*

generator tube leaks or low levels of contamination
that may be present inside the containment.
Hence, some safety consequence is expected due to This evaluation was based on the system descrip-
this type of accident scenario. As described above, tions and PRA evaluations contained in the IREP
tbc consequences associated with this scenario are study of a Combustion Engineering plant in
expected to increase since operator action will be NUREG/CR-3511, Interim Reliability Evaluation
requite to isolate the affected steam generator. Program: Analysis of the Plant A Nuclear Power

hPlant

4. PLANT ANALYSIS 4.1.1 System Description. Plant A is a Com-
bustion Engineering (CE) designed reactor system
that has two U tube steam generators. The AFW

This section presents the system and PRA se. system (Figure 1) has one turbine-driven pump and

quence analyses performed for the four plant one motor driven pump. Each pump supplies both

designs evaluated in this study. A description of the steam generators through a separate header, i.e.,
there are flow control and isolation valves for the
turbine driven pump on a header separate from the
flow control and isolation valves for the motor-
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driven pump to steam generator 1. There is 4.1.2 Plant A (CE) Sequence Analysis. At
another turbine-driven pump, but it must bc Plant A (CE), two automatic ARV isolation system
mancally lined up and started by the operator. The failure sequences are of interest; (a) failures of the
motor driven pump from Unit 2 can be cross con- isolation system that result in inadvertent isolation
nected to Unit 1. The extra turbine driven pump of both steam generators, and (b) the inadvertent
and cross connecting of the motor Aiven pump isolation of one steam generator when one of the
from Unit 2 were considered recovery actions for ARV pump trains is inoperable. If both steam gen-
the applicable accidem sequeaces by the IREP erators are isolated, all AFW flow will be lost. If
analysis.6 one steam generator is isolated while one of the

pump trains is inoperable, the ARV flow will drop
Each steam generator has its own automatic to 200 gpm. The operator must then take mtnual

AFW isolation system, actuated by two inde- control of the appropriate throttle valve to incresse
pender channels (A and B). The AFW system ARV flow to greater than J00 gpm, or he must
isolation is accomplished by two valves in series in open one of the isolation vahes to prevent core
each header sup;) lying each steam generator for a damage. Feed-and bleed was not considered effec-
total of eight isolation valves. The valves have no tive at Plant A because of the relatively low dis-
other purpose in the system and are normally open. charge head (1750 psi) of the high pressure
Isolation initiation (ircuit A closes one vahr in each injection pumps and the uncertainty as to whether
header on the affected steam generator and circuit or not the pressure could be reduced enough to in-
B closes the other valve. Only one valve in each af- itiate High Pressure Safety injection (HPS!).n,12
fected header (motor-driven and turbine-driven
pump headers) must be closed to isolate AFW flow AFW system failure caused by spurious actua-
to the desired steam generator. tion of the ARV isolation system would consist of;

(a) a spurious signal to isolate one steam generator,
During a steam or feedwater line rupture event, (b) a common mode failure of the logic module to

the main steam isoletion valves on both st .am gen- isolate the other steam generator, and (c) the
crators vill close when the pressure of either steam operator failing to recover flow to greater than 400
generator is less than 500 psig. The AFW isolation gpm. The Plant A (CE) IREP study indicates a6

vahes on the affected steam generator will close on spurious isolation has a probability of 7.2E-05. This
coincident low steam generator water level (less is based on a 3.0E-06/hr failure rate for solid state
than 50 in.) and high steam generator differential components and a 24 hour exposure time. If a com-
pressure (greater than 100 psid). If the isolation mon mode failure probability (0.05) similar to that
signal is generated while the ARV system is in used in the NUREG-09333 evaluation of this event
operation, half of the isolation signal will already be and a failure of recovery probability (0N) similar

6present because the ARV is initiated by the low to that used in the IREP study are assumed, the
steam generator water level sigoal. The actuation resulting cutset wi'l have a probability of 7.2E 05 *
signals for each circuit are based on two of four 0.05 * 0.04 = 1.44E-07.
coincidence from four independent transducers on
each stearn generator. Because there are two actuation channels, two

cutsets will contribute to the change in CDF due to
Each header has a throttle valve set to limit flow the aforementioned factors. For some accident se-

to 200 gpm; thus, failure to isolate AFW from a quences, both actuation channels will be active;
ruptured steam generator will not cause the loss of thus, the AFW system failure probability will be
AFW to the other steam generator due to flow 2.88E-07. For other accident sequences, one of the
being diverted to the steam generator with the actuation channels is assumed failed due to main-
lower pressure. The operator can manually control tenance or other independent failure, so the AFW

6the throttle valve setting if desired. The PRA used failure probability will be as stated above,1.44E-07.
to evaluate this plant indicates that the AFW sys-
tem is assumed to fall if less than .00 gpm is The 3.0E-06/hr failure rate of solid state com-

6delhcred to one or both steam generators. ponents used by the IREP study for estimating the
spurious block probability agrees well with solid

The ARV system must be used to maintain state componear ' failure to function" failure rates
steam generator levels during startup and shutdown found in oth;r "ras (References 11,13
when the reactor power leve:is low (less than 5%). 15,17,18,19) and in reference material such as

6



and in the preceding discussions, only the AFW isWASH-1400, Reactor Safety Study,' 6
NUREG/CR 2728, IREP Procedures Guidc Be- isolated by the spurious signals. The main steam
cause a spurious output of a solid state device is isolation valves are on a different logic module and

only part of a solid state component's ' failure to will require a different signal to cause them to
function,' the salee used is a conservative estimate. close,

4.1.2.1 Spurious NW Isolation Caused Tran-
The 0.05 probability for common mode failure sients. A spurious actuation of the AFW isolation

was taken directly from the NUREG-0933 evalua- system at Plant A (CE) will not cause a totalloss of
tion of this generic issue because it was judged t feedwater transient because the signal to close the

,

be a reasonable value based on the system design. main steam isolation valves (which will c,iuse the
,

main feed pumps to trip) comes from a different
The 0.M probability of failure of the operator to logic module than the signal that closes the AFW

recover was estimated fruto the values used for system isolation vahes. Thus, two spurious actua-
failure to recover in the IREP study.6 Several tion signals are required to initiate a tranfent and
recovery actions of various complexities were con- fail AFW. This accident sequence is covered by se-

sidered in the study. The 0.M valua is repre- quence T2L, which is the loss of the Power Conver.
sentative of tl.e relatively simple actions required sion System (PCS) followed by loss of the AFW
and the multiple paths available to recover the system. The PCS comprises the main feedwater
AFW and the appro:imately 80 minutes of time and condensate system, the steam generators, and
available for recovery. the main steam system which includes the turbines,

the turbine bypass, the atmospheric dump valves, ,

Failure events invohing isolation of both steam and the safety relief valves,
generators caused by independent spurious signals
to both steam generators have a probability of oc- 4.1.2.2 Spurious AFWIsolation During Transients
currence of about 5.t)E-09 and were judged to be Requiring AFW. The following six accident sequen.
insignificant; therefore, they were not included in ces in the dominant accident sequences invohe
this evaluation. failure of AFW:

Failure events that could lead to core damage TdcL Loss of DC power fails the AFW actua-
caused by spurious isolation of one steam generator tion system but starts the turbine-driven

'

when the turbine-driven or motor driven pump
P"*P'trains are not operating for some reason (such as

during maintenance or valve failure) consist of(a) a AFW isolation does not play a part in
spurious signal to tsoiate one steam generator and this accident sequence because the loss

,

(b) the operator fails to recover AFW to greater of DC power fails the AFW actuation
than 400 gpm. Again, feed-ano-bleed is not effec- system; thus, an inadvertent isolation ;tive at Plant A (CE) because of the low discharge

8"" ##"" E*"*'*'*head (1750 psi) of the HPSI pumps. Using the
same probabilities as those used above, the prob- I

ability of a spurious signal actuating the AFW isola- TE Loss of power emersion M secom ,

tion system to isolate one steam generator and the dary steam relief system followed by |
operator failmg to recover is 7.2E-05'0.N loss of AFW. I

=

2.88E-06, j
,

This accident sequence is dominated by ;

Again, two cutsets will contribute to an accident cutsets that require two independent |,

l sequence because there are two isolation actuation failures of AFW. Replacing the ap-
channels. These cutsets are only applicable when propriate events with spurious isolation

Ione of the pumping systems is down for reasons not of one steam generator and with com-
related to the spurious isolation. Like the previous mon mode isolation of the other results f

| evaluation, only one cutset will apply to some acci- in a spurious AFW isolation contribu- |
dent sequences and both will apply to others. tion to the CDF of 4.67E-07 (see Ap- '

pendix A for calculations).
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iT4ML Any transient other than those initiated AFW failure rat:s with the appropriate i

by the loss of offsite power, loss of PCS, spurious isolation , of AFW events |

or transients requiring primary system rcsults in 7.1E-09 core damage con-
j

pressure relief, followed by loss of tribution for accident sequence T3ML 1

power conversion and secondary steam by spurious AFW isolation (see Appen-
; relief system and AFW. dix A for calculations).

This accident sequence is dominated by
failure of vital AC inverter #11 which TILCC' Loss of offsite power followed by loss of
fails the power conversion and secon- AFW, CSSI (containment spray system
dary steam relief system and the motor- injection), and CARCS (containment
driven pump of the AFW system air recirculation and cooling system). ;

requiring another AFW failure to fail
,

AFW Direct failure of the power con. This accident is the same as TIL except i

version and secondary steam relief sys- for the additional failures of the CSSI |tem by local fault and failure of the and CARCS. Replacing the ap- "

AFW is also included. Replacing the- propriate AFW events in the cutsets
appropriate AFW failure rate with the .with spurious isoletion of AFW events j
spur |ous isolation probability of occur- results in 8.6E-09 contribution to the i

rence results in 2.6E-08 contribution to CDP for accident sequence T1LCC' by'
accident sequence T4ML from spurious spurious AFW isolation (see Appendix
isolation of the AFW (see Appendix A A for calculations),
for calculations).

4.1.2.3 Operator Failure To Lock Out Isolation
System During Cooldown. This will not cause a .

TIL Loss of offsite power followed by failure problem at Plant A (CE) because the AFW isola- j*

of AFW. tion signal is generated from a high steam generator !
differential mssure. Dming a long term cooldown

This accident sequence consists of two the steam snerators will remain at approximately
single event cutsets and many double the same pressure; thus, the isolation signal will not
event cutsets in the AFW system. be actuated.
Replacing the appropriate AFW events
with spurious isolation events results in 4.1.2.4 feedwater Line Break initiated Trans/ent.
4.1E-08 contribution for accident se- This accident sequence considcrs the impact of the
quence TIL to the CDF for spurious AFW isolation system following a feedwater line

i

AFW isolation (see Appendix A for cal- break. Generally, the affected steam generator is 'i
culations), isolated to prevent pumping water out of the break. |

Failure to isolate the affected steam generator
could lead to the failure of the remaining trains of

T3ML Transient requiring primary system AFW due to the diversion of a sufficient amount of
relief followed by loss of power comtr- flow from the break, which would fail the AFW

;
'

sion and secondary steam relief system function. Because Plant A (CE) has flow limiting
and AFW. vahes in the system headers, this sequence is not af-

fccted by the removal of the AFW isolation system.
This accident, similar to T2ML, is No operator action is required to prevent the diver-
dominated by loss of vital AC inverter sion of AFW flow out of the break.
#11 which fails the power conversion
and secondary stean relief system and.

the motor-driven pump of the AFW, re. 4.1.2.5 Main Stu.m Line Break initiated Tran-
quiring another failure in the AFW sys- sient. This section evaluates the impact of remov-
tem to fail the total system. Direct ing the AFW isolatioa system during a :. team line
failure of the power conversion and break accident. This accident invohes a transient
secondary steam relief system and the initiated by a steam line break. Steam line break
AFW is also covered. Replacing the accident sequences that lead to core damage have

8

__ _ . _ -



_. __

| |
i

'

|
|

|

1 |
|

such a low CDP that they are not included in this break is 3.0E 08. This value will be used later in i
I

analysis. The primary concern due to this postu- determining the impact this issue will have on con-
lated accident sequence is containment failure due sequences (totalman rem). f
to overpressurization. The frequency of occurrence )
was calculated on a generic basis in NUREG-0933 4.1.3 Total CDF Contribution for Plant A (CE).3

I
as 1.0E-06. The NUREG-0933 analysis was used At plant A (CE), removing the automatic AFW ;3

| because the pipe rupture frequency and operator isolation system will decrease the CDF by 5.5E-07.

error and containment failure rates are consistent This is determined by adding the contributors from

I with similar events found in the PRAs ,u,1m used each accident sequence previously discussed as6

WWW shown below:in this evaluation and other documents
that contain generic f.alure rates. The NUREG-
0933' evaluation is:

l T2L 4.7E-07

1.0E-03 * 0.1 * 0.01 = 1.0E-06 T4ML 2.6E-08
TIL 4.1E-08

where the frequency of steam and feedwater line T3ML 7.1E-09
breaks is estimated as 1.0E-03, with 10% (0.1) of TILCC' 8.3E-09

these assumed to be steam line breaks. Failure of Total 5.5E-07

the operator to manually isolate the affected steam
generator has been estimated as 0.01. NUREG- For this plant there are no new accident sequen-
0933 also assumes that, given the occurrence of ces leading to core damage caused by remosing the3

this sequence of events, the probabiSty of contain- automatic AFW isolation system,
ment failure is 0.03. It should be noted that

3NUREG-0933 considers this a ' highly conservative Although removal of the AFW isolation system
assumption." Using this value, the estimated fre- is expected to have a negative impact on conse-
quency of contairment failure due to a steam line quences through the steam line break accident se-

quence, because of the increased probability of
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! containment failure, no increase in the core damage steam generator, and (c) high pressure injection ac-
frequency due to feedwater line breaks is expected tuation on channel A and B Engineered Safeguards
because the plant ht.s flow restrictors in the AFW Actuation System (ESAS). After initiation, the
supply headers wh*ch 'will prevent flow being EFIC system controls the stes:n generator water-

diverted to the depre surized steam generator or level change as a function of steam generator pres-
pump failure due to cavitation or pump run out, sure.
Therefore, the net impact of this issue (i.e., removal
of the AFW isolation system) is a CDF reduction of The EFIC aystem initiation logic module con-
5.97E-07. tains logic that will isolate the main steam hne and

the main feedwater system on a steam generator
4.2 Plant B pressure less than 600 psig in either steam gener-

ator. Only the reain steam line on the steam gener-
ator with the low pressure is isolated. Two

The Babcock and Wilcox AFW description and actuatica signals are required to cause the isolation,
evaluation are based on NUREG/CR-2515, Plant B A vector lede module in the EFIC system will iso-

llSafety Study along with the description and ejects late the EFS from a steam generator indicating rup-
of the emergenEy fe2wFeF1nitiation and control ture conditions. There is one header from the-

~

;
system (EFIC) which was installed after the Safety motor-driven pump to each steam generator and
Study was issued. one header from the turbine-driven pump to each

steam generator with two isolation valves in series
4.2.1 System Description. Plant B is a PWR in each header Channel A will hold open or close '

designed by Babcock and Wilcox (B&W) with two one set of VMves in the motor driven pump headers,
once-through steam generators. At typical B&W and channel D will do the same for the other set of
plants, the main feedwater system can be used for valves. Channels B and C will do the same for the
supplying feedwater during startups and shut- turbine-driven pump headers if one steam gener-
downs; thus, an AFW system is not required for this ator is below 600 psig, the vector logic modules in
purpose. They do have, however, a comparable sys- the respective EFIC channels will close the isola-
tem that can maintain steam generator water levels tion valves to that s'eam generator. if both steam
should the main feed system be out of service. This generators are below 600 psig and there is less than -

system is called the Emergency Feedwater System 125 pai difference between the generators, ell EFS
(EFS). The EFS (Figure 2) has one steam turbine- isolation valves will be held open or allowed to be.

driven pump train and one motor-driven pump controlled by the EFS water level signals. If both )
train. The two trains are cross connected so that generators are below 600 pig and there is a greater
each pump supplies both steam generators through than 125 psi pressure difference, the EFS will be '

each generator's single feed header. isolated from the steam generator with the lower .

pressure. Only one signal is required to close the
appropriate valves.

The Emergency Feedwater Initiation and Con-
trol (EFIC) system controls the operation of the ':"he EFS does not provide flow restrictors or
EFS. The system has four actuation and thonitor- control valves that limit flow to a ruptured steam

,

ing channels and uses a logic technique called 1 out generator. Based on the referenced PRA, the EFS
'

,

of 2 taken twice. This means that actuation signah is assumed successful if at least one p".mp is supply-
,

from channels A and C or A and D or B and C or B ing water to at least one steara generator. :

and D will initiate the EFS. The acmal initiation
,

,

1 circuitry is located in the channel A sad B cabinets. 4.2.2 Plant B (B&W) Sequence Analysis. Like !

Signals from chranels C and D combined in the A plant A, only two spurious EFS isolation segacaces j
~

| and B cabinets. Channel A actuates the motor- are of 6terest for this plant design. Tbc first se- !

I driven pump trr.in and channel B actuates the tur- quence is: (a) a fault in the EFiC sptem causes
bine-driven pump train. The EFS will be actuated isolation of one steam generator, (b) a common,

: by (n) loss of main feed pumps with reactor power mode fault causes the other steam generator to iso-
greater than 20%, (b) less the.n six inches of water late, and (c) the operator fails to open at least one
level in either steam generator, (c) loss of reactor valve in either header. Approximately 20 minutes
coolant pumps, (d) less than 600 psig in chber are available for the operator to open the valve. if |

!
1

1
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event probabilitics similar to plant A are assumed, Spurious EFS isolation contributes 5.8E-07 to each
this sequence will have a probability of 7.2E-05 ' of these failure rates. This was determined by mul-

0.05 * 0.04 = 1.44E-07. tiplying the failure probability determined in Sec-
tion 4.2.2 for spurious iv>lation of both steam
generators by four, since the event could happen

Similar event probabilities can be assumed be- four ways, and by substituting the previously deter-
cause the actuation systerrs at plants A and B are mined single steam generator isolation probability
similar. Also, although the recovery time is shorter, for single steam generator failures in the EFS fault

there would be immediate notification of the isola- trees and then adding the results. This was neces-
tion and the recovery actions are simple; therefore, sary because the spurious isolation cutsets are all

13
the recovery failure probability of 0.04 is used as a below the dominant cutsets used in the PRA cal-
reasonable failure rate probability. culation of the EFS failure probability.

The other event sequence is a fault in the EFIC
system that causes isolation of one steam generator Five accident sequences contributing to CDP in-
while EFS to the other steam gener4tur is isolated clude failure of the EFS. The EFS isolation system
for some other reason, such as valve failure or valve contribution to these accident sequences was deter-

ll
maintenance, and the operator fails to recover flow mined by dividing the PRA calculated accident
to one of the steam generatois. Using event prob- sequence core damage frequency by the ap-
abilities similar to those above, the probability of propriate EFS failure probability used in the
this event sequence is 7.2E-05 * 0.04 = 2.88E-06. PRA" and niultiplying by the isolation system

failure probability determined above. The results
Other spurious actuations of the EFS isolation of these calculations are shown below:

system, such as independent spurious signals to
both steam generators, have a very low probability T1 TIA Transient that initially has the heat sink
of occurrence, on the order of 5.0E-09, and were (MLU) available with subsequent failure of the
not considered in this evaluation. heat sink, the EFS, and primary makeup

'
4.2.2.1 Epurious isolation-Caused Transient.

A spurious ac2uation of the EPS isolation system at The spurious isolation events contribu-
,

plant B will not cause a total loss of feedwater tran- tion to the CDF is 7.0E 09 (see Appen. .

sient because the signal to isolate the main steam dir B for calculation). i

line and the main feed line comes from a different
logic module than the signal that closes the EFS ;

isolation valves. Thus, two spurious actuation sig- T2A less of offdte power which fails the
nals are required to initiate a transient and fail the (MLU) secoodary system followed by failure of!

CFS at the same time. This sequence bas a CDF the EFS and primary makeup.
contribution nf about 5.0E40, which is about two
orders of magnitude less than the CDF contribution The spurious isolat on events contribu-i

for other accident sequences with EFS isolation tion to the CDF is 4.5E-09 (see Appen-
dix B for calculation)..

4.2.2.2 Loss of EFS Ouring Another Transient

Caused by Garlous isolation. The Plant B
| (B&W) PRA calculates loss of EFS due to all T2A Same as the T2A(MLU) accident se-
| causes for two conditions: with offsite power avail- (MLUO) quence with the addition of failure of
| able And without offsite power. The probabilities the containment picssure reduction sp-

for these two events are; tem.

With offsite power 3.4E-M The spurious isolation events contribu-
,

tk'n to the CDF is 1.7E-08 (see Appin- .

Without offsite power 1.8E-03 dix B for calculation).
.
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T2A Same as the T2A(MLUO) above acci- 1400' end IEEE-STD-500.12 The 0.01 term is the
(MLU) dent sequence except the containment probability that the operator fails to isolate a rup-

spray system fails instead of the contain- tured steam generator, and 0.014 term is tl.e prob-
ment pressure reduction system. ability of failure of feed and-bleed taken from the

Plant B (BkW) PRA.ll The probability for the
The spmious isolation events contribu- operator failing to isolate the affected steam gener-

3tion to the CDF is 8.0E-10 (see Appen- ator was taken from NUREG 0933 because it was
dix B for calculation). judged to be a reasonable value for the Plant B

(B&W) system.

T2 T2A This la a lor.s of secondary system tran- 4.2.2.5 Steam LIne Break Init/ated Trans/ent. This
(MLU) sient with subsequent failure of the EFS section describes the impact of remming the EF3 i

and primary makeup. isolatior. system for steam line break initiated tran- ]
sient at Plant B (B&W). This accident is identical

The contribution of spurious isolation to that described in Section 4.1|2.5 of this report for i
events to the CDF is 1.5E-08 (see Ap- Plant A (CE). The primary concern due to this
pendix B for calculation). postulated a:cident sequence is containment failurc |

due to overpressuriration. The frequency of occur-;

4.2.2.3 Operator Failure To Locit Out Isolation rence was calculated w a generic basis in
3 3System DurIng Cooldown. The EFIC system will NUREG-0933 as 1.0E-06. The NUREG-0933

not initiate autornatic isolation of the EFS during a analysis was used because the pipe rupture fre-
long term cooldown as long as the steam generator quency and operator error and containment failure I

pressures remain within 125 psi of one another, rates are consistent with similar events found in the |
The EFIC vector 12,gic module contains logic that PRAs (References 6,11,13-15) used in this evalua-
will maintain the EFS isolation valves open and t on and other 6.unents (Referencesi

,

allow steam generator level control as long as both 5,10,12,18,19) that contain generic failure rates. |
3steam generators are below 600 psig ard there is The NUREG-0933 evaluation is 1.0E-03 * 0.1 *

less than a 125 psi pressure difference between 0.01 = 1.0E-06, where the frequency of steam and
them. No operator action is required to activate feedwater line breaks is estimated as 1.0E-03, with
this logic. 10% (0.1) of these assumed to be steam line bresks.

Failure of the operator to manually isolate the af-
4.2.2.4 Feedwater Line Break Initiated Transient,

fected steam ggnerator has been estimated as 0.0t.
The impact of remo ing the AFW isolation system NUREG-0933 also assumes that, given the occur-
on sequences initiated by a feedwater line break is rence of this sequence of events, the probability of
analyred in this section. Plant B (B&W) does not containment failure is 0.03. It should be noted that i

3have flow limiting devices in the EFS beaders; thus, NUREG-0933 considersthisa'highlyconservctive |
the operator must manually isolate a ruptured assumption.' Using this value, the estimated fre- ;
steam generator to prevent failure of the EFS due quency of containment failure due to a steam line

,

to all flow being diverted to the ruptured steam break is 3.0E-08. This value will not be combined j
generator or failure of the pumps due to cavitation with those presiously presented since it does not in. J
or pump runout. The EFS system will failif the voh'e core damage. However, this value will be
operator does not isolate a ruptured steam gener- used later in determining the impact this issue will
ator, because the EFS purnps are cross connected, have on consequences (total man rem). ;

which would allow all of the EFS flow to be I

diverted to the steam generator with the low pres-
sure. Using failure rate data similar to that used in 4.2.0 Total Contribution To CDF for Plant B

3the NUREG-0933 analysis, the increase to the (B&W). The total estimated contribution to the
CDF due to removal of the EFS isolation system is CDP for accident sequences invohing spurious ac-
estimated to be 1.0E-03*t).01'0.014 = 1.4E47. tuation of the steam generator isolation system is

shown below:

The 1.0E-03 is the frequency for rupture of a
large pipe, taken from NUREG-0933.3 This num.

| ber ayees well with values generated from WASH.
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less of EFS sequences: 4.3 Plant BB (B&W)
1

1

T1 TIA(MLU) 7.0E-09
|

T2A(hiLU) 4.5E-09 The Plant DB (B&W) emergency feedwater sys-

T2A(MLUO) 1.7E-08 tem (EFS) description and evaluation are based on !

'12A(MLUO') 8.0E 10 NUREG/CR 2515, Plant BB Safety Study.il This I

T2 T2A(MLU) 1.5E-08 plant is the same as the Plant B (B&W) dc<ign ex-
Tetal 4.4E-08 cept that it does not have the EFIC s* stem. |

It is estimated that there is an increase in the
CDF of 1.4E-07 due to the feedwater line break se- 4.3.1 System Description. The EFS (Figurt 5) is
quence, i' the EFS isolation system is removed actuated by low ste?.m generator w4ter level in both

(Section 4.2.2.5). steam generators or loss of bc:h main fcedwater
pumps. A steam line rnpture matrix will activate to

For Plant B (B&W) the net change to the CDF close the main sicam Enc isolation vaives, the main

for deleting (by EFS isolation system is an increase feedwatec valves, and the EFS vahts on a steam
of 9.6E-08. This consists of a decrease in CDF of generator indicating a s: cam line rupture. Only the
4.4E-08 caused by deleting the isolatioa system and affected stee.m generator is isolated; the main steam

an increase in CDF of 1.4E-07 due to the increased isolatioc vahts on th unaffected steant generator
frec,uency of accident sequences that the EFS was reman open. The steam lic rupeure matrix is ac-
protecting against. tuated by two pressure switches, one set at 725 psig

and one set at 600 psig, There are twa independent
actuation channels (A and B) for each steam gener-
ator.
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The EFS discharge lines do not have flow 1.0E-07'8760Co.75'0.05'U.04*0.014 = 1.8E-08 )
restrictors of control vahes that v.ill automatically I

limit flow to a ruptured steam generator. The EFS Where: ,

is assumed succesfulif at least onc pump is supply- !
ing water to rt least one steam generator. 1.0P-07/hr is the spurious failure rate of a relay ]

taken from IEEE-STD-500-1984.12
4.3.2 Plant BB (S&W) Sequence Anaiysis. Like
Plant B (B&W), only two spurious ElW isolation 8760 is the number of hours in a year and 0.75 is
events are of interest for this study. The first the approximate annuai reactor operating lactor, i

spurious isobtion event is (a) a fault in the steam :

line rupture matrix relay causes isolation of one 0.05 is the probability of a common mode failure
steam gensator, (F) a conunon mode fault causes of the othcr stcam generator isolatsa relay, '

the other steam generator to isolute, and (c) the
operat->r fails to open one valve in either header. 0.04 is the probability of operator failure to

,

Approximat21y 20 minutes are available to perform recover EFS flow, and
the recovery. If event p:obabilities similar to Plant
B (B&W) are assumed, this event sequence will 0.014 is Abe probabi5.'y of feed and-bleed failure
have the probability of 7.2E-05'045'0.04 = 1.ME- as reported by the SafetyStudy.10
07.

The spurious holation of one steam generator
when EFS to the other steact generator is isolated,

The other event sequence is a fault in the steam coupluiwith the failure of the cperator to rrcover'

line rupture matrix relay that causes isolation of one EFS flow and establish feedand bleed, was not ;

steam generator wMe EFS to the other steam gen- considered due to its relatively!cw frequency wben
crator is isolated for some other reason (such as cornpared to the above CDP.
vahe failure or vnhe maintenance) and the

'-

operator falls to reco~ct 110w to one of the steam 4.3.2.? Spurious isolation Caused Loss of EFS
generators. Using the same event probabilities as Dun'ng Another Transient. The Plant BB (B&W)
those used for the Plant B (B&W) evaluation, the PRA calculates loss of EFS due to all causes for
probsbility of this event would be 7.2E-05'0.04 7 two canditions: with offsite power available and
2.88E-06. Because there are two actuation chan- without offsite power. The probabilities for these
nels, two cutsets will contribute to the core melt fre- two events are:
quency. As discussed for Plant A (CE) both
actuat'on channels will be active for some accident
sequences and only one channel will be active for With offsite power 3.4E 04

'

others.
Without offsite power 1.8E F3

Other spurious actuations of the EFS isolation
system, such as sprious signals to both steam gen- Spurious EFS isolation contributes 5.8E-07 to
crators, have a very low probability of occurrence, each of these failure rates, This was determined by
on the order of 5.0E-9, and were not considered in multiplying the failure probability determined in
this evaluation. Section 4.2.2 for sperious isolation of both steam

generators by four, since therr. are four ways the
4.3.2.1 Spurlous isolatlon Caused Transient. At eQnt could happen, and by w5stituting the pre-
Plant BB (B&W) a spurioQ steam generator isola- viously deierrnined single steam generator isolation
tion signal can initiate a transient that could lead to probability for single steam generator failures in the
core damage if the operator failed to recover flow EFS fault trees and then summing t'ue results. This
to at Idast une of the steam generators and he failed was necessary because the spurious isolation cutsets
to correctiy initiate feed and bleed. The Safety are all below the dominut cutsets used in the PRA

8Study wed to evaluate this plant indicates that the calculation of the EFS failure probability. live ac-<

probability of feed and bleed failure is 0.014. The cident sequences contribating to CDF include
spurioes isolation of beah steam generator coupled failure of the EFS. The EPS isolation system con-
with operator hilure to recover EFS flow, and tribution to these accident sequences was deter-'

failure of feed and bleed would have a CDF of: mived by dhiding the PRA calculated accident

14
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sequence CDP by the appropriate EFS failure 4.3.2.3 Steam Generator Pressure Translent
probability used in the PRA and multiplying by the Caused /solatlon. Another accident sequence that

isolation system failure probability determined must be considered for Plant BB (B&W) is a low
above. %e results of these calculations are shown pressure transient in the steam generators that

,

'

below: causes the steam generators to be isolated even
though there is no rupture in the system. Becauso

71 TIA Transient that initially has the heat sink of the relatively small water to steam ratio in the

(MLU) available with subsequent failure of the once through steam generators, they are more sen-
.

heat sink, the EFS, and primary makeup sitive to large pressure transients than the other
(feed-and-bleed), steam generator designs. This is because of the

smaller volume of water near saturation conditions
The spurious isolation events contribu- that could flash to steam to keep the pressure up,
tion to the CDF is 7.0E-09 (see Appen- and because of the design of the isolation actuation

dix B for calculation), signal. Plant BB (B&W) actuates the EFS isolation
system on low steam generator pressure, whereas
the other plants evaluated actuated the isolation

Loss of o fsite power which fails the system on a high : team pressure differential be-rT2A
(MLU) beat sink followed by failure of the EFS tween steam generators,

and primary makeup.

The speriws isolation events contribu. The postulated accident sequence is some type
tion to the CDF is 4.5E-09 (see Appen- of event that causes a pressure transient in the
dix B for calc 6 tion). steam generators, such as a sudden opening of the

steam relief valves, that causes the steam generator
pressure to drop below the isolation actuation set.

T2A Sarne as the 'I7A(MLU) accident se- point. To cause total EFS isolation, both steam
j (MLUO) quence with the addition of failure of generators must experience the same pressure tran-

| the mntainment pressure reduction sys- sient. Once the steam generators are isolated, core

l tem. damage will occur if the operator fails to recover

|
feedwater to the steam generators (either main feed

i The spurious isolation events contribu- or EFS) and feed-and-bleed of the primary system

! tica to the CpF is 1.7E-08 (see Appen- fails.

Gs B for calettlation).
A method similar to the one used by NUREG-

3T2A Same as the T2A(MLUO) accident se- 0933 for the evaluation of this accident sequence
l (M W qucnce except thecontainment spray was used, except some of the failure rates were

system fails instead of the containment made more representative of ihe specific plant cir-
3

. pressure reduction system. cumstances. From the NUREG-0933 analysis,
I sudden opening of the safety relief valves has a fre-
| The spurious imlation events contribu- quency of 0.04 occurrences per year and the prob-
I tion to the CDF is 8.0E 10 (see Appen- ability of the operator failing to recover EFS flow is

( dix B for calculation). 0.01. The 0.1 probability of the sudden relief valve 1

| opening resulting in a pressure decrease to below
the isolation system actuation setpoint used by;

3r2-T2A This is a loss of heat sink transient with NUREG-0933 is considered too high for this situa-'

(MiU) subsequent failure of the EFS and tion. The isolation system actuation setpoints are
primary makeup. 725 psig and 600 psig and typical relief valve set-

points are 1150 psig; thus, the steam generator
The spurious isolation events contribu- pressure must fall almost 50 percent to cause isola- |

tioe to the CDF is 1.5E-08 (see Appen- tion. %erefore, a probability of 0.01 seems more
dit B for calculation). reasonable for a pressure decrease of this amount.

llThe PRA used for evaluating this plant provides a
feed and bleed failure probability of 0.014, which is
utilized in this evaluation.
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3The contribution to the CDF for this accident the NUREG 0933 analysis, the increase to the
sequence is 0.04'0.01'0.01'0.014 - 5.6E-08. CDF due to removal of the EFS isolation system is

estimated to be 1.0E-03'0.01'0.014 = 1.4E-7.
4.3.2.4 Operator Failure To Lock Out Isolation
System During Cooldown. Because the EFS isola-
tion signal is derived from steam generator pres- The 1.0E-03 is the frequency for rupture of a
sure, the actuation point will be passed during the large pipe, taken from NUREG-0933.3 This num-
cooldown; thus, the operator will have to lock out ber agees well with values generated from WASH-
the isolation system to avoid an inadvertent loss of 1400 and IEEn-STD 500." The 0.01 is the
EFS. probability that the operator fails to isolate a rup-

tured steam generator, and 0.014 is the probability
of failure of feed and bleed extracted from the

The Plant BB (B&W) Safety Study" does not PRA" used to evaluate Plant BB (B&W). The
evaluate this event and provides minimal informa- value for the operator failing to isolate the affected

3tion for evaluating this accident sequence. An es- steam generator was taken from NUREG-0933 be-
timate of this sequenw was made in the cause it is representative of the complexity for

3NUREG-0933 evaluation of this issue. The recovery actions and agrees with similar events in
analysis presented here duplicates that estimate the reference PRA."
with the exception of the value employed in

3NUREG-0933 for the failure of feed-and bleed 4.3.2.6 Steam Line Break Initiated Trans/ent. This
(0.014/ demand). The frequency of nonrecoverable section describes the impact of remosing the EFS
loss of main feedwater (0.64), the probability of isolation system at Plant BB (B&W) for steam line
operator failure to lock out the isolation system break initiated transients. This accident is identical
(0.01), and the probabil:ty of failing to recover the to that described in Section 4.1.2.5 of this report for

3EFS were extracted from the NUREG-0933 Plant A (CE). The primary concern due to this
3analysis. Upon review of both NUREG-0933 and postulated accident sequence is contaimaent failure

the Plant BB (B&W) PRA," it was judged that the due to overpressurization. The fregt.ency of occur-
uPRA value for feed and bleed is more ap- rence was calculated on a g:neric basis in

3 3propriate in estimating this event at Plant BB NUREG-0933 as 1.0E-06. The NUREG-0933
(B&W) because the PRA" value is based on a analysis was used because the pipe rupiure fre-
specific analysis of the Plant BB (B&W) facility quency and operator error and containment failure

3whereas the NUREG-0933 value is a very conser- rates are consistent with similar events found in the
vative generic value, it should also be noted that PRAs (References 6,11,13-15) used in this evalua-
the NUREG-0933 value for the transient initiating tion and other documents (References

event was evaluated to be more apgropriate than 5,10,12,18,19) that contain generic failure rates.
3that of 1.78 as reported in the PRA. Based upon The NUREG-0933 evaluation is 1.0E-03 * 0.1 *

these values, the estimate of the contribution to 0.01 = 1.0E-06, where the frequency of steam and
CDF from this sequence is estimated as 0.6% ' O.01 feedwater line treaks is estimated as 1.0E-03, with
* 0.01 * 0.014 = 8.96E-07. 10% (0.1) of these assumed to be steam line breaks.

Failure of the operator to manua'ly isolate the af-
fected steam generator has been estimated as 0.01.

4.3.2 5 feedwater L/ne Break Initiated Trans/ent. NUREG-0933 also assumes that, given the occur-
Tbc impact of removing the AFW isolation system rence of this sequence of events, the probability of
on sequences initiated by a feedwater line break is containmen'. failure is 0.03. It should be noted that

3analyzed in this section. Plant BB (B&W) does not NUREG-0933 considers this a ' highly conservative
have flow limiting duices in the EFS headers; thus, assumption." Using this value, the estimated fre-
the operator must manually isolate a ruptured quency of containment failure due to a steam line
steam generator. The EFS system will fail if the break is 3.0E-08. This value will not be combined
operator does not isolate a ruptured steam gener- with those previously presented since it does not in-
ator because the EFS pumps are cross connected, volve core damage. However, this value will be
which would allow all of the EFS flow to be used later in determining the impact this issue will
diverted to the steam generator with the low pres. have on consequences (total man rem).
sure. Using failure rate data similar to tnat used in

.
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4.3.3 Total Contribution To Core Melt Fre- 4.4 Plant C
quency for Plant BB (B&W). The total eatimated
contribution to the CDP for accident sequences in-
vohing spurious act'istion of the steam generator The Plant C (W) AFW system description and

isolation systemis shown below: evaluation is based on FUREG/CR-4550 Vol. 5,
Analysis of Core Damage Frequency From Intemal

l3Events: Plant C and EPRI NP-3382, Plant C

Initiates transient 1.88-8 Nuclear Power Plant Availability and Safety Assess-
ment."

less of EFS sequences:
4.4.1 System Description. Plant C is a Westin-

T1 T1A(MLU) 7.0E-09 ghouse (E) designed reactor system with fcur U-

T2A(MLU) 4.5E-09 tube steam generators. The AFW system

T2A(MLUO) 1.7E-08 (Figure 4) has three pumps, one turbioe-driven and

T2A(MLUO') 8.0E-10 two motor driven. The turbine-drive, pump sup-

T2 T2A(MLU) 1.5E-08 plies all four steam generators and each motor.

TOTAL (loss of EFS) 4.4E-08 driven pump supplies two steam generators. Each
steam generator has two headers supplying AFW,

Pressure transient in one from the motor driven pump and one from the

steam generator 5.6E-08 turbine-driven pump. Each header has its own
level control valve.

Operator does not
lock out 8.96E-07

Plant C (W) does not have a dedicated AFW
Total EFS contribution italation system to isolate a ruptured steam gener-

| to CDF 1.N E-06 ator, but does have components that will proside
the same function. All main steam isolation valvesj

The EFS contribution to CDF is dominated by will close on high containment pressure or high
the accident sequence invohing the operator failing steam flow (steam line rupture indication). The

| to lock out the steam generator isolation system containment pressure requires two of three coin-
I during a long term cooldown It should be noted cidence signals to actuate and the high steam flow

that the value of 0.01 for failure to lock out the EFS requires two of four coincidence signals. Each
isolation system employed in the evaluation of this AFW header has a pressure switch that will close
sequence is conservative, based upoa the con- the level control valve in that header on a low
sideration that this action will be required ' late" in downstream pressure signal that indicates a steam

the sequence and that this aalon should be familiar or feedwater line rupture,
to the operator since it is timilar to actions requi'-d
during normal plant shutdown. However, de to The AFW is assumed to fail if less than two
uncertainties in the actual conditions existing steam generators are supplied with feedwater for j

| during such a sequence, and lacking a detailed all accident sequences evaluated by the FRAT 3 ,x,
l plant specific eralysis of this operator action. it was cept anticipated transients without scram (A*iWS).

3decided to mploy the NUREG-0933 value for ATWS accident sequences require AFW flow to at 1

conservati'.m. least three steam generators to provide adequate I

coolitig. (
L is estimated that there is en increase in the |

CDF of 1.4E 7 due to the feedsvater line break se- 4.4.2 Plant C (W) Sequence Analysis. The
quence. For Plant BB (B&W), the net change to only spurious AFW isolation event at Plant C (E)
the CDC for deleting the EFS isolation system is a that will cause a significant contribution to CDF is
decrease of 9.03-07. This consists a decrease in receipt of a spurious signal to close one of the level l

CDF of 1.NE-06 caused by deleting the isolation control vahrs on the operating motor-driven pump, |

system and an increase in CDF of 1.4E-07 due to when tt turbine-driven pump system and one of
the increased CDF of accident sequences that the the motor driven pump systems are out of senice.
automatic EFS tsolation system was designed to With all AFW pumps operating, six level control
prevent.
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Figure 4. Plant C (20 auxiliary feedwaster system flow schemat A.

valves must close to fail the AFW. With the tur- 4.4.2.7 Srvrious / solation Caused Transient. A
bine-driven pump or both motor-driven pumps out spurious AFW isolation signal will not cause a total
of senice, three level control valves (LCV) must loss of feedwater transient at plant C (W) because
close to fail the AFW. Both of the later events have the signals that isolate the AFW (Iow pressure on at
a very low probability of occurrene:. least six pressure switches) are net the same signals

that isolate the main steam line (which trips the,

,tain feed pumps). The probability of spurious sig-
Using a failure probability of 1.0E-03 for an in nals closing six level control valves combined with

advertent closure of a motor operated valve and be- the probability of spurious signals for two high
cause there are two valves that could close to cause steam flow or two high containment pressure chan-
loss of AFW function, the probability of loss of nels closing the main steam isolation vahts is ex-
AFW for one motor-driven pump is 2.0E-03. The tremely remote,
vake failure rate used above is based on actura
plant data from plant A (CE)! 4.4.2.2 Spurious AFWIsolatio.' During Transients

That Requires AfW. The contribution to the CDP
Because the recovery ac'. ions must occur during from spurious isolation of the AFW is dominaied

a very stressful time,i.e., during a significant tran- by two accident sequen< s, Tdc1 LIP 1 and
sient, and two out of three APN trains are already Tdc2L1Pl. These sequentos are essentially the
failed, the recovery failure probability should be same: both fail one et the motor-driven pumps.
abont twice as high as the value wd U previous TI e contribution to CDF due to spurious closure of
evaluations, or about 0.10. Therefore, the pob- one of the level control vakes on the operating
ability of spurious isolation of tbc AFN and motor-driven pump is determiced by substituting
operator failute to recover is 2.0E-04, the sp'/ ous isol tion probability determined in'

Section 4.3.2 for other motor-driven pump system
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failures in the accident sequence cutsets with tur- the CDF for defeating the AFW header isolation i

bine-driven pump failures. For accident sequence pressure switches is estimated to be 1.0E- i

Tdc1 LIP 1 this results la a CDF contribution of 03'0.01'4.4E-02 = 4.4E-07.

2.0E-08.
The 4.4E 0'i vae is the probability of the failure

in the AFW Wem and the failure of feedand-
Because accident sequence Tdc2L1P1 is the bleed calculated from the Plant C (W) dominant

same except the operating and failed motor-driven accident sequences. The other two values are the

pumps are switched, the total contribution will be same as those used in the Plant B (B&W) evalua-
twice the value calculated above or 4.0E-08, tion above, which were extracted from NUREG-

0933.3

4.4.2.3 Operator Failure To Lock Out AFW isola.
tion System.255D As previously mentioned in Sec. 4.4.2.S Steam Line Break Initiated Transient. This
tion 4.4.1, Plant C (W) does not have a dedicated section describes the impact of removing the AFW

AFW isolation system, but it does have pressure isolation system from Plant C (H). This accident
switches that will close the respective level control sequence is identical to that described in Section
valve on each of the eight headers supplying AFW 4.1.2.5 of this report for Plant A (CE). The primary

to the steam generators. The operator will have to concern due to this postulated accident sequence is

lock out the pressure switches during a long term containment fr.ilure due to overpressurization. The

cooldown; however, it will be a very low probability frequency of occurrence was calculated on a
3

event to fail to lock out the isolation system because generic basis in NUREG-0933 as 1.0E-06. The
3

the AFW system is the normal feed system for star. NUREG-0933 analysis was used because the pipe

tups and shutdowns, there is ample time for any frecuency, operator error, and containment failure
recovery actions. Thus, lockout of the isolation sys- rates are consistent with similar events found in the
tem is considered to be a routine event for the PRAs (References 6,11,13-15) used in this evalua-
operators. Therefore, the contribution to the CDP tion and other documents (References
is negligible. 5,10,12,18,19) 3that contain generic failure rates.

NUREG-0933 ako assumes that, given the occur-
4.4.2.4 Feedwater Line Break Initiated Transient. rence of this i.equence of events, the probability of
This section describes the impact of removing the contairanent failure is 0.03. Although NUREG-

3AFW isolation system ca a main feedwater line 0933 considers this a ' highly conservative assump-

break. If the pressure switches controlling the level tion," this value was evaluated as not applicable to
control valves are deactivated, isolation of the AFW the Plant C (W) plant, since Plant C (W) has an ice
due to a main feedwater line break would be condenser containment. This type of containment
defeated because the level control valves would has a significantly smaller free volume than the
remain open and coolant would continue to flow to uther containment types. For Plant C (E), failure ,

the depressurizing steam generatcr. The AFW sys- of containment will be conservatively assumed to be
tem would not fail irnmediately if the operator did 1.0, given the occurrence of the previously
not act to isolate a ruptured steam generator, be- described accident sequence. Using this value, the
cause the flow from the turbine driven pump and estimated frequency of containment failure due to a
one of the motor-driven pumps would be diverted steam line break is 1.0E-06. Section 4.1.2.5 of this
to the ruptured steam generator, but the other report contains details of this estimate. This value
motor driven pump would still provide flow to two will r.ot be combined with those presiously
operable steam generators. As presiously noted, presented since it does not involve core damage.
the failure criteria for AFW is AFW flow to less However, this value will be used later in determin- |

than two steam generators for most accident se- ing the impact this issue w'll have on consequences
quences and flow to less than three steam gener. (totalman rem).

: ators for ATWS events. A'lVS events did not )
I contribute significantly to CDF at Plant C (W) (less ,

'

than 1.0E-08); thus, they are not a significant con- 4.4.3 Total Contribution to CDF for Plant C
tributor to the CDF for the AFW isolation system. (W). The total estimated contribution to CDF for

| Therefore, the non ATWS events, with failed AFW, the Plant C (W) automatic AFW isolation system is
will oversbadow the ATWS events. The increase to er,timated as 4.0E-08. This comes from sequences

in which the turbine-driven pump and one motor-
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driven pump trains are inoperable and a spurious isolation sptem. Therefore, operator error of com-
isolation signal isolates the remalaing AFW train mission has a negligible effect on CDF and is not
from one of the two steam generators that it is sup- included in the calculations.
plying. Removing the automatic AFW isolation sys-
tem features would decrease the CDF by 4.0E-08; It should be noted that the issue of the operator ;
however, there is an estimated increase in the CDF inadvertently isolating the AFW has been evaluated j
of 4.4E-07 from sequences imulving feedwater line by Generic Issue 124, AFW System Reliability. '

breaks. For Plant C (30 the net change in the CDF Generic Issue 124 combined issues 68,122.1.a b,
for removing the automatic AFW isolation system is and c, and 125.II.1.b. Issue 122.1.c., Interruption Of
estimated as an increase of approximately 4.0E-07. AFW Flow, included the event of the operator in-

advertently isolating the AFW. Issue 124 con-
4.5 Operator inadvertently initiates cluded that the AFW system was acceptable if the
AFW isolation System P ants had a high AFW system reliability (betweenl

1.0E-04 and LOE-05). Plants that did not meet this
criteria were identified and were or are being

During the June 1985 Davis Besse incident, the evaluated to propose modifications that will bring
operator initiated the AFW isolation system acci. them up to the required reliability.
dently. AFW flow had initiated automatically as
designed, but the operator, attempting to back it up 4.6 Technical Findings of CDF
by manually initiating AFW flow, pushed the wrong Analysis
set of buttons, which isolated AFW to both steam
generators. Although there was immediate
notification of the error, it took several minutes to Four PWRs, one each CE and W designs and
restore AFW flow because of other unrelated two B&W designs, were evaluated to determine the
events. For plants like Plant A (CE) th t do not AFW isolation system's contribution to CDF.
have feed and bleed capability this event could be Three of the plants selected did not have flow
quite serious because there is no other means of restrictors to limit flow to a ruptured steam gener- ,

remosing decay heat. ator, one of them could not be cooled successfully
by feed.and-bleed, and one had a very dherse

Evaluation of the AFW control systems for AFW isolation system.
plants with and without automatic AFW isolation
systems shows that the operator of either type of The evalua: ion indicates that the effects of the
plant has about the same chance of making an error AFW isolation system are strongly dependent on
similar to the error made at Davis Besse. Plants the particalar plant's design. The estimated con-
with automatic AFW isolation have controls that tribution to CDF due to AFW isolation system were
silow the operator to manually isolate any or all of reasonably low, but the difference between the
the steam generators and they have controls to highest and the lowest value was an order of mag-
manually initiate or shutoff the AFW. Plants nitude,
without the automatic isolation system do not hast
the specific controls to manually isolate the steam At Plant A (CE) remonng the isolation system
generators, but they do have vaht controllers that will not cause a failure of the AFW system because
can isolate any or all of the steam generators and the plant has flow restrictors in the AFW headers
they have controls to manually initiate or shutoff that limit flow to a ruptured steam generator and
the AFW. Specific plant control panel design and maintain flow to the intact steam generators.
operator training will determine the actual prob. Removing the isolation system at this plant would i
ability of the operator making the error, liowever, decrease the CDF by 5.5E-07. At Plant B (B&W)
for the same plant w'th the same level of operator removing the automatic AFW isolation system.

training and human factors engineering, the prob- would cause AFW system failure without operator
ability of the operator inadvertently isolating AFW action because the plant does not have flow restric-
was determined to be approximately equal for the tors in the AFW headers and the pump trains are
same plant with or without an automatic AFW cross connected. Thus, all AFW flow would be

directed to the ruptured steam generator and the
pumps could be damaged due to low net positive
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suction head cazsed by the high flow rate. Remov- maintaining steam generator water inventory and
ing the automatic isolation system would cause a thereby eliminating the loss of steam generator
CDF increase of 9.6E-08. At Plant BB (B&W) decay beat removal capability. Best estimates for
removing the automatic isolation system would also equipment failure probabilities were used whenever
cause AFW failure without operator action because possible in the analyses for core damage. The risk

the plant does not have flow restrictors in the AFW reduction resulting from the proposed modifica-
headers and the pumps are cross connected, tions is represented by the difference between the

Removing the automatic AFW isolation system base case before any plant modifications and the

would cause a CDF decrease of 9.0E-07. At Plant adjusted case that results from impbmenting the
C (W), only part of the AFW system would fail if modifications. Phat specific estimates of the
the automatic isolation features were removed and change in the CDFs were combined with contain-
the operato took no action to isolate a ruptured ment failure probabilitics and generic off site dose i

steam generator. A ruptured steam generator release to calculate the estimated change in risk. |

would cause the flow from one of the motor driven
pumps and the turbine-driven pump to be diverted In evaluating the associated change in risk, the
to the break, but the other motor-driven pump containment failure probabilit es and the releasei

would still supply two intact steam generators, categories for a specific accident sequence were ex-

which is the AFW success criterion for most acci- tracted from the PRAs (References 6, 11, 13-15).
j dents. Removing the automatic isolation system The release categories are those denned in WASH-
f would cause a CDF increase of 4.0E-07. Table 1 1400.9 In addition to this analysis, estimated chan.

summarizes the changes to the CDF caused by ges in risk were also calculated using the
Q removing the automatic AFW isolation system from containment failure probabilities and release

the four plants evaluated. categories described in the NUREG-09d. These
valn:s were utilized to provide a conservative as-
sessment of the change in risk which is assumed 'n

5. COST BENEFIT ANALYSIS be representative of the change in risk on a generic
plant basis.

5.1 Cost Benefit Analysis
Estimated public dose in terms of man rem wasMethodology

assigned to the WASH-1400' release categories in
accordance with the data presented in NUREG-

30933.3 The data presented in NUREG-0933 was
The consideration of possible plant modifica-

calculated based on a typical mid west site adjusted
tions (section 5.2) is based on the value of the to reflect the mean of the population density withinmodification in terms of the safety benefit derived,

a 50-mile radius of U. S. nuclear power plants. ;

that is, the risk reduction achieved and the cost of
Other assumptions used in the NUREG-093M cal-

'

implementing the modification (Section 53). The culations and also used in this study due to their
modifications focus on increasing the probability of

gencric applicability are:

Table 1. Change to CDF caused by removing the automatic AFW isolation cystem

increase in Main
Decrease in CDF Feed Line Break CDF

Caused By Deactivating Caused By Deactivating Total Change j

Phnt AFW hohtion Swtem AFW Isobtion System To CDF j

|

A (CE) 5.50E-07 0 5.5E-07 |

B (B&W) 4.40E-08 1.4 E-07 + 9.6E-08 |
I

BB (B&W) 1. CME-06 1.4E-07 -9.0E-07

C(W) 4.00E-08 4.4 E-07 + 4.0E-07

l
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1. Dose consequences represent whole body amendments. Technical Specification changes ipopulation dose commitment (man-rem) wculd be required to reflect the modified design j
received within 50 miles of the site. and to provide for periodic testing of the modified

|AFW system.
2. An exclusion area of one half mile radius was

assumed, with a uniform population density of 5.3 Risk Evaluation
| 340 persons per square mile beyond the one

half mile radius (this is the projected averag:
i

,

50-mile radius population density around U. To evaluate the proposed modifications on a risk j
S. LWRs for the year 2000). change versus cost basis, the risk change associated i

with the scenarios of concern was calculated. |

3. Evacuation was not considered. Utilizing the reduction in CDF calculations
presented in Section 4 of this report and the

4. Meteorological data was taken from the U. S. methodology identified in Section 5.1 to determine
iWeather Service station at Moline, Illinois. the containment failure rate and the offsite dose <

releases, total risk change was estimated using the
5. The core inventory at the time of the accident following relationship: |was assumed to be represented by a 3412 '

MWt (1120 MWe) plant. Change in CLF (events /yr) x Containment Failure
Probability x Offsite Radiation Dose (man rem) =

6. All exposure pathways were considered, in- Risk change (man rem / year)
cluding selected ingestion pathways of which
farm land parameters for the 5tste ofIllinois To calculate the total change to the potential
were used. population exposure or risk per plant life due to

this issue, the above relationship was extended over
5.2 Descriptir a of Modifications the plant life, taking into account plant down time.

The total change in population exposure over the
remaining plant lifetime is calculated as follows

The modification proposed for resolution of this
issue consists of electrically disabling the automatic Change in Risk (man-rem / year) x Remaining Plant
AFW isolation system by disconnecting the Life (years) x Plant Utilization Factor = Total,

;#

automatic enable circuits. This will provide the Change in Population Risk (man rem)
AFW system with manual control once the system

,

i

has been activated and will necessitate additional The potential change in risk due to the proposed
operator training an.1 resised plant operating pro- AFW modificatwn, for the selected plants, was |

,

cedures. A further concern has been identified for evaluated using the plant specific containment
plants that use the automatic AFW isolation system failure and release categor informati.on deliucated

in the respective PRAs.6,71,u To extrapolate theto prevent AFW pump runout. If the automatic
AFW isolation system were disabled on these estimated man rem / year risk to total change in"

plants, further plant modification would be re- plant risk, the plant life was estimated utilizing the
quired to prevent pump runout, expected remaining lifetime of 23 years, with an as-

sociated utilization factor of 75%. These vslues
'

3A survey performed on all operating PWRs indi- were taken from the NUREG-0933 analysis,
cated that 27 plants would be affected by this issue.
Further,19 of these 27 plants would be affected by To estimate the change in risk caused by a steam I
AFW pump runout considerations. These plants, if line rupture without a subsequent core damage !
modified, would require further modification, i.e., event for plant C (E), a very conservative analysis i

installation of pump discharge flow restrictors or was made using a WASH 1400' release category,,

throttle valves, to prevent pump runout. This was required because the consequence
analysis used in the Plant C (E) PRA" established

These changes would also require detailed re- consequence categories that did not allow a
analysis of steam and feed line break accidents for straightforward determination of the frsction of'

Final Safety Analysis Report (FSAR) revision and total plant risk due to steam line breaks without

,

,
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core damage. Section 4.4.2.5 calculated the fre- years due to the significant amount of research per-

quency of containment failure from steam line formed on the response of ti,e containment under

breaks as 1.0E-06. Using a PWR 8 release category accident conditions. Based upon this, the
3

from WASH 1400', which is a release category that NUREG-0933 values are judged to be more
does not does not involve core damage, the release reflective of the best-estimate results with regard to

containment failure considerations. Hence, the riskto the emironment would be 7.5E-04 man-
rem / year. This value is very low, but it is conserva- change values presented in Table 3 under the Plant

tive because it represents a release of the PRA Data column are more conservathc (exclud-
radioactive elements contained in the primary ing Plant C [Ej).
coolant whereas the accident being evaluated invol- i

ves a re! case of radioactive elements that may be 5.4 Proposed Modifications Cost i

present in the secondary sptem (a much lower Analysis
amount). Combining the containment failure fre-
quency and the release rate results in a change in
risk of 0.075 man rem / year or 1.3 man rem over the NUREG/CR 4568, A Handbook for Quick Cost
estimated plant lifetime Adding this value to the Estimates,t6 provides guidance for preparing es-
change in risk calculated for the accident sequences timates. Using this guidebook, the costs of im-
invohing automatic AFW isolation sptem that lead plementing the proposed modifications were
to core damage results in a total plant lifetime risk analyzed. A cost analysis for disabling the
of 13.3 man rem / year- automatic feedwater isolation system was also con-

ducted by the NRC staff, as documented in a
To provide additionalinformation with regard to memorandum from A. L Dipalo to G. R. Mazetis,

the potential impact from implementing the dated February 5,1988. The results of these two
proposed modification, simple sensithity analyses cost analyses were in close agreement. Table 4
were performed. These analyses consisted of utiliz- presents the results of the NRC analysis with the

3 '

ing the NUREG-0933 containment failure prob. exception that replacement power costs were
abilities to calculate a lower bound for the change added to the cost estimate for the case of flow
in rist. Table 2 presents the various values utilized restrictor installation.
for the containment failure modes and the conse-

! quences associated with a specific PWR release In order to determine the cost effectiveness of
category. the proposed modification for each of the plants, a

cost benefit analysis was performed. Tbc cost
Table 3 shows the estimated change in risk benefit analysis was performed according to the fol-

(man rem) for the plantt :veluated (23 years at lowing equation:
75%).

Estimated cost of Modification ($) x Change in

! From Table 3, it can be seen that the change in Risk (man rem) = Cost Benefit ($/ man-rem)
3

| risk values calculated using the NUREG 0933 data

| are much lower than those determined by using the The values employed in this analysis were the
| plant specific PRA information. This difference is largest decrease in risk from Table 3 and the sn'al-
| due to the value used in determining the contain- lest cost from Table 4. This approach was taken to

ment failure probabilities. The containment failure add conservatism to the analysis.
probabilities used in the reference PRAs are based

,

| upon WASH 1400' containment response analyses, The results of this analysis are shown in Table 5.
except for Plant C (L'), which is based upon the The cost benefit analpla was compared against the
plant specific consequence analysis contained in 1,000 per man rem screening value to evaluate the
NUREGICR 4551, Emluation of Severe Accident cost effectheness of the proposed modification.
Risks and Jne Potential for Risk Reduction:
Plant C.15 The NURF.G-0933 values reflect addi-3

tional information gained over the past several

i
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T A8t t 2. CONTA!hM(Ni I AILURf MODES AND CONSIOUENCt INFORMATION

PWR Release Category

1 2 3 4 5 6 7 6 __ 9
Consequences of Release 5.4 (06 4.8 E 06 5.4 106 2. 7 E 06 1.0 106 1.5 E05 2.3 103 F.5 (04 120Category (man rem)

Plant A Segue _n.ceL _o almme1rFa11ere Probab111ttesC

1t o . 1 E-04 -- y * 4 . D.7 -- p . 7 t -03 - r - 0.3 -- --7
1 ML e. I t -04 -- y * 4 0.7 -- p . 7 t-03 - : 0.3 -- --

4
Tt e. I l 04 -- y+ 4 0.7 -- p . 7 E -03 -- a 0.3 -. --

i
1 ML e. I t -04 -- y . 4 0.7 -- p . 7 t -03 -- < = 0.3 -- .

3
l tCC' e. 1 E -04 4 0.8 4' . 0.2 0 - 7 E-03 -- -- -- -- --

i
Steam line breah8 - -- -- -- -- -- -- CF 3 E-02 --

Plant 8 & P9 Sequences Containment Fallure Probabilitici

Spurious Af W 1 solation . . I t 04 -- y . 0.5 -- p . 7 E-03 -- e . 0.5 -- --signal intilates transtensb
ig T gMig . 1 E-04 -- y 0.5 - p - 7 E-03 -- t 0.5 -- --i
1 a tu7m e. I f-04 -- y . 0.5 -- p . 7 t-03 -- c . 0.5 -- --

1,Mt VO7 a- I t-04 y . 0.5 -- p . 7 E-03 -- e - 0.5 -- -- --

lya% UO ' .. I t -0 4 4 0.5 -- p . 7 t-03 -- < . 0.5 -- -- --

1 Mt u e2 ~ l 1-04 -- y 0.5 -- p - 7 f-03 -- e . 0.5 -- --

Long term cooldownb a. I t-04 -- y 0.5 -- p = 7 E-03 -- 0.5 -- --

2 f eedwater line break 8 I E-04 -- y 0.5 - p . 7 E-03 -- 0.5 -- --e.
Steam line breaka - -- -- -- - -- -- Cf = 3 f-02 --

Plant C Sequences Af W system accident sequentes grouped _1n plant dJeage state 11YYY which contributes 1.29% to the total population dose of-

200 man-rem / year. 11YYY has a C0f of 1.6 |-06/yr.

NUff3-0$3 Contatnment Fallure Probabilities_

All sequences including -- y 3 E-02 -- -- p . 5 E-03 -- a . 0.965 -- --

f eedwater line break 8
Steamline break 8 -- -- - -- -- -- -- CT . 3 f-02 .-

-- -- .- -- -- -- -- . 1.0 for --

- -- - - - -- -- Plant C only --

a. These sequences represen the potential intresse in risk, if the ATM ' solation system is removed.s

b. Reactor BB only.

NOTES: Containment f ailure_ Modes

. . Vessel steam cuplosion p . Containment Irakap y . ,aydrogen barning

4 - Overpressure e' . Octayed overpressure . Basemat melt througha

_
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Table 3. Risk change due to proposed AFW
system modlCcation

3
Plant PRA Data NUREG 0933

Data Data
Plant (man rem) (man-remi

A (CE) 36.2 Decrease 1.5 Decrease

B (B&W) 4.54 Increase 0.25 Increase

BB (B&W) 44.4 Decrease 3.0 Decrease

C(E) 133Incrcase

|

Table 4. Cost estimate for proposed plant modifkation

Cost to Disable Au'omatic AFW Cost to Disable Automatic AFW j
isolation Systems Without Flow Isolation Systems with Flow I

Cost Categorv Restrictors installed (11000) Restrictors Inctalled (11000),,,,

Design, Hardware, and Installation Not Applicable $75' |
DUtility Licensing $250c 550c

Operator Training 43 43

NRC Review 5&, 10(}

Total if modifications are performed $351 $768

during a scheduled outage

d
Replacement Power Cost Not Applicable $fi,00(l

Totalif modifications are performed $351 $6,768

during a nonscheduled outage
c. Estimate based on reanalyses required of

a. Estimate includes design, installation, caHbra- selected DBAs
tion, and testing. d. Estimate based on the powe replacement

b. Estimate includes Technical Specification, costs of $300K/ day associated with a 2 day
FSAR, and procedure changes and amend- nonscheduled outage.

ments.

|

|
l
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Table 5. Summary of cost benefits in dollars 6. UNCERTAINTIESper man-rom reduction *

For Plants Not For Plants Do Proposed The individual tasks performed during theRequirmg Requtring Modifications evaluation of GI 125.11.7 are st.bject to some levelHardware Hardware Show A Viable of uncertainty. The purpose of this section is toModinentinn< Modinentinns . Cost Benent? identify the major uncertainties associated with the

b var!Ous tasks and to evaluate the sensitivity of the
$351K/44.4 $768K/44.4 No

recommendations for the resolution of GI 125.11.7.man rem = man rem =
37905/ man rem $17,290/ man rem

6.1 Consequence Uncertainties

a. Bas d on the most conservative values from
The study performed for GI 125.11.7 consisted of

b. Based on a screening value of $1000 per man- the following tasks: evaluation of the contribution

rem of reduction. p various sequences due to the automatic AFW -

isolation system, assignment of containment failure
probabilities, and evaluation of the offsite dose fac-
tor which are prc:ented below.

Table 6. Uncettainties associated with the In this study, the major uncertaintics associated
.

various tasks with the evaluation of the core damage contribution
due to the automatic AFW isolation system are in

Event Error the assessment of the values for the events ofinter
Dewrintion Factor Snurce/ Comments est. The specific events and their associated error

factors are shown in Table 6. As can be seen from
Spu.ious signal 10 IREP/NREP this table, all the events were assessed to have an
results in AFW This is applicable to either error factor of ten.
isolation those events resultingin a

transient or where the One method which could be employed to deter-
spurious signal occurs mine the uncertainty in the estimated offsite conse-
following some other quences would be to employ a Mete-Carlo
initiator. analysis and propagate the distributions through

the models. However, based on statisticalFailure to 10 Engineeringjudgement methodology for the log normal distributions, therecover AFW based on resiew of
NUREG/CR 4772.37 combincd error factor can be approximated to or

less than the largest individual error factor of the
Failure of Feed 10 Engineeringjudgement events used in the estimation of the contribution to
and Bleed based on review of the CDF. Therefore, an upper bound on the combm, ed

various values employed for error factor is assumed to be equal to the largest in-
this event and dividual error factor.
NUREG/CR-4772.I7
This error factor was eval- Uncertainties associated with the probability of
uated to be an upper containment failure will not be specifically ad-
bound for the various dressed due to the complexity of the analysis that
values used in this analysis. would be required to properly treat this issue.

However, containment failure will be evaluated
! Failure of 10 Eng.ineering)udgement

using the plant specific containment fallare prob-
. .

base
k hw pREbC-4 17 abilities from the plants' PRA as well as the generic
isolation logic containment failure probabilities from NUREG-
during long 0933.3 This calculation is performed to
term cooldown demonstrate the sensitivity of the change in offsite

consequences calculations to changes in contain-
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ment failure probabilities.The offsite dose release the sensitivity of the recommendations to the uncer-
factors (R) used in the GI 125.11.7 study were those tainty of the factors used in the analysis, and (b) ,

presented in NUREG 0933,3 with the exception of provide an aid to engineeringjudgement. l

3Plant C. The NUREG-0933 factors represent the
offsite dose calculated for a typical plant. Certain Table 7 presents the base information utilized in
plant specific characteristics such as assumed performing the sensitivity analysis. This table is a
source terms and pcpulation density surrounding a compilation of data presiously presented. Table 8
specific plant introduces some uncertainty in the presents the results of the sensitivity analysis. The
calculated offsite consequences. However, the sensitivity of the results presented in this table as to

3NUREG-0933 values are considered repre- the uncertainties in the cost benefit ratios were cal-
sentative in lieu of a detailed plant specific evalua- culated using an error factor of ten as described
tion of the offsite consequences. The above. Cost benefit ratios were not calculated for

3NUREG-0933 information was not used to those plants (Plants B and C) for which a net in-
evaluate the offsite consequences for Plant C since crease in the CDF due to implementing the
recent detailed offsite consequence information proposed modification was estimated.
was available.

As can be seen from Table 8, all the estimated
6.2 Cost Estimate Uncertaintles upper cost benefit ratios are below $1000/ man-rem

with the exception of Plant A using the PRA con-
tainment response information. The upper cost

The cost estimate used to calculate the cost benefit ratio of $970/ man rem was evaluated as
benefit ratios are also subject to some uncertainty. overly conservative and does not justify implemen-

'

g These costs were estimated using NUREG/CR- tation of the proposed modification. This latter
4568" as guidance, and were therefore assumed to evaluation is based on engineering judgement in
be relatively accurate. One area of uncertainty is consideration of the following:
whether the proposed modification can be com-
pleted during a scheduled outage. Table 4 shows 1. The cost benefit ratios of both the PPA and

3the costs associated with the bounding cases (i.e., NUREG-0933 columns are based on offsite
estimated cost when the modification requires an consequences (man rem per accident) es-
outage- the upper bound on estimated cost, and the timates for a generic plant as developed in
estimated cost when the modification is performed NUREG-0933. These estimates were based
during a scheduled plant outage--the lower bound upon the conservative assumption that no
on estimated cost)- cvacuation would occur. This leads to a con-

servative estimation of the cost benefit ratio.
6.3 Sensitivity of Coet Benefit
Summary 2. Comparison af the upper cost benefit ratio

3estimated by using the NUREG-0933 con-
tainment failure information.

Based on the previous discussion of the es-
timated uncertainties, the use of an error factor of 3. The best estimate cost benefit ratio using the

ten was assumed to be representative of the total PRA containment failure information.

uncertainties of the factors used to calculate the
cost benefit ratio. This approach is acceptable be. 4. The fact that fcr log normal distributions, the

cause of the nature of this analysis and the applica. combined error factor will be equal to or less

tion of the results. The analytical results are only than the largest individual error factor,

needed to (a) provide an approximate evaluation of
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Table 7. Base data employed in the sensitivity analysie

Offsite Consequences
Total Change (Tatal man-rem)

JnCDF Cost Cost Benefit Ratio
61I'I3 NUREG-0933 ($1000) (11000/ man-remi3Plant (ner Rr-vearl ERA

A (CE) 5.5E-07 36.2 1.5 351 8.9

(decrease)

B (B&W) 9.6E-08 4.5 0.25 768 *

(increase)

BB (B&W) 9.0E-07 44.4 3.0 768 17

(decrease)

C(1Y) 4.0E-07 13.3 " 351 *

(increase)

*
Cost benefit ratios were not calculated for plants where the implementation of this issue would result in
anincrease in the estimated risk.

3"
Consequences using the NUREG-0933 information were not estimated for this plant since the result-
ing value would not be comparable to the plant specific value. The values are not comparable due to
the different assumptions and techniques employed in the two analyses to determine offsite consequen-
ces.

Table 8. Senshivity analysis resuhs

Cost Benefit Ratin (1/ man-rem)
3NUREG 0933

PRA ,11,15 Containment Containment Failure
6

Plant Failure Information Informatinn

A (CE)

Upper Bound 970 23,400
Best Estimate 9700 234,000
Lower Bound 97,000 2,340,000

BB (B&W)

Upper Bound 1700 25,600
Best Estimate 17,000 256,000
lower Bound 172,000 2,560,000
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7. CONCLUSIONS Additionally some plants, as documented in IE
Bulletin 80-Gt, may show unacceptable containment
pressure analyses results if the existing automatic

Four PWRs, one from each reactor vendor (two is lation systems were removed.

H&W ARV designs), were evaluated to determine
the ARV isolation system's contribution to the Even though only four plant designs were

CDP. It was thought that the greatest risk as- evaluated in this study, engmeenng j,udgement indi-

sociated with this issue would be for plants with cates that the results of this study can be extrapo-

marginal or no feed.and bleed capabilities. This {ated to address this issue on a generic basis. This
study included one such plant. Another signiGcant judgement is based on the following factors:

consideration was that some plants utilize the
1. The four plants evaluated in this study ,ncludeiautomatic AFW isolation system to prevent AFW

pump runout conditions with resultant possible plants with different automatic ARVisolation

pump damage and AFW system failure when sup- system designs. One of these designs would
,

plying water to a depressurized (steam or feed line m st likely rrpresent system designs used at

break ccndition) steam generator. The evaluation ther plants. Cost analysts and cost benefit

performed for this study also included three of ratio calculations mdicate that no sigmficant
,

these plants. benefit can be realized by removing the
automatic AFW isolation system on the plants

The evaluation indicates that the effects of the included in this study. Therefore, it can be
,

ARV isolation system are dependent on the par- assumed that plants with an AFW isolation

ticular plant and its design. The estimated reduc- system similar to one of the designs evaluated
,

tion in CDF due to AFW isolation system's in this study would show a similar cost benefit
ratio.contribution were reasonably low, but the dif-

ference between the highest and the lowest value
2. If automatic AFW isolation designs are usedwas an order of magnitude. At the CE design

plant, deleting the AFW isolation system would not at some plants which are significantly dif-

cause a failure of the AFW system if the operator ferent than those evaluated in this study, the

did not take action to isolate a ruptured steam gen- findings of this study related to differences in

crator because flow restrictors are provided in the CDF compared to system design can be ex-

system design. For the B&W design plants, the trapolated. This study indicated that the dif-

ARV cnuld be assumed to fail due to EFS flow ferences m isolation system des,gn had littlei

diverted to the ruptured steam generator if no bearing on the change in CDF. The major

operator action was taken. At the E design plant, factor affecting the CDF calculations was the

because of the diverse motor-driven AFW pumps, presence, or absence, of flow restrictors in the

only part of the APN would failif no operator ac- ABV system. All PWRs will either have
tion was taken, if the AFW isolation systems were AFW flow restrictors or vill not. This study

deleted or disabled, the net change in CDF for the showed the worst case (most risk reduction)
CE plant would decrease by 5.5E-07, one B&W was for plants that do not have flow restric-

design plant would decrease its CDF by 9.0E 7. the tors. Even these plants showed no significant

other B&W design plant would have its CDF in- cost beneGt.

crease by 9.6E-08, and the E design plant would
have a CDFincrease of 4.0E-07. 3. The cost bufit ratios calculated for this

study were performed very conservatively. As

Because these changes in CDF are low and the noted in item 2 above, the greatest risk reduc-
tion associated with removal of the automaticcalculated cost for remosing the automatic AFW

isolation system were relatively high ($351K for AFW isolation system was for plants that do

lowest cost), the cost benefit ratios indicate that no n t use separate AFW flow restrictors. If the

significant benefit would be realized by removing or existing isolation system were removed, these

disabling existing automatic AFW isolation systems. plants would inar the highest cost because a
plant hardware modification would be re-
quired. However, the most favorable cost
benefit ratio (approximately $8K/ man tem)
calculated during this study used the highest
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I

risk reduction value calculated for a plant provide some assurance that differences not
without AFW flow restrictors and used the addressed in Items 1 and 2 above would not
least expensive cost (for plants not requiring a change the conclusions of this study.
hardware modification). This method was
used to add conservatism to the analysis to ac-
count for analytical uncertainty and also

.
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APPENDIX A
ACCIDENT SEQUENCE CALCULATIONS FOR PLANT A (CE)

INTRODUCTION

This appendix prosides the cutsets used to dcvelop the accident eequence frequency for the accidents in-
voMag the AFW isolation system at Plant .i(CE). Also presented in this appendix are the basic event failure
probabilities used in establishing the accident sequence frequencies.

This plant has two steam generators, one motor-driven ARV pump and one turbiae-driven ARV pump.
Each of four pump headers has a flow control va!ve set to limit flow to 220 GPhi. The ARV is assumed to
fail if less than 400 GPhi is delivered to the steam generators. The ARV isolation system will cause failure of
the ARV if both steam generators are isolated or if one steam generator is isolated when one of the ARV
pump trains is down if the operator doe > not adjust the flow to the operating steam generator.

ACCIDENT SEQUENCE FREQUENCIES

Sequence T2L

Accident Sequence T2L is a loss of the PCS followed by loss of the ARV (L) system. The following lists
the cutsets and frequencies of each cutset considered in the analysis.

Cutset Frecuency

T2'AFWISO 2SG 4.60E-07

T2*RA-3*AFWP11 lid-LF' ARVISO 1SG 1.74E-09

T2'RA 3*ARVP13-PhtD LF'ARVISO-1SG 137E-09

T2'RA-3'CBP13-BOO LF'AFWISO 1SG 1.10E-09

T2*RA 3*AFWP11 PTD PRhlN*AFWISO-ISG 1.37E-09

T2*RA-2*ELCOO11A INV LF*AFWISO-1SG 4.40E-10

T2*RA-3*ARVS903A NOC LF*AFWISO 1SG 3.74E 10

T2*RA-3'AFW3987A NOC LF'ARVISO 1SG 3.74E-10

T2'RA 3*ESFSONCA LOG LF'AFWISO-1SG 215E-10

Total 4.67E-07

Sequence T4ML

Sequence T4htL is any transi:nt not considered elsewhere followed by the loss of the power conversion
system (hi) and loss of the ARV (L). The following lists the cutsets and frequencies of each cutset con-
sidered in the analysis.
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Cutset Freauency

T4'RA 1*PCS LF'AFWISO 2SG 1.88E-08

T4'Ra 2*ELLOOilA INV I.F*AFWISO 1SG 3.68E-09

T4'RA 2*ELCOO12A 1NV LF'AFWISO 1SG 3.74E-09

T4'RA 2*ELCOO11A CBL-LF*AFWISO 1SG 1.27E 10

Total 2.63E-08

Sequence Til

Sequence TIL is a loss of offsite power followed by loss of AFW (L). Tbc following lists the cutsets and
frequencies of each cutset considered in the analysis. -

Cutset Freauency

T1*RA LOSP'AFWISO-2SG 3.63E-08

T1'RA-LOSP'RA 3*AFWP11 PTD LF'AFWISO 1SG 136E-10
T1*RA LOSP'RA-3*AFWISO 1SG'ELCOOllA GEN-LF 1.56E 10

T1*RA LOSP*RA 3*AFWS903A NOC LF'AFWISO-ISO 3.00E-10

T1'RA LOSP'RA 3'AFWP11 PTD PRMN*AFWISO-1SG 1.08E 10

T1*RA LOSP'RA-3'AFW3987A NOC LF'AFWISO ISG 3.00E 11

T1*RA-3*AFWP11 FTD LF*AFWISO 1SG 3.02E 10
T1'RA-3*AFWP13 PMD LF'AFWISO 1SG 237E-10
T1'RA-3*AFWISO-1SG'CBP13-BOO LF 1.92E 10

T1'RA LOSP'RA 3*AFWISO 1SG'ELCOO11A G PRMN 1.92E 10

T1'RA-3*AFWP11 P'TD PRMN*AFWISO 1SG 2.40E 10
"

T1'RA LOSP'RA 16*AFW4530 N-PRMN'AFWISO ISG 1.44E 11

T1*RA LOSP'RA 16'AFW4520-N PRMN'AFWISO-1SG 1.44E 11

T1*RA LOSP'RA-3'AFWISO-ISG'ELCOO11A-G PRMN 1.92E 10

T1'RA LOSP'RA-3*AFWP11 l'TD PRMN*AFWISO 1SG 1.08E 10

T1'RA LOSP'RA-3'AFWISO 1SG'ELCOO11A G FRFT 1.44E 10

T1*RA-LOSP'RA-4*AFWP11 I"TD PRTS'AFWISO 1SG 1.04E 11

T1'RA LOSP'RA-4'AFWISO 1SG'ELCOO11A GEN LF 3.% E 10

T1'RA LOSP'RA 3*SDSSONCA LOG LF'AFWISO 1SG 1.12E 10

T1*RA LOSP'RA-3'SRW1587A NCC-LF*AFWISO 1SGN LF 8.82E-11

T1'RA LOSP'RA-3*AFWISO 1SG'ELC1103A BOO LF 8.32E-11

T1'RA-LOSP'RA 3*AFWISO 1SG'DGVCT11A BOO LF 832E-11
T1*RA-LOSP'RA 3'AFWISO 1SG'DGVOT11A DCC LF 832E-11
T1*RA LOSP'RA-3*AFWISO ISG'DGVRC11A-DCO LF 832E 11
T1*RA LOSP'RA-3*AFWISO-1SG'DGV' alA DCC-LF 832E-11
T1'RA LOSP'RA 3*AFWISO 1SG*SWS1105 BOO LP 832E 11
T1*RA LOSP'RA-3'AFWISO 1SG'SRWA011A BOO LF 832E 11
T1*RA-2*AFWISO 1SG'ELCOO11A INV LF 7.64E-11

T1'RA LOSP'RA-3*AFWISO 1SG'ELC1103A BOO CC 735E-11
T1'RA LOSP'RA 3*AFWISO 1SG'SWS5210A ?RC-CC 735E-11
T1*RA LOSP'RA-3*AFWISO 1SG'SWS5150A NOC-CC 735E-11
T1'RA LOSP'RA-3'AFWISO 1SG'AFWO103-X FRFT 5.60E 12
T1*RA LOSP'RA 3'AFWISO 1SG'AFWM911X X PRMN 4.80E-12
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T1'RA 3'AFWP11 ITD-LF'AFWISO-1SG 6.40E-11

T1'RA-3*AIN P13 PMD PRMN*AFWISO ISG 6.40E-11

T1 * RA-3 * A FWS903 A-N OC-LF' AFWI SO-1S G 6.40E-11

T1*RA-3'AFW3987A NOC LF*AFWISO ISG 6.40E 11

T1*RA LOSP*RA 3*AFWISO 1SG'ELC0011A G PRTS 4.40E-11

T1*RA-3'CBP13-BOO LF'AFWISO 1SG 1.% E-10

T1'RA LOSP'RA 3'AFWISO 1SG'AFWS903A NOC-LP 2.%E 11

T1'RA LOSP'RA-3*AFWISO-1SG'AFW3987A NOC LF 2.%E-11

Total 4.07E-08

Sequence T3ML

Sequence T3ML is a transient that requires primary pressure relief followed by failure of the power con-
version system (M) and the AFW system (L).

This accident sequence has the same cutsets as sequence T4ML except for the initiator. The accident se-
quence can be determined by a simple ratio ofinitiator frequencies:

CDP FOR T4ML*T3/T4
2.63E-08 * 1.85/6.8 7.16E 09

Sequence T1LCC'

Sequence TILCC'is a loss of offsite power followed by loss of the AFW (L), containment spray injectior
and the containment air recirculation systems.

Because the cutsets for this accident sequence are almost the same as those of accident sequence TIL, the
CDF can be estimated by ratioing the accident sequence CDFs and multiplying that times the AFW isolation
system contribution to TIL

(CDF FOR TILCC')/(CDF FOR TIL) * CDF FOR TIL AFW ISO = 1.0E 06/4.9E-06 * 4.07E-08
8.31E-09

BASIC EVENT FAILURE PROBABILITIES

Except where neaed, the following values were extracted from the PRA used to evaluate this plant.

Event Code Event Descriotion Probability

T1 Loss of offsite power f = 0.14/>T
T2 Loss of power conversion system f = 0.8/>T
T3 Transients requiring piimary system

pressure relief f = 1.85/3T
T4 All other transients requiring

reactor trip f = 6.8/yr
AFWISO-2SG Spurious isolation of one steam

generator with common mode isolation

of the other and the operator does not

recover 4 ways of occurring p = 5.76E-07
(developed for this study)
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Event Code Event Dewrintinn Probability
AFWISO 1SG Spud >us isolation of one steam

generator and the operator does

not recover 4 ways of occurring p = 1.15E-05
(developed for this study)

RA 1 Operator fails to realign AFW suction

to CST #11 r.nd start locked-out AFW
turbine driven pump #12;allactions
must be donc locally p = 0.1

RA 2 Operator fails to manually actuate

AFW motor-driven pump #13 (given

failure of auto star)t p = 0.02
RA-3 Operator fails to manually start

locked-out AFW turbine-driven pump
# 12 p=0N

RA-LOSP Failure to recover offsite power
within 1 hour p = 0.45

AFWP11 FTD LF AFW turbine-driven pump #11 local
fault p = 4.7E-03

AFWP11 PTD-PRMN AFW turbine-driven pump #11
maintenance p = 3.7E-03

AFWP11 PTD-PRTS AFWS turbine-d.iven pump #11
unavailable due to test p = 1.4E-03

AFWO103-X FRFT AFW turbine-driven pump #11
discharge vahe,failto return
from test p = 2.0E-N

AFWM911X X-PRMN Maintenance of valve in turbine
driven pump #11 stea:n admission

line p = 1.6E4t
AFWP13-PMD-LF AFW motor-driven pump #131ocal

it.?lt p = 3.7E-03
AFWP13-PMD PRMN AFW motor-driven pump #13

maintenance p = 3.7E-03
AFWS903A NOC.LF 1ml fault of steam admission valve

to AFW turbine-driven pump #11 p = 1.0E-03
AFW3987A NOC LP Local fault of steam admission valve

To AFW turbinc-driven pump #11 p = 1 E-03
AFW4520-N PRMN Maintenance of vahrin AFW turbine

pumps feedwater lines fail. delivery
byboth AFWpumps p = 2.0E-N

AFW4530-N PRMN Maintenance t' valve in AFW turbine
pumps feedwater lines fails delivery

byboth AFW pumps p = 2.0E-N
CBP13 BOO LF AFW motor driven pump #13 circuit

breaker p = 3.0E-03
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Event Code Event Dewrintinn Probability

DGVCT11A BOO.LF Local fault of power breaker to
dieselgenerator #11 room coolers

fails DG # 11 wh'ch fails 1/2 of all
ESF and the motor driven AFW pump p = 3.0E-03

DGVOT11A DCC LF Damper fails to operate, fails DG
#11 which fails 1/2 of all ESF and

the n.otor driven AFW pump p = 3.0E-03
DGVRC11A DCO LF Damper fails open, fails DG#11 which

fails 1/2 of all ESF and the motor

driven AFW pump p = 3.0E-03
DGV1N11A.DCC LF Damper fails to operate, fails DG

#11 whi:h fails 1/2 of all ESF and
the motor oriven AFW pump p = 3.0E-03

ELC0011A G FRFT Diesel generator #11 not returned
from test, fails 1/2 of all ESF

systems and moter driven AFW p = p p = 5.0E-03
ELC0011A-G PRMN Maintenance of diesel generator #11

Nls motor-drivcn pump # 13 and 1/2
of allESFsystems p = 6.6E-03

ELC0011A G PRTS Diesel generator #11 unavailable due
to test, fails 1/2 of all ESF and thea

motor-driven AFW pump p = 1.5E-03
ELC0011A GEN LP Local fault in dieselgenerator #11

fails AFW motor-driven pump #13 and
1/2 of all ESF systems p = .5,4E-02

ELC0011A INV LP 11A sital AC bus, fails AFW turbine

driven steam admission valve 4071

due to no actuation signal and

falls motor-driven AFW pump p = 2.4E-03
ELCOO11A CBL LF Local fault of cable from sital

AC inverter #11; same effect as

inverter fault above p = 7.5E-05
ELC0012A INV LF Similar to ELC0011A INV LF above

except steam admission valve 4070
,

fails closed p = 2.4E-03 |
ELC1103A BOO-CC Controlcircuit fault of DG # 11 |

'output breaker, fails 1/2 of all

ESF and the motor-driven AFW pump p = 2.5E-03
ELC1103A BOO-LF local fmult of dieselgenerator

#11 breaker, fails 1/2 of all ESF

snd motor-driven AFW pump p = 3.0E-03
ESFSONCA LOG LF Faults in ESFAS sequencer fail

AFAS auto actuation of AFW motor
driven purnp #13 p - 6.4E-04

PCS-LP local fault causes failure of PCS p = 4.8E 03
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_ Evnt Code Event Dewrintinn _
Prnhability

SDSSONCA LOG-LF Shutdown sequencerlogic unit fails
i

to sequence loads to DG #11, fails

1/2 of all ESF and motor-drhen AFW
pump p = 3.8E-03

SRWA011A-BOO LF Local fauh of SRW pump #11 power I

breaker, fails DG #11which fails

1/2 of all ESF and the motor-driven ;

AFW pump p = 3.0E-03 J
SR'V1587A NCC LF Local fault of dieselgnerator j

#11 cooling outlet valve, fails

dieselgenerator cooling and
fails AC power to 1/2 of all ESF

systems and motor-driven pump p = 3.0E-03

SWS1105-BOO-LF Local fault of SWS pump #11

power breaker, fails DG #11
cooling and AC power to 1/2

of all ESF and the motor <

driven AFW pump p = 3.0E-03

SWS5150A-NOC CC Control circuit fault ofinlet
vahe on SRW heat exchanger #11

fails DG # 11 which fails 1/2 of

all ESF and the motor-driven AFW
pump p = 2.5E-03

SWSS210A NTC-CC Control circuit fault of outlet
vahe on SRW heat exchanger #11

fails DG # 11 which fails 1/2 of
all ESF and the motor-driven AFW

pump p - 2.5E-03

i
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APPENDIX B

ACCIDENT SEQUENCE CALCULATION FOR PL. ANT B AND BB (B&W)

This appendix provides the cutsets used to develop the accident sequence frequency for the accidents in-
vohing the AFW isolation system et Plant B and Plant BB (B&W):

This plant has two steam generators one motor-driven EFS pump and one turbine-driven EFS pump. The
pumps are cross connected so that each pump supplies both steam generators. The plant does not lave flow
restrictors in the EFS headers. Thus, the EFS will failif one steam generator ruptures and that generator is
not isolated. The EFS is assumed to be successfulif at least one pump is supplying feedwater to at least one
steam generator. For this evaluation, the EFS will failif the automatic isolation system isolates both steam
generators or ifit isolates one steam generator when the other is isolated and the operator does not recover
now to one of the steam generators.

The PRA used to evaluate these plants calculated the failure probability of the EFS for two conditions,
with and without offsite power. With offsite power available, the EFS failure probabilityis EF1 = 3.4E44.

With offsite power unavailable, the EFS failure probability is EF2 = 1.8E-03.

These events are made up of the following cutsets:

EF1 = E01 + FA + EA'EB + EA*EM2 + EB'EM1 + E3'E02
EF2 = E01 + E4 + EA* EB + EA* EM2 + EB''EM1 + E3* EO2

Where:
E01 Auto actuation locked out and operator

fails to recover p = 1.0E44
E4 Coupled check vahc faults (FWV 43 & 44) p = 1.0E-05
EA El + EX1
El Train A hardware faults p = 2.2E-02
EX1 DC power train B fails w/offsite pwT p = neg

wo/offsite pwr p = 3.2E-03
EB E2 + EX2
E2 Train B hardware faults p = 3.5E-03
EX2 AC train A fails and DC power train A

fails w/offsite pwr p = neg
wo/offsite pwr p = 3.52E-02

EM2 Train B maintenance and test outages p = iSE-03
EMI Train A maintenance and test outage

EB' ES + EX2
E5 Train B hardware faults p = 3.6E-03
E3 Valve plugged p = 1.0E44
E02 Operator fails to recover plugged valve p = 0.1
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Isolation system contribution:

AFWISO-2SG Isolation of 2 steam generators

due to spurious actuation of the

isolation system toisolate 1 S/G

and common mode isolation of the
other S/G 4 ways to occur p = 5.76E-07

AFWISO-1SG Isolation ofi steam generator
due to spurious actuation of the

isolation system 4 ways to occur p = 1.15E-05

Only event E4 isolates the steam generators; all of the others fail one of the pump trains, which leaves the
other pump pumping to both steam generators. Actuation of the automatic EFS isolation system to isolate
one steam generator would not fail the EFS because the running pump would simply deliver its flow to the
other steam generator because the plant does not have flow restrictors to limit flow.

Event E4 is a coupled failure of two check vahrs at the inlet to the steam generators. The failure prob-
ability is made up of(a) check vahe failure,1.0E46 and (b) common mode failure of the other,0.1.

The probability of one check valve failing closed and the automatic isolation system isolating the other
steam generatorisCHKVLV LF * AFWISO 1SG = 1.0E44 * 1.15E-05 = 1.15E-09.

The total contribution to the EFS system failure for the automatic EFS isolation system is 5.76E-07 +
1.15E-09 = 5.77E-07.

The contribution to the accident sequence frequency of the auto EFS isolation system can be determined
by dhiding the accident sequence frequency of all sequences with EFS failures found in the PRA by the ap-
propriate EFS system failure rate and then multiplying the sesult by the automatic EFS isolation system
failure rate contribution found above.

The contribution of the auto EFS isolation system to the accident sequence frequencyis (note--L is the in.
dication of EFS failure):

T1 T1A(hf LU) 4.1 E-06/3.4E-04'5.8E-07 f = 7.0E-09
T2A(htLU) 1.4E-05/1.8E-03'5.8E-07 f = 4.5E-09
T2A(hfLUO') 2.5E-06/1.8E-03'5.8E-07 f = 8.0E-10

#

T2A(htLUO) 5.4E-05/1.8E-03'5.8E-07 f = 1.7E-0S
T2-T2A(h!LU) 8.6E-06/3.4E-04'5.8E-07 f = 1.5E-08 ~

Total f = 4.4E-08
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APPENDIX C

ACCIDENT SEQUENCE CALCULATIONS FOR PLANT C (W)

INTRODUCTION

This appendix prosides the cutsets used to develop the accident sequence frequency for the accidents in-
vohing the AFW isolation system at Plant C (W):

For all but ATWS accident sequences, the ARV is assumed to fail if less than two steam generators are
supplied with feedwater. For ATWS, three steam generators taust be supplied; however, ATWS events do
not contribute to the dominant accident sequences for Plant C (W), so they will not be considered for this
analysis. The turbine driven pump supplies all four steam generators and each motor-driven pump supplies
two steam generators. Therefore, if the turbine driven pump is running, the success criteria will be met if less
ll,an three of the LCVs close if one of the motor-driven pumps and the turbine-driven pump are out of ser-
sice, only one LCV must close to fail the AFW For Plant C (E) then, only accident sequences Gat fail one
of the motor-dr:ven pumps and the turbine-driven pump will be ofinterest.

ACCIDENT SEQUENCE FREQUENCIES

Sequence Tdc2L1P1

Sequence Tdc2L1P1 is a loss of the 125 V DC bus, failure of the AFW system (L1), and failure of the
PORVs to successfully open (P1) for feed and-bleed. Loss of the 125 V DC bus fails motor driven pump 1B.

The following lists the cutsets and frequencies of each cutset considered in the analysis.

Cutici Freauency

Tdc2 LIP 1'ARV PSF LF-PS415'ARVISO 1SG #1 I = 93E-09
Tdc2 LIP 1'AFW PSF LF PS415'AFWISO 1SG-#2 f = S3 E-09
Tdc2L1P1'ARV MOV-CC 151*ARVISO 1SG #1 f = 6.9E-10
Tdc2 LIP 1'ARV-MOV CC 151'AFWISO-1SG #2 f = 6.9E 10
Total f = 2.0E-08

Sequence Tdc1L1P1

Accident sequence Tdc1 LIP 1 is the same as the above except the other motor-driven pump is failed by the
DC failure and the LCV on steam generator 3 and 4 would have to isolate to fail the ARV Its frequency will
be the same -- 2 0E-08.

" Other Sequences

For the remaining accident sequences, the turbine driven pump, one of the motor-driven pumps and one
of the LCVs must fail, or one of the motor-driven pumps and three of the LCVs must fail. The accident fre-
quencies of these events are on the order of 1.0E 14; thus, they will not be considered further.

The total contribution of the ARV isolation system to the CDF for Plant C (E) is 4.0E-08.
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BASIC EVENT FAILURE PROBABILITIES

Tbc following tabulates the basic event failure probabilities used in the above cutsets:

Event Code Event Dew mtinn Prnhability

Tdc2 LIP 1 Loss of 125 VDC bus !! f = 9.0E-N
AFW PSF LF PS415 Faultsin turbine driven pump

pipe segment 415 fr.ils turbine

driven pump p = 5.2E-02
AFW-MOV CC 151 Failure of turbine throttle

valve fails turbine driven pump p = 3.8E-03
AFWISO 1SG #1 LCV to steam generator #1 closes p = 2.0E-04
AFWISO ISG-#2 LCV to steam generator #2 closes p = 2.0E-N

,
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