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RISK EVALUATION OF REMOVAL OF SHUTDOWN COCLING
SYSTEM AUTOCLOSURE INTERLOCK

1.0 PURPCSE

The purpcse of this report is to document the results of an
analysis of the impact of removing the autocleosure interlock (ACI)
from the shutdown cooling system (SDCS). The analysis was
performed to determine the change in interfacing system loss of
coolant accident (LOCA) frequency, the change in SDCS
unavailability, and the impact on mitigating low temperature cver-
pressure events due to removal of ACI. The analysis is intended
to provide input to the decision to remove the ACI from the SDCS.

The analysis addresses three configurations of the SDCS. The
first configuration considers SDCS suction valves with ACI only.
The second configuration considers sSDCS suction valves with ACI
and valve position alarm. The first and second configurations are
currently utilized at C-E supplied NSSS units considered in this
analysis. For those units which have valve pesition alarm
currently installced, the alarm is considered to be not well
focused because the pressure at which it annuncistes if the
associated valve is not closed is also the setpoint pressure of
the open permissive interlock (OPI). Therefore, the operator may
misdiagnose or ignore the warning of the alarm. The third
configuration considers SDCS suction valves with ACI removed and
incorporation of a well focused valve position alarm in the
control rooem. This cenfiguration is regarded as the proposed or
modified configuration.

Interfacing system LOCA frequency and SDCS unavailability are
determined for the configurations addressed.



2.0 BACKGROUND

The shutdown cooling system is designed to provide core decay heat
reroval and reactor coolant system (RCS) residual heat removal
cnce tne RCS is below SD7S cooling entry conditicns. The SDCs
continues to cperate throughout refueling cperations.

All Combustion Engineering NSSS units are designed with a sDCs
which is a low pressure system relative to normal RCS pressure.
The majority of these units consists of SDCS with two suction
lines. In order to protect the SDCS from RCS pressure and to
maintain the RCS pressure boundary, each suction line flow path is
isolated by two valves in series. Each valve has two RCS prvssure
interlocks associated with it. One of the interlocks is to
prevent the valve from being opened unless RCS pressure is below
shutdown cooling entry conditions. This is referred to as the
open permissive interlock (OFI). The second interlock closes the
valve automatically if RCS pressure increaces above the design
pressure of the SDCS. This interlock is referred to as the
autoclosure interlock (ACI).

The purpose o. the ACI is to ensure that the low pressure piping
©f the SDCS is properly isclated from the RCS pressure during
€tartup operations. When RCS pressure rises above the setpoint
pressure of the ACI, the SDCS suction valves inside the
containment are signaled %o close automatically if they have not
been closed already. Failure to close the SDCS suction valves may
result in inadvertent over-pressurization of the S0CS by the RCS
and cause an interfacing system LOCA during startup cperaticns.
However, inadvertent actuation of ACI during shutdown cooling
cperations results in loss of decay heat removal frem the RCS
which may lead to ccre uncovery. Inadvertent actuation of ACI can
also result in over-pressurization of the RCS at low temperature
conditions.

EFRI and the NRC have analyzed loss of decay heat removal events
At pressurized water reactors (References 1 and 2). Loss of decay
heat removal events that occurred between 1976 and 1983 are
analyzed. Those events that cccurred between 1976 and 1981 are
presented in Reference 1. Those that occurred in 1982 and 1983
are presented in Reference 2. The summary of events aleng with
key findings are also presented in Reference 2. The reported
results indicate that 130 loss of decay heat removal events were
reported between 1976 and 1983. These results are presented in
Table 2-1. The dominant contributor (28.5%) to lcss of decay heat
removal is inadvertent automatic closure of the SDCS suction
isclation valves. Other important contributors include loss of
inventory and component failures. The contributors to loss ¢f
decay heat removal are identified in Table 2-2.

2=1
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Table 2-2 »

Categories of Total LHR System
Failures at U.S. PWRs 1976-1383 When
Required to Oper; ¢ (Loss of Function)

No. of Events (% of Events)

Automatic Closure of Suction/ 37 (28.5)
Isclation Valves

Loss of Inventory

© Inadequate RCS Inventory 26 (20.0)
Resulting in Loss of DHR
Pump Suction

© Loss of RCS Inventory 10 ( 7.7)

Through DHR System Neces-
sitating Shutdown of DHR

Systen
Compeonent Failures

© Shutdown or Failure of DHR el (16.2)
Pump

© Inability to Open Suction/ 8 ( 6.1)
Isolation Valve

Q@ Others 28 (21.5)

TOTAL 130 (100.0)

* = This table is copied from Reference 2.



Sandia Laboratories alsc assessed the impact of loss of decay heat
removal using the Calvert Cliffs sSDCS configuration. The results
Of their assessement are presented in Refererce 3. In one of
their conclusions they state that:

" ... the best RHRS sucticn valve arrangenent
18 to have a single suction line without
primary system over-pressure interlocks on the
valves."

With automatic closure of the SDCS suction isclation valves being
such a large contributor to loss of decay heat, the NRC has
indicated their willingness to consider removal of the ACI
provided certain conditicns are addressed. Pacific Gas and
Electric Company has submitted (Reference 4) justifications to and
received approval from the NRC for removal of ACI for the residual
heat removal suction valves for Diablo Canyon Units. Members of
Combustion Engineering Owners Group (CEOG) have made commitments
to the NRC to pursue removal of the ACI function from their units.

"RCS/RHR Suction Line Interlocks on PWR's" is listed as generic
issue No. 99 in NUREG-0933. To address this issue, NUREG/CR~-5015
has been published. The following statement is made regarding the
removal of the interlock circuitry:

“With this design change, the frequency of
spurious closure of an RNR suction valve would
be significantly reduced. This design change
reduces the frequency of loss-of-coolant
events and reduces the calculated core damage
frequency. Due to the large number of already
experienced suprious isolation events, this
event is an important contributor to the
estimated fregquency of loss-ot-cooling events.
The proposed design change results in a 60%
reduction in the initiator frequency of loss-
of-cooling events. The reduction in
calculated core damage fregquency based upen
implementation of this possible upgrade is
8s."

The analysis presented in this report addresses the impact of
removing the ACI function from the SDCS from C-E supplied NSSS.
The analysis examines the impact of ACI removal on:

© Interfacing system LOCA fregquency

© SDCS unavailability

© Mitigating low temperature cver-pressure
events



The analysis also examines the impact of adding a valve pesitien
alarm circuitry to the SDCS suction isolatien valves. This alamm
will annunciate in the control room when any of the SDCS sustion
isclation valves is not fully closed when RCS pressure exceeds a
certain limit. The Waterford Unit 3 plant configuration is used
when plant specific information is regquired,



3.0 METHODOLOGY

As stated in Section 1.0, the purpcse of this analysis is to
detearmine the impact of removing the autoclosure interlock [ACI)
function from the shutdown coeling system (SDCS). Inadvertent
actuation of ACI is the dominant contributor *o loss of SDCS which
is used to remove decay heat from the RCS. The remcval of ACI can
be assessed by cbservirng the change in SDCS unavailability, the
change in interfacing system LOCA frequency, and the impact on
mitigating low temperature over-pressure events.

Fault tree analysis is employed in deternmining the unavallabilisy
©f the SDCS. The technigue used is consistent with the methods
outline in References 5 and 6. The technique involves the
construction and evaluation of a fault tree model for the SDCS.
-1 constructing the fault tree model, failures that can result in
the top event of the model are considered. The top event is
defined as failure of the SDCS to remove decay heat from the RCS.
Failures are combined by using logical AND and OR gates to relate
them to the top event. Refer to Figure 3-1 for a list of symbols
used in fault tree models. Egquipment failures, human errors,
common cause faults, and unavailability due to testing or
maintenance are included in the model. Once the fault tree model
is constructed it is then evaluated to deternmine the minimal cut
sets. These are combinations of failures that result in the top
event. The evaluation also includes quantification of SDCs
unavailability and determination of dominant contributors to
unavailability.

Construction and evaluation of the fault tree model are
accomplished by using the IRRAS PC computer code (Reference 7).

In WASH-1400 (Reference 8) interfacing system LOCA is referred to
as Event V. These events are defined as breaches of the RCS
pressure boundary via an interfacing system wnich is designed to
cperate at a lower pressure than the RCS. Once the breach occurs
RCS coolant is lost outside the containment. For plants with C-E
supplied NSSS, the low pressure safety injection lines and
shutdown cooling suction lines are potential locations for
interfacing system LOCA. For this analysis, only the shutdown
cooling suction lines are considered.

The shutdown cocling sucticn lines, as shown in Figure 3-2, each
have a motor-operated valve and a hydraulic-operated valve in
series inside the containment. A motor-cperated valve, alse in
series, is located cutside the containment. These valves are
closed during power cperaticns. When closed, the valves inside
the containment provide redundant isclation for the low pressure
Piping of the SDCS from RCS pressure.
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There 1s also a six-inch relief valve which discharges to the
containment sump. This relief valve is located inside the
containment between the containment wall and the hydraulicge~
cperated valve. Note that this relief valve has enough flow
capacity to mitigate low temperature over-pressure events. The
pressure setpoint for the relief valve is significanlty lower
(approximately 450 PSIG) than the design pressure for the RCS
piping. Figure -2 reflects the SDCS suction lines cenfiguration
for Waterford Unit 3.

The SDCS piping from the RCS up to and including the hydraulic-
operated valve is rated for full RCS pressure. The piping
downstream of the hydraulic-operated valve is designed to cperate
at pressures much lower than the RCS. Failure of the motor- and
hydraulic-operated valves will expcse the low pressure piping to
RCS pressure. Given that the motor- and hydraulic~ cperated
valves fail, a break is postulated to cccur just cutside the
containment wall.

Curing power operation, an interfacing system LCCA via the
shutdown coeling suction lines can occcur if:

1. Both valves in series are left cpen,

2. Motor-operaced valve is left open and hydraulic-cperated
valve in series ruptures,

3. Hydraulic-operated valve is left ocpen and motor-operated
valve in series ruptures, or

4. motor-operated and hydraulic-cperated valves rupture.

Ouring startup operations, failure of the motor- and hydraulic~-
cperated valves inside the containment to close will suspend
startup cperaticns. Failure of these valves to close during
startup operations will cause the six-inch relief valve to open
and discharge reactor coolant into the containment sump. Events
resulting from failure of these valves to clcose are:

© 1Increasing containment sump level indications
© Decreasing volume control tank level indications

These indications will inform the cperator that the RCS pressure
boundary is breached during startup. Startup cperations will then
be suspended until the breach is located and isolated. Therefcore,
item 1 above is considered toc be a non-credible way for
interfacing system LOCA to occur.

Because either the motor- or hydraulic-operated valve inside the
containment is initially closed during power cperation, the
frequency for interfacing system LOCA via the shutdown cooling



lines can de estimated from the followina expressicn:

FOISL) = 2(0Q, + 1Q, + 1) [3.1)
where, F(ISL) = frequency of interfacing systen
LOCA via SDCS suction lines
A = catastrophic failure rate for motore
or hydraulic-operated valve
Q, = probability that motor-operated valve
18 net closed
Q, = probability that hydraulic-operated
valve {s not closed
Q, ® probability that hydraulic-cperated

valve fails given that notor-operated
valve has failed

The first term on the right represents the contribution due to the
motor~operated valve is left open and the hydraulic-operated valve
ruptures. The second term on the right represents the
contribution due to the hydraulic-operated valve is left open and
the motor-operated valve ruptures. The third term represents the
contribution due to both valves rupturing.

Generic data is used in this analysis to quantify the frequency
for interfacing system LOCA and SDCS unavailability. The
primarily scurce of generic data is the Advanced Light Water
Reactor (ALWR) Requirements Document data base (Reference 9).
Other sources which include, NUREG/CR=4550 (Reference 10),
WASH-1400 (Reference 8), IEEE-500 (Reference 11), and CEN-2127
(Reference 13) are used when component. data could not be obtained
from Referance 9. The approach described by Swain and Guttmann
(Reference 12) is used to determine human error probabilities.
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4.0 ANALYSIS

The purpcse of the SDCS autoclosure interlock (ACI) is ta ensure
that the low pressure piping of the SDCS is properly isclated fron
RCS pressure during startup cperations. Although ACI protects the
low pressure piping of the shutdown cooling system, spurious
actuation w.ll terminate decay heat removal during shutdown
cooling operitions. Several such events have cccurred. One way
of reducing inadvertent termination of decay heat removal is
remcval of AC, function from the SDCS.

Mest but not «ll of the C-% supplied NSSS units considered in this
analysis have position alarm installed for the SDCS suction
valves. To account for the differences, three models for
interfacing systenm LOCA were developed to reflect the current and
proposed configuvations of the SDCS suction valves.

The first configuration considers SDCS suction valves with ACI
only. The second configuration considers SDCS suction valves with
ACI and alarm. Although the operability of the installed alarm is
not governed by the technical specification, plant spec.fic
information obtained from Louisiana Power and Light indicates that
the alarm is tested every refueling. The first and second
configurations currently exist at C-E supplied NSSS units
ccasidered in this analysis. A third configuration is being
proposed. It considers SPCS suction valves with alarm enly. This
alarm will annunciate in the control room when RCS pressure
increases above a certain setpoint while the associated valve is
not fully closed.

For those units which have valve position alarms currently
installed, the alarms may not be well focused. The alarm
annunciates wilen RCS pressure increases above the setpoint of the
OPI while the valve is not fully closed. For scme of these units,
the setpoint for OPI is significantly lower than the setpoint for
ACI, while the OPI and ACI setpoints for the other units are
approximately the same. Because the existing alarm and OPI
provide different functicns, the operator may misdiagncse or
ignore the warning of the current installed alarm. To make the
alarm vell focused, the proposea configuration for these units
will require setpoint cr procedural changes.

This analysis determines what impact removal of ACI will have on
the frequency of interfacing system LOCA, the unavailability of
SDCS, and the mitigation of low temperature over-pressure events.
The analysis quantifies the net changes in frequency and
unreliability realized. The availability of the low temperature
Cver-pressure relief valves is also assessed. The analysis



invelves calculating the freguency of interfacing system LOCA for
the following three cases:

© Case 1 - SDCS suction valves with ACI enly,
© Case 2 - SDCS suction valves with ACI and alarm, and
© Case J - SDCS suction valves with alarm enly.

The analysis also calculates sSDCS unavailability for cases 1 and

3. The alarm has no impact on SDCS unvailability. Theretore for
SDCS unavailability, case 2 above iy the same as case 1. Case 2

considers a SDCS configuration which excludes ACI.

The guantification of the frequency of interfacing LOCA for the
above configuraticns of the SDCS is discussed in Section §:.1. A
recent precursor to interfacing system LOCA and its applicability
to C-E supplied NSSS units are discussed in Section 4.2. A
discussion on SDCS unavailability for the above configurations is
contained in Section 4.3, Mitigating low temperature over-
pressure events is summarized in Section 4.4.

4.1 Interfacing System LOCA Freguency

Interfacing system LOCA is a safety concern because it can provide
a direct path to the environuent for releasing radicnuclides.

For C~E NSSS supplied plants, the low pressure injection lines and
shutdown cooling sucticn lines are poetential locations for
interfacing system LOCA. For this analysis, the frequency ‘or
interfacing system LOCA is calculated for SDCS suction lines conly.

Interfacing system LOCA via the SDCS sucticn lines can occcur due
to failures of both suction isolation valves inside the
containment. The failure combinations include:

© Catastrophic failures of motor- and hydraulic-
cperated valves,

® Catastrophic failure of motor-operated valve
and hydraulic-operated valve not closed, and

© Catastrophic failure of hydraulic-operated valve
and motor-operated valve not closed.

Therefore, the frequency of interfacing system LOCA via the SDCS
suction lines can be estimated using the following expression:
F(ISL) = 2()Q, + 12Q, + 2Q,) (4.1)
where, F(ISL) = frequency of interfacing system
LOCA via SDCS suction lines

A = catastrophic failure rate for metor-
or hydraulic-cperated valve

4-2



Q, ® pProbability that motor-operated valve
is not clesec

Q, = probability that hydraulic-cperated
valve is not closed

Q, ® prebability that hydraulic-cperated
valve fails given that Dotor-operated
valve has failed

From Appendix A of the EPRI ALWR requirements document (Reference
9), the mean failure rate for catastrophic internal leakage for a
motor-operated valve is 1.1E-8 per hour. The variable Qs is
determined by assuming that the hydraulic-cperated valve is leak
tested every refueling (18 months) and fails randeonly in time.
Therefore,

Q, = WT (4.2]

where, A = catastrephic failure rate
T = fault exposure time (18 months)

substituting in egquation [4.2) results in,

Q, = ¥ (3.1E-8) x 13140
= 2.04E~4

Fault tree analysis is used to estimate the values for Q; and Q..
The fault tree logic structures fer metor=- and hydraulic~ocperated
valves not clcsed are similar. However, failure probabilities for
these valves differ. The same fault tree model is used, with
appropriate data, to estimate the probability that a motor- or
hydraulic-cperated valve is not closed.

A fault tree model was developed for each of the SDCS config=-
urations considered. The fault tree models for cases 1 through 3
are presented in Figures 4-1, 4-2, and 4-3 respectively. The
models presented in these Figures are applicable to motor- and
hydraulic-cperated valves.

In developing the fault tree models the following assumptions were
made:

) Startup cperations will not proceed if it is observed that
power required to close the SDCS suction isolation valves is
lost. The SDCS motor-cperated suction valves are fail-as-is
valves. Loss of power to the valves during power corneratiocn
will not cause the valves to be repositicned. Therefore,

4=3
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loss of power to the SDCS suction isclation valves is not
included in the fault tree model.

SDCS suction isolation valvaes are leak tested every
refueling. The refueling cycle is considered to be 18
months.

SDCS suction isolation valve positions are checked every
shirt during power cperations. Therefore, a mispositioned
SDCS suction isclation valve can be detected and corrected
within cne shift. One shift is regarded as twelve hours.

During power cperaticons, each of the SDCS sucticn isolation
valves closest to the RCS is exposed to RCS pressure and
temperature. The other in series suction valve is expcsed to
significantly lower temperatures and pressures. Therefore,
common cause failure asscociated with the SDCS suction
isolation valves in series is not included in the fault tree
model. Suction isclation valves in each train of the SDCS
are exposed to different cperating environments.

Failure of both SDCS suction isclation valves inside the
containment, in any of the two lines, to close during
startup operations will prohibit startup. Failure of the
valves to close will result in the following events:

© Increasing containment suap level indicaticons
© Decreasing volume control tank level indications

These events will notify the coprator that the RCS pressure
boundary is breached during startup operations. Therefore,
the cperator will elect to suspend startup operations until
the breach in the RCS pressure boundary is located and
isclated,

For units with valve position alarm currently installed, the
alarm is not required to be maintained or tested on a
periodic basis by the technical specification. For this
analysis, it is assumed to be tested every refueling and is
included in the model.

The SDCS ACI function is removed and replaced with a valve
position alarm for units which do net have alarms currently
installed. The alarm annunciates in the control room

when RCS pressure increased above a certain setpoint while
the associated SDCS suction iscolation valves is not fully
closed. The alarm circuitry is tested every refueling.
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Tabie 4

Comporent faiiure Prodedi|itiey
for
SOCS Swction valve

Comp veme Sescrintion Probebi( ity
FSXPPAIDS PRESSURT BISTABLE PA-'0% FAILS (oW 2.5608-002
FSXPRCIOS BUSTABLE RELAY/CONTACT BC-108 FAlLS 70 Siost 8. 100€ - 008
FEXPRTIOS PRESSURE TRANSMITTER PT-108 fajLs 10 QPERATE 2.7608-002
LRSS IeS! SOCS SUCTION VALVE S§1-6%' FalLs 10 CLOSE Ow DEmAMD 1.0004 - 003
LVDas 1681 SOCS SUCTION vALVE OPENS SPURIQUSLY 2.000¢ - 004
FIAPY 1851 SOCS SUCTIOW VALVE 51651 ALARN FAILS 1O AMMUNCIATE 3908002
LS 482 SOCS SUCTION VALVE 51-652 FAILS TO CLOSE OM DEMAND 4. 900€ - 003



Table 4-2*

Human Error Probabilities

1. LVDOSISS1A - COperator fails to close hydraulic-cperated valve
after previcus use

OMISSION ERROR : HEP = 0.01
Operator fails to close valve
Tahle 20-7 (Jtem # 4)

CR

COMMISSICN ERROR: HEP = 0.0005
Opsrator turns handswitch in wrong directien
Table 20~12 (Item # S)

AND

RECOVERY ERROR : HEP = 0.05
Checker fails to detect error made by
others
Table 20-22 (Item % 3)

Therefore, the human errc : probability for failing to close valve
after previous use is:

Ps=s (0.01)(0.08) + (0.99)(0.0008) (0.093)
= §,25E-4

2. LVDOSISS1B - Cperator fails to detect hydraulic-operated valve
in wrong pesition

OMISSION ERRCR : HEP = 0.01
Operator fails to detect valve status light
in wrong position
Table 20-26 (Item #% 13)

AND

RECOVERY ERROR : HEP = 0.5
Checker fails to detect error made by
others
Table 20-22 (Item #4)

* - Table and item number cited for each error are those presernted
in Reference 12.



Table 4~2¢ (Cont'd)
Human Error Probabilities
Therefore, the human error probability for failing to detect valve
status light in wrong position is:

P= (0,01)(0.5)
« 5,00E-)

3. LVDOSI6S1C - Operator fails to respond to alarm

OMISSION ERROR { HEP = 0.0001
Operator fails to respond to valve pesition
alarm

Table 20-23 (Item # 1)
AND

RECOVERY ERRCR { HEP = 0.5

Checker fails to detect error made by
others

Table 20-22 (Item # 4)

Therefore, the human error probability for failing to respend to
valve alarm is:

P= (0.0001)(0.5)
= S.00E~5

* = Table and item number cited for each error are those preiented
in Reference 12.



Operators who restarted the reactor on December 135 failed to
cbserve a wvarning light indicating that the pressure isolaticn
valve was not closed. Operators on the following shift did not
notice the warning light or did not diagnose the warning light
correctly. The problem was recognized by the third shift
operators. Once the prceblem was recognized, the cperator tried to
close the valve by manipulating the pressure on it by slightly
cpening a second valve. According to the report, this is an
acceptable means of closing the valve. However, this approach did
not close the valve. The operator then decided to stop the
startup an¢ shutdown the reacter.

In opening the second valve, a path from the reactor coolant to
cutside of the containment was established. 1In doing so, a small
amount of steam from the reactor coolant system was released into
the annulus for a short period of 2-5 seconds and from there to
the atmosphere via the reactor stack.

The SDCS suction isclation valve for all C-E supplied NSSS units
are designed with two types of interlocks. During plant startup,
the SDCS suction valves are closed by the coperator. If plant
startup continues and the SDCS suction valves(s) are not closed as
they should, the autoclosure interlock (ACI) will close the
valve(s). An cpen permissive interlock (OPI) is also associated
with each SDCS suction valve. This interlock prevents the SDCS
sucticon valves from being opened while the reacter coolant
pressure is abeve shutdown cooling entry conditions.

In the Biblis-A event, the cperator tried to close a mispositioned
pressure isolation valve by opening a second valve to manipulate
the pressure. For all SDCS of C~E supplied NSSS units the
pressure isolation valves (SDCS suction valves) cannct be cpened
by the operator if RCS pressure is above shutdown cooling entry
conditions. The OPI prevents such actions by the operator. These
interlocks are not the subject of this analysis and will not be
removed from the SDCS suction valves. The sequences of events
involving operator actions that occurred at Biblis-A is precluded
for C-E supplied NSSS units.

4.3 SDCS Unavailability

The primary function of the shutdown coeoling system (SDCS) is to
remove decay heat from the RCS during shutdown cooling operaticns.
The SDCSs of C~E supplied NSSS plants are equipped with
autoclosure interlocks (ACI). The main purpose of the ACI is to
ensure that the low pressure piping of the SDCS is properly
isolated from the RCS pressure during startup cperations,.



Operating experience has shown that several loss of decay heat
remcval events have occurred at pressurized water reactors. The
dominant contributer to loss of decay heat remcval is inadvertent
closure of the SDCS fucticn isolation valves during shutdewn
coeling operations. Some of these valve closings are linked %o
spurious operation of ACI during shutdown cooling operatisns., OCre
way of reducing loss of decay heat events is to remove the ACI
function from the SDCS valves.

Removal of ACI function from the SDCS suction valves is analyzed
in this section. The analysis involves determining the
unavailability of SDCS to remove deacy hest for the following twe
cases:

© Case 1 - SDCS suction valve with ACI only, and

© Case 3 - ACI removed and inclusion of valve
position alarm for the SDCS suction
isolation valves.

As discussed in Section 4.0, Case 2 is similar to Case 1 for SDCS
unavailability,.

Fault tree analysis was used to determine the unavailability for
the above cases. For each of the above cr.®s, a fault tree nodel
for SDCS was developed and quantif.ed. In order to sinplify the
gquantification several steps were taken to minimize the size of
the fault tree model. These steps include:

© Treatment of support systenms

Because the focal point of this analysis is to determine th
impact of ACI removal on SDCS unavailability, sujpvort systems
for the SDCS were treated as developed events. Tiise support
systems include component cooling water and electrical
distribution systems.

© Treatment of pipe failures

SDCS piping railures are not included in the fault tree model.
The contribution of piping failure to system unavailability is
insignificant when compared with the contributions from other
components.

© Potential flow diversion paths

Potential flow diversicn paths of the SDCS that are isolated
from the main flow path by twe or mcre normally closed valves
are not considered as faults of the SDCS. Potential flow
diversion paths with piping significantly smaller (10% or ‘less)
than the piping for the main flow path is alse not included in
the fault tree model.



© Ceontrol Circuits

Contrel circuits for major components (@.9g. motor cperated
valves and pumps) are treated as part of the component.
Therefore, they are not modeled as separate eavents in the fault
tree model for S0DCS.

Figure 4-4 i{s a schematic of the SDCS. It was .sud to construce
the fault tree medel for $DCS which is included in Appendix A, In
constructing the model the following assumptions were made:

1. Successul ocperation of the SDCS involves the removal of ReS
decay heat via one of the two shutdown ceoling heat
exchangers.

2. Because tha purpose of tiis analysis is to deternmine the

change in SOCS unavailability due to ACI removal, suppore
syrtems for SDCS are assumed to be available.

3, Failure of the SDCS warmup valve to cpen will not result in
SDCS becoming unavailable., The SDCS is designed to with
stand a linmited number of thermal shock while entering
shutdown cooling operations. The SDCS warnup valves are not
included in the fault tree model.

4. The contribution of spurious recirculation actuation signal
(RAS) to SDCS unavailability is considered to be
insignificant when compared with other component faillures.
Therefore, spurious actuation of RAS in not included in the
fault tree model for SDCS.

8. If the low pressure safety injection (LPSI) pumps become
unavailable, the containment spray pumps cannot be used as
backup.

6. Operating procedures do not allow compenents in both trains
of the SDCS to me in maintenance at the same time. As a
result, the SDCS “eat excharger and the puug in train A are
nodeled as compona \ts which may be unavailable due to
naintenance.

7. The LPSI pump suct on isolation velvas are normally open and
are used to isolat« the pump fc. maintenance. The pump is
tested after maintenance before it is returned to service.
This implies that the suction isolation valve must be
re-open. Therafore, nispositioned LPSI suction isolatien
valves are considered unlikely and are not included in the
fault tree model.

4-15%
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Component data used to gquantify SDCS unavailabilities for the
cases considered are presented in Table 4«3, The IRRAS perscnal
computer code is used to perform the gauntifications.

In addition to component hardware failures and dnavallability due
to maintanance, operator error that results in closure of S0Cs
suction isclation valves is explicitly modeled. It is estimated
based on the following expression:

P(SDCS * OPER) = P(SDCS/OPER) # P(CPER) (4=])

where, P(SDCS * OPER) = probability of operator error
and loss of SDCS

P(SDCS/OPER) = probability of losing SDCS
given that an operator error
has cccurred

P(OPER) * probability of cperator error
while performing test or
maintenance

Based on a revisw of the actual events reported in References 1
and 2, 28 events invelving opertor errors that resulted in
automatic closure of all SDCS suction valves are identified. One
hundred and thirty avents resulting in loss of SDCS were reported.
Therefore, the conditiconal probability of losing SDCS given that
AN operator error occurs is:

P(SDCS/OPER) = 28 + 130
= 0.22

The probability of an cperator erring while performing maintenance
Or test is obtained using the method described in Reference 12.

OMISSION ERROR : HEP = 0,001
Operator errs in using written
procedures
Table 20~7 (Item ¢ 1)

Because of insufficient time, no recovery action is assumed,
Substituting in equation [4-3) yeilds a mean value of 2.15E-4. An
error factor of 3.0 is assumed.
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Component faiure Provet | tes for SOCS fauit tree

Lo e Deser iption Proveti |ty
FExupAtOl PRESSURE BISTADLE P4« 103 FaILS iGN 2.5608-002
TR B PRESSURE BISTABLE Pa<103-1 FalLS wigN 2.5608-002
FEXNPA Dk PRESSURE DISTABLE PA- 104 PAILS iGN 2.5600 002
FENMPAT 04+ PRESSURE DISTABLE 4 '04<1 FALLS wIgH 1.5608-002
FEXNPAI 08 PRESSURE DIBTABLE PA-10% 1aILS wIGN 2.5608 002
FEENPAI0S - PRESSURE BISTABLE PA-10%. 1 FAILS wigN 2.5600002
FREnPA 08 PRESSURE BISTARLE PA-'08 FAILS wIgK 1. 5608002
FEANPA 08 1 PRESSURE BISTABLE PA-108+1 TAILS WigK 1.5608 002
FEXNRTI0Y PRESSURE TRANSHITTER BT 108 FAILS ¥IGH . 0008 - 503
FEXNPT 104 PRESSURE TRANSMITTER #7104 FAILS WIGH 4. 000¢ - 003
FEXNPT 108 PRESSURE "RANSMITTER PT008 FALLS HIGH 4. 0008 - 003
FRXNPT 08 PRESSURE TRANSHITTER PY- 108 FAILS WIGK . 0008 - 003
FRXOAL] OPERATOR ERR OURING MAINTENANCE O THSY 2.1508 - 004
FEXQPCI03 RELAY/CORTACT BC- 1031 CLOSES SPURIQUSLY 1. 2630 - 004
FERQPL 04 RELAY/CONTACT BC-104-1 CLOSES SPURIOUSLY 1 263K 004
FERQPCIDg -1 RELAT/CONTACT #C- 1081 CLOSES SPURIOULSY fOE63E - 004
FEXQPCI0g -1 RELAT/CONTACT PC<106+1 CLOSES SPURIOUSLY 12638 - 004
FExaeci0} RELAY/CONTACT PC-103 PAILS 10 CLOSE 8. 1004 - 008
FERRPC 04 RELAY/CONTACT PC- 104 FAILS 10 CLOSE 8. 1008 - 004
TEXRPCI0S RELAY/CONTACT PC-108 FALLS 10 CLOSE 8. 1008 - 008
FRXRPC 08 FELAY/CONTACT PC-106 FAILS 70 CLOSE 8.1008 - 004
rExxoet CORMON CAUSE FAILURE OF OPEN PRRNISSIVE (NTERLOCK 8. 7908 - 008
GHRCHXA DEFECTIVE SMUTOOMM COOLING MEAT EXCHANGER 4 3.0008 - 003
GuRCrXR DEFECTIVE SHUTDOMN COOL ING WEAT EXCHANGER & 30008 - 003
GHRVHEA SOCE MK & UNAVAILABLE DUE 1O wATNTENANCE 1.0108 - 003
CHRXSDCS COMMON CAUSE FAILURE OF SNUTDOWN CODN | NG WEA: EXCHANGERS 1 5878 004
Gvmos 1671 DIVERSION OF FLOV 7O COS OUR 0 WISPOSITIONED Viv §1 67 §.0008 - 00%
QoS 1672 DIVERSION OF FLOW O COS OUR 10 RISPOSITIONED ViV $1-472 § 0008 - 008
GVNONXA SOCS WX A IMLET/QUTLET VALVE NOT OPEN 2.5008 - 00
LVNURXE SOCS wEAT EXCHANGER 8 COV INLET/QUTLET VALVE WOT OPEN 2.5008 - 004
“VCASI 21?7 [NJECTION CHECK VALVE $1-217 FAILS 10 OPEN 1.3008 - 004
WVCASI227 INJECTION CHECK VALVE §1-227 FAILS YO open 1,509 - 004
wVCAS1 237 INJECTION CHECK VALVE $1-237 falLSs TO T 1. 3008 - 004
NYCAS 247 [NJECTION CHECE VALVE 812647 PAILS TO oty 1. 300€ - 004
VMRS 459 MINI-FLOM VALVE 81-659 FAILS 10 CLOSE 4. 9008 - 003
R L) MIMI-FLOM VALVE 81-6860 FAILS 1O CLOSE & 9008 - 003
HmES | 687 WINI-FLOW VALVE S1-667 PAILS 10 CLOSE 4. 900§ - 003
Hvees | 668 MINI-FLOM VALVE §1- 688 FAILS 'O CLOSE & 9004 - 003
MMM N COMMON CAUSE FAILURE OF WiN|-FLOV VALVES 1.540€ - 008
LBCBLPS I PA LPEL MM A BREAKER FAILS TO CLOSE 3.4008 - 004
LBLOLPSIPY LPSL PUME B BREAKER FAILS 0 CLOSE 3.4008 - 004
LPRULPEIPA LESL MNP A FAILS 1O STARY 1,2508- 003
LEwyLPsI0g CPSL PUMP B FAILS TO STARY 1,250¢-003
PMELPSIPA CPEL PUNP A FAILS TO OPERATE 8. 0888 - 002
LOMELPS | P LPS| PP § FAILS TO OPERATE 8. 0888 - 002
LPMVLPE T LPST PUMP A UNAVATLABLE DUE "0 MAINTENANCE 2.0108-003
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The SDCS unavailabilities cbtained from the fault tree analysis
are 5.05E-02 and 1.08E-02 for case 1 and case ) respectively.
These values include failure of the SDCS *o actuate and failure %o
cperate during refueling given that it has actuated.

4.4 Mitigating Low Temperature Over-pressure Events

During low RCS temperature (e.9. shutdown cooling) cperations the
reactor vessel material is more brittle than during nermal
operations. Because of the brittleness of the vessel material at
low temperatures, over-pressurization of the RCS during low
temperatuve operaticns is of concern., For the design ceonsidered
in this analysis, relief valves are installed in the SDCS suction
lines for plants which use this approach to mitigate low
temperature over-pressure events.

The six-inch relief valves shown in Figure 1-2 have enough flow
capacity to mitigate low temperature over-pressure events that may
occur during shutdown cooling operaticns., These valves are
located downstream of the inside containnent SDCS suction valves.
Because of their locations, inadvertent closure of the SDCS
suction valves by ACI will isolate the relief valves and eliminate
protection of the RCS piping if a low temperature over-pressure
event occurs.

As shown in Section 4.2, removal of ACI from the SDCS suction
valves decreases the unavallability of the SDCS. The number of
inadvertent closures of SDCS suction valves alsc decreases. By
ronovin? the ACI from the SDCS suction valves the availability of
the relief valves increases.



$.0 RESULTS

In order to determine the impact of removing the autoclosure
interlocks (ACI) from the SDCS suction valves for C~E supplied
NSSS units, three configurations of the SDCS were analyzed. The
first configuration considers SDCS suction valves with ACI
function only. The seccnd configuration considers SDCS suction
valves with ACI and valve position alarm. The third configuratiocn
considers SDCS suction valves with alarm only. The first and
second configurations ara currently utilized at C-E supplied N&ss
units. The third configuration is regarded as a modified or
pr-pesed configuration., The analysis examined the net change in
intarfacing system LOCA frequency and and the net change in SDCS
unavailability due to ACI reaoval.

$.1 Interfacing System LOCA Frequency

The analysis results for interfacing system LOCA frequency are
presented below:

SDCS Configuration Inter LOCA Fregquency

Case 1: SDCS suction valves 1.28E~7/year
with ACI only

Case 2: SD7S suction valves 1.12E-7/year
with ACI and alarm

Case J: SDCS suction valves 1.12E~7/year
with alarm only

The dominant cut sets for SDCS isclation valve unavailability used
to determine interfacing system LOCA frequency for the above cases
are presented in Tables S5~-1 through %-6 respectively.

For units without an alarm currently installed, the results
presented above show that the frequency of interfacing system LOCA
via the SDCS suction paths decreases by approximately 13% if ACI
is removed and replaced with a valve pesition alarm. For units
which do have valve pesition alarm installed, there is a slight
increase of 0.09% in the frequency of interfacing system LOCA.

The values presented above reflect a SDCS with two suction flow
paths. Note that these values will decrease by a factor of two if
a SDCS with only one suction flow path is considered. The change
in interfacing system LOCA frequency will be the same for a SDCS
with one or two suction flow paths. ‘



Table 5~1
SDCS Hydraulic Valve with ACI Fault Tree Cut Sets

Fault Tree: WLOAQ1BX
Mincut Upper Bound 6.140E-006

cut ] $ Cut

No. Total Set Freq. Cut Sets +
1 81.4 81.4 5.0E~006 LVDBSI6S1, LVDOSI&S1B
2 97.7 16.3 1.0E-006 LVDOSI6S1B, LVDQSIES:
3 98.9 1.2 7.2E-008 FSXPPT108, LVDOSI6S1A, LVDOSI&s1B
4 100.0 4.1 6.7E~008 FSXPPALOS, LVDOSI6S1A, LVDOSI6S1B
$ 100.0 «0 2.1E-011 FSXPPC10S, LVDOSIES1A, LVDOSI6S.LB

* Refer to Tables 4~1 and é-2 for cut set component descriptions

§-2



Table 5-2
SDCS Hydraulic Valve w/0 ACI Fault Tree Cut Sets

Fault Tree: WLOAO2BX
Mincut Upper Bound 3,377E-007

Cut ' v Cut

Ne. Ti®al Sat Freq. Ccut Sets ¢
i 57.3 37.9 2.0E-007 FIAPSI6S), LVDBSI6S1, LVDOSI6®1B
3 99.9 11.6 3,9E-008 FIAPSIES), LVDOSI6S51B, LVDQSIEs]
<« 99.9 +1 2.85E-010 LVDBSI6S], LVDOSI6S1B, LVDOSI6S1C
$ 100.0 «0 1.3E~010 LVDOSI6S1A, LVDOSI6S1B, LVDOSIéSs1C
6 100.0 +0 5.0E-011 LVDOSI6S1B, LVDOSI6S1C, LVDQSIéSs)

* Refer to Tables 4-1 and 4-2 for cut set component descriptions
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Table 5-)

SDCS HYDRAULIC VLV WITH ACI & ALARM FAULT TREE CUT SETS

Fault Tree: WLOAOQIBX
Mincut Upper Bound 2.404E<007

Cut ] § Cut

No. Total Set Fregq. Cut Sets
1 81.3 81.) 2.0E~007 FIAPSISS1, LVDBSI6S1, LVDOSI6S51B
2 97.6 16.3 1.9E-008 FIAPSI6S), LVDOSI6S1B, LVDQSI6S)
J 58.8 1.2 2.8E-009 FIAPSI651, FSXPPT10S, LVDOSI6ES1A, LVDOSIss.13
4 59.9 1.1 2.6E-009 FIAPSI6S), FSXPPAL10S, LVDOSISS1A, LVDOSIssip
$ 100.0 +1 2.5E~010 LVDBSI6S1, LVDOSI6S51B, LVDOSI6S1C
6 100.0 +0 S.0E~011 LVDOSI6S1B, LVDOSIES.C, LVDQSI6ES)
7 100.0 +Q0 3.6E~012 FSXPPT10S, LVDOSI6S1A, LVDOSI6S1B, LVDOSIésic
8 100.0 <0 3.4E~012 FSXPPAL0S, LVDOSISSIA, LVDOSI6S1B, LVDOSI&s1cC
% 100.0 0 8.3E-01) FIAPSI6S1, FSXPPC10S, LVDOSI6S1A, LVDOSIS&S1B
10 100.0 «0 1.1E-0185 FSXPPC10S, LVDOSI6S1A, LVDOSIES1B, LVDOSI6ESiC

-

Refer to Tables 4-1 and 4-2 for cut set component descriptions
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Table 5-4
SDCS MOV wit: ACI Fault Tree Cut Sets

Fault Tree: WLOAO1BX
Mincut Upper Bound 2,8564E-008

Cut i $ Qut
No. Total Set Freq. Cut Sets

i 95.6 9%5.6 2.5E-008% LVDOSI652B, LVMBSI6S2
2 99.5 3.9 1.0E-006 LVDOSI6S2B, LVDQSI6S2
3 99.7 «3 7.2E-008 FSXPPT103, LVDOSI6S2A, LVDOsSIes28
4 100.0 +3 6.7E~008 FSXPPA103, LVDOSI6S2A, LVDOSI6528
$ 100.0 +0 2.1E-011 FSXPPC103, LVDOSISS2A, LVDOSI6528

Refer to Tables 4-1 and 4-2 for cut set component descriptions
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Table 5-6

SDCS MOV WITH ACI & ALARM FAULT TREE CUT SETS

Fault Tree: WLOAOIBX
Mincut Upper Bound 1.,004E~006

Cut ] $ Cut

No. Total Set Freq. Cut Sets ¢+
1 9%5.4 95.4 1.0E-006 FIAPSI6SL, LVDOSI6S51B, LVMBSI6S2
2 99.3 3.9 3.9E-008 FIAPSIG6S., LVDOSI6S1B, LVDQSIéS)L
1 99.6 +3 2.8E-009 FIAPSI6S), FSXPPT10S, LVDOSI6S1A, LVDOSIéEs1B
4 99.9 +3 2.6E-009 FIAPSI6S), FSXPPALOS, LVDOSI6S!A, LVDOSIss1s
5 100.0 «1 1.2E-009 LVDOSIES1B, LVDOSI6S1C, LVMBSI6S2
6 100.0 +0 S5.0E-011 LVDOSI6S18, LVDOSI6S1C, LVDQSIES)
7 100.0 +0 3.6E-012 FSXPPT10S, LVDOSI6S1A, LVDOSISS1B, LVDOSIss1c
8 100.0 +0 3.4E-012 FSXPPALOS, LVDOSI6S1A, ILVDOSISES18, LVDCSIés1ic
9 100.0 «Q0 8.3E~013 FIAPSIGES), FSXPPCl0%5, LVDCSI6S1A, LVDOSI&s1n
10 100.0 «0 1.1E-0185 FSXPPC10S, LVDOSI6S1A, LVDOSI6ES1B, LVDOSIés1cC

*

Refer to Tables 4-1 and 4-2 for Cut set component descriptions

5.7



5.2 Interfacing System LOCA Frequency Uncertainty and Sensitivity

Because of the importance of interfacing system LOCA, uncertianty
and sensitivity analyses were performed to determine the \npacet of
ASsumptions regarding operator error on the LOCA frequency. The
uncertainty analysis involves prepagating the uncertainty of each
fault included in the models to determine the Jupper and lower
bounds for the frequenc' of interfacing system LOCA. Monte Carlo
sampl.ng of failure rates is performed to determire the uncer=
tainty. The failure rates are assumed to be log=normally distrib~
uted. The results of the uncertainty analysis are presented below
for each of the three cases discussed in Section 4.0.

Case 1

Case 2

Case 3

1.28E-07
1.04E-07
3.91E~07
4.95E-10
1.21E-08
4.20E-07

peint estimate
mean

standard deviation
lower bound (5%)
median

upper bound (9%%)

1.12E-07
1.07E-07
4.74E-07
1.81E-10
7.50E-09
4.07E-07

1.138-27
9.50E~-08
S$.18E~07
1.58E~10
6.23E-09
3.35E=~0Q7

Three types of cperator errors are included in the fault tree
models for interfacing system LOCA. To determine the potential

impact of our assumptions about the likelihood of these cperator

errors, a sensitivity analysis was performed. This analysis
involves systematically varying base case values for the following
types of operator errors:

Base Case

Code Description Probability

Or srator rfails to close
" ive after previous use

LVDOSI&ES1A
5.25E-04
LVDOSI&651B or fails to detect
Va. in wrong position S.00E~03
LVDOSIéS1C 0" .ator “ails to respond

t. alar 5.00E=-0S8

Base case operator error probabilities were viaried by fixed
factors of 0.1, 0.2, 0.5, 2.0, 5.0, and 10.0. Upon varying the
cperator error probabilities, one at a time, the freguency of
interfacing system LOCA was requantified and the impact observed.
Additionally, the impact was also determined for the very
conservative case of all three types of operator errors being
varied together. According to Swain and Guttmann (Reference 12),
variability of cperator performance (or error) is restricted

$-8




during nermsal cperating conditions due to the extensive training
the operator receives.

For those units which have an alarnm currently installed, it is
Assunmed that the alarm is tested at each refueling. A sensitivity
analysis wvas also performed to determine the potential impact of
this assunmpticn on the frequency of interfacing system LOCA., Test
intervals of 30 days, 6 months, 1 year, 14 years, 2 years, &
years, 10 years, and 20 years vere used for the sensitivity
analysis.

The results of the sensitivity evaluation are presented in Figures
$«. through $-5. Figure 5-1 shows the potential impact on the
frequency when all three types of operator errors are varied
together. (This is considered to be a very conservitive case.)
This figure shows that the change in frequency is slightly
sensitive to variations of operator error probabilities for units
with ACI only. For units with ACI and valve pesition alara
currently installed, and for units with alarm enly, the change in
frequency is insensitive to the variations of operator error
probabilities.

Figures 5-2, 5«3, and 5-4 show the impact on the freguency when
one type of operator error is varied while the others remain
fixed. The potential impact due to:

© Operator fails to close valve after previous use,
© Ope itor fails to detect valve in wvreng pesition, or
© Ope .tor falls to respend to alarm

-« Shown in figure 5-2, 5-3, and 5«4 respectively. Figure 5-)
shows that the change in frequency is slightly sensitive to "oper-
ator fails to detect valve in wrong position" for units with ACI
only. The other figures show the change in frequencies as being
insensitive to variations of cne type of operator error only.

For units with ACI and valve position alaru currently installed,
the frequency of interfacing system LOCA is relatively insensitive
to how often the alarm is tested. Small increase in the frequency
is observed when the test interval is S years or more. This is
shown in Figure 5-5,

$.3 SDCS Unavailability

The fault tree model presented in Appendix A is used to evaluate
the unavailability of SDCS with ACI included. Those portions of
the model that explicitly included ACI components are deleted and
the model is then re-evaluated to determine the unavailability of
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SDCS with ACI removed., These two configurations of the SDCS are
similar to the configurations of cases . and 3 considered for
interfacing system LOCA.

For each configuration, sSDCS unavailability is evaluated for
failure to provide shutdown cooling during refueling ocperations.
The refueling period (s considered to be six weeks duration. The
evaluation includes failure to actuate and failure to cperate
given that the system has actuated. The results are presented
below:

SDCS Configuration SDCS Unavallability

Case 1: B5DCS suction valves $.08E~02
with ACI only

Case 3: SDCS suction valves J.08E~02
with ACI removed

SDCS unavailability changes from 5,05E-02 %o 3.07E=02. This
change represents 19% decrease in unavailability during refueling
operations. The dominant contributors to SDCS unavailabilities
Are presented in Tables 5-7 and 5-8,

SDCS unavailabilities presented above reflect a SDCS with two
suction flow paths. If a SDCS with ona sucticen flow path is
considered the unavailability for each configuration is expected
to be greater than the above value. Howvever, the percentage
decrease in unavailability is expected to be the same as above.
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Table 5-7

SDCS W/ACI FAULT TREE CUT SETS
(Case 1: During Refueling)
Fault Tree: WLOBOLIBX
Mincut Upper Bound S.081E-002
cut i § Cut
No. Total Set Freq. Cut Sets
i 13,0 12.0 6.6E-003 LPMKLPSIPA, LPMKLPSIPSB
3 7.4 4.1 2.1E-00) FSXHPAL10S, LPMKLPSIPR
3 21.2 4.1 2.1E-00] FSXHPAlO4~1, LPMKLPSIPA
4 28.3 4.1 2,1E~003 FSXHPA103~1, LPMKLPSIPSB
5 29.4 4.1 2.1E-003 FSXHPALO0S~1l, LPMKLPSIFB
¢ 33.8 4.1 2.1E-003 FSXHPA106~-1, LPMKLPSIPA
7 37.68 4.1 2.1E~00) FSXHPA104, LPMKLPSIPA
8 41.7 4.1 2.1E-003 FSXHPALQ03, LPMKLPSIPBR
9 45.8 4.1 2.1E-003 FSXHPAL106, LPMKLPSIPA
10 47.1 1.3 6,6E~004 FSXHPALOS~1, FSXHPALOE
il 48.4 1.3 6.,6E-004 FSXHPALO3, FSXHPAL1O4~l
12 4%.7 1.) 6.6E~004 FSXHPAL10S~1, FSXHPAl06~1
13 8%1.0 1.3 6.6E~004 FSXHPALO0), FSXHPAL106
14 852.3 1.3 6.6E~004 FSXHPALO03~1, FSXHPAl06~-1
15 S3.s 1.3 6.6E-004 FSXHPALO3I~1, FSXHPA104~1
16 54.9 1.3 6.6E~004 FSXHPAL103, FSXHPALO6-)
17 %6.2 1.3 6.6E~004 FSXHPAl03-1, FSXHPAlO6
18 857.8 1.3 6.6E-004 FSXHPAL03, FSXHPA104
19 S8.8 4.3 6,6E-004 FSXHPALO4~1, FSXHPALOS
20 60.1 1.3 6.6E-004 FSXHPALOS, FSXHPALlOS6
21 61.4 1.3 6.6E~004 FSXHPALlO04~-1, FSXHPAl0S~-1
22 62.7 1.3 6.6E-004 FSXHPAL0S, FSXHPALO6~1
21 64.0 1.3 6.6E~004 FSXHPALO4, FSXHPA10S
24 65.3 1.3 6,.6E~004 FSXHPALl03=1l, FSXHPA104
25 66.6 1.3 6,6E-004 FSXHPALC4, FSXHPAL10S-1
26 67.3 +8 4,0E~004 LPMKLPSIPA, LVMCSIJ06
27 68.1 +8 4,0E-004 LPMKLPSIPB, LVMCSII07
28 68.9 +8 4.0E~-004 LPMKLPSIPA, LVMCSI6%56
29 69.7 +8 4,.0E~004 LPMKLPSIPB, LVMCSI657
30 70.5 «8 3.9E~-004 LPMXLPSIP
31 71.2 «7 J.4E~004 FSXHPT106, LPMKLPSIPA
32 7.8 +7 3.4E~004 FSXHPT104, LPMKLPSIPA
33 72.% +7 3.4E-004 FSXHPT103, LPMKLPSIPB
34 73.2 +7 3.4E-004 FSXHPT10S, LPMKLPSIPB
3§ 73.8 +6 J,1E~004 LPMKLPSIPB, LVMASI4S?
16 74.4 +6 J.1E-004 LPMKLPSIPB, LVMASI4S2
37 785.0 6 J.1E-004 LPMKLPSIPA, LVMASI4&4l
J8 75.6 +6 J.1E-004 LPMKLPSIPA, LVMASI4SS
39 76.2 +6 3.1E-004 LPMKLPSIPA, LVMASI4S2
40 76.9 +6 3.1E~004 LPMKLPSIPB, LVMASI440
41 77.8 6 3.1E-004 LPMKLPSIPB, LVMASI&S2
42 78.1 +6 J.1E~004 LPMKLPSIPA, LVMASI666
43 78.5% +4 2,.2E-004 GHRCHXB, LPMKLPSIPA

§-16



Table 5«7

(Cent'd)

SDCS W/ACI FAULT TREE CUT 8rTs

(Case 1:

Fault Tree:
Mincut Upper Bound

Puring Refueling)

WLOBO1BX
$.081E-002

cut L] $ Cut

Noe. Total Set Freq. Cut Sets
44 78.9 4 2.2E-004 GHRCHXA, LPMKLPSIPB
4% 79.4 4 2.1E-004 FSXOACI
46 79.7 3 1.6E~004 LPMKLPSIPB, LPMVLPSIPA
47 80.0 s L.6E~004 GHRXSDCS
48 80.2 2 1.JE~004 FSXHPAL10), LVMCSII06
49 80.5 2 1.3E-004 FSXHPA106, LVMCSI637
S0 80.7 2 1.3E-004 FSXHPALOS~1, LVMCSII06
51 81.0 2 1.3E-004 FSXHPAL10S, LVMCSIJ06
$2 81.2 2 1.3E-004 FSXHPALO), LVMCSI6S6
$3 81.8% 2 1.3E-004 FSXHPALO6=1, LVMCSIESY
54 81.7 2 1.JE~004 FSXHPAL104, LVMCSIES?
58 82.0 ¢ 1.3E-004 FSXHPALO4~1, L. MCSIJ07
56 82.2 2 1.3E-004 FSXHPALlO4~1, LVMCSI&SS?
57 82.5 2 1.JE-004 FSXHPAL04, LVMCSIIO07
S8 82.7 2 1,3E-004 FSXHPAL106, LVMCSII07
59 83.0 ¢ 1.3E~004 FSXHPA10S~1, LVMCSI&S6
60 83.2 2 1.3E-004 FSXHPA106~-1, LVMCSII07
61 81.5% 2 1.3E=-Q04 FSXHPAlO02~1, LVMCSIéSs
62 83.7 2 1.,3E-004 FSXHPAl03-1l, LVMCSII06
63 84.0 2 1.3E~004 FSXHPALOS, LUMCSIESE
64 84.2 2 1.1E~004 FSXHPA102~1, FSXHPT104
65 84.4 +2 1.1E~004 FSXHPA103~1, FSXHPT106
66 B84.6 2 1.1E-004 FSXHPALl06~1, FSXHPT103
67 84.8 «2 1.1E~004 FSXHPA103, FSXHPT106
€8 85.0 2 1.1E~004 FSXHPAL06, FSXHPT10%
69 85.3 2 1.,1E~004 FSXHPAL04, FSXHMPT10S
70 85.5 «2 1.1E-004 FSXHPALO6~-1, FSXHPT10%
71 8%.7 +2 1.1E~004 FSXHPA10S~1, FSXHPT104
72 85%5.9 «2 1.1E~004 FSXHPAL10S, FSXHPT104
73 86.1 «2 1.1E-004 FSXHPAL10S, FSXHPT106
74 86.3 «2 1.1E~004 FSXHPAlOS5~-1, FSXHPT106
7% 86.6 «+2 1.1E~-004 FSXHPAL106, FSXMPT103
76 86.8 +2 1.1E~004 FSXHPAlO4~1, FSXHPT10%
77 §7.0 +4 1.1E~004 FSXHPA104~1, FSXHPT103
78 87.2 2 1.1E-004 FSXHPAl04, FSXHPT103
7 87.4 2 1.1E~004 FSXHPA103, FSXHPT104
80 87.6 2 1.0E-004 LPMILPSIPA, LPMKLPSIPB
81 87.8 2 1.0E~004 LPMILPSIPB, LPMKLPSIPA
82 88.0 ¢ 1.0E-004 FSXHPA103=1, LVMASI441
83 88.2 2 1.0E~004 FSXHPAL10S, LVMASI4S6E
84 88.4 2 1.,0E-004 FSXHPA103, LVMASI4SS
85 88.6 2 1.0E-004 FSXHPALO6~-1, LVMASI440
86 88.8 2 1.0E-004 FSXHPAL10S, LVMASI4S3
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Table $-7 (Cont'd)
SDCS W/ACI FAULT TREE CUT SETS
(Case 1: During Refueling)
Fault Tree: WLOBO1BX
Mincut Upper Bound 5,081E-002

cut ¥ 3 Cut

Ne. Total Set Freq. Cut Sets
87 89.0 +& 1.0E~004 FSXHPAL10), LVMASI4S]
88 89.2 +2 1.0E~004 FSXHPALO02~=1, LVMAST4%52
89 89.4 +2 1.0E=004 FSXHPAL1O0)~1l, LVMASI4S6
90 89.58 +2 1.0E=004 FSXHPAL1O0S~1, LVMASI4S3
Al 89.7 +2 1.0E~004 FSXHPALOS~-1, LVMASI4SéE
92 89.9 +2 1.0E«004 FSXHPALO3, LVMASI441
93 90.1 +2 1.0E~004 FSXHPAL06, LVMASI4&40
94 90.23 +¢ 1.0E=004 FSXHPAL10S~1, LVMASI44l
$S 90.5% +2 1.0E~004 FSXHPAL10S, LVMASI44l
96 90.7 +2 1.0E-004 FSXHPALO6~1, LVMASI4S2
%7 90.9 +2 1.0E=Q04 FSXHPALO4, LVMASI4S?
98 91.1 «2 1.0E~004 FSXHPAL06, LVMASI4S2
9% 91.3 +2 1.0E~004 FSXHPAL104~1, LVMASI4S2
100 91.5 +2 1.0E-004 FSXHPAL103, LVMASI66ES
101 91.7 +2 1.0E-Q04 FSXHPALN4, LVMASI4S2
102 91.9 +2 1.0E-004 FSXHPAL104, LVMASI6S2
103 92.1 +2 1.0E~004 FSXHPALO04~-1, LVMASI4S?
104 92.2 +2 1.0E~004 FSXHPAL106~1, LVMASI4S?
108 92.4 +2 1,0E=004 FSXHPALO6-1, LVMASIES2
106 92.6 «2 1.0E-C04 FSXHPALO06, LVMASI4S?
107 92.8 +2 1.,0E~004 FSXHPAlO4~=1, LVMASI6S2
108 93.0 +2 1.0E~004 FSXHPALO0S~1, LVMASI666
109 93.2 +2 1.0E~004 FSXHPALOS, LVMASI666
110 93.4 +2 1.0E~004 FSXHPALO3~l, LVMASI666
111 93.6 +« 1.0E~004 FSXHPAL06, LVMASISS2
112 93.8 +2 1.0E~004 FSXHPAL104~-1, LVMASI440
113 9%4.0 «2 1.0E~004 FSXHPALlO04, LVMASI44O
114 94.2 «2 8,8E~005 FSXXOPI

115 94.2 «+2 8,3E~008%5 LVMXRTN

116 94.5 «2 8.JE~005 LVMXSDCS2

117 94.7 +2 8.3E~Q05 LVMXSDCS1

118 94.8 «2 B,3E-005 LVMXBYPSS

119 985.0 +2 8.3E~005 LVMXTHROT

120 98%5.1 «2 8,JE-008 LVDXSDCS3

121 985.3 «2 8,2E~00% GHRVHXA, LPMKLPSIPB
122 95.8% +2 8,1E-005 LPMKLPSIPB, LVDASI6S1
123 95.6 +2 8.1E-00% LPMKLPSIPA, LVDASI6&S
124 95.8 «1 6,9E~-005 FSXHPA1l0S, GHRCHXB

128 95.9 +1 6.9E~0085 FSXHPAl0S5~1, GHRCHXB
126 96.0 «1 6.9E-005 FSXHPAl04=1, GHRCHXA
127 96.2 +1 6.9E~005 FSXHPAlO4, GHRCHXA

128 96.2 «1 6.9E-005 FSXHPAl106, GHRCHXA

129 96.4 +1 6.9E~005 FSXHPA103=1l, GHRCHXB
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Table 5«7

(Cent'd)

SDCS W/ACI FAULT TREE cuT SETS
(Case 1: During Refueling)

Fault Tree: WLOBO1BX
Mincut Upper Bound $.081E-002

Cut % % Cut

No. Total Set Freq. Cut Sets

130 96.58 «1 6.9E~C05 FSXHPALO6~1, GHRCHXA
131 96.7 «1 6.9E~005 FSXHPAL103, GHRCHXB

112 96.8 +1 5.1E-005 FSXHPAL06, LPMVLPSIPA
133 96.9% 1 S.1E~0085 FSXHPA104~1, LPMVLPSIPA
134 97.0 «1 5.1E~005 FSXHPAL06~1, LPMVLPSIPA
138 97.1 +1 S.1E~008 FSXHPAlO4, LPMVLPSIPA
136 97.2 «1 J3.2E-008 FSXHPA10S~-1, LPMILPSIPS
137 97.3 +1 3.2E-00% FSXHPA104~-1, LPMILPSIPA
138 9§7.3 +4 J.2E-008 FSXHPALO03, LPMILPSIPB
139 97.4 1 3.2E~00% FSXHPALOS, LPMILPSIPB
140 97.4 4 3.2E-008 FSXHPAL106~1, LPMILPSIPA
141 97.8 «1 3.2E-005 FSXHPALOS6, LPMOLPSIPA
142 97.58 +1 J.2E~005 FSXHPAL103~1, LPMILPSIPB
143 97.5 «1 3.2E-008 FSXHPA104, LPMILPSIPA
144 97.7 +1 2.8E~00S5 LBCBLPSIPA, LPMKLPSIPB
1485 97.7 +1 2.8E~005 LBCBLPSIPB, LPMKLPSIPA
146 97.8 «1 2,6E~0085 FSXHPAL106, GHRVHXA

147 97.8 1 2.6E-005 FSXHPAlO4~1, GHRVHXA
148 97.9% +1 2,.6E~008 FSXHPAL104, GHRVHXA

149 57.9 +1 2.6E~008 FSXHPALO6~1, GHRVHXA
150 98.0 «1 2.6E-00% FSXHPAL06, LVDASI6S1
151 98.1 +1 2.6E~-00%5 FSXHPA104, LVDASI6S)
152 98.1 +1 2.6E~005 FSXHPAL03, LVDASIGES
153 98.2 +1 2.6E~008 FSXHPALO4~1, LVDASI6S]
1%¢ 98.2 +1 2.6E~005 FSXHPA10S~-1, LVDASI6ES
155 98.3 «1 2.6E~0085 FSXHPAL0S, LVDASI66S
156 98.13 «1 2.6E~005 FSXHPAlO6~1, LVDASIéES)
187 98.4 1 2.SE~00%5 FSXHPAlQ03~1, LVDASIGES
158 98.4 +0 2.4E-005 LVMCSIJ06, LVMCSIIO7
159 98.4 «0 2.4E-008 LVMCSIJ07, LVMCSI6S6
160 96.5% +0 2.4E-005 LVMCSIJI06, LVMCSI6S7
161 98.5 +0 2.4E~005 LVMCSI656, LVMCSI6S?
162 98.6 +0 2.1E-00% FSXHPT103, LVMCSI6S6
16) 98.6 «0 2.1E~008 FSXHPT104, LVMCSI6S?
164 98.7 0 2.1E-00% FSXHPT10S, LVMCSI06
165 98.7 0 2.1E-0085 FSXHPT106, LVMCSI6S?
166 98.8 «0 2.1E-008 FSXHPT104, LVMCSIIO07
167 98.7 +0 2.1E-008 FSXHPT103, LVMCSII06
168 98.% +0 2.1E-008 FSXHPT10S, LVMCSI&6S6
16% 958.9 +0 2.1E-00% FSXHPT106, LVMCSIJ07
170 98.9% +0 2,0E-005 GVNOHXA, LPMKLPSIPFB

171 989.0 0 2.0E~-005 GVNOHXB, LPMKLPSIPA

172 99.0 <0 1.9E-008 LVMASI44l, LVMCSI6S7?
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Table 5«8

SOCS W/0 ACI FAULT TREE CUT SETS
(Case )i During Refueling)

Fault Tree:
Mincut Upper Bound

WIOBO 18X
J.067E-002

Cut ] § Cut
No. Total Set Freq. Cut Sets
1 21.4 21.4 6.6E-003 LPMKLPSIPA, LPMKLPSIPB
¢ 20.1 6.8 2.1E~003 FSXHPALOS, LPMKLPSIPB
3 34.9 6.6 2.1E~003 FSXHPALOS, LPMKLPSIPA
4 41.6 6.8 2.1E-003 FSXHPAL10), LPMKLPSIPB
S 48.4 6.8 2.1E-003 FSXMPAL104, LPMKLPSIPA
6 850.8 2.1 6,6E~004 FSXHMPALOI, FSXHMPAL104
7 83.7 2.1 6.€E~00a FSXHPALO0), FSXHPALOE
8 54.8 2.1 6,6E~004 FSXHPALOS, FSXHPALOG
9 %56.9 2.1 6.6E~004 FSXHPALO4, FSXHPALOS
10 88.2 1.3 4.0E-004 LPMKLPSIPA, LVMCSII06
11 59.5% 1.3 4.0E~004 LPMKLPSIPA, LVMCSI6%56
12 60.8 1.3 4,0E~004 LPMKLPSIPD, LVMCSI6S7
13 62.1 1.3 4.0E~004 LPMKLPSIPN, LVMCSII07
14 63.4 1.3 3.9E~004 LPMXLPSIF
15 64.5 1.1 3.4E~004 FSXHPT10:. LPMKLPSIPB
16 65.6 1.1 3.4E-004 FSXHPT10J, LPMKLPSIPB
17 66.8 1.1 3.4E~004 FSXHPT106, LPMKLPSIPA
18 67.9 1.1 3.4E~004 FSXHPT104, LPMKLPSIPA
19 68.9% 1.0 J.1E-004 LPMKLPSIPB, LVMASIé6S2
20 69.9 1.0 3.1E-004 LPMKLPSIPA, LVMASIG666
21 70.9 1.0 3.1E-004 LPMKVPSIPA, LViASI 44l
22 71.9% 1.0 3,1E~004 LPMKLPSIPB, LVMASI440
23 72.9 1.0 3,1E~004 LPMKLPSIPB, LVMAST4S2
24 713.9 1.0 3,1E~004 LPMKLPSIPB, LVMASI4S?Y
25 74.9 1.0 3,1F~004 LPMKLPSIPA, LVMASI4SS
26 7%.9 1.9 3.1E~004 LPMKLPSIPA, LVMASI4S
37 NP +7 2.2E~004 GHRCHXA, LPMKLPSIPR
29 77,9 5 1.62:004 LPMKLPSIPB, LPMVLPSIPA
30 78.4 3 1.6E~00~ GHRXSDCS
31 7s8.8 +4 1.JE~004 FSYMPALOS, LVMCSIESs
32 79.2 +4 1.3E-Q04 FSXHIALOE, LVMCSI6S?
313 79.6 +4 1.3E=-004 FSXHPA)2*, LVMCSII06
34 80.0 +4 1.3E~004 FSXHPAL'L, LVMCSI6SE6
3% 80.4 +4 1.JE-004 FSXHPALO;, LVMCSIIO07
J6 80.8 «4 1.3E~004 FSXHPALO6, LVMCSI30?
37 81.2 «4 1.3E~004 FSXHPALO3, LVMCSIIO06
38 8l1.8 4 1.3E~004 FSXHPAlO4, LVMCSIES?
39 82.0 +4& 1.1E-004 FSXHPALO06, FSXHPT103
40 82.4 +4 1.1E-004 FSXHPAl03, FEXHPT106
41 82.7 +4 1,1E-004 FSXHPALOS, FSXHPT106
42 8.1 +4 1.1E~004 FSXHPALOS, FSXHPT104
43 83.4 «4 1.1E-004 FSXHPAL04, FSXHMPT10S
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Table 5~8 (Cont'd)

SDCS W/0 ACI FAULT TREE CUT SETS
(Case 3: During Refueling)

Fault Tree: WLOBO1BX
Mincut Upper Bound J3.067E-002

Cut ' s Cut

Ne. Total Set freq. Cut Sets
44 82.8 4 1.1E~004 FSXHPALOG, FSXHPTLOS
45 84.1 4 1.1E~004 /SXHPAL103, FSXHPTL04
46 B84.8% «4 1.1E~004 FSXHPALLA, FSXHPT102
47 84.8 +3 1.0E-004 LPMILPSIPB, LPMKLPSIPA
48 885.1 +J 1.0E=004 LPMILPSIPA, LPMKLPSIPB
49 85.5 +3 1.0E~004 FSXMPALO4, LVMASI4S2
50 85.% «3 1.0E~004 FSXHPAL04, LVMASI4S?
51 86.1 +3 1.0E~004 FSXHPALOG, LVMASI4S?
52 86.4 +3 1.0E~004 FSXHPALO), LVMASI4S)
53 86.? +3 1.0E~C04 FSXHPALOS, LVMASI4¢41
54 87.0 +3 L.0E~004 FSXHPALO), LVMASI4S6
S5 87.4 +3 1.0E~004¢ FSXHPAL03, LVMASI666
56 87.7 «3 1.0E~00« FSXHPALOS, LVMASI666
57 88.0 «3 1.0E~004 FSXHPALO04, LVMASI6S2
58 88.3 +3 1.0E~004 FSXHPALO0), LVMASId4L
59 88.6 +3 1.0E~004 FSXHPALO4, LVMASI440
60 89.0 +3 1.0E~004 FSXHPALO6, LVMASI4S2
6l 89.) +3 1.0E-004 FSXHPALO6, LVMASI440
62 89.§ +3 1.0E~004 FSXHPALOS, LVMASI4S?
61 89.9 +3 1.0E~004 FSXHPALO6, LVMASI6S2
64 90.2 +3 1.0E~V04 FSXHPALOS, LVMASI4SS
65 90.5 +3 8.8E~005 FSXXOPI
66 90.8 +3 8.JE-005 LVMXSDCS1
67 31.0 «3 8,JE-005 LVMXRTN
68 91.3 +3 8.)E~008 LVMXSDCS2
65 91.6 +3 8.3E~0085 LVDXSDCS3
70 91.9 +3 8.JE~00% LVMXTHROT
71 92.1 -3 8,JE~008%5 LVMXBYPSS
72 92.4 +3 8.2E-005 GHRVHXA, LPMKLPSIPB
73 92.7 +3 8.1E-005 LPMKLPSIPA, LVDASI&6S
74 92.9 +3 8.1E~005 LPMKLPSIPB, LVDASI&S]1
78 93.2 «2 6.9E~005 FSXHPAL106, GHRCMXA
76 93.4 +2 6,9E-005 FSXHPA103, GHRCHXB
77 9.6 «2 6.9E~005 FSXHPA104, GHRCHXA
7 93.8 +2 6,9E~008 FSXHPAL10S, GHRCHXB
79 94.0 +2 5.,1E-00% FSXHPA106, LPMVLPSIPA
80 94.2 +2 5.1E~005 FSXHPA104, LPMVLPSIPA
81 94.3 +1 J.2E~0085 FSXHPA10S, LPMILPSIPB
82 94.4 +1 J.2E~00%5 FSXHPA106, LPMILPSIPA
83 94.5% «1 3.2E~008 FSXHPAl04, LPMILPSIPA
84 94.58 «1 J.2E-005 FSXHPA103, LPMILPSIFB
85 94.7 +1 2.8E-005 LBCBLPSIPA, LPMKLPSIPB
86 94.8 +1 2.8E-005 LBCBLPSIPB, LPMKLPSIPA
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Table 5-8

(Cont'd)

SOCS W/0 ACI FAULT TREE CUT SETS
(Case 2: During Refueling)

Fault Tree: WLOBO1BX
Mincut Upper Bound 3.067E-002
Cut ] % Cut
Ne., Total Set Freq. Cut Sets
87 94.8 1 2.6E~00%5 FSXHPAl04, GHRVHXA
88 94.9 1 2.6E-005 FSXHPA106, GHRVHXA
89 95.0 1 2.6F~005 FSXHPAl04, LVDASI6S1
90 95.1 1 2.6E-005 FSXHPAL103, LVDASI6ES
91 99.2 +1 2.6E~005 FSXHPAl06, LVDASI6S]
92 95.2 «1 2.6E~005 FSXHPA10S, LVDASI66S
93 95.3 1 2.4E-005 LVMCSI307, LVMCSIS6SE
94 95.4 1 2.4E-005 LVMCSI6S6, LVMCSIES?
95 95.5% 1 2.4E-005 LVMCSIJ06, LVMCSIi07
96 95.6 +1 2.4E-005 LVMCSI06, LVHCSIES?
97 95.6 +1 2.1E-008 FSXHPT106, LVMCSIIO7
98 95.7 +1 2.1E-008 FSXHPT106, LVMCSI&6S7
99 95.8 «1 2.1E~005 FSXHPT10S, LVMCSI6S6
100 95.8 +1 2.1E~008 FSXHPT104, LVMCSIIC?
101 95%5.9 +1 2.1E-005 FSXHPT10S5, LVMCSI306
102 96.0 «1 2.1E~00S FSXHPT104, LVMCSI&S?
103 96.1 +1 2.1E-00%5 FSXHPT103, LVMCSIi0%
104 96.1 +1 2.1E-Q05 FSXHPYT103, LVMCSI&SE
108 96.2 +1 2.0E-005 GVNOHXA, LPMKLPSTPB
106 96.3 1 2.0E~005 GVNOHXB, LPMKLPSIPA
107 96.3 +1 1.9E~-008 LVMASI440, LVMCS1306
108 96.4 1 1.9E~J05 LVMASI6S52, LVMCSI&S6
109 96.4 +1 1.9E~005 LVMASI456, IVMCSI6S?
110 96.5 -1 1.9E-005 LVMASI4S2, LVMCSI3O06
111 9¢.6 +1 1.9E~005 LVMASI4S2, LVMCSI&SS
112 96.6 «1 1.9E-008 LVMASI440, LVMCSI&S6
113 96.7 «1 1.9E-005 LVMASI4S7, LVMCSI306
114 96.7 +1 1.9E-005 LVMASI4S7, LVMCSI&Ss
115 96.8 +1 1.9E-00%5 LVMASI44l, LVMCSI657
116 96.9 +1 1,9E~00% LVMASI4S3, LVMCSI07?
117 96.9% «1 1.9E-005 LVMASI4S3, LVMCSI&S?
118 97.0 +1 1.9E-005 LVMASI44l, LVMCSI307
119 97.0 1 1.9E-008% LVMASI666, LVMCSI&ES7
120 987.1 1 1.9E~005 LVMASI4S56, LVMCSIi07
121 97.2 1 1.9E-005 LVMASI6S2, LVMCSI30S
122 97.2 1 1.9E~-005 LVMASI666, LVMCSII07
123 97.3 1 1.8E-005 FSXHPT104, FSXHPT10S
124 97.3 1 1.8E~005 FSXHPT10S, FSXHPT106
125 97.4 1 1.8E~Q08% FSXHPT103, FSXHPT106
126 97.5% 1 1.8E-005 FSXMPT103, FSXHPT104
127 97.58 1 1.6E-005 FSXHPT104, LVMASI6S2
128 97.8 4 1.6E~00S5 FSXHPT106, LVMASI4S2
129 97.8 1 1.6E~005 FSXHPT104, LVMASI440

5-23



Table $5-8

(Cent'4d)

SDCS W/0 ACI FAULT TREE CUT SETS
(Case 3: During Refueling)

Fault Tree: WLOBO1BX
Mincut Upper Bound 3.067E-002

Cut % ' Cut
Ne. Total Set Freq. Cut Sets
130 97.7 +1 1.6E~00% FSXHPT10S, LVMASIS66
131 97.7 +1 1.6E~00% FSXMPT106, LVMASI440
132 937.8 +1 1.6E~005 FSXHPT10S, LVMASI44l
133 97.8 «1 1.6E~005 FSXHPT104, LVMASI4S2
134 97.9 +1 1.6E~005 FSXHPT103, LVMASI44l
138 97.9% «1 1.6E~008 FSXHPT103, LVMASI&6E
136 98.0 «1 1.6E-0085 FSXHPT103, LVMASI4S)
137 98.0 +4 1.6E~00% FSXHPT10S5, LVMASI4S6
138 98.1 L 1.6E~00f FSXHPT106, LVMASI4S?
139 9s8.1 +1 1.6E-005 FSXHPT10S8, LVMASI4S)
140 98.2 +4 1,6E-005 FSXHPT104, LVMASI4S?
141 98.2 +1 1.6E-005 FSXHPT106, LVMASI&S2
142 98.3 +4 1.6E~005 FSXHPT103, LVMASI4S6
142 98.4 «1 1.SE-00%5 LVMXHDR

144 58.4 «1 1,5E-00%5 HVMXMINI

145 98.4 +0 1.4E~008 LVMASI4S2, LUMASI&66
146 98.5 +0 1.4E~008 LVMASI44l, LVMASI4S?
147 98.5% +0 1.4E-005 LVMASI4SS, LVMASIé652
148 958.6 +0 1.4E~-035 LVMASI4S), LVMASI4S?
149 98.58 +0 1.4E~008% LVMASI4S6E, LVMASI4S?
150 98.7 0 1.4E-008 LVMASI440, LUMASI666
151 3%8.7 +0 1.4E~0085 LVMASI44l, LVMASI4S2
152 98.8 +0 1.4E~0085 LVMASI440, LVMASI441
153 98.8 «0 1.4E~005 LVMASI440, LVMASI4SE
154 3s8.9 «0 1.4E~-005 LVMASI432, LVMASI:56
158 398.9 «0 1.4E~005 LVMASI4S3, LUMASI6S2
156 99.0 +0 1.4E~005 LVMASI440, VMASI4S3
157 99%9.0 +0 1.4E-N05 LVMASI4S52, _VMASI4S)
158 99.1 <0 1.4E-005 LVMASI6S52, LVMASI666
159 99.1 +0 1.4E-00% LVMASI4S?, LVMASIE66
160 99.2 +0 1.4E~005 LVMASI44l, LUMASI&S2
161 99.2 «0 1.3E-00% GHRCHXB, LVMCSI307
162 99.2 +0 1.3E-005 GHRCHXB, LVMCSIES?
163 99.3 »0 1.3E~005 GHRCHXA, LVMCSI&S6
164 99.3 +0 1.3E-008 GHRCHXA, LVMCSII06
165 99.4 «0 1.1E~-005 FSXHPT104, GHRCHXA
165 99.4 +Q 1.1E-005 FSXHPT106, GHRCHXA
167 99.4 «0 1.1E~005 FSXHPT103, GHRCHXB
168 99.5 +0 1.1E=00S FSXHPT10S, GHRCHXB
169 99.5 +Q 1.1E-005 LPMKLPSIPA, LVCASI434
170 99.58 -0 1.1E~00S LPMKLPSIPB, LVCASI4I2
171 99.6 +0 1.0E=-00%5 GHRCHXB, LVMASI4S?
172 99.8 «0 1.0E-005 GHRCHXA, LVMASI666
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Table 5-8 (Cont'd)

SDCS W/0 ACI FAULT TREE CUT SETS
(Case 3: During Refueling)

Fault Tree: WLOBO1BX
Mincut Upper Bound 3.067E-00%

Cut + ¥ Cut

No. Total Set Freq. Cut Sets
173 99.5% 0 1.0E-005 GHRCHXA, LVMASI441l
174 99.7 +0 1.0E~00S GHRCHXA, LVMASI4S6
178 99.7 +0 1,0E-00S5 GHRCHXA, LVMASI4S2
176 99.7 +0 1.0E-005 GHRCHXB, LVMASI<40
177 99.8 «0 1.0E~005 GHRCHXB, LVMASI4S52
178 99.8 +0 1.0E~00% GHRCHXB, LVMASI&S2
179 99.8 +0 1.0E-005 LPMKLPSIPA, LVNOSI424
180 99.9 «0 1.0E~005 LPMKLPSIPB, LVNOSI446
181 99.9 0 1,0E-00S LPMVLPSIPA, LVMCSIJ06
182 99.9 +0 1.0E~00S LPMVLPSIPA, LVMCSI6S6
182 120.0 0 8,7E~006 FSXHPAL10S, LBCBLPSIPB



6.0 CONCLUSIONS

The removal of autoclosure interlocks from the shutdown cooling
system and replacement with a valve position alarm or modification
of the existing alarm was evaluated to determine the inpact of
such a change on Interfacing System LOCA frequency, SDCS
unavailability, and low temperature over-pressure event
mitigaticn.

The evaluation presented in this report assesses the impact of
removing ACI from twe existing configurations of SDCS suction
valves at C-E supplied NSSS units. The evaluation addressed the
two existing configurations in addition to a proposed configu-
ration of the SDCS suction valves. The configurations addressed
in this report are as follows:

© Case 1 =~ SDCS suction valves with ACI only,

© Case 2 ~ SDCS suction valves with ACI and
alarm, and

© Case 3 -~ 5SDCS suction valves with alarm enly.

The evaluation shows that for those units with ACI crly, the
removal of the ACI from the SDCS and replacement with a valve
position alarm will reduce the frequency of interfacing systenm
LOCA by approximately 13%. The evaluation also shows that for
those units with ACI and valve position alarm, the removal of ACI
and incorporation of certain changes to the existing alarm will
result in negligible increase (0.09%) in the frequency of
interfacing system LOCA.

These results are not particularly sensitive to assumptions made
regarding opertor error porbabilities. Varying all types of
operator error probabilities together results in only a slight
increase in the fregquency of interfacing system LOCA for units
with ACI only. The frequency for the other type of units remain
virtually constant. Of the thres types of cperator error
evaluated, only "operator fails to detect valve in wrong position"
shows any significant impact. When the probabilities for the
other types of operator error are var,ed individually there is ro
noticable change in Interfacing System [OCA frequency.

The frequency of Interfacing System LOCA tends to increase as
longer test intervals for the alarm are assumed. Noticable
changes are cbserved when test intervals of & years or more are
assumed. Therefore, since the proposed configuration includes an
alarm that is tested at each refueling, units with ACI and alarm
will realize a reduction in their interfacing system LOCA
frequency if the existing alarm is tested less frequent than every
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