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ABSTRACT

This report presents the evaluation of the potential safety concerns identified in G=neric Issuc
125.11.7, related to the automatic auxiliary feedwater (AFW) isolation from 2 steam gererator
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 systet 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
comparec with the same plant witl: the automatic AFW isolation system removed. The review
evaluated one Westinghouse plant, one Combustion Engineering plant, and two Babcock and
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 S presents the cost
benefit analysis performed to evaluate the various alternatives that were considered to resolve this
1ssuc,

FIN No. A6881-8 — Generic Issue 125.11.7, Automatic Isolation of Feedwater From Steam Generator During
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EXECUTIVE SUMMARY

The issue designated as GI 125.11.7 aadresses
the specific concerns related to the automatic isola-
tion of auxiliary feedwater (AFW) to a stcam gen-
erator with a broker stecam or feed line. Some
p. essurized water reactor (PWR) designs use a sys-
tem to automatically isolate AFW to a depressuriz-
ing steam <.nerator. Following the Davis-Besse
Loss of Feedwater Event in June 1985, the benefits
of this automatic isolation system versus its disad-
vanlages were questioned.

The NRC auxiliary fecdwater requirements re-
lated 1o this issue are documented in NUREG
0800, Standard Review Plon,' Section 10.49.1.13.
This reference states that:

*13.The system design possesses the
capability to automutically terminate awxiliary
feedwater flow (0 a depressunzed sieam gener-
ator, and to automatically provide feedwater to
the intact steam generator. Or, as an aitema-
tive, if it is shovm that the intact stcam gener-
ator will receive the minimum required flow
without solation of the depressunzed steam
generator and containment design pressure is
not exceeded, then operatcr action may be
relied upon to isolate the depressurized steam
generator.”

The purpose of GI 125.11.7 is to reevaluate these
requirements and to determine if the disadvantages
of automatic AFW isolation may cutweigh the
benefits. The benefits of automatic AFW isolation
are as follows:

1. Inthe event of a steam or feed line break, the
steam generator blowdown inventory is mini-
mized. While isolating AFW does not
prevent the initial secondary side inventory
blowdown, it does prevent continued blow-
down after the initial inventory is expended,
and thus minimizes the containment pressure
rise.

2. Excessive primary system cooldown is mini-
mized. As the primary system cools down
due to the heat transfer to the depressuriving
steam generator, a reactor restart could
occur, especially if the reactor fuel is ep-

il

proaching end-of-life. This would introducc
thermal energy to the transient. Shuiting off
AFW to the favited stcam gencrator will
reduce this effect.

3. Excessive containment pressure is minimized.
The containment is designed to accommodate
the pressure increase caused by a primary sys-
tem loss-of-coolant-accident (LOCA). A
steam or feedwater line break within contain-
ment might cause the containment design
pressure to be exceeded if the automatic
AFW isolation were not operable. If a reac-
tor restart does nut occur, continued AFW
flow Lo the steam generator would contribute
to excessive primary system cooldown and
pressurized thermal shock conditions.

4.  Insome plants, the AFW isolaticn is required
to divert AFW from the affecied steam gener-
ator for orderly and safe plant shutdown and
to meet the single failure criterion in supply-
ing feedwater to the intact stcam gener-
ator(s).

The disadvantages of automatic AFW isoiation
are related to concen s that the automatic isolation
system may reduce the reliability of the AFW func-
tion. Also, with opera or error, the long term suc-
cess of AFW for main Jeedwater transients, steam
generator tube ruptures, and small-break LOCAs
could be compromised. Foilures that cause inad-
vertent actuation of the AFW isolation system
could cause loss of all AFW system flow during ac-
cidents or transients. Additionaily, during a con-
trolled cooldown, the thresholds for automatic
AFW isolation (such as low sieam generator pres-
sure or high steam generator to steam generator
differential) may be crossed, which would requirc
that the operator lock out the isolation logic as the
steam generator parameters approach the isolation
setpoint. During an accident scenario (not requir-
ing isolation), the accompanying distractions could
result in a failure to lock ouat the automatic isola-
tion, thus AFW would not be available as predicted
for the applicable accident analyses.



The safety significance of this issue is whether
the positive aspects of automatic AFW isolation,
resulting in decreased containment pressure and
diversion of AFW 1 functioning steam gener
ator(s), are outweighed by the negative aspects of
ver AFW system availability due to inadvertent
purious actuation of its automatic isolation sys-

evaluate this issue, a methodology was
loped wherein four typical PWR designs were
ected for analyses. The PWR se'sctions were
based on, (a) PWRs utilizing an automatic isoiation
svstem, (b) Nuclear Steam v System (NSSS)
ipplier (Combustion Eng ring, Babcock and
x [two different designs', and Westinghouse),

) availability of an existirg PRA

Une plant design cach from Westinghouse (W)
i Combustion. Engineering (CE) and two dif
nt Babcock and Wilcox (B&W) plant designs
re selected for this study. It was thought that the
stest risk associated with this issue would be for

plants with marginal or no feed-and-bleed
‘~|;‘.|:"&il[l' s because with the loss of al condary
heatl rem thods with primary system pressure
greater th Residual Heat Removal (RHR)
perating essure there is no way of remnoving
lccay beat. This study included one such plant
Anott ignificant ideration was that some
plant thout f] trictors in their AFW pump
dicharge lines ¢ the automatic AFW isolation

svstem (o prevent AFW pump runout conditions
this study also in-

I'he evaluation performed
cluded threc of these plant

Alter the collection and review of the data, the
contributions of the automatic AFW isolation sys
tems to the AFW failure ;\.H".lhlllllg~ were deter-
min¢d based on failure rates estimated for the
automatic isolation system design, probability of
perator error, and possible common cause failure
Iting in failure of all AFW system functions
Automatic AFW isolation system failure rates had

i
to be estima 1 because al

acc lent sequences con
aining automatic AFW isolation system failures

had Core Damage Frequencies (CDF) that wer

less than the accident sequence CDFs considered
in the individual PRAs. Also, the study estimated
changes to the CDFs that would occur if the
automatic AF'¥ isolation systems were removed
l'hese modified AFW system fai'ure rates were
then substituted intoc the PRA sequences that in-
cluded the AFW system. By using this methodol-
ogy, the change in CDF could be calculated for
removing the automatic isolation system. The
change in CDF was then utilized to calculate a
change in risk. More details on the methodology
used are given in Section 3.0. The evaluation indi-
cated that the contribution of the AFW isolation
systemn to CDF depends on the plant design, but che
tota! contribution is small. Also, the evaluation
showed that removing the AFW isolation system
and relying on the operator to isolate a ruptured
steam generator caused CDF to change in either
direction (i.e., increased or decreased) depending
primarily on the presence of AFW flow restrictors
and the reliability of f‘ugkll;‘ feed-and-bleed opera-
ttons

After calculating this delta risk, the cost as-
sociated with removing the automatic isolation sys-
tems was estimated. Cost benefit ratios were then
calculated and summarized. The change in risk du
to removing or disabling the AFW isolation system
ranged from a decrease in plaat risk of 44 man-rem
for one plant (B&W without emergency feedwater
initiation and control) to an increase of 12 man-rem
over the plant life for Westinghouse de sign

Cost estimates for the disabling or removing the
AFW iso'ation system: ranged from $351K for a
plant with existing flow restrictors to $768K for a
plant requiring installation of flow restrictors

['he cost benefit ratios calculated to determine
the cost rer man-rem reduction for the proposed
plant modifications showed a best case (maximum
man-rem reduction, minimum cost) of $7.9K per
man-rem I'herefore, it was concluded that no
i i would be warranted for the
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This report provides an evaluation of Generic Issue 125117, Reevaluate Prowvisions to
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EVALUAT!ON OF GENERIC ISSUE 125.11.7,
REEVALUATE PROVISION TO AUTOMATICALLY
ISOLATE FEEDWATER FROM STEAM GENERATOR
DURING A LINE BREAK

1. INTRODUCTION

The issue (designated in 1985 as GI 125.11.7 by
the Nuclear Regulatory Commission) of automatic
feedwater isolation for a PWR steam genera‘or
during a steam or feed line break was identified
from the findings of the Davis-Besse Incident Inves-
tigation Team as reported in NUREG-1154, Loss
of Main and Awailiary Feedwater Event at the Davis-
Besse Plant on June 9, 1985% The investigation
idcntified the concern th: t the benefits of automatic
auxiliary fecdwater isolation could possibly be out-
weighed by the negative aspects of this feature.
Periodic reference to this Davis-Besse cvent is
made throughout this report.

The automatic isolation of AFW from a steam
generator is provided to mitigate the consequences
of a steam or feedwater line break. The isoliion
logic, for most plants that utilize the design, closes
all main steam isolation valves and also isolates
AFW from the broken depressurizing st~am gener-
atc: while continuing to feed the unaffected steam
generator(s).

The Lenefits of AFY isolation are as follows:

1.  The break vlowdown inventory is minimized.
While isolating AFW doesn’t prevent the ini-
tial secondary side inventory from biowdown,
it does preclude additional blowdown from
continuing decav Leat removal after the initial
inventory is expende

o

Excessive primary system cooldown is mini-
mized. As the primary system cocls down
due to the heat transfer to the depressurizing
steam generator, a reactor restart could
occur, esrecially if the seactor fuel is ap-
proaching  ad-of-life. This would introduce
thermal energy to the transient. Shutting off
AFW to the faulted steam generator will
reduce this effect.

3, Excessive containment pressure is mirimized.
The containment is designed to accommodate
the pressure increase caused by a primary sys-
tem loss-of-coolant-accident (LOCA). A
steam or feedwater line break within contain
ment might cause the containment design
pressure to be exceeded if the automatic
AFW isolation were not operable.

4  In some plants, AFW automatic i olacion is
required to divert AFW from the affected
steam generator for orderly and safe plant
shutdown and tc meet the single failure
criterion in supplying feedwater to the intact
steam generator(s).

The disadvantages of antomatic AFW isolation
are related to concerns that tie automatic isolation
syste.a may reduce the reliability of the AF™/ sys-
tem and with operator error, the long term succes.
of AFW for main feedwater transients, steam gen-
erator tube ruptures, anc small-break LOCAs
could be compromised. Failures that cause inad-
vertent cctuation of the AFW isolation system
could caus: loss of all AFW system flow during ac-
cidents or transients. Additionally, during a con-
trolled cooldown, the thresholds for automatic
AFW isolation may be crossed, which would re-
quire that the operator lock out the isolation logic
as the steam generator parameters approach the
isolation setpoint. During an accident scenario, the
accompanying distractions could result in a failure
to_lock out the automatic isolaticn, thus AFW
would not be availabie as predicted for he ap-
plicab'e accident analyses.

The safety significance of this issue is whether
the positive aspects of aatomatic AFW isoiation
resulting in decreased containment pressure and
diversion of \FW to the functioning steam gener-
atoz(s) are outveighed by the negative aspects of



lower AFW system availability due to inadvertent
or spurious actuation of its automatic isolation sys-
tem.

The a. tomaiic isolation of AFW from a steam
gererator 1w provided to mitigate the consequences
of a steam or feedwater line break. The isolaticu
logic, usually triggered by a steam gencrator low
pressure signal, closes all main steam isolation val-
ves and also isolates AFW from the broken depres-
surizing steam generator while continuing to feed
the unaffected steam generator(s).

The purpose of GI 125.11.7 is to evaluate typical
PWR designs to determine if automatic AFW isola-
tion results in an increase in the risk to the public.
To accomplisk this, a detailed teclnical review was
performed in which four PWR designs were sub-
jected to a detz"ed automatic AFW isolation
analysis. Five generic accident sequences were
identified in which automatic AFW isolation could
affect plant safety. This evaluation calcuiated a
change in risk based on the change to CDF caused
by removing the automatic AFW isolation svstem.

2. SCOPE OF STUDY

This study evaluated, for representative PWR
plant designs, the consequences of automatic isola-
tion of AFW (o the steam generators during a feed
line or steam line break as well as other applicable
accident sequences that rely on th» AFW system
for success. A plant representing cach PWR ven-
dor was analyzed to determine the impact of Gl
125.11.7.

The study also (a) identified plant designs where
such AFW isolation could impact plant safety by in-
creasing the pr Hability that decay heat removal
capavilities n _ be lost, (b) evaluated plant
modifications that could be implemented to
mitigate the consequences of automatic isolation,
and (c) performed a cost benefit analysis to assgss
the value-impact of removing the automatic isola-
tion feature.

It should be noted that this study only evaluated
plants that utilize an automati. AFW isolation sys-
tem and did not address whether this type of system
should be required. Thic scoping decision was
made based on the Cefinition of this issy - as stated
in NUREG—O‘)% A Prionitization of Generic Safety
Issues, ™ because there are existing NRC criteria

concerning these AFW system requirements
(NURE(;-OS(I)' Section 10.4.9). Other Generic Is-
sues, such as GI 124, Auxiliary ecdwater
Reliability, and GI 125.11.1, Need for Additional
Actions on AFW Systeins, should also address this
question of requiring PWR automatic AFW isola-
tion systems.

3. EVALUATION METHODOCLU 3Y

3.1 Evaluation Technique

A plant from cach of the PWR vendors was
selected for the evaluation, and available PRAs
(References 6,10,11,13,14) for the selected plants
were employed for this analysis. AFW systems
were studied to determine how they functioned and
how the AFW isolation system functioned. Acci-
dent sequences were evaluated to determine the
contribution to the CDF of inadve.tent or spurious
AFW isolation system actuation. The following
sections describe the technique employed in this
analysis and the postulated sequences evaluated.

The AFW isolation system’s contribution to the
total CDF was calculated by reviewing completed
PRAs for the selected plants. The AFW systems
and the AFW isolation systems wer " studied to
determine which of the basic accident sequences
described in Section 3.2 were applicable to the par-
ticular plant. The accident sequences described in
the respective plant PRAs, referenced above, were
reviewed to ident v the accident sequences that in-
cluded failure of the AFW swstem. The AFW
failure events in those sequ.aces were then
evaluated to determine the contribution of the
automatic AFW isolation system to the AFW sys-
tem failure probability.

Throughout this report, where probabilities or
tailure rates are utilized, they have been reviewed
to determine if they were considered appropriate
for the application. This determination was based
on PRA experience and engineering judgement. In
general, plant specific data from the plant PRA was
reviewed and used as a first choice. In cases where
the plant specific data was deemed inappropriate
or the data was not available, prcwously used and
justificd data from the NUREG-0933" analysis re-
lated to this issue was reviewed and used as judged
appropriate. In cases whcrc ncither the plant PRA
data or NUREG-0933' data was available or



judged appropriate for the specific application,
data from other recognized and widely used data
bases was used. The sources of the data used is in-
dicated in the text of tais report.

In general, the referenced plant PRAs identify
several sets of accident s. quences that lead to core
dainage. The calculated rate of occurrence for the
accident sequence per year is called the core
damage frequency. Usually, only the accidew se-
quences with a CDF contribution greater than
1 0E-08 are discussed, because CDFs less than this
are insignificant when added to the accident se-
quences with the higher contributions. These latter
accident sequences are called the dominant se-
quences. The accident sequences are identified by
the initiating event (e.g. loss of offsite power or loss
of feed flow) that starts the accident sequence, and
a series of letter designations that identify the sys-
tems or components that are failed or fail as the se-
quence progresses. For this study, the accident
sequences of interest have initiating events that arc
perturbations in the power conversion system that
result in a loss of main feed. In general, the other
accident sequences do not rely on the AFW system
for successful mitigation because the power conver-
sion system is available to remove energy from the
primary syster*. The referenced PRA labels the in-
itiator a5 a transient, e.g. T1 through T4, Tdc,, etc.
The number following the T indicates the type of
transient (e.g. loss of feed flow, loss of off site
power, etc.). The letter "L" ir the accident desig-
nator signifies failure of the AFW. Where a par-
ticular accident sequence is discussed in the
following sections, the accident sequence designa-
tion is shown along with a very brief description of
the accident. The CDF for the accident sequence is
determined by multiplying the frequency of the in-
itiating event times the probabilities of failure or
unavailabilives of the failcd systems or components
in the sequence.

The probability of failure or the unavailabilities
of iailed systems in the accident sequences are
det.rmined as follows. Fault trees are developed
for the system that ideatify all the combinations of
component failures that will cause the system to fail
to perform its iaterded function. Component
failure rates or unavailabilities are then determined
for the failed or unavailable comnonents. Using
Boolean algebra inchniques the failure rates and
unavailabilities of the various component failure
combinations that lead to system failure are
evalusted to determine the probability of system

failure. There are many sets of component failure
combinations that lead to sysiem failure. These are
called cutsets. A minimal cutset is a cutset that is
made up of the smallest combination of component
failures which, if they all occur, will cause the sys-
tem to fail. The fault trees are usually so large that
they must be evaluated by computer and even then
they must be seloctively reduced to allow computa-
tion in a reasonable time and at a reasonable cost,
Generally, cutsets leading to system failure that
have a probabilit, below a value determined to be
insignificant by the analyst are truncated to reduce
the computation time and cost. See NU REG-0492,
Fault Tree hanabock,” for a more detailed discus-
sion of fault tree ang 'vsis.

For this evrluztion, the AFW system minimal
cutsets were exa. uned to determine the effects of
the AFW isolation system failure. In all cases, the
probability of AFW failure dve to a minimal cutset
involving the AFW isolation system was well below
the probahility of failure for many other minimal
cutsets. Thus, the AFW isolauon system was not a
significant contributor to AFW system ‘ailure. To
estimate the contribution of the AFW isolation sys-
tem to the CDF, minimal cutsets involving the AFW
isolation system were developed and added
sepa-ately. These probabilities for AFW failure in-
volving the AFW isolation systen. were then sub-
stituted into the accident sequence for the failure of
the AFW system to determine the contribution to
the CDF for the AFW isolation sys.em. The AFW
isolation system contribution for each of the
selected plants was determined by the above
method.

In addition to the sequence evaluation described
above, the effects on the CDF of removing the
AFW isolation system was determined by estimat-
ing the frequency of a break in a steam or feed line
the probability of the uperator failing (o isolate the
affected steam generator, and the probability of
feed-and-bleed failure. These values were then
combined, as appropriate to: cach plant.

By using this meti. dology, the change in CDF
resulting from removal ¢ disabling the automatic
AFW isolation system was calculated. The change
in CDF was then used to calculate a change in plant
risk.



32 Postulated Accident Sequences
Affected by the AFW Isolation
System

The purpose of tlis evaluation is to investigate
the positive and negative aspects of the automatic
AFW isolation system. The positive aspects are
that the isolation system will ensure that AFW is
supplied to functional steam generaters only, thus
ensuring that the containment pressure and steam
content are minimized and that AFW is pot
diverted to a ruptured steam generator, resulting in
a loss of heat sink for decay heat removal. The
negative aspects are the contribution of the
automatic AFW isolation system to the inadvertent
failure of the AFW system and the potential of
causing a loss of feedwater transient. The first
three accident sequences discussed below present
an evaluation of the negative aspects of the
automatic AFW isolation syster, i.c. they present
an estimation of the automatic AFW isolation
system’s contribution to the CDF. The last two ac-
“ident sequences present an evaluation of the posi-
tive aspects of the automatic AFW isolation system
by providing an estimate of the change to CDF if
the automatic isolatiou system were removed. The
"net worth” of the aucomatic AFW isolation system
is determined by comparing the increase in CDF
caused by removing the automatic AFW isolation
system to the CCF of accident sequences involving
failu: - of the AFW system caused by the automatic
AFW isolation system. If the isolation system’s
failure rate contribution is higher than the change
in CDF due to removing the system, then the
automatic AFW isolation system is contributing
more risk than it is mitigating.

Inadvertent or spunous actuatiou .« the AFW
Isolation System could be the cause of a transiend.
For example, a spurious signal could cause the
main steam isolation valves and AFW isolation val-
ves to close. Closure of the main steam isolation
valves would trip the main feed pumps on most
plants because the pumps are turbine-Ariven, Thus,
the plant would be in a total loss of feedwater tran-
sient. If tuc ope.ators cannot recove: feedwater
flow or initiate and maintain feed-and-bleed in the
lim:ted time available, usually about 30 minutes, the
transien! wili lead to core damage due to a loss of
heat removal capabiiiv,

Another area of concern is any acciden' se-
quence that relies on AFW operation. Spurious or
inadvertent actuation of the AFW isolation system
could be a significant contributor to the un-
availability of the AFW system. Recovery actions
may not be simple operations; at the June 1985
Davis-Besse event, the operators had to manually
initiate the opening of the isolation valves beczuse
the valve motor torque limit had been imiproperly
set, and the pumps liad to be manually restarted.

Actuation of the isolation system during long
term cooldown using the AFW system for heat
removal is also an area of concern. During long
term cooldown, secondary system conditions that
cause actuation of AFW isolation system will even-
tually be reached, i.c. low steam generatc pressure.
If the operator has not locked out or bypassed the
isolation system, the heat removal method will be
lost and some type of recovery action will be re-
quired. The added stress (caused by this additional
event) may cause the operawors to make other er-
rors coniplicating recovery from an accident se-
quence, and eventually leading to core damage.

The removal of the AFW isolation system is ex-
pected to have a negative impact (i.e., an increase
in the consequences) on the two accident sequen-
ces described below. Both of these sequences ad-
dress the concerns related to the original purpose
of the AFW isolation system, i.e. to mitigaie the ef-
fects of a main steam or fecd line break.

Isolation of a depressurizing steain generator
caused by a feedwaier line break, is required to
prevent either the diversion of flow from unaffected
steam gencrators or the failure of all the AFW sys-
tem due to pump runout or cavitation caused by
higher than normal flow rates Upon removal of
the AFW isolation system, isolation of the affected
steam generator will have to be performed manual-
ly. During a posiulated accident sequence consist-
ing of a feedwater line break, followed by the
failure to isolate the affected steam generator, and
the failure of feed-and-bleed (where this technique
can be performed), the core damage contribution is
uxpected to increase because timely operator action
under stressful accident conditions is required to
isolate the affected steam generator,

Another purpose of the AFW isolation system is
(o minimize steam biowdown to the containment
for accident sequences involving steam line rupture
while the AFW system still sunplies flow to the af-



fected steam geuerator. The concera for this acci-
dent scenario is containment failure due to over-
pressure. Although this scenario does not involve
core damage, it does involve the potential release of
radioactive material to the environment due to the
release of primary coolant through potential steam
generator tube leaks or low levels of contamination
that may be present inside the containment.
Hence, some safety consequence is expected due to
this type of accident scenario. As described above,
the consequences associated with this scenario are
expected to increase since operator action will be
require to isolate the affected steam generator.

4. PLANT ANALYSIS

This section presents the system and PRA se-
quence analyses performed for the four plant
designs cvaluated in this study. A description of the
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AFW system, details of the sequence analyses, and
the results of the analyses are presented for each
plant,

4.1 PlantA

This evaluation was based on the system descrip-
tions and PRA evaluations contained in the IREP
study of a Combustion Engineering plant in
NUREG/CR-3511, Intenm Reliability Evaluation
Program: Analysis of the Plant A Nuclear Power
Plant®

4.1.1 System Description. Plant A is a Com-
bustion Engincering (CE) designed reactor system
that has two U-tube stcam generators. The AFW
system (Figure 1) has one turbine-driven pump and
one motor-driven pump. Each pump supplies both
stecam gencrators through a separatc header, ie.,
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-

/F\

~]_ﬁ_—///

— I
ﬁmﬂ‘*‘s

9 |

—td

L_.—_J MO0 70

Figure 1. Plant A (CE) auxiliary feedwater system flow schematic



driven pump to steam generator 1. There is
another turbine-driven pump, but it must be
mantally lined up and started by the operator. The
motor-driven pump from Unit 2 can be cross con-
nected to Unit 1. The extra turbine-driven pump
and cross-connecting of the motor-d=ivea pump
from Unit 2 were considered recovery actions for
the apphcablc accidem sequeaces by the IREP
analym

Each steam generator has its own automatic
AFW isolation system, actuated by two inde-
pender channels (A and B). The AFW system
isolation is accomplished by two valves in series in
each header supplying cach steam generator for a
total of eight isolation valves, The valves have no
other purpose in the system and are normally open.
Isolation initiation circuit A closes one valve in each
header on the affected steam generator and circuit
B closes the other valve. Oniy one valve in cach af-
fected header (motor-driven and turbin. -driven
pump headers) must be closed to isolate AFW flow
to the desired steam generator.

During a steam or feedwater line rupture event,
the main steam isolction valves on both st~am gen-
erators v ill close when the pressure of either steam
generator is less than 500 psig. The AFW isolation
vaives on the affected steam generator will close on
coincident low steam generator water level (less
than 50 in.) and high stcam gencrator differential
pressure (greater than 100 psid). If the isolation
signal is generated while the AFW system is in
operation, half of the isolation signal will already be
present because the AFW is initiated by the low
steam generator water level sigoal. The actuation
signals for each circuit are based on two of four
coincidence from four independent transducers on
cach steam generator,

Each header has a throttle valve set to limit flow
to 200 gpm; thus, failure to isolate AFW from a
ruptured steam gencrator will not cause the loss of
AFW to the other steam genecrator due to flow
being diverted to the steam generator with the
lower pressure. The operator can manually con(rol
the throttle valve setting if desired. The PRA® used
to evaluate this plant indicates that the AFW sys-
tem is assumed to fail if less than 90 gpm is
delivered to one or both steam generators.

The AFW system must be used to maintain
steam generator levels during startup and shutdown
when the reactor power leve” is low (less than 5%),

4.1.2 Plant A (CE) Sequence Analysis. At
Plant A (CE), two automatic AFW isolation system
failure sequences are of interest; (a) failures of the
isolation system that result in inadvertent isolation
of both steam gencrators, and (b) the inadvertent
isolation of one steam gencrator whea one of the
AFW pump trains is inoperable. If both steam gen-
erators are isolated, all AFW flow will be lost, If
one steam generator is isolated while one of the
pump trains is inoperable, the AFW flow will drop
to 200 gpm. The operator must then take monual
control of the appropriate throttle valve to increase
AFW flow to greaier than <90 gpm, or he must
open one of the isolation valves to prevent core
damage. Feed-and-bleed was not considered effec-
tive at Plant A because of the relatively low dis-
charge head (1750 psi) of the high pressure
injection pumps and the uncertainty as to whether
or not the pressure could be reduced cnough lo in-
itiate High Pressure Safety Injection (HPS!).!!

AFW system failure caused by spurious actua-
tion of the AFW isolation system would consist of;
(a) a spurious signal to isolate one stcam generator,
(b) a common mode failure of the logic module to
isolate the other steam generator, and (¢) the
operator failing to recover flow to grcalcr than 400
gpm. The Plant A (CE) IREP study’ indicates a
spurious icolation has a probability of 7.2E-05. This
is based on a 3.0E-06/hr failure rate for solid state
components and a 24 hour exposure time. If a com-
mon mode failure probability (0.05) similar to that
used in the NUREG-09333 evaluation of this event
and a failure of recover probabxlny (0.04) similar
to thai used in the IREP study are assumed, the
resulting cutset wi'l have a probability of 7.2E-05 *
0.05*0.04 = 1.44E-07,

Because there are two actuation channels, two
cutsets will contribute to the change in CDF due to
the aforementioned factors. For some accident se-
quences, both actuation channels will be active;
thus, the AFW system failure probability will be
2.88E-07. For other accident sequences, one of the
actuation channels is assumed failed due to main-
tenance or other independent failure, so the AFW
failure probability will be as stated above, 1.44E-07,

The 3.0E-06/hr failure rate of solid scate com-
ponents used by the IREP® study for estimating the
spurious block probability agrees well with solid
state componeis “failure to function” failure rates
found in othor "RAs (References 11,13
15,17,18,19) and in reference material such as



WASH-1400, Reactor Safety Swdy,’ and
NUREG/CR-2728, IREP Procedures Guide.* Be-
cause a spurious output of a solid state device is
only part of a solid state component’s *failure to
function,” the valve used is a conservative estimate.

The 0.05 probability for common modc failure
was taken duealy from the NUREG-0933" evalua-
tion of this generic issue because it was judged to
be a reasonable value based on the system design.

The 0.04 probability of failure of the operator to
recoves was estimated frow. the values used for
failure to recover in the IREP study.° Several
recovery actions of various complexities were con-
sidered in the study. The 0.04 valu. is repre-
sentative of the relatively simple actions required
and the multiple paths available to recover the
AFW and the approzimately 80 minutes of time
available for recovery.

Failure events involving isolation of both steam
generators caused by independent spurious signals
to both steam generators have a probability of oc-
currence of about SUE-09 and were judged to be
insignificant; therefore, they were not included in
this cvaluation.

Failure events that could lead to core damage
caused by spurious isolation of one steam generator
when (he turbine-driven or motor-driven pump
trains are not operating for some reason (:such as
during maintenance or valve failure) consist of (a) a
spurious signal to isoiate one steam generator and
(b) the operator fails to recover AFW to greater
than 400 gpm. Again, feed-and-bleed is not effec-
tive at Plant A (CE) because of the low discharge
head (1750 psi) of the HPSI pumps. Using the
came probabilities as those used above, the prob-
ability of a spurious signal actuating the AFW isola-
tion system to isolate one steam generator and the
operate: failing to recover is 72E-05*0.04 =
2. 8RE-06.

Again, two cutsets will contribute to an accident
sequence because there are two isolation actuation
channcls. These cutsets are only applicable when
one of the pumping systems is down for reasons not
related to the spurious isolation. Like the previous
evaluation, only one cutset will apply to some acci-
dent sequences and both will apply to others.

In the preceding discussions, only the AFW is
isolated by the spurious signals. The main steam
isolation valves are on a different logic module and
will require a different signal to cause them to
close.

4.1.2.1 Spurious AI'W Isolation Caused Tran-
sients. A spurious actuation of the AFW isolation
system at Plant A (CE) will not cause a total loss of
feedwater transient because the signal to close the
main steam isolation valves (which will cause the
main feed pumps to trip) comes from a different
logic module than the signal that closes the AFW
system isolation valves. Thus, two spurious actua-
tion signals are required to initiate a trans‘ent and
fail AFW. This accident sequence is covered by se-
quence T2L, which is the loss of the Power Conver-
sion System (PCS) followed by loss of the AFW
system. The PCS comprises the main feedwater
and condensate system, the steam generators, and
the main steam system which includes the turbines,
the turbine bypass, the atmospheric dump valves,
and the safety relief valves.

4.1.2.2 Spurious AFW Isolation During Transients
Requiring AFW. The following six accident sequen-
ces in the dominant accident sequences involve
failure of AFW:

Tdcl. Loss of DC power fails the AFW actua-
tion system but starts the turbine-driven

pump.

AFW isolation does not play a part in
this accident sequence because the loss
of DC power fails the AFW actuation
system; thus, an inadvertent isolation
signal cannot be generated.

T2L Loss of power conversion and secon-
dary steam relief system followed by
loss of ATW,

This accident sequence is dominated by
cutsets that require two independent
failures of AFW. Replacing the ap-
propriate events with spurious isolation
of one steam generator and with com-
mon mode isolation of the other results
in a spurious AFW isolation contribu-
tion to the CDF of 4.67E-07 (see Ap-
pendix A for calculations).



T4AML

TIL

T3IML

Any transient other than those initiated
by the loss of offsite power, loss of PCS,
or transicnts requiring primary system
pressure relief, followed by loss of

power conversion and sccordary steam
relief system and AFW.

This accident sequence is dominated by
failure of vital AC inverter #11 which
fails the power conversion and secon-
dary steam relief system and the motor-
driven pump of the AFW system
requiring another AFW failure to fail
AFW., Direct failure of the power con-
version and secondary steam relief sys-
tem by local fault and failure of the
AFW is also included. Replacing the
appropriate AFW failure rate with the
spurious isolation probability of cccur-
rence results in 2.6E-08 contribution to
accident sequence T4ML from spurious
isolation of the AFW (see Appendix A
for calculations),

Loss of offsite power followed by failure
of AFW,

This accident sequence consists of two
single event cutsets and many double
event cutsets in the AFW system.
Replacing the appropriate AFW events
with spurious isolation events results in
4.1E-08 contribution for accident se-
quence TIL to the CDF for spurious
AFW isolation (see Appendix A for cal-
culations),

Transient requiring primary system
relief followed by loss of power conver-
sion and secondary steam relief system
and AFW.

This accident, similar to T2ML, is
dominated by loss of vital AC inverter
#11 which fails the power conversion
and secondary steam relief system and
the motor-driven pump of the AFW, re-
quiring another failure in the AFW sys-
tem to fail the total system. Dircct
failure of the power ccaversion and
secondary steam relief system and the
AFW is also covered. Replacing the

AFW failure rat:s with the appropriate
spurious isolation of AFW events
results in 7.1E-09 core damage con-
tribution for accident sequence TIML
by spurious AFW isolation (see Appen-
dix A for calculations).

TILCC  Loss of offsite power followed by loss of
AFW, CSSI (containment spray system
injection), and CARCS (containment

air recirculation and cooling system).

This accident is the same as T1L except
for the additional failures of the CSSI
and CARCS. Replacing the ap-
propriate AFW cvents in the cutsets
with spurious isolztion of AFW events
resuits in 8.6E-09 contribution to the
CDF ‘or accident sequence TILCC by
spurious AFW isolation (sce Appendix
A for calculations).

4.1.2.3 Operator Failure To Lock Out Isolation
System During Cooldown. This will not cause a
problem at Plant A (CE) because the AFW isola-
tion signal is generated from a high steam generator
differential ~ 'ssure. During a long term cooldown
the steam _cnerators will remain at approximately
the same pressure; thus, che isolation signal will not
be actuated.

4.1.2.4 Feedwater Line Break Initiated Transient.
This accident sequence considers the impact of the
AFW isolation system following a feedwater line
break. Generally, the affected steam generator is
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
AFW due to the diversion of a sufficient amount of
flow from the break, which would fail the AFW
function. Because Plant A (CE) has flow limiting
valves in the sysiem headers, this sequence is not af
fected by the rumoval of the AFW isolation system.
No operator action is required to prevent the diver-
sion of AFW flow out of the break.

4.1.25 Main Ste.m Line Break Initiated Tran-
sient. This section ¢valuates the impact of remov-
ing the AFW isolatiou system during a steam line
break accident. This accident involves a transient
initiated by a steam line break. Steam line break
accident sequences that lead to core damage have



such a low CDF that they are not included in this
analysis. The primary concern due to this postu-
lated accident sequence is containment failure due
to overpressurization. The frequeacy of occurrence
was calculated on a generic basu in NUREG-0933°

as 1.0E-06. The NUREG-0933° analysis was used
because the pipe rupture frequency and operator
error and containment failure rates ne consistent
with similar events found in the PRAsSH1315

in this evaluation and other documents™ »1%1%1°

that contain generic falure rates. The NUREG-
0933° evaluation i<:

1.0E-03* 0.2 * 0.01 = 1.0E-06

where the frequency of steam and feedwater line
breaks is estimated as 1.0E-03, with 10% (0.1) of
these assumed to be steam line breaks. Failure of
the operator to manually isolate the affected steam
gcneralor has been estimated as 0.01. NUREG-
0933° also assumes that, given the occurrence of
this sequence of events, the probability of contain-
ment failure is 0.03. It should be noted that
NUREG-0933° considers this a "highly conservative
assumption.” Using this value, the estimated fre-
quency of contairment failure due to a steam line
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break is 3.0E-08. This value will be used later in
determining the impact this issue will have on con-
sequences (total man-rem).

4.1.3 Total CDF Contribution for Plant A (CE).
At plant A (CE), removing the automatic AFW
isolation system will decrease the CDF by 5.5E-07.
This is determined by adding the contributors from
each accident sequence previously discussed as
shown below:

T2L 4.7E-07
T4ML 2.6E-08
TIL 4.1E-08
T3ML 7.1E-09
TIiLCC 83E-04
Total 5.5E-07

For this plant there are no new accident sequen-
ces leading to core damage caused by removing the
automatic AFW isolation system.

Although removal of the AFW isolation system
is expected to have a negative impact on conse-
quences through the steam line break accident se-
quence, because of ihe increased probability of
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Figure 2. Plant B (B&W) emergency system f) > v schematic.



containment failu.e, no increase in the core damage
frequency due to feedwater line breaks is expected
because the plant his flow restrictors in the AFW
supply headers wa'ch will prevent flow being
diverted to the depressurized stcam generator or
pump failure due to cavitation or pump run out.
Therefore, the net imact of this issue (i.e., removal
of the AFW isolation system) is a CDF reduction of
SOTE-07.

4.2 PlantB

The Babcock and Wilcox AFW description and
evaluation are based on NUREG/CR-2515, Plant B
Safety Study"! along with the description and e.Tects
of the emergency feedwater initiation and control
system (EFIC) which was installed after the Safety
Study was issued.

4.2.1 System Description. Plant B is a PWR
designed by Babcock and Wilcox (B&W) with two
once-through steam generators. At typical B&W
plants, the main feedwater system can be used for
supplying feedwater during startups and shut-
downs; thus, an AFW system is not required for this
purpos¢. They do have, however, a comparable sys-
tem that can maintain stcam generator water levels
should the main feed system be out of service. This
system is called the Emergency Feedwater System
(EFS). The EFS (Figure 2) has one steam turbine-
driven pump train and one motor-driven pump
train. The two trains are ~ross-connected so that
each pump supplies both steam generators through
cach generator’s single feed header.

The Emergency Feedwater Initiation and Coa-
trol (EFIC, system controls the opesation of the
EFS. The system has four actuation and :honitor-
ing channels and uses a logic technique called 1 out
of 2 taken twice. This means that actuation signal,
from channels A and Cor Aand Dor Band Cor B
and D wil! initiate the EFS. The acusal initiation
circuitry is located in the charne! A and B cabinets.
Signals from chennels C and D combined in the A
and B cabinets. Channel A actuates the motor-
driven pump truin and channel B actuates the tur-
bine-driven pump train. The EFS will be actuated
by (a) loss of main feed pumps with reactor power
greater than 20%, (b) less then six inches of water
level in either steam generator, (¢) loss of reactor
coolant pumps, (d) less than 600 psig i either
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steam generator, and (¢) high pressure injection ac-
tuation on channel A and B Engineerzd Safeguards
Actuation System (ESAS). After initiation, the
EFIC system controls the steam generator water
level change as a function of steam generator pres-
sure.

The EFIC system initiation logic module con-
tains logic that will isolate the mair steam line and
the main feedwater system on a steam generator
pressure less than 600 psig in either steam gener-
ator. Only the n:ain steam line on the steam genes-
ator with the low pressure is isolated. Two
actuaticn signals are required to cause the isolation.
.5 vector logic module in the EFIC system will iso-
late the EFS from a steam generator indicating rup-
ture conditions. There is one header from the
motor-driven pump to each stcam generator and
one header from the turbine-driven pump to each
steam generator with two isolation valves in scries
in each header. Channel A wili hold open or close
one set of valves in the motor-driven pump headers,
and channel D will do the same for the other set of
valves. Channels B and C will do the same for the
turbine-driven pump headers. If one steam gener-
ator is below 600 psig, the vector logic modules in
the respective EFIC channels will close the isola-
tion valves to that s.eam ge aerator. If both steam
generators are below 607 rsig and there is less than
125 psi difference between the generators, all EFS
isoiation valves will be held open or allowed to be
controlled by the EFS water level signals. If both
generators are below 600 psig and here is a greaier
than 125 psi pressure difference, the EFS will be
isolated from the steani generator with the lower
pressure. Only one signal is required to close the
appropriate valves,

“he EFS does not provide flow restrictors or
control valves that limit flow to a ruptured steam
generator, Based on the referenced PRA, the EFS
is assumc d successful if at least one pmp is supply-
ing water o at least one steati geocrator,

4.2.2 Plant B (E&W) Sequence Analysis Like
plant A, only two spurious EFS isolation se( scnces
are of “aterest for this plant Jesign. The Grst se-
quence is: (a) 2 fault in the EF.C ssstem causes
isolation of one steam generator, b) a common
movle fault causes the other steam generator to iso-
late, and (&) the operator fails to open at least one
valve in cither header. Approximately 20 minutes
are available for the operator to open the vaive, Ii



event probabilities similar to plant A are assumed,
this sequence will have a probability of 7.2E-05 *
0.05*0.04 = 1.44E-07.

Similar event probabilities can be assumed be-
cause the actuation systemrs at plants A and B are
similar. Also, although the recovery time is shorter,
there would be immediate notification of the isola-
tion and the recovery actions are simple; therefore,
the recovery failure probability of 0.04 is used as a
reasonable failure rate probability.

The other event sequence is a fault in tne EFIC
svstem that causes isolation of one steam generator
while EFS to ihe other steam genersiur is isolated
for some other reason, such as valve failure or valve
maintenance, and the operator fails to rccover flow
to one of the steam generators. Using event prob-
abilities similar to those above, the probability of
this event sequence is 7.2E-05 * 0.04 = 2.88E-06.

Other spurious actuations of the EFS isolation
system, such as independent spurious signals to
both steam generators, have a very low probability
of occurrence, on the order of 5.0E-09, and were
not considered in this evaluation.

4221 Spurious Isolation-Caused Transient.
A spurious aciuation of the EFS isolation system at
piant B will aot cause a total loss of feedwater (ran-
sient because the signal 1o isolate the main steam
line and the main feed line comes from a different
logic module thax the signal that closes the EFS
isolation valves. Thus, \wo spuricus actuation sig-
nals are required to initiate & transient and fail the
UFS at the same time, This sequence has a CDF
contribution ~f atout 5.0%-10, which is about two
ocders of magintude Jess than the CDF contribution
for other accident sequences with EFS isolation

4222 Loss of EFS During Another Transicnt
Caused by Spunous Isolation. The Plant B
(B& W) PRA! calculawes loss of EFS due to all
cguses for two conditions: with offsite power avail-
abic “nd without offsite power, The probabilities
for these two events ars.

With offsite power 34E-4

Without offsite power  1.8E-03

1

Spurious EFS isolation contributes S.8E-07 to each
of these failure rates. This was determined by mul-
tiplying the failure probability determined in Sec-
tion 422 for spun'ous isolation of botii steam
generators by four, since the event could happen
four ways, and by substituting the previously deter-
mined single steam generator isolation probability
for single steam generator failures in the EFS fault
trees and then adding the results. This was neces-
sary because the spurious isolation cutsets are all
below the dominant cutsets used in the PRA'" cal-
culation of the EFS failure probability.

Five accident sequences contributing to CDF in-
clude failure of the EFS. The EFS isolation system
contribution to these aoadcnt scqucnccs was deter-
mined by dividing the PRA'! calculated accident
sequence  core damage frequency by the ap-
pmpmte EFS failure probability used in the
PRA'" and multiplying by the isolation system
failure probability determined above. The results
of these calculations are shown below:

T1-T1IA  Transient that initially has the heat <ink

(MLU)  available with subsequent failure of the
heat sink, the EFS, and primary makeup
(feed and bleed).

The spurious isolation events contribu-
tion to the CDF is 7.0E-09 (see Appen-
dir’ B for caiculation).

Loss of offsite power which fails the
secondary system followed by failure of
the EFS and primary makeup.

(MLU)

The spurious isolat’on events contribu-
tion to the CDF is 4.5E-09 (see Appen-
dix B for calculation).

T2A
(MLUO)

Same as the T2A(MLU) accident se-
guerce with the addition of failure of
the containment pressure reduction sys-
tem.

The spurious isolation events contribu-
tion to the CDF is 1.7E-08 (see App~n-
dix B for calculation).



Same as the T2A(MLUQ) above acci-
dent sequence except the containment
spray system fails instead of the contain-
ment pressure reduction system.

(MLU)

The spuricus isolation evenis contribu-
tion to the CDF is 8.CE-10 (see Appen-
dix B for calculation).

T2-T2A
{MLU)

This iz a loss of secondary system tran-
sient with subsequent failure of the EFS
and primary makeup.

The contribution of spurious isolation
events to the CDF is 1.5E-08 (see Ap-
pendix B for calculation).

4.2.2.3 Operator Failure To Lock Qut Isolation
System During Cooldown. The EFIC system will
not initiate autornatic isolation of the EFS during a
long term: cooldown as long as the steam generator
pressures remain within 125 psi of one another.
The EFIC vector logic module contains logic that
will maintain the EFS isnlation valves open and
allow stea:a generator levei control as long as both
steam generators are below 600 psig ard there is
less than a 125 psi pressure difference between
them. No operator action is required to activate

this Jogic.

4.2.2.4 Feedwater Line Break Initiated Transient,
The impact of removing the AFW isolation system
on sequences initiated by a feedwater line break is
analyzed in this section. Plant B (B&W) does not
have flow hmiting devices in the EFS beaders; thus,
the operator must manualdy isolate a ruptured
steam generator to prevent failure of the EFS due
to aii flow being diverted to the ruptured steam
generator or failure of the pumps due to cavitation
or pump runout. The EFS system will fail if the
operator does not isolate a ruptured steam gener-
ator, because the EFS pumps are cross connected,
which would allow all of the EFS flow to be
diverted to the steam generator with the low pres-
sure. Using fnlurc rate duta similar to that used in
the NUREG-0933° analysis, the increase to (he
CDF due to removal of the EFS isolation system is
estimated to be 1.0E-03*0.01*0.014 = 14E 7.

The 1LOE-03 is the frequency for rupture of a
large pipe, taken from NUREG-0933. This num-
ber agees well with values generated from W SH-
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1400° und IEEE-STD-500."2 The 0.01 term is the
probability that the operator fails to isolate a rup-
tured steam geaerator, and 0.014 term is the prob-
ability of failure of feed md bleed taken from the
Plant B (B&W) PRA.M The probability for the
operator failing to isolate the aﬂwted steam gener-
ator was taken from NUREG-0933° because it was
judged to be a reasomable value for the Plant B

(B&W) system.

4.2.2.5 Steam Line Break Initiated Transient. This
section describes the impact of removing the EF3
isolation system for steam line break initiated tran-
sient at Plant B (B&W). This accident is identical
to that described in Section 4.1.2.5 of this report for
Plant A (CE). The primary concern due to this
postulated azcideat sequenre is containment failure
due to overpressurization. The frequcncy of occur-

rence  was cda.htcd L) a generic basis in
NUREG-0933° as 1.0E-06. The NUREG-0933°
analysis was used because the pipe rupture fre-

quency and operator error and containsent failure
rates are consistent with similar events found in the
PRAs (References 6, 11, 13-15) used in this evalua-
tton and other d ‘ments (References
5,10,12,18,19) that oontaun gcnenc failure rates.
The NUREG-(0933" evaluation is 1.0E-03 * 0.1 *
001 = 10E-06, where the frequency of steam and
feedwater line breaks is estimated as 1.0E-03, with
10% (0.1) of these assumed to be steam line breaks.
Failure of the operator o manua'ly isolate the af-
fected steam g;ncmor has beer  timated as 0.01.

NUREG-0933" also assumes that, given the occur-

rence of this sequence of events, the probability of
containment failure is 0.03. It should be noted that
NUREG-933’ coasiders \ais a highly conserv-tive
assumption.” Using this value, the estimated fre-
quency of containment failure due to a steam line
break is 3.0E-08. This value vill not be combined
with those previously presented since it does not in-
vote core damage. However, this value will be
used later in determining the impact this issue will
have oa consequences (total man-rem).

4.2.7 Total Contribution To CDF for Plant B
(B&W). The total estimated contribution to the
CDF for accident sequences involving spurious ac-
tuation of the steam generator isolation system is
shown below:



Loss of EFS sequences:
TI-TIA(MLU)  7.0E-09
T2A(MLU) 45E-09
T2AMLUO) 1.7E-08
12AMLUO") 8.0E-10
T2-T2AMLU)  L3SE-(8
Tetal 44E-08

It is estimated that there « an increase ii. the
CDF of 1.4E-07 due to the feedwater line break se-
quence, i the EFS isolation system is removed
(Section 4.2.2.5).

For Plant B (B&W) the ne! change t¢ the CDF
for deleting the EFS isolation system is an increase
of 9.6E-08, This consists of a decrease in CDF of
4 4E-08 caused by deleting the isolatioa system and
an increase in CDF of 1.4E-07 due to the increased
freqaency of accident sequences that the EFS was

proteciing against.
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4.3 Plant BB (B&W)

The Plant PB (B&W) emergency feedwater sys-
tem (EFS) description and evaluation are bucd on
NUREG/CR 2515, Plant BB Safety Study'' This
plant is the same as the Plant B (B&W) design ex-
cepd that it does not have the EFIC srstem.

4.3.1 System Description. The EFS (Figure ©, «
actuated by low stexm generator water level i both
steam generators ot ioss of beih main feedwater
pumps. A steam line riipture matrix will activate to
close the main st~am "¢ isolation valves, the main
feedwate: valves, and the EFS valves on a steam
gencrator indicating a stcam line rupture. Only the
affecied steam generator is isolated; the main steam
isolatioo valves on th . unaffected steain generator
reman open. The stéam lire rupeere matrix is ac-
tuated by two pressure switches, one set at 725 psig
and one set at 600 psig. There are two independent
actuation ckannels (A and B) for each steam geoer-
stor,

} T b il

MO0 1758

Figure 3. Plant B3 {B&W) emergency feedwatsr system flow schematic.



The EFS disciarge lincs do not have flow
restriciors o, control valves that will automatically
limit flow to a ruptured stcam gencrator. The EFS
is assumed succe ssful if af least one pump is supply-
ing water to at ieast one steam generator.

4.3.2 Plant BB (8&W) Sequence Anatysis. Like
Plant B (B&W), only two spurious EFY isolation
evexts are of interest for this study. The frst
spunous isolation event 1s (a) a fauit in the steam
line rupture matrix relay causes isolation of one
steam genocator, (*) a common mode fault causes
the other sieam generator to isolute, and (c) the
opera’ ¢ fails to open one valve in either header.
Approximat :ly 20 minutes are available to perform
the recovery, If event probabilities similar to Plant
B (B&W) are assumed, this event sequence will
have the probability of 7.2E-95%0..5%0.04 = 1..4E-
07.

The other event sequence is a fault in the steam
line rupture matrix relay that causes isolation of one
steam generator wilile EFS to the other steam gen-
erator is isolated for some other reasen (such as
valve failure or valve maintenance) and the
operator fails to recover flow to one of the steam
generators. Using the same event probabilities as
those used for the Plant B (B&W) evaluation, the
probability of this event would be 7.2E-05*0.04 =
288E-06. Because there are two actuation chan-
nels, two cutsets will contribute to the core melt fre-
quency. As discussed for Plant A {CE) both
actuation channels will be active for some accident
sequences and only one channel will be active for
others.

Other spurious actuations of the EFS isolation
system, such as sy urious signals to both steam gen-
erators, have a very low probability of occurrence,
on the order of 5.0E-9, ard were not consideed in
this evaluation.

4.3.2.1 Spurious Isolation Caused Transient. At
Plant BB (B&W) a spuriows stiam generator isola-
tion signal can initiate a transient that could lead to
core damage if the operator failed \u recover flow
to at least une of the steam geuerators and he failed
to correctly initiate feed and bleed. The Safety
Study® ueed to evaluate this plant indicates that the
probability of feed and bleed failure is 0.014. The
spurious isolation of bc 'h steam generator. coupled
with vperator Tailure to recover EFS flow, and
failure of feed and bleed would have a CDF of:

1LOE-07*8760°0.75%0.05*0.04*0.014 = 18E-08
Where:

1.0F-07/hr is the spurious failure vtz of a relay
taken from IEEE-STD-500-1984. 2

8760 is the number of hours in a year and 075 is
the approximate annual reactor operating factor,

0.05 is the probavility of a common mode failure
of {re other stoam generatoz isolation relay,

204 is the probability of operator failure to
recover EFS flow, and

0.014 is the prohabillly of feed-and-ticed failure
as reported by the Salety Sludy.m

The spurious ~olation of one steam generitoc
when EFS to the othe” steam generator is isolated,
couple 4 with the failure of the cperator 1o recover
EFS flow and establish feed-and-bleed, was not
considered due to its relatvely low {requency when
cormpared to the above CDF,

4.32.2 Spurious Isolaion Caused Loss of EFS
Dunng Another Transient. The Plant BB (B&W;
PRA calculates lose of EFS due to all causes for
two conditions: with oifsite power available ard
without offsiie power. The probabilities for these
two events are.

With offsite power J4E-04

Without offsite power 1.BE#

Spuricus EFS isolation contributes 38E-07 to
each of these failure rates. This was determined by
multiplying the failure prohability determined in
Section 42.2 for sprrions isolation of both steam
generators by four, since there are four ways the
ev. nt could happen, and by su"stituting the pre-
viously dewcrinined single steam generator isolation
probability for single steam generator failures in the
EFS fault troes and then summing tue results. This
was necessary because the spurious isolation cutsets
are all below the dominaat cutsets used in the PRA
calculation of the EFs failure probability. Five ac-
cident sequences contribating to CDF include
failure of the EFS. The EFs isolation system con-
tribution to these accident sequences was deter-
mived bv dividing the FRA calculated accident



sequence CDF by the appropriate EFS failure
probability used in the PRA and multiplying by the
isoiation system failure probability determined
above. The iesults of these calculations are shown
below:

T1-TIA  Transient that initially has the heat sink

(,LU)  available with subsequent failure of the
heat sink, the EFS, and primary makeup
(feed-and-bleed).

The spurious isolation events contribu-
tion to the CDF is 7.0E-09 (see Appen-
dix 8 for calculation).

T2A Loss of offsitc power which fails the
(MLUj;  heat sink followed by failure of the EFS
and primary makeup.

The spLruns isolation events contribu-
tion to the CDF is 4.5E-(® (see Appen-
dix B for calcv'ation),

T2A Same as the T2A(MLU) accident se-

MLUO) quence wita the addition of failure of
the containment pressure reduction sys-
tetn.

The spurious isolation events contribu-
tien to the COF is 1.7E-08 (sec Appen-
¢.x B for calculation).

T4 Same as the T2A(MLUO) accident se-

(Max®  quence except thecontainment spray
system fails iastcad of the containment
pressure reduction system.,

The spunous isolation events contribu-
tion to the COF is 8.0E-10 (see Appen-
wix B for calculation).

r2-T2A
(ML 1))

This iv 2 loss of heat sink transient with
subsequent failure of the EFS and

primary mikeup.

The spurious isolation events contriby
tion 1y the CDF is 1.5E-08 (see Appen-
diz B {or calculation),

4.3.2.3 Steam Generator Pressure Transient
Caused Isolation. Another accident sequence that
must be considered for Plant BB (B&W) is a low
pressure transient in the sicam generators that
causes the stcam generaiors to be isolated even
though tnere is no rupture in the system. Becaus.
of the relatively small water to steam ratio in the
once-through steam generators, they are more sen-
sitive to large pressure transicnts than the other
steam generator designs. This is because of the
smaller volume of water near saturation conditions
that could flash to steam to keep the pressure up,
and because of the design of the isolation actuation
signal. Plant BB (B&W) actuates the EFS isolation
svstem on low steam generator pressure, whereas
the other plants evaluated actuated the isolation
system on a high steam pressure differential be-
tween steam generators.

The postulated accident sequence is some type
of event thal causes a pressure transient in t'.c
steam gencrators, such as a sudden opening of the
steam relief valves, that causes the steam generator
pressure to drop below the isolation actuation set-
point. To cause total EFS isolation, both steam
generators must experience the same pressure tran-
sient. Once the steam generators are isolated, core
damage will occur if the operator fails to recover
feedwater to the steam generators (either main feed
or EFS) and feed-and-bleed of the primary system
fails.

A method similar to the one used by NUREG-
0933° for the evaluation of this accident sequence
was used, except some of the failure rates were
made more representative of the specific plant cir-
cumstances. From the NUREG-0933 i
sudden opening of the safety relief valves has a fre-
quency of 0.04 occurrences per year and the prob-
ability of the uperator failing to recover EFS flow is
0.01. The 0.1 probability of the sudden relief valve
opening resulting in a pressure decrease to below
the isolation system actuation setpoint used by
NUREG-0633" is considered 100 high for this situa-
tion. The isolation system actuation scipoints are
725 psig and 600 psig and typical reliel valve set-
points are 1150 psig; thus, the steam gencrator
pressure must fall almost 50 percent to cause isola-
tion. Therefore, a probability of 0.01 seemis more
reasonable for a pressure decrease of this ameunt.
The PRA!" used ior evaluating this plant provides a
feed and bleed failure probability of 0.014, which is
utilized in this evaluation.
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The contribution to the CDF for this accident
sequence is 0.04*0.01%0.01*0.014 = 56E-08.

4.3.2.4 Operator Failure To Lock Qut Isolation
System During Cooldown. Because the EFS isola-
tion signal is derived from steam generator pres-
sure, the actuation point will be passed during the
cocldown; thus, the operator will have to lock out
the isolation system to avoid an inadvertent loss of
EFS.

The Plant BB (B&W) Safety Stud:'’ does not
evaluate this event and provides minimal informa-
tion for evaluating this accident sequence. An es-
timate of dns sequence was made in the
NUREG-0933° evaluation of this issue. The
analysis presented here duplicates that estirsate
with the cxccpuon of the value employed in
NUREG-0933" for the failure of feed-and-bleed
(0.014/demand). The frequency of nonrecoverable
loss of main feedwater (0.64), the probability of
operator failure to lock out the isolation system
(0.01), and the probability of failing to recover thc
EFS were extracted from the NUREG-0033°
analysis. Upon review of bo(h NUREG-0733’ and
the th BB (B&W) PRA,' it was judged that the
PRA" value for feed and bleed is more ap-
propriate in estimating tln.s event at Plant BB
(B&W) because the PRA! value is based on a
specific analysis of the Plant BB (B&W) facility
whereas the NUREG-0933" value is a very conser-
vative geaeric value. It should also be noted that
the NUREG-0933 value for the transient initiating
event was evaluated to be more apy nopnatc than
that of 1.78 as reported in the PRA."! Based upon
these values, the estimate of the contribution to
CDF from this sequence is estimated as 0.64 * 0.01
*0.01*0.014 = 896E-07.

43.2.5 Feedwater Line Break Initiated Transient.
The impact of removing the AFW isolation system
on sequences initiated by a feedwater line break is
analyzed in this section, Plant BB (B&W) does not
have fiow limiting d.vices in the EFS headers; thus,
the operator must manually isolate a ruptured
steam generator. The EFS system will fail if the
operator does not isolate a ruptured steam gener-
ator because the EFS pumps are cross-connected,
which would allow all of the EFS flow to be
diverted to the steam generator with the low pres-
sure. Using failure rate data similar to tnat used in
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the NUREG-0933® analysis, the increase to the
CDF due to removal of the EFS isolation system is
estimated to be 1.0E-03*0.01*0.014 = 14E-7.

The 1.0E-03 is the frequency for rupture of a
large pipe, taken from NUREG-0933 This num-
bcr agrees well wat ' values gcneralcd from WASH-

and IEEc-STD 500.'% The 001 is the
probabllny that the operator fails to isolate a rup-
tured steam generator, and 0.014 is the probability
of flilure of feed and bleed extracted from the
PRA!!" used to evaluate Plant BB (B&W). The
value tor the operator failing to isolate the affcdcd
steam generator was taken from NUREG-0933 be-
cause it is representative of the complexity for
recovery actions and agrees with similar events in
the reference PRA.!!

4.3.2.6 Steam Line Break Initiated Transient. This
section describes the impact of removing the EFS
isolation system at Plant BB (B&W) for steam line
break initiated traneients. This accident is identical
to that described in Section 4.1.2.5 of this report for
Plant A (CE). The primary concern due to this
postulated accident sequerce is containment failure
due to overpressurization. The freqt.cncy of occur-

rence was calculalcd on a geoneric basis m
NUREG-0933° as 1.0E-06. The NUREG-0933°

analysis was used because the pipe rup.wre fre-

quency and operator error and containment failure
rales are consistent with similar events found in the
PRAs (References 6,11,13-15) used in this evalua-
tion and other documents (References
5,10,12,18,19) that conmn gcncnc failure rates.
The NUREG-0933® evaluation is 1.0E-03 * 0.1 *
0.01 = 1.0E-06, where the frequency of steam and
feedwater line Lreaks is estimated as 1.GE-03, with
10% (0.1) of these assumed to be steam line breaks.
Failur2 of the operator to manua'ly 'solate the af-

fected steam g}cnerator has been estimated as 0.01.

NUREG-0933" also assumes that, given the occur-
rence of this sequence of events, the probability of
containmen* failure is 0.03. It should be noted that
NUREG-0932 considers this a "highly conservative
assumption.” Using this value, the estimated fre-
quency of containment failure due to a steam line
break is 3.0E-08. This value will not be combined
with those previously presented since it does not in-
volve core damage. However, this value will be
used laier in determining the impact this issue will
have on consequences (total man-rem).



4.3.3 Total Contribution To Core Melt Fre-
quency for Plant BB (B&W). The total estimated
contribution to the CDT for accident sequences in-
volving spurious actmation of the steam generator

isolation system is shown below:
Initiates transient 1.8E-8
Loss of EFS sequences:
T1-TIA(MLU) 7T.0E-09
T2A(MLU) 4.5E-09
T2AMLUO) 1.7E-08
T2A(MLUO") 8.0E-10
T2-T2AMLU) LSE-08
TOTAL (loss of EFS) 44E-08
Pressure transient in

steam generator S.6E-08
Operator does not

lock out 8.96E-Q7
Total EFS contribution

to CDF 1.04E-06

The EFS contribution to CDF is dominated by
the accident sequence involving the operator failing
to lock out the steam gencrator isolation system
during a long term cooldown. It should be noted
that the value of 0,01 for failure to lock out the EFS
isolation system employed in the evaluation of \his
sequence is conservative, based upoa the con-
sideration that this action will be required "late” in
the sequence and that this a-tion should be familiar
to the operator since it is similar to actions requi’ »d
during normal plant shutdown. However, dr to
uncertainties in the actual conditions existing
duting such a sequence, and lacking a detailed
plant specific  ualysis of this operator action, it was
decided 0 ‘mploy the NUREG-0933" value for
conservatic a.

T, is esiimated that there is 20 increase in the
CDF of 1.4E-7 due to the feedwater line break se-
quence. For Plant BB (B&W), the net change to
the 7'DF [or deleting the EFS isolation system is a
decrease of 9.05-07, This consists 1 decrease in
CDF of 1.04E-06 caused by deleting the isolation
system and an increase in CDF of 1.4E-07 due to
the increased CDF of accident sequences that the
automatic EFS wsolation system was designed to
preveat.
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4.4PlantC

The Plant C (W) AFW system description and
evaluation is based on MUREG/CR-4550 Vol. §,
Analysis of Core Dumage Frequency From Intemal
Events: Plant C** and EPRI NP-3382, Plant C
Nuclef‘r Power Plant Availability and Safety Assess-
ment.

4.4.1 System Description. Plant C is a Westin-
ghouse (W) designed reactor system with fou: U-
tube steam generators. The AFW system
{Figure 4) has three pumps, one turbine-driven and
two motor-driven. The turbine-drive pump sup-
plies all four steam gencrators and cach motor-
driven pump supplies two steam generators. Each
steam generator has two headers supplying AFW,
one from the motor-driven pump and onc from the
turbine-driven pump. Each header bas its own
level control valve.

Plant C (W) does not have a dedicated AFW
is lation system to isolate a ruptured stecam gener-
ator, but does have components that will provide
the same function. All main steam isolation valves
will close on high containment pressure or high
steam flow (steam line rupture indication). The
containment pressure requires two of three coin-
cidence signals to actuate and the kigh steam flow
requires two of four coincidence signals. Each
AFW header has a pressure switch that will close
the level control valve in that header on a low
downstream pressure signal thot indicates a sieam
or feedwater line rupture.

The AFW is assumed to fail if less than two
steam generators are supplied with feedwater for
all accident sequences evaluated by the PRA' ex-
cept anticipated transients without scram (ATWS).
ATWS accident sequences require AFW flow to at
least three steam generators to provide adequate
cooling.

4.4.2 Plant C (W) Sequence Analysis. The
only spurious AFW isolation event at Plant C (W)
that will cause a significant contribution to CDF is
receipt of » spurious signal to close one of the level
control valves on the operating motor-driven pump,
when t' * turbine-driven pump system and onc of
the motor-driven pump systems are out of service.
With all AFW pumps operating. six level control
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Figure 4. Plant C (W) auxiliary feedwaster svstem flow schematic.

valves must close to fail the AFW. With the tur-
bine-driven pump or both motor-driven pumps out
of service, thre. level control valves (LCV) must
close to fail th- AFW. Both of the later events have
a very low probability of occurrenc 2.,

Using a failure probability of 1.0E-03 for an in
advertent closw ¢ of a motor operated valve and be-
cause there are two valves that could close to cause
loss of AFW function, the probability of loss of
AFW for one motor-driven pump is 20E-03. The
valve failure rate uscd above is based on actusi
plant data from piant A (CE) °

Because the recovery actions must oecur during
a very stressful time,i.e., during a significant tran-
sient, and two out of three AF'W trains are already
failed, the recovery failure probability should
abo  twice as high as the value ue.d ‘> previous
evaluations, or about 0.10. Therefore, the prob-
ability of spurious isolation of the AF% and
operator failure to recover is 2.0E-04.

4.4.2.1 Spurious Isolation Caused Transient. A
spurious AFW isolation signal will not cause a total
loss of feedwater transient at plant C (W) because
the signals that isolate the AFW (low pressure on at
lcast six pressure switches) are not the same signals
that isolate the main steam line (which trips the
main feed pumps). The probability of spurious sig-
nals closing six level control valves combined with
the probability of spurious signals for two high
steam flow or two high containment pressure chan-
nels closing the main steam isolation valves is ex-
tremely remote.

4.4.2.2 Spurious AFW Isolatic. During Transients
That Requires AFW. The contribution to the CDF
from spurious isolation of the AFW is domina.ed
by two accident sequens s, TdclL1P1 and
Tdc2L1P1. These seyuend s are essentially the
same: both fail one ~ the .aotor-driven pumps.
T* = contribution to CCF due to spurious closure of
one of the level contrul valves on the operating
motor-driven pump is Jetermired by substituting
the sp' ‘ous isolation probability determined in
Section 4.3.2 for other motor-driven pump system



failures in the accident sequence cutsets with tur-
bine-driven pump failures. For accident sequence
Tdc1L1P1 this results .a a CDF contribution of
2.0E-08.

Because accident sequence Tdc2L1P1 is the
same except the operating and failed motor-driven
pumps are switched, the total contribution will be
twice the value calculated above or 4.0E-08,

4.4.2.3 Operator Failure To Lock Out AFW Isola-
tion System.255D As previously mentioned in Sec-
tion 4.4.1, Plant C (W) does not have a dedicated
AFW isolation system, but it does have pressure
switches that will close the respective level control
valve on each of the eight headers supplying AFW
to the steam generators. The operator will have to
lock out the pressure switches during a long term
cooldown; however, it will be a very low probability
event to fail to lock out the isolation system because
the AFW system is the normal feed system for star-
tups and shutdowns, there is ample time for any
recovery actions. Thus, lockout of the isolation sys-
tem is considered to be a routine event for the
operators, Therefore, the contribution to the CDF
is negligible.

4.4.2 4 Feedwater (ine Break Initiated Transient.
This section describes the impact of removing the
AFW isolation system cu a main feedwater iine
break. If the pressure switches controlling the level
control valves are deactivated, isolation of the AFW
due to a main feedwater line break would be
defeated because the level control valves would
remain open and coolant would continue to flow to
the depressurizing steam generater. The AFW sys-
tem would not fail immediately if the operator did
not act to isolate a ruptured steam generator, be-
cause the flow from the turbine-driven pump and
one of the motor-driven pumps would be diverted
to the ruptured stcam generator, but the other
motor -driven pump would still provide flow to two
operable steam generators.  As previously noted,
the failure .riteria for AFW is AFW flow to less
than two steam generators for most accident se-
quences and flow to less than three steam gener-
ators for ATWS events. ATWS events did not
contribute significantly to CDF at Plant C (YY) (less
than 1.0E-08); thus, they are not a significant con-
tributor to the CDF for the AFW isolation system.
Therefore, the non-ATWS events, with failed AFW,
will overshadow the ATWS events. The increase to
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the CDF for defeating the AFV/ header isolation
pressure switches is estimated to be 1.0E-
03*0.01*4.4E-02 = 4 4E-07.

The 44E 7 v»"ae is the probability of the failure
in the AFWw < 3' » an the failure of feed and-
bleed calculated from :ae Plant C (Y, dominant
accident sequences. The other two values are the
same as those used in the Plant B (B&W) evalua-
tion abovc which were extracted from NUREG-
0933

4.4.2.5 Steam Line Break Initiated Transient. This
section describes the impact of removing the AFW
isolation systcm from Plant C (W). This accident
sequence is identical to that described in Section
4.1.2.5 of this report for Plant A (CE). The pnmary
concern due to this postulated accident sequence is
containment fzilure due to overpressurization. The
frequcncy of occurrence was, calculated on a
generic basis m NUREG-0933" as 1.0E-06. ihe
NUREG-0933° analysis was used because the pipe
freauency, operator error, and containment failure
rates are consistent with similar events found in the
PRAs (Refercnces 6,11,13-15) used in this evalua-
tion and other documents  (References
5,10,12,18,19) lhat contain gencnc failure rates.

NUREG-0933 also assumes that, given the occur-
rence of this cequence of events, the probability of
comnnmen( failure is 0.03. Although NUREG-

0933° considers this a "highly conservative assump-

tion,” this value was evaluated as not applicable to
the Plant C (W) plant, since Plant C (}Y) has an ice
condenser containment. Tkis type of containment
has a significantly smaller free volume than the
Aher containment types. For Plant C (W), failure
of containment will be conservatively assumed to be
10, given the occurrence of the previously
described accident sequence. Using this value, the
estimated frequency of containment failure due to a
steam line break is 1.0E-06. Section 4.1.2.5 of this
report contains details of this estimate. This value
will rot be combined with those previously
presented since it does not ‘nvolve core damage.
However, this value will be used later in determin-
ing the impact this issue w'll have on consequences
(total man-rem).

4.4.32 Total Contribution to CDF for Plant C
(W). The total estimated coniribution to CDF for
the Plant C (W) automatic AFW isolation system is
estimated as 4.0E-08. This comes from sequences
in which the turbine driven pump and one motor-



driven pump (rains are inoperable and a spurious
isolation signal isolates the remaining AFW train
from one of the two steam generators that it is sup-
plying. Removing the automatic AFW isoiation sys-
tem features would decreass the CDF by 4.0E-08;
however, there is an estimated increase in the CDF
of 4.4E-07 from sequences involving feedwater line
breaks. For Plant C (W) the net change in the CDF
for removing the automatic AFW isolation system is
estimated as an ‘ncrease of approximately 4.0E-07.

4.5 Operator Inadvertently Initiates
AFW Isoiation System

During the June 1985 Davis-Besse incident, the
operator initiated the AFW isolation system acci-
dently. AFW flow had initiated autc matically as
designed, but the operator, attempting to back it up
by manually initiating AFW flow, pushed the wrong
set of buttons, which isolated AFW to both steam
generators.  Although there was immediate
notification of the error, it took several minutes to
restore AFW flow because of other unrelated
events, For plants like Plant A (CE) that do not
have feed-and-bleed capability this event could be
quite serious because there is no other means of
removing decay heat.

Evaluation of the AFW control systems for
plants with and without automatic AFW isolation
systems shows that the operator of either type of
plant has about the same chance of making an error
similar to the error made at Davis-Besse. Plants
with automatic AFW isolation have controls that
allow the operator to manually isolate any or all of
the steam generators and they have controls to
manually initiate or shutoff the AFW. Plaats
without the automatic isolation system do not have
the specific controls to manually isolate the steam
generators, but they do have valve coatrollers that
can isolate any or all of the steam generators and
they have coatrols to manually initiate or shutoff
the AFW. Specific plant control panel design and
operator training will determine the actual prob-
ability of the operator making the srror. However,
for the same plant with the same level of operator
training and human factors engineering, the prob-
ability of the operator inadvertently isolating AFW
was determined to be approximately equal for the
same plant with or without an automatic AFW

isolation system. Therefore, operator error of com-
mission has a negligible effect on CDF and is not
included in the calculations.

It should be noted that the issue of the operaior
inadvertently isolating the AFW has been evaluated
by Generic Issue 124, AF\/ System Reliability.
Generic Issue 124 combined issues 68, 122.1.a, b,
and ¢, and 125.11.1.b. Issue 122.1.c., Interruption Of
AFW Flow, included the event of the operator in-
advertently isolating the AFW. Issue 124 con-
cluded that the AFW system was acceptable if the
plants had a high AFW system reliability (between
1.0E-04 and 1.0E-05). Plants that did not meet this
criteria were identified and were or are being
evaluated to propose modifications that will bring
them up to the required reliability.

4.6 Tachnical Findings of CDF
Analysis

Four PWRs, one each CE and W designs and
two B&W designs, were evaluated to determine the
AFW isolation system’s contribution to CDF,
Three of the plants selected did not have flow
restrictors to limit flow to a ruptured s'cam gener-
ator, one of them could not be cooled successfully
by feed-and-bleed, and one had a very diverse
AFW isolation system.

The evaluaiion indicates that the effects of the
AFW isolation system are strongly dependent on
the particilar plant’s design. The estimated con-
tribution to CDF due to AFW isolation system were
reasonably low, but the difference between the
highest and the lowest value was an order of mag-
nitude.

At Plant A (CE) removing the isolation system
will not causc a failure of the AFW system because
the plant has flow restrictors in the AFW headers
that limit flow to a ruptured steam generator and
maintain flow to the intact steam generators.
Removing the isolation system at this plant would
decrease the CDF by 5.5E-07. At Plant B (B&W)
removing the automatic AFW isolation system
would canse AFW system failure without operator
action because the plant does not have flow restric-
tors in the AFW headers and the pump trains are
cross connected. Thus, all AFW flow would be
directed to the ruptured steam generator and the
pumps could be damage? due to low net positive



suction head caused by the high flow rate. Remov
ing the automatic isolation system would causc a
CDF increase of 96F-08. At Plant BB (B&W)
removing the automatic isolation system would also
cause AFW failure without operator action because
the plant does not have flow restrictors in the AFW
headers and the
Removing the automatic AFW isolation system
would cause a CDF decrease of 9.0E-07. At Plani
C (W), only part of the AFW system would fail if
the automatic isolation features were removed and

pumps are cross-connected

the operato: took no action to isolate a ruptured
stcam gencrator

would cause the flow from one of the motrhr-driven

A ruptured steam generator

pumps and the turbine-driven pump to be diverted
to the break, but the other motor-driven pump
would still supply two intact steam: generators,
which is the AFW success criterion for most acci
dents. Removing the autcinatic isolation system
would cause a CDF increase of 40E-07. Table 1
summarizes the changes to the CDF caused by
removing the automatic AFW isolation system from
the four plants evaluated

5. COST BENEFIT ANALYSIS

5.1 Cost Benefit Analysis
Methodology

maintaining steam generator water inventory and
thereby climinating the loss of steam gencrator
decay heat removal capability. Best est'mates for
equipment failure probabilities were used whenever
The risk

reduction resulting from the proposed modifica

possible in the analyses for core damage

tions is represented by the difference between the
base case before any plant modifications and the
adjusted case that results from implementing the
modifications Plant specific estimates of the
change in the CDFs were combined with contain
ment failure probabilitics and generic off-site dose
release to calculate the estimated change in risk

In evaluating the associated change in risk, the
containment failure probabilities and the release
categories for a specific accident sequence were €x
tracted from the PRAs (References 6, 11, 13-15)

devined in WASH
1400,” In addition to this analysis, estimated chan

risk were also calculatea using the

The release categories are those

ges in
containment failure probabilities and release
categories described in the NUREG-0933", These
valnes were utilized to provide a conservative as
sessment of the change in risk which is assumed '
be representative of the change in risk on a generi

plant basis

Estimated public dose in terms of man-rem was
Awgnui to the WASH ]4‘!', release categories 1n
accordance with the data presented in NUREC

3 " y . 293
I'h derati f possible plant modifica 0933.° The data presented in NUREG-0933" was
le pl :
tions y §2) i eod on th Ju [ th calculated based on a typical mid-west site adjusted
modification in tern { the safety benefit derived to reflect the mean of the population density within
that is, the risk reduction achieved and the cost of a S0-mile radius of U. S. nuclear power plants
implementing the modification (Section 5.3) Th Other assumptions used in the NUREG 093%” cal
modifications focus on increasing the probability of culations and also used in this study due to their
gencric applicability are
Table 1. Change to CDF caused by removing the automatic AFW isolation system
Increase In Mair
Decrease In CDI I | Line Break CDI
Caused By Deactivating Caused By Deactivating l'otal Change
Planl AFW Isolation System AW Isolation System o CDI

A (C} § SOEA)7 ) S SE-07
B(B&W) 4 4E-O8 1 .41 + 9.6E-08

BB (B&W) 1.O4E-06 1 4E-07 ) OE-07
C (W) 4.00E-08 4 4k L 4087

21
1 .(‘




1. Dose consequences represent whole body
population doss commitment (man-rem)
received within 50 miles of the site.

2. An exclusion area of one half mile radius was
assumcd, with a uniform population density of
340 persons per square mile beyoad the one
half mile radius (this is the projected average
50-mile-radius population density around U.
S. LWRs for the year 2000).

3. Evacvation was not considered.

1. Meteorological data was taken from the U. S,
Weather Service station at Moline, Illinois.

5. The core inventory at the time of the accident
was assumed to be represented by a 3412
MWt (1120 MWe) plant.

6. All exposure pathways were considered, in-
cluding selected ingestion pathways of which
farm land parameters for the Stace of Illinois
were used.

5.2 Descriptic 1 of Modifications

The modification proposed for resolution of this
issue consists of ¢lectrically disabling the automatic
AFW isolation system by disconnecting the
automatic enable circuits. This will provide the
AFW system with manaal control once the system
has been activated and will necessitate additional
operator training and revised plant operating pro-
cedures. A further concern has been identified for
plants that use the automatic AFW isolation system
to prevent AFW pump runout. If the automatic
AFW isolation system were disabled on these
plants, further plant modification would be re-
quired to prevert pump runout.

A survey performed on all operating PWRs indi-
cated that 27 plants would be affected by this issue.
Further, 19 of these 27 plants would be affected by
AFW pump runout considerations. These plants, if
modified, would require further modification, i.c.,
installation of pump discharge flow restriciors or
throttle valves, to prevent pump runout.

These changes would also require detailed re-
analysis of steam and feed line break accidents for
Final Safety Analysis Repont (FSAR) revision and

amendments.  Technical Specification changes
weuld be require to reflect the modified design
and to provide for periodic testing of the modified
AFW system.

5.3 Risk Evaluation

To evaluate the proposed modifications on a risk
change versus cost basis, the risk change associated
with the scenarios of concern was calculated,
Utilizing the reduction in CD¥ calculations
presented in Section 4 of this report and the
methodology identified in Section 5.1 to determine
the containment failure rate and the offsite dose
celeases, total risk change was estimated using the
following relationship:

Change in CLF (events/yr) x Containment Failure
Probabiiity x Offsite Radiation Dose (man-rem) =
Risk change (man-rem/year)

To calculate the total change to the potential
population exposure or risk per plant life due to
this issue, the above relationship was extended over
the plant life, taking into account plant down time.
The total change in population exposure over the
remaining plant lifetime is calculated as follows.

Change in Risk (man-rem/year) x Remaining Plant
Life (years) x Plant Utilization Factor = Total
Change in Populatior Risk (man-rem)

The potential “hange in risk due to the proposed
AFW modificatun, for the selected plants, was
evaluated using the plant specific containment
failure and release categon? information deliveated
in the respective PRAs 5™ 14 extrapolate the
estimated man-rem/year risk to total change in
plant risk, the plant life was estimated utilizing the
evoected remaining lifetime of 23 years, with an as-
sociated utilization factor of 75%. These vilues
were taken from the NUREG-0933” analysis.

To estimate the change in risk caused by a steam
line rupture without a subsequent core damage
event for plant C (W), a very conscrvative analysis
was made using a WASH-1400” release category.
This was required because the consequence
analysis used in the Plant C (W) PRA' established
consequence categories that did not allow a
straightforward determination of the fraction of
total plant risk due to steam line breaks without



core damage. Section 4.4.2.5 calculated the fre-
quency of containment failure from steam line
breaks as 1.0E-06. Using a PWR 8 release category
from WASH-1400°, which is a release category that
does not does not involve core damage, the release
to the environment would be 75E-04 man-
rem/year. This value is very low, but it is conserva-
tive because it represents a release of the
radioactive elements contained in the primary
coolant whereas the accident being evaluated invol-
ves a re'ease of radioactive clements that may be
present in the secondary system (a much lower
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
estimated plant lifetime. Adding this value to the
change in risk calculated for the accident sequences
involving automatic AFW isolation system that lead
to core damage resuits in a total plant lifetime risk
of 13.3 man-rem/year.

To provide additional information with regard to
the potential impact from implementing the
proposed modification, simple sensitivity analyses
were performed. These analyses consisted of utiliz-
ing the NUREG-0933° containment failure prob-
abilities to calculate a lower bound for the change
in ris¥. Table 2 presents the various values utilized
for the containment failure modes and the conse-
quences associated with a specific PWR release
category.

Table 3 shows the estimated change in risk
(man-rem) for the plante :veluated (23 years at
75%).

From Table 3, it can be seen that the change in
risk values calculated using the NUREG-0933° data
are much lower than those determined by using the
plant specific PRA information. This difference is
due to the value used in determining the contain-
ment failure probabilities. The containment failure
probabilities used in the reference PRAs are based
upon WASH-1400” containment response analyses,
except for Plant C (W), which is based upon the
plant specific consequence analysis contained in
NUREG/CR-4551, Evaluaiion of Severe Accident
Risks and he Potential for Risk Reduction:
Plant C.° The NURFG-0933 values reflect addi-
tional information gained over Luc past several

years due to the significant amount of research per-
formed on the response of the containment under
accident conditions.  Based upon this, the
NUREG-0933° values are judged to be more
reflective of the best-estimate results with regard to
containment failure considerations. Hence, the risk
change values presented in Table 3 under the Plant
PRA Data column are more conservative (exclud-

ing Plant C [W]).

5.4 Proposed Modifications Cost
Analysis

NUREG/CR-4568, 4 Handbook for Quick Cost
Estimates,'® provides guidance for preparing es-
timates. Using this guidebook, the costs of im-
plementing the proposed modifications were
analyzed. A cost analysis for disabling the
automatic feedwater isolation system was also con-
ducted by the NRC staff, as documented in a
memorandum from A. J. Dipalo to G. R. Mazetis,
dated February 5, 1988, The results of these two
cost analyses were in close agreement. Table 4
presents the results of the NRC analysis with the
exception that replacement power costs were
added to the cost estimate for the case of flow
restrictor installation.

In order to determine the cost effectiveness of
the proposed modification for each of the plants, a
cost benefit analysis was performed. The cost
benefit analysis was performed according to the fol-

lowing equation:

Estimated cost of Modification ($) x Change in
Risk (man-rem) = Cost Benefit ($/man-rem)

The values employed in this analysis were the
largest decrease in risk from Table 3 and the smal-
lest cost from Table 4. This approach was taken to
add conservatism to the analysis.

The results of this analysis are shown in Table S.
The cost benefit analyzis was compared against the
1,000 per man-rem screening value to evaluate the
cost effectiveness of the proposed modification.
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Table 3.Risk change due to troposed AFW
system modification

Plant PRA Data NUREG-0933°
Data Data

A (CE) 36.2 Decrease 1.5 Drcrease
B (B&W) 4.54 Increase 0.25 Increase
BB (B&W) 44 4 Decrease 3.0 Decrease
C (W) 13.3 Increase

Table 4. Cost estimate for proposed plant modific ation

Cost to Disable Au'omatic AFW
Isolation Systems Without Flow
—CostCategory  __Restrictors Installed ($1000)

Design, Hardware, and installation Not Applicable
v bads . . b -
Utility Licensing $250¢
Operator Training

NRC Review

Total if modifications are performed $351
during a scheduled outage

Replacement Power Cost Not Applicable

Total if modifications are performed $351
during a nonscheduled outage

‘Cost to Disable Automatic AFW

Isolation Systems with Flow

_Restrictors Installed ($1000)
$75°
550¢
13

100

$6.000°

$l'»,7(ﬁ

: Estimate based on rcanalyses required of
Estimate includes design, installatior, ca'ibra selected DBAs
tion, and testing. Estimate based on the powe replacement
Estimate includes Technical Specification, costs of $300K/day associated with a 2- day
FSAR, and procedure changes and amend- nonscheduled outage

ments




Table 5. Summary of cost benefits in dollars

per man-rem reduction®

For Plants Not
Requiring
Hardware

$351K/44 4
man-rem =
$7905/man-rem

For Plants Do Proposed
Requiring Modifications
Hardware Show A Viable

Modifications Cost Benefit?

$768K/44.4 No®
man-rem
$17,290/man-rem

Based on the most conservative values from
Table 3

Based on a screening value of $1000 per man-
rem of reduction

Table 6. Uncertainties associated with the
various tasks
Event Error

Spusious signal 10
results in AFW
1solation

—0urce/Comments

IREP/NREP

Thus is applicable to either
those events resulting in a
transient or where the
spurious signal occurs
[ollowing some other
initiator,

Failure to
1CCOVET "\'\\

Engineering judgement
based on review of _
NUREG/CR-4772.!

Failure of Feed 10
and Bleed

Engineering judgement
based on review of the
various values employ:d for
this ~vent and )
NUREG/CR-4772.!

This error factor was eval-
uated to be an upper
bound for the various
values used in this analysis

Failure of
operator 'o
bypass AFW
isolation logic
during long
term cooldown

Engineering judgement
based on review of ‘
NUREG/CR-4772."

6. UNCERTAINTIES

The individual tasks performed during the
evaluation of GI 125.11.7 are subject to some level
of uncertainty. The purpose of this section is to
identify the major uncertainties associated with the
various tasks and to evaluate the sensitivity of the
recommendations for the resolution of GI 125.11.7.

6.7 Consequence Uncertainties

The study performed for GI 125.11.7 consisted of
the following tasks: evaluation of the contribution
t©» vanious sequences due to the automatic AFW
isolation system, assignment of containment failure
probabilities, and evaluation of the offsite dose fac-
tor which are precented below

In this study, the major uncertaintics associated
with the evaluation of the core damage contribution
due to the automatic AFW isolation system are in
the assessment of the values for the events of inter
est. The specific events and their associated error
factors are shown in Table 6
this table, all the events were assessed to have an
error factor of ten

As can be seen from

One method which could be employed to deter-
mine the uncertainty in the estimated offsite conse-
quences would be to employ a M. “te-Carlo
analysis and propagate the distributions through
the models However, based on statistical
methodology for the log-normal distributions, the
combincd error factor can be approximated to or
less than the largest individual error factor of the
events used in the estimation of the contribution to
CDF. Therefore, an upper bound on the combined
error factor is assumed to be equal to the largest in-
dividual error factor

Uncertainties associated with the probability of
containment failure will not be specifically au-
dressed due to the complexity of the analysis that
would be required to properly treat this issue
However, containment failure will be evaluated
using the plant specific containment failure prob-
abilities from the plants’ PRA as well as the generic
containment failure probabilities from NUREG-
09332 This calculation is performed to
demonstrate the sensitivity of the change in offsite
consequences calculations to changes in contain-




ment faiiure probabilities. The offsite dose release
factors (R) used in the GI 125.11.7 study were those
presented in NU REG-0933,% with the exception of
Plant C. The NUREG-0933" factors represent the
offsite dose calculated for a typical plant. Certain
plant specific characteristics such as assumed
source terms and pepulation density surrounding a
specific plant introduces some uncertainty in the
calculated offsite consequences However, the
NUREG-0933’ values are considered repre-
sentative in lieu of a detailed plant specific evalua-
tion of the offsite consequences The
NUREG-0933° information was not used to
evaluate the offsite consequences for Plant C since
recent detailed offsite consequence information

was available

6.2 Cost Estimate Uncertainties

The cost estimate used to calculate the cost
benefit ratios are also subject to some uncertainty
Fhese costs were estimated using NUREG/CR-
4568'° as guidance, and were therefore assumed to
be relatively accurate. One area of uncertainty is
whether the proposed modification can be com
Table 4 shows

the costs associated with the bounding cases (i.e.,

pleted during a scheduled outage

estimated cost when the modification requires an
outage--the upper bound on estimated cost, and the
estimated cost whken the modification is performed
during a scheduled plant cutage--the lower bound
on estimated cost)

6.3 Sensitivity of Cost Benefit
Summary

Based on the previous discussion of the es-
timated uncertainties, the use of an error factor of
ter was assumed to be representative of the total
uncertaintics of the factors used to calculate the
cost benefit ratio. This approach is acceptable be
cause of the nature of this analysis aind the applica-
tion of the results. The analytical results are only
needed to (a} provide an approximate evaluation of

the sensitivity of the recommendations to the uncer-
tainty of the factors used in the analyiis, and (b)
provide an aid to engineering judgement

Table 7 presents the base information utilized in
performing the sensitivity analysis. This table is a
compilation of data previously presented. Table 8
presents the results of the sensitivity analysis. The
sensitivity uf the results presented in this table as to
the uncertainties in the cost benefit ratios were cal-
culated using an error factor of ten as described
above. Cost benefit ratios were not calculated for
those plants (Plants B and C) for which a net in-
crease in the CDF due to implementing the
proposed modification was estimated

As can be seen from Table 8, all the estimated
upper cost benefit ratios are below $1000/man-rem
with the exception of Plant A using the PRA con
The upper cost
benefit ratio of $970/man-rem was evaluated as
overly conservative and does not justify implemen-
tation of the proposed modification. This latter
evaluation is based on engineering judgement in

tainment response information

consideration of the following

The cost benefit ratios of both the PRA and
NUREG-0933" columns are based on offsite
consequences (man-rem per accident) es-
timates for a generic plant as developed in
NUREG-0933.° T'hese estimates were based
u the conservative assumption that no

uation would occur. This leads to a con-

rvative estimation of the cost benefit ratio

Comparison of the upper cost benefit ratio
: R
estimated by using the NUREG-0933" con

tainment failure information

The best-estimate cost benefit ratio using the
PRA containment failure information

T'he fact that for log-normal distributions, ke
combined error factor will be equal to or less
than the largest individual error factor.




Table 7. Base data employed in the sensitivity analysis

Offsite Consequences

T'otal Change —(Total man-rem)
In CDF Cost Benefit Ratio

Plaas Rx-year) PRA®''S NUREG-0933° $1000/man-rem)

A (CE) 5.5E-07 36.2 4 3! 89
(decrease)

B (B&W) 9.6E-08
(increase)

BB (B&W) 9.0E-07
(decrease)

CY) 4.0E-07 133
(increase)

Cost benefit ratios were not calculated for plants where the implementation of this issue would result in
an increase in the estimated risk

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. Sensitivity analysis results

e Cost Bepefit Ratio ($/man-rem) -
NUREG-0933
PRASILIS Containment Containment Failure

—Failure Information —Ioformation

Upper Bound 970 23,400
Best Estimate 9700 234000
Lower Bound 97,000 340.000

BB (B&W)
Upper Bound 1700 25,600

Best Estimate 17,000 256,000
Lower Bound 172,000 2 560,000




7. CONCLUSIONS

Four PWRs, one from each reactor vendor (two
B&W AFW designs), were evaluated to determine
the AFW isolation system's contribution to the
CDF. It was thought that the greatest risk as
sociated with this issue would be for plants with
marginal or no feec-and-bleed capabilities. This
such plant. Another significant
ideration was that some plants utilize the

tic AFW isolation system to prevent AFW

runout conditions with resultant possible

study included on

'd AFW system failure when sup

irized (steam or feed line

m generator The evaluation
iy

y also included three of

that the effects of the
dependent on the par
£n Ihe estimated reduc-
AFW 1solaticn system'’s
dif

design
ting the AFW 1solation system would not
cause a failure of the AFW system if the operator
fid not take action to isolate a ruptured steam gen
low restrictors are provided in the
For the B&W design plants, the
fail due to EFS flow
ruptured steam generator if n
! Al the W design plant
f the diverse motor-driven AFW pu
ily part of the AF'W would fail if no opx
tion was taken. If the AFW isolation system ¢
led, the net change in CDF for the
uld decrease by S.5E-07, one B&W
its CDF by 9

' was taken

CE plant w
design plant would decrease

wher B&W d

DI

are
ted cost for re ving the automatic AFW

isolation system were relatively high ($351K for

) 1
Caicuia

lowest cost), the cost benefit ratios indicate that no
significant benefit would be realized by removing or

lisabling exasting automatic AFW isolation systems

Additionally some plants, as documented in IE
Bulletin 80-04, may show unacceptable containment
pressurc analyses results if the existing automatic

isolation sysiems were removed

Even though only four plant designs were
evaluated in this study, engineering judgement indi-
cates that the results of this study can be extrapo-
lated to address this issue on a generic basis. This

judgement is based on the following factors

The four plants evaluated in this study include
plants with different automatic AFW isolation
system designs. One of these designs would
most likely rc resent system designs used at
other plants. Cost analysis and cost benefit
ratio calculations indicate that no significant
calized by removing the
automatic AFW isolation system on the plants

benefit can be
included in this study. Therefore, it can be
assumed that plants with an AFW isolation
system similar to one of the designs evaluated
in this study would show a similar cost benefit

raltio

If automatic AFW isolation designs are used
at some plants which are significantly dif-
ferent than those evaluated in this study, the
findings of this study related to differences in
CDF compared to system design can be ex
trapolated. This study indicated that the dif-
ferences in isolation system design had little
bearing on the change in CDI

factor affecting the CDF calculations was the

The major

presence, or abseace, of flow restrictors in the
AFW system. All PWRs will either have
AFW flow restrictors or vill not, This study
showed the worst case (most risk reduction)
was for plants that do not have flow restric-
tors. Even these plants showed no significant

cost benefit

The cost be . fit ratios calculated for this
study were performed very conservatively, As
noted in Item 2 above, the greatest risk reduc-
tton associated with removal of the automatic
AFW isclation system was for plants that do
not use separate AFW flow restrictors. If the
existing 1solation system were removed, these
plants would in. gt the highest cost because a
plant hardware modification would be re
quired. However, the most favorable cost
benefit ratio (approximately $8K/man-rem)
calculated during this study used the hlgh‘\'\l




risk reduction value caiculated for a plant
without AFW flow restrictors and used the
leas’ expensive cost (for plants not requiring a
hardware modification), This method was
used to add conservatism to the analysis o ac-
count for analytical uncertainty and also

provide some assurance that differences not
addressed in Items 1 and 2 above would not
change the conclusions of this study.
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APPENDIX A
ACCIDENT SEQUENCE CALCULATIONS FOR PLANT A (CE)

INTRODUCTION

This appendix provides the cutsets used to develop the accident sequence frequency for the accidents in
volving the AFW isolation system at Plant .\ (CE). Also presented in this appendix are the basic event failure
probabilities used in establishing the accident scquence frequencie

This plant has two steam generators, one motor-driven AFW pump and one turbioe-driven AFW pump
Each of four pump headers has a flow contr~l valve set to limit flow to 220 GPM. The AFW is assumed o
fail if less than 400 GPM is delivered to the steam generators, The AFW isolation system will cause failure of
the AFW if both steam generators are isolated or if one steam generator is isolat~d when one oi the AFW
pump trains is down if the operator does 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 AFW (L) system
the cutsets and frequencies of each cutset considered in the analysis

Lc,x

M2*AFWISO-28G
T2*RA-3*AFWPI11-PTD-LF*AFWISO-1SG
[2*RA-3*AFWPI3-PMD-LF*AFWISO-1SG
I2*RA-3*CBP13-BOO-LF*AFWISO-18G
T2*RA-3*AFWP11-PTD-PRMN*AFWISO-18G
T2*RA-2*ELCOO11A-INV-LF*AFWISO-15G
T2*RA-3*AFWS93A-NOC-LF*AFWISO-1SG
2*RA-3*AFW3987A-NOC-LF*AFWISO-15G
[2*RA-Z*ESFSONCA-LOG-LF*AFV/ISO-1SG
Total

Sequence T4A4ML

Sequence TAML is any transiznt not considered elsewhere followed by the loss of the power conversion
system (M) and loss of the AFW (L). The following lists the cutsets and frequenaies of each cutset con
sidered in the analysis




Cutsel Erequency
T4*RA-V*POS-LF*AFWISO-2SG 1.83E-08
T4*RA-2*ELCUOITA-INV-LF*AFWISO-1SG 3.68E-09
T4a*RA-2*ELCOO12A-INV-LF*AFWISO-1S8G 3.74E-09
T4*RA-2*ELCOO11A-CBL-LF*AFWISO-18G 127E-10
Total 2.635-08

Sequence T1L

Sejquence TI1L is a loss of offsite power followed by loss of AFW (L). The following lists the cutsets and

frequencies of each cutset considered in the analysis

Cutset Erequency
IN*RA-LOSP*AFWISO-25G 3.63E-08
M*RA-LOSP*RA-3*AFWPI11-PTD-LF*AFWISO-1SG 1.36E-10
M*RA-LOSP*RA-3*AFWISO-1SG*ELCOO11A-GEN-LF 1.56E-10
I*RA-LOSP*RA-3*AFWS%3A-NOC-LF*AFWISO-18C 3.00E-10
N*RA-LOSP*RA-3*AFWP11-PTD-PRMN*AFWISO-1SG 1.08E-10
FM*RA-LOSP*RA-3"AFW3987A-NOC-LF*AFWISO-158G 3.00E-11
IN*RA-3*AFWP11-PTD-LF*AFWISO-15G 3.02E-10
IM*RA-3*AFWP13-PMD-LF*AFWISO-15G 2.37E-10
MN*RA-Z*AFWISO-1SG*CBP13-BOO-LF 1.92E-10
IN*RA-LOSP*RA-3*AFWISO-1SG*ELCOO11A-G-PRMN 1.92E-10
FN*RA-3*AFWP11-PTD-PRMN*AFWISO-15G 240E-10
IT*RA-LOSP*RA-16* AFWA4530-N-PRMN*AFWISO-15G 1.44E-11
[M*RA-LOSP*RA-16* AFW4520-N-PRMN*AFWISO-1SG 1.44E-11
TI*RA-LOSP*RA-3*AFWISO-ISG*ELCOO11A-G-PRMN 1.92E-10
IN*RA-LOSP*RA-3*AFWP11-PTD-PRMN*AFWISO-1SG 1.08E-10
IT*RA-LOSP*RA-3*AFWISO-1SG*ELCOO11A-G-FRFT 1.44E-10
IN*RA-LOSP*RA-4*AFWPI11-PTD-PRTS*AFWISO-18G 1.04E-11
MN*RA-LOSP*RA-4*AFWISO-I1SG*ELCOO11A-GEN-LF 3.96E-10
IM*RA-LOSP*RA-3*SDSSONCA-LOG-LF*AFWISO-15G 1.12E-10
MN*RA-LOSP*RA-3*SRWI387A-NCC-LF* AFWISO-1SGN-LF 8.82E-11
IN*RA-LOSP*RA-3*AFWISO-1SG*ELC1103A-BOO-LF 8.22E-11
T1*RA-LOSP*RA-3*AFWISO-1SG*DGVCT11A-BOO-LF 8.32E-11
MN*RA-LOSP*RA-3*AFWISO-1SG*DGVOTI11A-DCC-LI 8.32E-11
IN*RA-LOSP*RA-3*AFWISO-ISG*DGVRC11A-DCO-LF 8.32E-11
T1*RA-LOSP*RA-3*AFWISO-1SG*DGV JA-DCC-LF 8.32E-11
M*RA-LOSP*RA-3*AFWISO-1SG*SWS1105-BOO-LI 8.32E-11
T1*RA-LOSP*RA-3*AFWISO-1SG*SRWAO011A-BOO-L} 8.32E-11
T1*RA-2*AFWISO-1SG*ELCOO11A-INV-LF 7.854E-11
IM*RA-LOSP*RA-3*AFWISO-1SG*ELC1103A-BOO-C( 71.35E-11
[N*RA-LOSP*RA-3*AFWISO-1SG*SWSS210A-NTC-C( 1.35E-11
[N*RA-LOSP*RA-Z*AFWISO-1SG*SWSS150A-NOC-CX 7.35E-11
MNM*RA-LOSP*RA-3*AFWISO-1SG*AFWO0103-X-FRFT S.60E-12
IMN*RA-LOSP*RA-3*AFWISO-ISG*AFWM911X-X-PRMN 4 R80E-12
LS




TI*RA-3*AFWP11-PTD-LF*AFWISO-1SG 6.40E-11

T1*RA-3*AFV. P13-PMD-PRMN*AFWISO-1SG 6.40E-11
T1*RA-3* AFWS%03A-NOC-LF* AFWISO-1SG 6.40E-11
T1*RA-3* AFW3987A-NOC-LF*AFWISO-18G 6.40E-11
T1*RA-LOSP*RA-3* AFWISO-18G*ELC0011A-G-PRTS 4.40E-11
T1*RA-3*CBP13-BOO-LF* AFWISO-1SG 1.96E-10
T1*RA-LOSP*RA-3* AFWISO-1SG* AFWS903A-NOC-LF 2.96E-11
T1°RA-LOSP*RA-3* AFWISO-1SG* AFW3987A-NOC-LF 296E:11
Total 4.07E-08
Sequence T3ML

Sequence T3ML is a transient that requires primary pressure relicf 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 of initiator frequencies:

CDF FOR TAML*T3/T4
2.63E-08 * 1.85/6.8 T16E-09

Sequence T1LCC’

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

Because the cutsets for this accident sequence are almost the same as those of accident sequence T1L, the
CDF can be estimated by ratioing the accident sequence CDFs and multiplying that iimes the AFW isolation
system contribution to T1L,

(CDF FOR TILCC')/(CDF FOR T1L) * CDF FOR T1L AFW ISO = 1.0E-06/4.9E-06 * 4.07E-08
831E-09

BASIC EVENT FAILURE PROBABILITIES

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

—Event Code Event Description —Probability
T1 Loss of offsite power f=0]14/yr
T2 Loss of power conversion system f =08y
T3 Transicents requiring primary system

pressure relief f = 185/yr
T4 All other transients requiring

reactor trip f =68/
AFWISO-28G Spurious isoiation of one steam

generator with common mode isclation

of the other and the operator does not

recover - 4 ways of occurring p = S.76E-07
(developed for this study)

3/



—LyentCode ——Event Description . Probability

AFWISO-1SG Spu.+)us isolation of one steam
generator and the operator does
not :ecover - 4 ways of occurring
(developed for this study)
Operator fails to realign AFW suction
to CST #11 2nd start locked-out AFW
turbine-driven pumy #12; all actions
must be done locally
Operator fails to manually actuate
AFW motor-driven pump #13 (given
failure of auto star)t
Operator fails to manually start
locked-out AFW turbine-driven pump
#12

RA-LOSP Failure to recover offsite power
withun 1 hour

AFWP11-PTD-LF AFW turbine-driven pump #11 local
fault

AFWP11-PTD-PRMN  AFW turbine-driven pump #11
mainienance

AFWP11-PTD-PRTS AFWS turbine-d.iven pump #11

unavailable due to test

AFWO103-X-FRF1 AFW turbine-driven pump #11

discharge valve, fail to return

from test

AFWMO91iX-X-PRMN Maintenance of valve in turbine
driven pump #11 steam admission
line

AFWPI13-PMD-LF AFW motor-driven pump #13 local
1ot

AFWP13-PMD-PRMN AFW motor-driven pump #13
mainienance

AFWS93A-NOC-LF Local fault of steam admission valve
to AFW turbine-driven pump #11

AFW3987A-NOC-LF Local fault of steam admission valve
To AFW turbinc-driven pump #11

AFW4520-N-PRMN Maintenance of valve in AFW turbine
pumps feedwater lines fai!, delivery
by both AFW pumps

AFW4530-N-PRMN Maintenance ¢ ~valve in AFW turbine
pumps feedv ater lines fails delivery
by both AFW pumps

CBP13-BOO-Lr AFW motor-driven pump #13 circuit

breaker




—Evenl Code e bavent Description
DGVCT11A-BOO-LF  Local fault of power breaker to

diesel generator #11 room coolers

fails DG # 11 which fails 1/2 of all

ESF and the motor-driven AFW pump
DGVOT11A-DCC-LF  Damper fails to operate, fails DG

#11 which fails 1/2 of all ESF and

the n otor-driven AFW pump
DGVRC11A-DCO-LF Damper fails open, fails DG#11 which

fails 1/2 of all ESF and the motor

driven AFW pump
DGVIN1IA-DCC-LF  Damper fails to operate, fails DG

#11 whoch fails 172 of all ESF and

the motor-ariven AFW pump
ELCO011A-G-FRFT Diesel generator #11 not returned

from test, fails 1/2 of all ESF

systems and motcr-driven AFW
ELCO011A-G-PRMN  Maintenance of diesel generator #11

fails motor-driven pump # 13 and 1/2

of all ESF systems
ELCO011A-G-PRTS Diesel generator #11 unavailable due

to test, fails 1/2 of all ESF and the

motor-driven AFW pump
ELCOO11A-GEN-LF Local fault in diese! generator #11

fails AFW motor-driven pump #13 and

172 of all ESF systems
ELCO0114-INV-LI 11A vital AC bus, fails AFW turbine

driven steam admission valve 4071

due to no actuation signal and

fails motor-driven AFW pump
ELCCOI11A-CBL-LF Local fault of cable from vital

AC inverter #11; same effect as

inverter fault above
ELCOO12A-INV-LF Similar to ELCO011A-INV-LF above
except steam admission valve 4070
fails closed
ELC1103A-BOO-C( Control circuit fault of DG # 11
output breaker, fails 1/2 of all
ESF and the motor-driven AFW pump
ELC1103A-BOO-L} Local tauii of diesel generator
#11 breaker, fails 1/2 of all ESF
ind motor-driven AFW pump
ESFSONCA-LOG-LF Faults in ESFAS sequencer fail
AFAS auto actuation of AFW motor
drivea pump #13

Local {ault causes failure of PCS




—EvxntCode
SDSSONCA-LOG-LF

SRWAO011A-BOO-LF

SR'V1587A-NCC-LF

SWS1105-BOO-LF

SWS5150A-NOC-CC

SWS5210A-NTC-CC

Event Descrinti
Shutdown sequencer logic unit fails
to sequence loads to DG #11, fails
172 of all ESF and motor-driven AFW
pump

Local faul of SRW pump #11 power
breaker, fails DG #11 which fails

172 of all ESF and the motor-driven
AFW pump

Local fault of diesel gewerator

#11 cooling outlet valve, fails

diesel generator cooling and
fails AC power to 1/2 of all ESF
systems and motor-driven pump
Local fault of SWS pump #11

power breaker, fails DG #11

cooling and AC power to 12

of all ESF and the motor

driven AFW pump

Control circuit {ault of inlet

valve on SRW heat exchanger #11
fails DG # 11 which fails 1/2 of

all ESF and the motor-driven AFW
pump

Control circuit fault of outlet

valve on SRW heat exchanger #11
fails DG # 11 which fails 172 of

all ESF and the motor-driven AFW

pump

p = 38E-03

p = 30E-03

p = 3.0E-03

p = 3.0E-03

p = 25E-03

p = 25E-03
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LPPENDIX B
ACCIDENT SEQUENCE CALCULATION FOR PLANT B AND BB (B&W)

lhis appendix provides the cutsets used to develop the accident sequence frequency for the accidents in-

volving the AFW isolation system 2¢ 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
umps are cross connected so that each pump supplies both steam generators. The plant does not bave flow
estrictors in the EFS heade Thus, the EFS will fail if one steam generator ruptures and that generator is
t isolatcd. The EFS is assumed to be successful if at least one pump is supplying feedwater to at least one
eam generator. For this evaluation, the EFS will fuil if the automatic isolation system isolates both steam

generators or if it isolates one steam generator when the other is isolated and the operator does not recover

ow LG one of the steam generators

I'he PRA used to evaiuate these plants calculated the failure probability of the EFS for two conditions,

With offsite power available, the EFS failure probability is EF1 = 3.4E-04

ith and without offsite power

navailable, the EFS failure probability is EF2 18E-03
are made up of the foll

EA*EB + E/
I

A*EM2+ EB*EMI +E3*E02
+ EA*EB + EA*EM

A2+ EB'*EM1 + E3*EO2

I
I

to actuation locked out and operator
er
Coupled check valve faults (FWV-43 & 44)
El + EXI
n A hardware faults
nower train B fails
fisite pwr

EX2

Irain B maintenance and t

EMI1
ES + EX2
Irain B hardwar

I'rain A maintenance and test «

p 3 6E-03

e plugged P 1.OE-04
Operator fails t

\
Y div

I ;‘:\H'A"\ii‘ll'-\ p 0.1




Isolation system contribution

AFWISO-28G [solation of 2 steam generators
due to spurious actuation of the
1solation system to isolate 1 /G
and common mode isolation of the
other S/G 4'*‘1}\1\‘0\\‘.1!
AFWISO-1SG Isolation of 1 steam generator
due to spurious actnation of the

isolation system - 4 ways to occur

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 t
ne steam gencrator would not fail the EFS because the running pump would simply deliver its

other steam generator because the plant does not have flow restrictors to limit flow

a coupled failure of two check valves at the inlet to the steam generators. The

abili il (a) check valve failure, 1.0E-04 and (b) common mode failure of the other

probability of one check valve failing closed and the automatic isolation system i

r 1t CHKVLV-LF * AFWISO-1SG 1.OE-04 * 1.15E-05 1.1SE-09

n to the EFS system falt or the autamatic EFS isolation

T'he contribution to the accident sequence frequency of the auto EFS isolation system can b

by dividing the accident sequence frequency of all sequences with EFS failures found in the PR
]

propriate EFS system failure rate and then multiplying the 1esult by the automatic EFS isc

failure rate contribution found above

T'he contribution of the aut:
dication of EFS failure)

I'N-TIA(MLU)
RAMLU)
MRAMLUO
MRAMLUO

Total
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APPENDIX C

ACCIDENT SEQUENCE CALCULATIONS FOR PLANT C (W)

INTRODUCTION

'nis appendix provides the cutsets used to develop the accident sequence frequency for the accidents in-

volving the AFW 1solation system at Plant C (W)

For all but ATWS accident sequences, the AFW is assumed to fail if less than two steam generators are
supplied with fzedwater. For AT'WS, three steam generators 1uust be supplied; however, ATWS eveats do
aot 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 supplic
two steam gencrators. Therefore, if the turbine-driven pump is running, the success criteria will be met if less
than three of the LCVs close, If one of the motor-driven pumps and the turbine-driven pump are out of ser-
vice, only one LCV must close to fail the AFW. For Plant C (YY) then, only accident sequences taat fail one
of the motor-dr.ven pumps «nd the turbine-driven pump will be of interest

'

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 hists the cutsets and frequencies of each cutset considered in the analysis

Cutsel Frequency
Tdc2L1P1*AFW-PSF-LF-PS415*AFWISO-1SG-#1 { = 93E09
Fdc2L1P1*AFW-PSF-LF-PS415*AFWISO-1SG-#2 I C3E-(09
Tdc2LIP1*AFW-MOV-CC-151*AFWISO-1SG-#1 { 6.9E-10
Fdc2LIP1*AFW-MOV-CC-151*AFWISO-1SG-#2 { 6.9E-10
Total f 2 OE-OR

Sequence TdciL1P1

Accident sequence Tdc1L1P1 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 AFW. Its frequency will

be the same - 2 OE-0O8

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

Ihe total contribution of the AFW isolation system to the CDF for Plant C (W) is 4.0E-08




BASIC EVENT FAILURE PROBABILITIES

The following tabulates the basic event failure probabilities used in the above cutsets

Eveat Code Event Descaption Probability
I'de2L1P1 Loss of 125 VDC bus 11 f = 90E-04
AFW-PSF-LF-PS415 Faults in turbine-driven pump
pipe segment 415 fzils turbine
driven pumnp
AFW-MOV-CC-15 Failure of turbine throttle
valve-fails turbine-driven pump
AFWISO-15G-#1 LCV to steam generator #1 closes

AFWISO-1SG-#2 LCV to steam generator #2 closes
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