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1.0 Purpose

This calculation is being prepared in response to programmed
enhancenent recommendation 3a and 5 of Generic letter 88-17 as reguested
by Sequnyah Engineering Project in QTR SQPSQN89330 (reference 1) to
provide a probabilistic determination of the effect of deleting the RHR
autoclosure interlnck (ACI) on the Sequoyah Nuclear Plant (SQN). This
analysis will evaluate the combined effects of ACI deletion on the RHR
decay heat removal function and RHR system overpressurization protection.

2.0, BACKGROUND

The Nuclear Regulatory Commission issued Generic Letter 88-17 "Loss Of
Oacay Heat Removal" (reference 2) as a result of increasing concern over
the loss of decay heat removal during nonpower operation and the
consequences of such a loss. Generic Letter 88-17 requires a response
which is to include:

1) A description of the actions taken to implement each of eight

recommended expeditious actions identified in the attacament to the

letter.

(2) A description of enhancements, specific plans, and a schedule for
g each of the six programmed enhancement recommendations

identified in the attachment to the letter.

Two of these programmed enhancement recommendatior: specifically
mention the RHR autoclosure interlock.

1) Programmed enhancement recommendation No. 3a is,

"Assure that adequate operating, operable, and/or available
equipment of high reliability is provided for coeling the RCS,
(roacit:or cooling system), and for avoiding a loss of RCS
cooling."

Generic Letter 88-17 goes further in the discussion of this

recommendation by noting,
"Loss of DHR [decay heat remov.'] due to unplanned activation of
the autoclosure interlock f.nction is not consistent with
provision of reliable equipment. You should investigate this
feature if installed in your plant and should consider changes to
obtain a reliable heat removal system consistent with other
requirements."

2) Programmed enhancement recommendation 5 is,
"Technical specifications (TSs) that restrict or limit the safety
benefit of the actions ident’ “ied in this letter should be
identified and appropriate c.ianges should be submitted."

B T e v e g
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The discussion of this recommendation notes,
"Typical potential impacts include TSs that control ... the
autoclosure interlock; ... .”

.-

~...This calculation is a response to programmed enhancement
recommendations 3a and 5 and will evaluate whether the proposed changes
associated with the deletion of the SQN autoclosure interlock will enhance
the reliability of the decey heat removal system consistent with other
Tequirements, such as overpressurization protection.

.- .- - - -

3.0 METHODOLOGY

This analysis presents a "comparison and bounding" study between SQN
and the reference plant modeled in WCAP 11736, "RESIDUAL HEAT REMOVAL
SYSTEM AUTOCLOSURE INTERLOCK REMOVAL REPORT FOR THE WESTINGHOUSE OWNERS
GROUP" (reference 3). Four reference Westinghouse plants were analyzed
based on similar RHR system configurations and design characteristics. The
reierence plant with a similar RHR configuation to Sequoyah is Salem 1.
WCAP 11736 presented a thorough probabilistic evaluation of the effects of
deleting the RHR ACI and adding overpressurization alarms in the control
room. The methodology used in the WCAP study was to model seguences
involving RER overpressurization and loss of RHR decay heat removal
function both with and without the proposed RHR changes. The models were
quantified and evaluated to determine the combined effect of the RHR
changes on minimum core cooling.

This calculation notes the similarities and differences of the RHR
system configuration, logic, control circuitry, and proposed changes
associated with the deletion of the ACI between Sequoyah Nuclear Plant
units 1 & 2 and Salem 1. These factors are evaluated to determine whether
the Salem 1 analysis and conclusions are valid for Sequoyah 1 « 2. The
analyses used in WCAP 11736 are then reviewed with applicable Sequoyah
information included.

4.0, RESIDUAL HEAT REMOVAL SYSTEM FUNCTIONAL DESCRIPTION

The primary purpose of the RHR system is to remove decay heat energy
from the reactor core and Reactor Coolant System (RCS) during plant
cocldown and refueling operations. (references 4 & 5)

4.1. NORMAL FUNCTION
é4.1.1. COOLDOWN

The initial phase of reactor cocldown is acc.mplished by transferring
heat from the RCS to the Main Steam system through the use of the steam
generators. When the reactor coclant temperature and pressure are reduced
to approximately 350°F and 380 lb/inzg respectively, approximately four
hours after reactor shutdown, the second phase of cooldown starts with the
RHR system being placed into operation.
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reactor coclant is withdrawn from RCS

4 .isclation valves FCV=74~-1 and I'CV=74=2 to

the RHR pumps. The reactor coclant is pumped through the RHR heat

exchangers where the h is transferred to the Component Cooling Water

System and.the reactor coclant is roturned to the RCS through the cold

legs. The rate of cocldown is controlled by regulating the reactor coolant

flow through the RHR heat exchangers. As cooldown continues, the steam

bubble in the pressurizer is collapsed and the RCS is operated in the

water salid condition., At this stage, pressure control is accomplished by

regulating the charging flow rate and the rate of letdown from the RHR
system to the Chemical and Volume Control System (CVCS).

:
:
B
:

&

After the reactor coclant pressure is reduced to atmospheric pressure,
the temperature is 140°F or lower, the reactor ccclant reactivity level is
reduced to an acceptable level, and the reactor coclant has been degassed,
the RCS may be opened for refueling or maintenance.

4.1.2. REFUELING

The refueling cavity is flooded by closing RHR inlet isolation valves,
FCV=74-1 and FCV-74-2, and opening the refueling water storage tank (RWST)
isclation valve FCV-63-1. The water from the RWST is then pumped into the
reactor vessel through the normal RHR system return lines and into the
refueling cavity through the vpen reactor vessel. After the water level
reaches normal refueling level, the RHR inlet isclation valves are opened,
the refueling water storage tank supply valve (FCV-63-1) is closed, and
normal RHR from the RCS hot leg is resumed.

Following refueling, the RHR pump(s) are used to drain the refueling
cavity to the top of the reactor vessel flange by pumping water from the
RCS hot leg 4 to the RWST.

4.1.3. REACTOR STARTUP

At initiation of plant startup, the RCS is in a water solid condition
with the pressurizer heaters energized. 'he RHR system is operating in its
normal decay heat removal configuration and is connected to the CVCS via
the low pressure letdown line to control reactor pressure. As heatup
commences, the RHR system operates in conjunction with the RCS to control
temperature and pressure. At approximately 350°F, the RHR system is
isclated from the RCS system by closing valves FCV-74-1 and FCV-74=2, The
RCS pressure is then controlled by normal l.tdewn and the pressurizer
spray and pressurizer heaters.
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4:2.. SAFETY: FUNCTION.— =i -
4.2.1. "EMERGENCY CORE COOLING SYSTEM

- During normal power operation and hot standby, the RHR system is
aligned for standby cperation as part of ECCS (Reference 6). Following
ECCS actuation in the injection mode, the residual heat removal pumps take
suction from the RWST and deliver borated water to the RCS. These pumps
begin to deliver water to the RCS only after the pressure has fallen below
the pump shutoff head. When a low level signal is received from the RWST
in conjunction with a "S" (safety injection) signal and a high containment
sump level signal, the recirculation mode is entered with the RHR pump
suction automatically realigned from the RWST to the containment sump. The
RHR block valves (FCV-74-3 and FCV-74-21) are automatically closed
coincident with the opening of the sump isclation valves (FCV-63-72 and
FCV=63=73). In the recirculation mode the water from the sump is passed
through the RHR heat exchangers and returned to the reactor vessel through
the cold leg injection path. The RHR system can be aligned to provide
suction to the high head centrifugal charging pumps of the CVCS or the
safety injection pumps of the Safety Injection System (SIS) during the
recirculation phase.

4.2,2, RHR CONTAINMENT SPRAY SYSTEM

The RHR system can be aligned as a containment spray system following
& LOCA if conditions require it (reference 7). These conditions are: the
containment pressure must exceed 9.5 psig; at least one hour has ela'.sed
since the beginning of the accident; RHR suction is aligned to the
containment sump; and at least one component cooling water pump and one
safety injection pump are runniny. In this configuration, water is drawn
from the containment sump by the RHR pumps, cooled by the RHR heat
exchangers, sprayed through the RHR spray headers and drains back to the
containment sump.

4.3, RHR OVERPRESSURIZATION PROTECTION

The RHR system is designed as a low pressure (600 psig) system that is
isclated from the high pressure RCS by two high pressure motor operated
isclation valves in series on the inlet line (FCV=74«1 and FCV=74=2) and
two series check valves on each of the discharge lines into the RCS
(reference 4). :

The inlet line to the RHR sys*em is equipped with a pressure relief
valve (74-505) sized to relieve tha combined flow of the charging pumps at
the relief valve set pressure (reference 5). The discharge lines to the
RCS are equipped with a pressure relief valve (63-627, 63-628, 63=637) to
relieve the maximum possible back-leakage through the valves separating
the RHR system from the RCS., These relief valves are part of the ECCS.
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The inlet isclation valves, FCV-74-1 and FCV-74-2, are normally closed
and are only opened for residual heat removal after reactor coalant system
pressure is reduced to approximately 380 psig and the RWST suction valve
(;‘Cv-cd:!-l,) and containment sump isclation valve (FCV-63~72) are fully
slesad::  * = e . :

- e
-

i:.". 10‘-"

The RHR autoclosure interlock (ACI) was installed to prevent
overpressurization of the RHR system which could lead to reactor coolant
being discharged outside containment tlrough a break in the low pressure
system. The ACI will automatically close the RHR inlet isolation valves on
RCS pressure greater than 700 psig. The RHR system is vulnerable tc this
type of overpressurization during startup or during coocldown while the
reactor vessel is closed. A detailed description of the overpressurization
transients is presented in Section 6.2 'Low Temperature Overpressurization
Events.'

While the RHR ACI is designed to protect the RHR system, it is alsoc a
cantributor to the unavailabilivy of the RHR system due to the probability
cf its spurious actuation which would isolate the RHR system and could
lead to a loss of decay heat removal transient. A detailed description of
this co;xtribution is presented in Section 6.3 'RHR Unavailability
Analysis.'

4.3.2. Proposed Changes to the RHR Autoclosure Interlock

The proposed change described in the WCAP 11736 analysis and in
S5Q-DCR-3365 (reference 9) removes the autoclosure interlock feature from
the RHR suction isclation valves, FrV=74-1 and FCV=74~-2. With removal of
the autoclosure interlock feature, these valves will not automatically
close on increasing pressure greater than 700 psig. However as stated in
the DCR-3365 and in WCAP 11736 Section 6.1, an alarm will be added, for
each suction isclation valve, that actuates in the main control room given
a "VALVE NOT FULLY CLOSED" signal in conjunction with a "RCS PRESSURE
HIGH" signal. The intent of the alarms is to alert the operator that cne
or both of the suction isclation valves is not closed with RCS pressure
greater than 700 psig. The alarm must meet the same design criteria as
other safety-related function control room annunciation. Valve position
indication to the alarm must be provided from the valve stem mounted limit
switches and power must nct be affected by power lockout to the valve. The
proposed changes only affect the autoclosure interlock feature; and the
valve open permissive circuit will rot be affected.

In addition to changing the valves' interlock circuitry, the Sequoyah
plant operating procedures governing reactor cocldown and startup must be
modified to reflect the appropriate recognition and response to the new
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added alarms. The procedures should be revised to direct the operator to

take the.necessary ac*ion to close the open suction isolation valve(s)

fallowing alarm actuation, or if this is not possible, to take appropriate
action to prevent RHR overpressurization.

The removal of the ACI will require changes in TVA's documentation of
Sequoysh Nuclear Plant, A partial list of documents which will need
revising includes the: Design Criteria, Final Safet Analysis Report,
Technical Specifications, Surveillance Instructions, Maintenance
Instructions, TVA Drawings and other sources. The design change process
will identify the specific documents to be revised.

5.0, COMPARISON iETWtiN THE SEQUOYAH AND SALEM RHR SYSTEMS
5.1, System Configuration and Mechanical Components

Both Salem 1 and Sequoyah have similar vintage RHR systems consisting
of two separate RHR trains of equal capacity, each independently capable
of meeting the safety analysis design basis. Fach train consists of one
heat exchanger, one motor driven pump and associated piping, valves and
instrumentation necessary for operational control. The inlet line to each
train of the RHRS is connected to a common letdown line from the hot leg
of reactor cooling loop (loop 4 for SQN and loop 1 for Salem), while
return lines are connected to the cold legs of all four reactor cooling
loops via the SIS accunmulator discharge lines downstream of the
cross-connect (for SQN-train A discharges to loops 2 and 3, train B
discharges to loops 1 and 4. For Salem, train A discharges to loops 1 and
3, train B discharges to loops 2 and 4).

The RHR system for Salem 1 and Sequoyah are normally isclated from the
RCS by two, series, MOVs, sucticn isolation valves in the single letdown
line connecting the low pressure RHRS to the high pressure RCS. The RHRS
discharge lines are isclated from the RCS by two check valves in series
for each line. The RHRS suction isalation valves, the inlet line pressure
reief valve, the return lines to the RCS cold legs downstream of the
appropriate valves and the hot leg injection lines are located inside
co ment while the remainder of the system is located outside
containment. Based on this evaluation, there are no significant
differences between the system configuration and mechanical components of
Salem 1 and Sequoyah.

5.2 Autoclosure Interlock Logic and Control Circuitry

Salem 1 and Sequoyah use similar designs to protect the RHR system
from overpressurization. The first protective feature is the decreasing
low pressure permissive irterlock for opening the valves (below 380
psig): the second feature is the passive relief valve located on the RHR
inlet piping within the containment which maintains the system pressure
below the design pressure of the RHRS for most overpressure events, and
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the third protective feature for both plants is the RHR autoclosure
interlock which closes both inlet isolation valves by the appropriate
train ( A for train A valve and B for train B valve) instrumentation that
is set above the RHR design pressure. This control logic and control
rircuitry is typical for both SQN and Salen.

In addition to the above scheme, the SQN inlet isolation valves
(FCV=74=1 and FCV=74-2) have the power administratively removed once the
valves are closed (breaker locked in trip position). Since the SQN valves
have backup ccatrols, pressure switches sensing RCS pressure above 700
psig automatically close the valves in the backup ~ontrol mode. In
a i, the SON valves have their local control switches disconnected to
;;nc.mdo inadvertent operation due to the effects of a LOCA (reference

0).

In summary, there are no significant differences between the design
and configuration, mechanical and electrical, of the RHR overpressure
protection features for Salem 1 and Sequoyah., Therefore,the use of the
WCAP analysis performed for deletion of the RHR autoclosure interlock is
reasonable for SQN.

6.0. ANALYSES

WCAP 11736 (reference 3) presents a thorough analysis of the RHR
overpressurization events and system unavailability which would be
affected by the deletion of the autoclosure interlock. The analyses
sections of this calculation are a review of those analyses for Salem 1
with applicable Sequoyah informati.n included., For further information on
the analyses, the WCAP should be consulted.

6.1. Event V Analysis

An interfacing LOCA, referred to as Event V in Wash-1400, (reference
11) is a breach of the high pressure RCS boundary at an interface with a
low pressure system, in this case the RHR system. This event has the
potential to cause a non-isolatable LOCA outside containment. It is
assumed to occur if the RHR suction inlet valves (FCV-74-1 and FCV=74=2)
fall open when the reactor is at normal overating pressure (2250 psia).
Since the RHR system is designed for a lower pressure (600 psig), the
result is overpressurization of the RHR system with gross failure of the
RHR boundary and an uncontrolled LOCA outside containment.

In the analysis performed in WCAP 11736 for Salem 1 several failure
combinations are considered which would result in both inlet isolation
valves being open. These failure modes are defined as : 1) rupture of the
two series suction valves and 2) fallure to have closed one suction valve
or spurious opening of the valv2 and subseqguent rupture of the other
valve. Failure to close both inlet valves was not considered because the
condition would become apparent as the RCS increased in pressure (see
section 6.2.1.3) and corrective action would be taken thus precluding
system overpressurization.
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== The general equation ;.u;d to calculate the 'troqunncy of an Event V
(F(VSEQ)) with the above failure modes is:

F(VSEQ) = X [(£3) Q(Vy) + (£3) Q(V3) + (£3) Q(VyR))

where

-

~:;*(vst5) -: ;.ho frequency of an Event V seguence
X = the number of RHR suction lines (1 for Salem & Sequoyah)
(£;) = fallure rate per year of RCS valve due to rupture
(f1) = fallure rate per year of RHR valve due to rupture
Q(Vy) = probability that tne RHR valve is open
Q(Vy) = probability that the RCS valve is open
Q(V4R) = probability of rupture of RHR valve

Fault trees were developed to determine the probability that one of
the inlet isclation valves is open at power conditions (Q(V,y) &
Q(V;)). These fault trees are shown in Appendix B of WCAP ’11736
(ro’hronco 3)

Two fault trees were developed to determine the probability that the
valves were open for this sequence. One with ACI in place and the second
with the ACI removal changes made.

The scenarios examined in the fault tree for the case with the ACI
are: 1) the operator fails to remove power to the valve by racking out the
circuit breaker and subsequently the valve spuriously opens during power
operation or 2a) the operator fails to close the valve during startup (or
the operator attempts to close the valve but due to some component
failure, the valve does not close) and 2b) the autoclosure interlock fails
to perform its function and does a0t close the valve and the operator
fails t.f detect that the valve is not closnd during startup or power
operation,

For the case with the autoclosure interlock removed, the scenarios
developed in the fault trees are: 1) the operator .:.ils to remove power to
the valve by racking out the circuit breaker and subsequently the valve
opens during power operation (note: this is identical to scenario 1 above)
or 2a) the operator fails to close the valve during startup (or the
operator attempts to open the valve but it does not close) (note:
identical to scenario 2a above) and 2b) the operator fails to detect that
the valve is not closed and then close it when the overpressure alarm is
received (or the alarm fails to operate).
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fault trees indicate thet the alarm circuitry with the required operator
action are less likely than the autoclosure interlock to fail to close the
inlet suction valves.

These probabilities are substituted into the geaneral ugquation for
Event V and quantified for the frequency of occurrence with and without
the autoclosure interlock. The frequencies are: 8.35 E-07/year with ACI
and ..77 E-07/year without ACI. The frequency of Event V decreases by
approximately 31% as a result of removing the ACI.

6.2. Low Temperature Overpressurization Events

A number of events have occurred during startup or shutdown (low
temperature events) which have the potential of overpressurizing the RHR
system. The effect of these transients will be altered by the removal of
the autoclosure interlock. WCAP 11736 examines these t- ~lents and
analyzes the effect of ACI removal for Salem 1. Sequoyuh | & 2 are
eéxpectad to respond the same as Salem 1 due to the similarity in design of
the two plants,

The overpressurization analysis uses event trees to model the
mitigating actions (both manual and automatic) following the occurrence of
low temperature overpressurization events.

Two general categories of low temperature overpressurization events
have occurred in the industry and are analyzed: 1) events that affect the
the balance between mass addition and mass letdown; and 2) events that
affect the heat input/removal balance.

6.2.1. Heat Input Transients
6.2.1.1 Premature Opening of the RHR Suction Isclation Valves

If the suction isalation valves (FCV=74=1 & FCV=74-2) were opened
prior to reducing the RCS pressure below the RHR design pressure,
overpressurization of the RHR system could occur. However these valves are
equipped with an open permissive inter!sck which prevents the opening of
these valves above RHR design pressure and their electrical power is
procedurely locked out during plant heatup from hot shutdown to hot
standby (reference 13 § 14). The power to these valves is not restored
until normal coaldown when placing RHR decay heat removal in service and
RCS pressure is below 380 psig (reference 12). Because of these features,
Le., the open permigsive interlock and the power lockout, this type of
transient is not considered likely at Sequoyah and is not analyzed.

WCAP 11736 states that the mctor operators on {' <% -alves at Salem 1
are sized such that the valve does not have sufficie ’* corque to open
against RCS pressure. TVA believes that the SQN valves have sufficient
torque to open against full RCS pressure. However, the capability of the
valves to open against RCS pressure has no impact on this analysis as the
:pcn ;iormiuivo and power lockout would sufficiently preclude this

ransient.

re
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6.2.1.2 Inadvertent Contrel Rod Withdrawal During Shutdown

" The withdrawal of one or more banks of control rods during RHR
operation would result in a power excursion in the reactor and would be
anmtmumommwm The RHR
relief valve (74-505) would help mitigate the transient and the FYR system
would not pressurize above 110% of the RHR design pressure or the ACI
setpoint. The removal of the ACI would not have an impact on this
transient, and, therefore, it was not analyzed.

6.2.1.3 Failure to Isolate RHR System During Startup

During plant startup, the RCS is water solid and the pressurizer
hexters are energized. The RHR suction isclation valves are open and the
RHR pumps are discharging the excess reactor cooclant to the CVCS. After
the reactor coclant pumps are started, pressure is controlled by the RHR
system until the pressurizer bubble is formed. Following bubk:. formation,
the RHR system is isclated from the RCS by closing the suction isolation
valves (reference 5). |

If the RHR system is not isclated as directed in the procedures, as
the RCS pressure increases above 450 psig, the RHR relief valve (74-505)
would discharge into the pressurizer relief tank (PRT) slowing the
increase in pressure and scunding an alarm on increasing tank level. This
transient is not considered to be a credible event past this point and is
not analyzed in this calculation or WCAP 1i736. Note: i one of the
suction relief valves were left cpen, this event would fall under the
Event V analysis presented earlier.

6.2.1.4 Inadvertent Pressurizer Heater Actuation

If the pressurizer heaters are inadvertently energized during shutdown
while the reactor is closed and the RHR system is operating, pressure will
increase in the RCS and RHR system until the RHR relief valves open and
discharge into the PRT, sounding an alarm. If the relief valves fail to
open, the RHR system would overpressurize until the heaters are
automatically shut off at 10% pressurizer volume.

This event would be slow developing and annunciators in the control
room wotld alert the operator of PRT level increase and instrumentation
would inform the operators of increasing reactor pressure. Due to the pace
of this transient and indication in the control room, the operators should
recognize this transient and mitigate it before the autoclosure interlock
setpoint is reached. This transient has not happened at a Westinghouse
plant and is not analyzed in this calculation or WCAP 11736.
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6.2.1.5 Startup of an Inactive Reactor Coolant Pump

During the cocldown of the reactor, the reactor coolant pumps are
when the reactor coclant temperature is below 160°F and the RHR
exchangers are used to continue lowering the cooclant temperature.
ce the flow through the steam generators stops when the reactor coolant
are stopped, the reactor coclant in the steam generators may remain
a temperature greater than the RCS temperature since there little
clroulation through the steam generators. If a reactor coolant pump is
started, the sudden heat input into the reactor coclant from the steanm
generators would cause a rapid increase in reactor coolant temperature.

Ancther transient caused by the startup of the reactor coolant pump
would occur if a reactor coclant pump was stopped during heatup while the
RHR system was in cperation, but the charging and seal injection water
continued in service. This water would collect in the vertical pipe loop
below the reactor coclant pumps. Vhen the inactive reactor coolant pump
was started, this water would be injected into the reactor, expand as the
density decreased and cause a pressure increase in the RCS and RHR
systems. Depending on initial RCS pressure, this increase could
overpressurize the RHR system. The startup of an inactive reactor coolant
pump trinmimtl are considered ir Section 6.2.1.7 " Heat Input Transient
Analysis."

i

»
5

-}

6.2.1.6 Loss of RHR Cooliny Train

An increase in temperature and pressure would result due to loss of
orie of the two RHR cooling trains during the early stages of plant
cocldewn, when heat generation from the reactor core exceeds the heat
removal capacity of the remaining train of the RHR system. During this
phase of cooldown, the operators are closely monitoring the RCS parameters
and would mitigate this transient before the RHR system exceeded design
pressure. This transient is not analyzed further in this calculation or
WCAP 11736.

6.2.1.7 Heat Input Transient Analysis

The heat input transient with t': potential for the greatest
overpressurization of the RHR system is tne startup of an inactive reactor
coolant pump with higher temperature coolant residing in the steam
generator. WCAP 11736 references another Westinghouse analysis, WCAP
10529, which indicates that following startup of a reactor coolant punmp,
the peak pressure change of approximately 1500 psi would occur in roughly
90 seconds without relief valve actuation. Because the RHR suction inlet
valves have a two minute closing *ime, the RHR system would be subjected
to high pressure before the valves could close which could lead to an
interfacing LOCA. The low temperature overpressurization system (LTOPS) is
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designed to prevent this type of RCS pressure surge by opening the
pressurizer PORV. Both the RHR relief valve and the low temperature
overpressurization system would have to fail in order for this event to
occur and the probability of both these systems failing is small.
The next most severe heat input transients are loss of an RHR train,
reactor coolant pump startup with injection of cold seal water, or
actuation of the pressurizer heaters. These transients evolve quickly but
would not raise the RCS pressure above 450 psig. The low temperature
overpressurization system and RHR relief valve would be used to mitigate
these transients. Since the RHR autoclosure interlock setpoint would not
be reached, the ACI would not be involved in mitigating these transients.

Therefore, the removal of the RHR autoclosure interlock will not have
an effect on these heat input transients. In the case of the reactor
coclant pump startup, the low temperature overpressurization system works
to limit the pressure surge or RHR system overpressurizes before the ACI
has time to function. For the cther heat input transients the RHR relief
valve prevents the RHR pressure from reaching the ACI setpoint.

6.2.2. Mass Input Transients
6.2.2.1 Opening Of Accumulator Discharge Isoclation Valve

Plant procedures require that the accumulator discharge valves be
closed and de-energized during plant cooldown. If these valves were to
open, water would be forced into the reactor coclant system causing a
pressure transient in the RHR system. The peak pressure reached during
this transient would be between the initial RCS pressure and the
accumulator pressure (700 psig). An event tree was not constructed for
this transient because the peak pressure would be below the ACI setpoint.

6.2.2.2 Letdown Isolation

During cald shutdown, a letdown path is established through the RHR
system to control pressure in the RCS. If this letdown path is lost
through: 1) closure of the letdown control valve, 2) isclation of the
RAR/CVCS crossover, or 3) closure of the RHR inlet isolation valves,
pressure control is lost and the pressure transient must be controlled by
the RHR relief valve or the low temperature overpressurization system, If
the inlet isclation valves close, the use of the RHR relief valve is lost.
This transient is analyzed in Sections 6.2.2.4.1 and 6.2.2.4.2
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€.2.2.3 Charging/Safety Injection Pump Actuation

~ When the reactor vessel is water solid during cold shutdown, the
safety injection signal is blocked to prevent high pressure injection by
the high head safety injection pumps or the charging pumps. The
inadvertent actuation of one of these pumps when the RCS is water solid
without an increase in letdown would result in a pressure transient. This
transient is analyzed in Section 6.2.2.4.3

3..2Q2.4 Mass Inﬁbt Transient Analysis

Event trees were constructed in the WCAP analysis to determine the
“equences of these mass input transients. The safety functions which
#.@ questioned for transient mitigation, i.e. the top events were: 1)
.ass input initiating event, 2) RHR isclated, 3) RHR relief vaives life,
4) low temperature overpressurization system works, 5a) RHR inlet
isclation valves automatically close (present design), 5b) oparator closes
RHR inlet isclation valves (proposed ACI deletion changes), 6) operater
:mnt«y injection or charging pump 7) operator opens a PORV, 8) RHR
valve reseats, 9) pressurizer PORV reseats. The success criteria
for each of these top events was determined and the failure probability
was calculated. Consequence categories were determined for the initiating
events, given that top event failure(s) did not prevent overpressurization
of the RHR system.

6.2.2.4.1 Letdown Isolation Analysis--Loss of CVCS Letdown

For this event, it was assumed that one charying pump was cperating at
its maximum flow rate and only one RHR relief valve or one PORV must
operate to mitigate this transient. The initiating event was loss of
letdown by 1) closure of the letdown control valve or 2) isolation of the
RHR/CVCS crossover path. Two event trees were constructed, with and
without the proposed ACI deletion changes, and the trees quantified. The
results showed that with the proposed ACI changes there was a slight
decrease in the "MSCI" consequence category and that there is an increase o
in the "HOPV" category from 5.66E=-15/shutdown year to 1.49E-1l1/shutdown
year.

The "MSCI" category is isclation of the RHR system with the running
charging pump not stopped; pressure control is performed by the low
temperature overpressurization system having opened a PORV. There is a
loss of coclant and the operator must take action to stop the running pump
and then check that the PORV reseated completely.

The "HOPV' consequence category is a high overpressure with the RHR
system open to the RCS. The running charging pump is not stopped and no
relief valves have actuated. The RHR system integrity is lost and an
interfacing LOCA has occurred. The operator must attempt to isclate the
RHR systen.
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The "HOPV" is a severe consequence accident with reactor coclant being
released outside containment, however the frequency of 1.49E-11/shutdown
is very remocte and thus the overall increase in the frequency of an
acing LOCA for this initiating event as a result of making the ACI
deletion changes is not significant.

-

6.2.2.4.2 L:oédbwn 'u'o.lation--‘- iHR Isclated Analysis

The initiating event for this transient is the inadvertent closure of
the RHR inlet isolation valve(s). In this case, if the autoclosure
interlock were removed, the initiator frequency would be reduced. WCAP
11736 assumes the frequency would be reduced by one half. The result of
reducing the initiating event frequency decreases the challenges to the
mitigating safety systems and reduces the freguencies of all the adverse
consequence categories by a total of 5.89E-02/shutdown year which is a
significant reduction.

6.2.2.4.3 Charging/Safety Injection Pump Actuation Analysis

In this event, it is assuned that one charging pump and one safety
injection pump are started. The success criteria was determined to be twn
FORVs or one PORV and one RHR relief valve. The event tree was constructed
and quantified for an RHR system with and without the ACI changes. There
was a total increase in the frequencies of the adverse conseguences for
this event of 2.4E-10/shutdown year as a result of the ACI deletion
changes. This increase, even though it includes the most severe
consequence of an interfacing LOCA outside containment, does not represent
a significant increase due to its low (2.4E-10/shutdown year) frequency.

6.2,3, Summary of Overpressurization Transients Analysis

The Overpressurization analysis considered the Event V sequence where
the RHR inlet isolation valves fail open during power operation which
allows high pressure reactor coolant to overpressurize the RHR system
leading to an interfacing LOCA. The results of the Event V analysis
indicate that making the ACI deletion change reduces the frequency of this
event,

The overpressurization analysis also considered transients that occur
during reactor coaldown and startup. These were divided into heat input
and mass input transients. The deletion of the ACI was not considered to
impact the heat input transients because they either happen so fast that
the inlet valves can not close fast enough to mitigate the transient even
if the ACI were installed, or the transient did not increase RCS pressure
to the ACI setpoint.
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The mass input transients were analyzed by constructing event trees to

determine the change in freguency of the conseguence categories for

several mass input initiating events., There was a slight increase in some

adverse consequence categories as a result of making the ACI deletion

shanges but this increase was probabilistically insignificant compared to

the decrease caused by reducing the initiating event freguency of the
spurious actuation of the RHR inlet isolation valves.

6.3 RHR Unavailability Analysis

The RHR system was analyzed to determine its unavailability due to the
spurious closure of the inlet isclation valves (FCV=74=1 & FCV=74-2).
Separate fault trees were developed in WCAP 11736 to determine the system
unavailability for startup of the RHR system, for short term cooling (72
hours), and long term cooling (6 weeks). The short term and long term
coaling fault trees were constructed both with anu without the autoclosure
of the inlet isolation valves to show the change in system unavailability
due to removal of the autoclosure interlock.

6.,3.1 Failure to Initiate RHR

A single fault tree was developed for this phase of RHR operation to
identify those faults that could impact the startup and first two hours of
operation of the RHR system. The autoclosure interlock does not play a
rale in RHR startup, rather the inlet valves' open permissive prevents the
valve opening until RCS pressure is below 380 psig and this feature is not
being modified by the proposed ACI changes.

The fault tree for Salem was developed from the Salem operating
procedures. The Sequcyah procedures for RHR startup, SQN S0I-74.1, Section
A (reference 12), are functionally similar to the Salem procedure
described in the WCAP analysis and the fault trees are therefore
applicable.

The dominant contributors to RHR startup were operator errors of
failure to energize control boards for valves which had been de-energized
for pow;r operation and failure to open other valves reguired for RHR
operation.

6.3.2 Failure of Short Ternm Cooling

MpumpminlotRPRmnquindforshortwmcoonngduutotho
decay heat generation immediately following shutdown. Failure to supply
coaling flow from two RHR pump trains into three of four RCS cold legs
constitutes RHR system failure. Two fault trees were developed to
determine the impact of the removal of the ACI.
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The dominant failure contributor for loss of short term cooling for
both fault trees (with and without ACI) was the failure of one of the two
RHR pumps to run for 72 hours. For the Salenm plant, the failure
probability for short term cooling was reduced 13 percent with the
deletion of the ACI. The reduction . in RHR short term cooling
umxvuhbmty for Sequoyah would be similar following deletion of the

ACI.

6.3.3 Failure of Long Term Cooling

Long term conling requires cooling flow injection into any two RCS
cold legs from two of four RHR trains for 6 weeks. This fault tree
primarily features spurious closing of various vaives over the six week
period and failure of the first pump with failure of the second pump to
start and run.

The dominant failure contributor for Salem during long term cooling
was RHR pump failure. For the fault tree with ACI present, the other top
contributors involve the single failure of a component associated with the
ACI such as the power supply, signal comparator or pressure transmitter
which causes spurious closure of one of the RHR inlet isolation valves.
The deletion of the ACI resulted in a 67 percent reduction in system
unavailability for Salem. The Sequoyah long term cooling unavailability
would be reduced by a similar amount following removal of the ACI.

7.0. CONCLUSION

This calculation examined the impact of the removal of the autoclosure
interlock (ACI) feature on the inlet isolation valves (FCV~74=1 &
FCV=74-2) of the RHR system for Sequoyah 1 & 2. This calculation
referenced WCAP 11736 " Residual Heat Removal System Autoclosure Interlock
Removal Report for the Westinghouse Owners Group" and is a review of that
report and a comparison between the reference plant, Salem 1, and
Sequoyah. The two plants have very similar RHR system configuration,
contral logic, and design for the autoclosure interlock feature. By virtue
gt this ;imilarity, the analysis for Salem ies considered valid for

equoyah.

The overpressurization transients which have the potential for an
uncontrolled loss of coolant outside containment were examined to
determine the effect of ACI deletion. The Event V sequence, heat input and
mass input events were analyzed. A reduction in event freguency (a2 net
positive result) was the result of removing the ACI for these transients.

The RHR system unavailability to remove decay heat from the react-r
core was calculated with fault trees constructed both with and without
ACI. The analysis showed that the removal of the ACI resulted in an
improvement in RHR availability.
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~+ -Therefore, it is the conclusion of this calculation that making the

design, Technical Specification, and procedure changes associated with the
removal of the autoclosure interlock as outlined in this calculation and
WCAP 11736 will reduce the frequency of an RHR overpressurization event
and increase the RHR system availability at Segquoyah.
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TENNESSEE VALLEY AUTHORITY ’
SEQUOYAH NUCLEAR PLANT UNITS 1 AND 2
EVALUATION OF REMOVAL OF RESIDUAL HEAT REMOVAL AUTOCLOSURE INTERLOCK

SUMMARY

The purpose of this report is to document the qualitative evaluation of the
deletion of the Residual Heat Removal System suction valves’ autoclosure
interlock (ACI) and the implementation of a control room alarm for the
Tennessee Valley Authority (TVA) Sequoyah Nuclear Plant Units 1 and 2. The
evaluation provides a comparison of the Sequoyah configuration with that in
WCAP-11736-A, "Residual Heat Removal System Autoclosure Interlock Removal
Report :or the Westinghouse Owners Group," for Salem (the reference pl»nt for
Sequoyah).

WCAP-11736-A provides the aralyses which justify deletion of the autoclosure
interlock zssociated with the Residua) Heat Remeval System (RHRS)
suction/isolation valves, A probabilistic analyses was used to demonstrate
that deletion of the autoclosure interiock and the addition of a control room
alarm results in a net safety benelit. The safety evaluation examined the
effect of ACI removal on interfacing systems LOCA potential, RHRS
availability, and low temperature overpressurization protection.

Ih: estimated results for Sequoyah based on a comparison to Salem are shown
elow:

With Without Percen}
ACl ACI Lhange
Interfacing System LICA
F(VSEQ) 9.49E-07/year 5.77E-07/year -39
RHRS Unavailability
RHR Initiation 3.20E-02 3.20E-02 0
Short Term Cooling 1.63E-02 1.40E-02 -14
Long Term Cooling 4.00E-02 1.20E-02 -70
Overpressurization "k

" {(-) - Reduction
(+) - Increase

** - Reduction in some ca.egories and a small increase in other categories

Based on the comparative evaluztion between Saiem and Sequoyvah witk regard to
the deletion of the autoclosure interlock, the threz different areas examined
indicate that the results and conclusions for Salem in WCAP-11735-A are not
invalidated by the proposed change for Se. ucysh. The deletion of the ACI and
the inclusien of a control room alarm to wirn the operator that one saries
suction/isolation valve is not fuily closed or RHR pressure is above the
aiarm setpoint is acceptable for Sequoyah.
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TENNESSEE VALLEY AUTHORITY ‘
SEQUOYAH UNITS 1 AND 2

EVALUATION OF REMOVAL OF RESIDUAL HEAT REMOVAL AUTOCLOSURE INTERLOCK
1.0 INTRODUCTION AND PURPOSE

The purpose of this report is to document the qualitative evaluation of the
deletion of the Residual Heat Removal System suction valves’ autoclosure
interlock (ACI) and the implementation of a control room alarm for the
Tennessee Valley Authority (TVA) Sequoyah Nuclear Plant Units iand 2. The
evaluation provides a comparison of the Sequoyah configuration with that
proposed in WCAP-11736-A, "Residual Heat Removal System Autoclosure Interlock
Removal Report for the Westinghouse Owners Group,* (Reference 1).

WCAP-11736-A provides the analyses which justify deletion of the autocliosure
interlock associated with the Residual Heat Removal System (RHRS)
suction/isolation valves for four reference plants (Salem Unit 1, Callaway
Unit 1, North Anna Unit 1 and Shearon Harris). A probabilistic analyses was
used to demonstrate that deletion of the autnclosure interlock and the
addition of a control room alarm to alert the operator if an RHRS
suction/isolation valve is not fully closed when RCS pressure is above the
alarm setpoint results in a net safety benefit. The probabilistic analysis
examined th. proposed change based on a safety evaluation of the effect of
ACI removal on interfacing systems LOCA potential, RHRS availability, and low
temperature overpressurization protection. WCAP-11736-A was submitted to the
NRC 2and 2 safety evaluation and an acceptance for referencing the WCAY in
plant specific submittals was provided in 1689 (Reference 1). The NRC
acceptance states that "the licensee should do sufficient PRA and safety
analyses to ensure that its plant will not show results that invalidate the
conclusions of WCAP-11736-A."

This report provides an evaluation of the Sequoyah plant and TVA's proposed
implementation of ACI deletion and installation of the alarm. The intent is
to compare t.> Sequoyah proposed change to that in WCAP-11736-A and to
determine if the change invalidates the conclusions in WCAP-11736-A. The
determination is based on a qualitative comparison of the probabilistic
analyses in WCAP-11736-A and a Sequoyah analyses.

3/5/90 1



* 2.0 COMPARISON BETWEEN SEQUOYAH AND SALEM ;
The Westinghouse Owners Group (WOG) plants participating in WCAP-11736-A were
categorized into one of four groups based on similar RHR System
configurations and design characteristics in order to minimize the work to be
performed by other WOG plants. Sequoyah Units 1 and 2 were categorized in
Group 1 in which the reference plant for the group was Salem Unit 1. Thus
the Sequoyah plant RHR system configuration and autoclosure interlock circuit
are compared to the Salem plant to determine what portions of the
probabilistic analyses would be impacted.

2.1 RHR System Configuration

The Salem RHR system configuration is shown in Figure 1. The RHR system
takes a suction from the RCS through two motor-operated valves in series.
The suction 1ine then splits into two trains of RHR, each containing a pump
ana heat exchanger. The trains each inject into two cold legs through a
series of check valves.

The Sequoyah RHR system configuration is shown in Figure 2. The system
configuration is essentially identical to the Salem configuration.

There are no component differences between the Sequoyah and Saler RHR system
designs. Because the RHR system designs are identical, the RHR availability
analysis which models the RHR system would require only component
fdentification numbers (tag IDs) to be changed.

¢.2 Present Autociosure Interlock Circuitry

The Salem original autoclosure interlock circuitry and motor operated valve
control circuitry are shown in Figure 3 logically and Figure 4 physically.
When a RHR suction valve is open and RCS pressure is greater than the
setpoint (measured by pres:'re transmitter P7-403 located in the RCS), the
RHR suction valve would automatically close through relay 63Y/RCP.

The Sequoyah present motor operated valve circuitry is shown in Figure §
logically and Figure 6 physically. When a RHR suction valve is open and RS
pressure is greater than the setpoint (measured by pressure transmitter
PT-405 located in the RCS), the RHR suction valve would automatically close
through relay PB405B. The same principal applies to the other suction valve
with pressure transmitter PT-403.

A
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FIGURE 1
SALEM RHR SYSTEM CONFIGURATION

FIGURE 5-1
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FIGURE 2
SEQUOYAH RHR SYSTEM CONFICURATION
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FIGURE 3

SALEM RHR SUCTION VALVE LOGIC DIAGRAM
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Figure 5-2. "Satem Current Interlock-MOV-8702 (1RH-1)



06/%/¢

'é?ﬂl%tj
e J -  J|aeny
T -
pl
]n

i

a!J'

=]
5y |

g
i

211507 B9771-18

211507
NLTES RS771-18
s ame ey om 5 ST Sunim v t__'_!_ﬁ_'!_,.!t.?!'_l&_'ﬁ!!_!'
[ ot vog ameg,, woss |
33 vave Lear svrTox ™ am wOAY D l l
TVD 0P WM VALVE 1T TILLY PN € onswn o - o oo
I yave tear TVITD! T s ALAY T COMTACTIR ‘g s 1 cave ctve
B0 e WM VALVE 11 TLY oy 6 PUoG ol » aow L o2
33 vavE LDaT DVaTe. I yuww FRLY OPON MY RILZY 3
TV CLOSOS VIEN VALVC [T TISLY ZPEM CEvE j
B vewve oar W VT VLY CLOTTS MSX B
o comy VALVE T LY QU CIvE e -
1 svemea aescrs ootse 1 211506
= ; ABL 593-5
' — |

%

PR

*%.
as

ODEFNILS ™
R AL
®

l
T

' URY S SIONAL
S
@—

’T,

£

WYYIVIQ ONIMIA 3ATVA NOILINS ¥HY W3TVS

b N9IL4



"1

SEQUOYAH RHR SUCTION VALVE LOGIC DIAGRAM

FIGURE §

ot /) aLost
\zzgf

% /fk b l__{

" NOTE &
" groe

I oPEN stoe
' MOV CONTIOL.
).
S oy :
g5 L0® 3 o 4
3/‘;/90 ATWG | (+68~! ?




WVUSVIO SNININ 3AIVA NOLLONS UHY HVAONDIS
9 w914 %
|l 0 h\r
\

1 =

ATB&‘M~
I\ 2

yEs —




FIGURE 6 (cont.) '
SEQUOYAH RMR SUCTION VALVE WIRING DIAGRAM
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" In order to compare the autoclosure interlock circuitry and the motor
operated valve control circuitry, the two plants are compared in Table 1. In
the analysis of the motor operated valves in the interfacing system LOCA
evaluation, the RHRS availability evaluation and the Yow temperature
nverpressurization analysis, the components with an "NA" in Table 1 under
Sequoyah would be deleted from the Salem analysis and those with an "NA"
under Saie would be added to the Salem analysis to mode! the Sequoyah valve
circuitry. For example, the I/V Input Modules would be deleted from the
Salem fault trees because Sequoyah’s circuitry does not have these modules.
The Salem analysis would also have to be modified to include the shunt trip
circuitry used in the Sequoyah design.

2.3 Sequoyah Proposed Circuitry Change

The elimination of the autoclosure interlock requires the addition of a
control room alarm to alert the operator in the event that one of the RHR
suction/isolation valves is open and RCS pressure is greater than a given
setpoint. This is to ensure that a double isolation barrier exists between
the high pressure RCS and the lower pressure RHR system during power
opere.aon,

WCAP-11736-A proposed that the deletion of the ACI and the alarm circuit be
added using tlie logic shown in Figure 7 (shown for Salem) and implemented
along the lines shown in Figure 8.

The Sequoyah proposed change is shown in Figure 9 logically and in Figure 10
mechanicallv. This change uses an "OR" logic rather than an "AND" logic as
proposed in WCAP-11736-A. The Sequoyah change would provide a control room
alarm if one suction valve was open and the other suction valve was closed or
the alarm would annunciate when the PHR pressure measured ahove a given
setpoint by either of two pressure switches. The Sequoyah proposed change
serves the same function as the change proposed in WCAP-11736-A, i.e., to
alert the operator of an improparly positioned RHR suction/isolation valve.

3/4/90 10



TABLE 1 ,
COMPARISON OF SALEM AND SEQUGYAH SUCTION VALVE CIRCUITRY

LOMPONENT DESCRIPTION
Pressure Interlock Circuitry

Pressure Transmitter

Toggle Switch

Loop Power Supply

Test Point

1/V Inp Mod

1/V Inp Mod

Signal Com *rator Dual Circuit
Bistable Switch (Close)
Bistable Switch (Open)

Motor Operated Valve Control Circuitry

Common Components

Circuit Breaker from MCC Bus
Power Transformer

Control Circuit Fuses

Three Phase Close Contacts
Three Phase Open Contacts
Three Phase Fuses

Thermal Overload Contact
Power Supply Contacts

Blown Fuse Trip Contacts

Pressure Transmitter Contacts (Close)
Closing Torque Switch

Limit Switch (Torque Bypass)

Limit Switch

Interlock Contact (Close Circuit)
Interlock Contact (9X/C Circuit)
Handswitch Contact

Handswitch Relay Coil

Control Room Switch Contact (Close)
Diode in Handswitch Circuit

Lockin Relay Coil Contacts (Close)
Lockin Relay Coil (Closs)

Pce2r Supply Contacts

SALEM 10
8702 (1RH1)

PT-403
1CT-403
1PQ-403
1-TP-403-1
1PC-403/R
1PM-403R
1PC-403A-B
185-403B
1BS-403A

8
230/118V
2 15 AMP
8/C

$/0
T1,72,73
49

NA

NA

63Y/RCP
33/CVC
33/CV0
33/0vC
9/0

9/C
5/Csve
§/Csve
1/CLOSE
D5

9x/C
9x/C

NA

* NA - not used in circuitry for that plant

3/4/90 11

SEQUOYAH 1D
8702 (r/-74-1)

PT-405

XS-68-68 (PS405)
PX-68-68 (PQ405)
PP405

NA

NA

PB-405

PS-405A

PS-4058B

Circuit Breaker
480,'120V

2

C Phase A,B & C
0 Phase A,B & (
Phase A,B & C
OL (2 in Series)
XS-74-1/NOR1,2 &7

Note 4 (3 in Series)

PB405BX

NA

NA

33/ac

42b/o

NA

HS 74-1A/CLOSE

XS-74-1/NOR 3



TABLE 1 (cont.) ‘
COMPARISON OF SALEM AND SEQUOYAH SUCTION VALVE CIRCUITRY

COMPONENT DESCRIPTION SALEM 1D SEQUOYAH 1D
Bressuro Transmitter Contacts (Open) 63X/RCP PB40SAX
Opening Torque Switch 33/0V0 NA

Limit Switch (Torque Bypass) 33/CvC NA

Limit Switch 33/0V0 33/bo
Interlock Contact (Open Circuit) 8/C 42b/c
Interlock Contact (8X/0 Circuit) 9/0 NA
Handswitch Contact 6/CSV2 HS 74-1A/0PEN
Handswitch Relay Coil 6/CSv2 NA

Control Room Switch Contact (Close) 1/0PEN NA

Diode in Handswitch Circuit D6 NA

Lockin Relay Coil Contacts (Open) 9x/0 42a/0

Lockin Relay Coil (Open) 9X/0 NA

Power Supply Contacts NA XS-74-1/NO0R 4
Status Light Indication

Red Light (Open) R R

Red Light Contact 33X/CSVe NA

Red Light Relay Coii 33X/CSv2 NA

Red Light Relay Co'1 Circuit Limit Sw 33/CV0 33/ac

Green Light (Close) G G

Green Light Contact 33Y/CSv2 NA

Green Light Relay Coil 33Y/CSv2 NA

Green Light Relay Coil Circuit Limit Sw 33/CVC 33/bo

Power Supply Contacts NA XS-74-1/NOR 5 & 6
Additiona! Components

Shunt Trip Circuitry NA Shunt Trip
Shunt Trip Contact NA 52 A

Trip Handswitch NA 0-HS-13-204/Trip
Power Supply Contact NA XS-74-1/\10R B

* NA - not used in circuitry for that plant

3/4/50 12
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FIGURE 7 '
SALEM PROPOSED RMR SUCTION VALVE LOGIC DIAGRAM
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Figure 6-2. Salem Proposed Interlock-MOV-8702
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FIGURE 8
SALEM PROPOSE: |MR SUCTION VALVE WIRING DIAGRAH
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FIGURE 9
SEQUOYAH PROPCSED RHR SUCTION VALVE LOGIC DIAGRAM
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The Sequoyah change also has several unique characteristics with regard to
implementation. First, the pressure switches used in the alarm circuit to
alert the operator of high pressure are located in the RHR system downstream
of the RHR suction valves (Figure 11). When RHR pressure is greater than 380
psig, the alarm would sound. The WCAP proposed change used the same pressure
circuitry as used in the autoclosure interlock circuit which relied upon
pressure transmitters located in the RCS.

The use of the pressure switches on the RHR system side would provide several
benefits: 1) excessive leakage past tne two suction valves would be
detected, 2) *he operator would be alerted to a low temperature overpressure
event during shutdown or startup even before the RHR relief valve lifted at
450 psig and 3) the operator would be alerted that during startup, the RHR
system was not isulated as required. The impact of this change on the
probabilistic analyses wouid be factored into the low temperature
overpressurization analysis 1. th=" {ie operator would be alerted and would
have more time to respond to an overpressure event, providing additional
protection of the RHR system.

A sacond implementation difference between the WCAP and the Sequoyah proposed
change 1s that status 1ight indication and the alarm would be powered from a
separate power source and utilize the same 1imit switch (for valve position)
as shown in Figure 10. When power is removed from the suction valve by
racking out the circuit breaker, the status 1ights and the alarm would still
be operational. Thus, the operator would have continuous indication of valve
position by two different indicat.rs (status light and alarm). This
characteristic i1s factored into the interfacing system LOCA analyses in that
the operator would be able to detect the improper valve position via the
alarm even if the status 1ight indication circuit failed or power was removed
from the valve.

3/4/90 18



FIGURE 11
LOCATION OF PRESSURE SWITCHES FOR ALARM
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" 3.0 IMPACT ON PROBABILISTIC ANALYSES ‘

This section determines the impact of the Sequoyah configuration ard proposed
change on the probabilistic analyses conducted for Salem in WCAP-11736-A.

The objective is to determine 1f the conclusions based on the Salem results
are invalid based on calculations to estimate the Sequoyah results.

3.1 Interfacing System LOCA

WCAP-11736-A, Appendix B, performed calculations to determine the change in
frequency of an interfacing system LOCA due to removal of the autoclosure
interlock. In the analysis, several failure combinations were considered in
which both suction valves would be in the "OPEN" position. These failure
modes included: 1) rupture of the two series motor operated valves in the RHR
suction 1ine and 2) one suction valve failing open and subsequent rupture of
the other valve. The scenarios examined for the suction valve failing open
with the autoclosure interlock in place were: 1) the operator fails to remove
power to the valve by racking out the circuit breaker ard subsequently the
valve spuriously opens during power operation or 2) the operator fails to
close the valve during startup (or the operator attempts to close the valve
but due to some component failure, the valve does not close) and the
autoclosure interlock fails to perform its function and does not close the
valve and an operator fails to detect that the valve is not closed during
startup or power operation.

For the deletion of the autoclosure interlock and the addition of an alarm,
the scenarivs developed were: 1) the operator fails to remove power to the
valve by racking out the circuit breaker and subsequently the valve
spurfously opens during power operation or 2) the operator fails to close the
valve during startup (or the operator attempts to close the valve but due to
some component failure, the valve does not close) and the operator fails to
detect that the valve is not closed via the presence of an alarm (or the
alarm fatls to operate).

3/4/90 20



Reviewing the dominant cutsets for Salem (Table B-3 in WCAP-11736-A) shows
that the dominant failure modes are failures which occur during startup
(1.e., the operator fails to close the valve and does not detect that the
valve has not closed). Table 2 shows Table B-3 recreated with the cutsets
applicable to Sequoyah marked on the right. The cutsets which are not
applicable are based on the fact that the Sequoyah valve circuitry does not
contain these components. Table 3 shows the additional cutsets that are
applicable for the Sequoyah design because Sequoyah has additional components
in 1ts circuitry.

By subtracting out the cutsets which are not applicabie to Sequoyah from the
Salem mean failure probability and adding the probabilities associated with

the additional cutsets shown in Table 3, an estimate of the mean probability
of failure for Sequoyah with the ACI can be calculated by the following:

Sequoyah Probability = Salem Probability - (Probabilities for Non-Applicable
Cutsets) + (Additional Cutsets)

= 1.48E-04 - 5.36E-05 + 1.19E-04
= 2.13E-04

Entering this probability into the equation for interfacing systems LOCA:
F(VSEQ) = (Iambda)z Q(vy) + (1ambda)1 Q(Vy)+ (lambda)2 Q(VyR)

where (lambda) failure rate of valve closest to RCS

(1ambda)y = failure rate of valve closest to RHRS

divy) = probability that valve closest to RCS is open
Q(Vyp) = probability that valve closest to RHRS is open
Q(Vyp) = probability that valve closest to RHRS ruptures.

and utilizing the failure rates in WCAP-11736-A for (Tambda),, (1ambda)l,
l?d]g(le) and the Sequoyah estimated probability for Q(Vy) and Q(v,),
yields:

F(VSEQ)

1E-07/hr * (2.13E-04) + 1E-07/hr * (2.13E-04)
+ 1E-07/hr * (6.57E-04)

2.13E-11/hr + 2.13E-11/hr + 6.57E-11/hr .
1.08E-10/hr * (8760 hrs/year)

9.49E-07/year

3/5/90 el



WESTINGHOUSE PROPRIETARY CLASS 3

TABLE 2 ‘
TABLE B-3

SALEM DOMINANT CUTSETS
FOR Q(V, )

PROBABILITY THAT MOV 1RH1 1S OPEN

1
APLICKBLE
© san)
| PROBABILITY
O 1. 3,46E-05
e 3, 3.46E-05
/23 3. 1.15E-05
2alc
NO 4, 1,15E-05

o Lockin Crowd)

ycrs 5. 1.15['05
Y{S 6. 1.15E-05
" U R 1,15E-05
B. 4.03E-06

YES HE0 (120
8 2.30E-06

%JO BigueSw I'*t“’\)
\kft> 10, 1.73E-06
(

D303x:10/011688

MEAN PROBABILITY OF FAILURE =

WITH ACT CASE

1.48E-04

CUTSET DESCRIPTION

SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1
~RECAF—GO BN Ebobrl 5~

OPERATOR FAILS TO DETECT OPEN MOV 1RH1
SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1

RELAY COIL 8/C FAILS
OPERATOR FAILS TO DETECT OPEN MOV 1RH1

D OPERATOR FAILS TO DETECT OPEN MOV 1RH1

CONTACY 84€ FAILS TO TRANSFER (
OPERATOR FAILS TO DETECT OPEN MOV 1RH1

SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1
CONFACT-BXA—FAIt5—F0-€105

OPERATOR FAILS TO DETECT OPEN MOV 1RH1
SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RHI1

CONTACTOR FAILS TO CLOSE (9/C) PHASE C
OPERATOR FAILS TO DETECT OPEN MOV 1RH1

SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1

CONTACTOR FAILS TO CLOSE (9/C) PHASE B
OPERATOR FAILS TO DETECT OPEN MOV 1RM1

SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1

CONTACTOR FAILS TO CLOSE (S/C) PHASE A
OPERATOR FAILS TO DETECT OPEN MOV 1RH1

SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1
+30VA118V TRANSFORMER FAILS

OPERATOR FAILS TO DETECT OPEN MOV 1RH1

SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1

CLOSING—FOROQUE-SWITON-FAHLS-OREN(17)
OPERATOR FAILS TO DETECT OPEN MOV 1RH1

SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1

15 AMP FUSE #2 FAILS
OPERATOR FAILS TO DETECT OPEN MOV 1RH1



WESTINGHOUSE PROPRIETARY CLASS 3

TABLE 2 (cont.)

TABLE B-3 (CONT.)
SALEM DOMINANT CUTSETS
FOR Q(Vy)

PROBABILITY THAT MOV 1RH1 IS OPEN

WITH ACI CASE

CUTSET DESCRIPTION

§

u
A{PUCA'@‘-g

w SO

/

PROBABILITY
yes 1L 1.73E-06
NO ot 1.73E-06
(??th4:rt? )

Vol o T | ¥ 1.73E-08

@QAW"D;\)

NO 1.73E-06

(’Zng-t‘:“d)

( V¢§ 15 1.73E-06
Ves 16 1.73E-06
Vs 1. 1.73E-06
YES 18 2.30E-07

H2b/O
Yo 19 2.30E-07
572

\'fS 20, 1.386-07

( . Ta o

sl -’6€¢Og

0303x:1D/011688

SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1
15 AMP FUSE # 1 FAILS
OPERATOR FAILS TO DETECT OPEN MOV 1RH1

SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1
THERMAL OVERLOAD FAILS PHASE C
OPERATOR FAILS TO DETECT OPEN MOV 1RH1

SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1
THERMAL OVERLOAD FAILS PHASE B
OPERATOR FAILS TO DETECT OPEN MOV 1RH1

SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1
THERMAL OVERLOAD FAILS PHASE A
OPERATOR FAILS TO DETECT OPEN MOV 1RH1

SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1
30 AMP FUSE PHASE C FAILS
OPERATOR FAILS TO DETECT OPEN MOV 1RH1

SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1
30 AMP FUSE PHASE B FAILS
OPERATOR FAILS TO DETECT OPEN MOV 1RH1

SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1
30 AMP FUSFE PHASE A FAILS
OPERATOR FAILS TO DETECT OFEN MOV 1RHl

SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1
CONTACT 9/0 SPURIOUSLY OPENS
OPERATOR FAILS TO DETECT OPEN MOV 1RH1

SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1
THERMAL OVERLOAD CONTACT FAILS OPEN (48)
OPERATOR FAILS TO DETECT OPEN MOV 1RH1

OPERATOR FAILS TO CLOSE VALVE DURING STARTUP
SECOND OPERATOR FAILS TO DEVECT OPEN MOV 1RH1

MECHANICAL FAILURE OF MOV 1RH1
OPERATOR FAILS TO DETECT OPEN MOV 1RH1

[CTAL PRoBABIL ITY OF
NON-RPPL IcABLE CUTRETS
23



TABLE 3
ADDITIONAL SEQUOYAH CUTSETS
INTERFACING SYSTEMS LOCA

WITH ACI
CUTSET » COMPONENT  #+
PROBABILITY CUTSET DESCRIPTION PROBABILITY

1. B.32E-05 LIMIT SWITCH 33/AC SPURIOUSLY OPENS 8.66E-05
SECOND OPERATOR FAILS TO DETECT OPEN MOV 0.98
OPERATOR FAILS TO DETECT OPEN MOV 0.98

2. 3.46E-05 SHUNT TRIP CAUSES MOTOR CB YO OPEN 3.6E-05
SECOND OPERATOR FAILS TO DETECT OPEN MOV 0.98
OPERATOR FAILS TO DETECT OPEN MOV 0.98

3. 2.30E-07 X$-74-1/NOR CONTACTS SPURIOUSLY OPEN (1) 2.4E-07
SECOND OPERATOR FAILS TO DETECT OPEN MOV 0.98
OPERATOR FAILS TO DETECT OPEN MOV 0.98

4. 2.30E-07 XS-74-1/NOR CONTACTS SPURIOUSLY OPEN (7) 2.4E-07
SECOND OPERATOR FAILS TO DETECT OPEN MOV 0.98
OPERATOR FAILS TO DETECT OPEN MOV 0.98

5. 2.30E-07 XS-74-1/NOR CONTACTS SPURIOUSLY OPEN (2) 2.4E-07
SECOND OPERATOR FAILS TO DETECT OPEN MOV 0.98
OPERATOR FAILS TO DETECT OPEN MOV 0.98

6. 2.30E-07 XS-74-1/NOR CONTACTS SPURIOUSLY OPEN (3) 2.4E-07
SECOND OPERATOR FAILS TO DETECT OPEN MOV 0.98
OPERATOR FAILS TO DETECT OPEN MOV 0.98

7. 1.15E-07 CB TO MOTOR SPURIOUSLY OPENS 1.2E-07
SECOND OPERATOR FAILS TO DETECT OPEN MOV 0.98
OPERATOR FAILS TO DETECT OPEN MOV 0.98

R

1.19E-04 TOTAL FROM ADDITIONAL CUTSETS

* Cutset probability determined by multiplying component probabilities.
For example:

Cutset # 1 probability = 8.60E-05 * 0.98 * 0.98 = 8.32E-05

** Component failure rate obtained from Table 7-1 of WCAP-11736-A.
Component probability determined by multiplying failure rate by 12 hours.
For example:
Limit Switch = 7.22E-06/hour * 12 hours = B.66E-05
Shunt trip coil = 3.00E-06/hour * 12 hours = 3.6E-05
Contacts Spurious Operation = 2.00E-08/hour * 12 hours = 2.40E-07
Circuit Breaker Spurious Operation = 1.00E-08/hour * 12 hours = 1.2E-07
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By utilizing the same approach for the deletion of the autoclosure interlock
and the inclusion of a control room alarm, the frequency for interfacing
system LOCA 1s calculated. Table & shows Table B-4 recreated with the
cutsets applicable to Sequoyah marked on the right. Table 5 shows the
additional cutsets that are applicable for the Sequoyah design.

By subtracting out the cutsets which are not applicable to Sequoyah from the
Salem mean failure probability and adding the probabilities associated with
the additional cutsets shown in Table 5, an estimate of the mean probability
of failure for Sequoyah without the ACI can be calculated by th- following:

Sequoyah Probability = Salem Probability - (Probabilities for Non-Applicable
Cutsets) + (Additiona)l Cutsets)

« 1,]10E-06 - 2.B8E-07 + 1.17E-07
= 9.29E-07

Entering this probability into the equation for interfacing systems LOCA:

F(VSEQ)

(IIMbdl)z Q(Vl) + (lambda)l Q(V2)+ (]CMbdl)z Q(VIR)

1E-07/hr * (9.29E-07) + 1E-07/4r * (9.29E-07)
+ 1E-07/hr * (6.57E-04)

9.29E-14/hr + 9.29E-14/hr 4 6.570L-11/hr
6.59E-11/hr * (B760 hrs/year)
5.77E-07/year
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WESTINGHOUSE PROPRIETARY CLASS 3

TABLE 4 '

: TABLE B-4
L SALEM DOMINANT CUTSETS
FOR Q(V,)
PROBARILITY THAT MOV 1RH] IS OPEN
ACI DELETION CASE

APPLICAEL

E ‘:S"Céf ) € MEAN PROEABILITY OF FAILURE = 1,10E-06

i PROBABILITY CUTSET DESCRIPTION

;\/ ES 1, 3.13E-07 OPERATOR FAILS TO CLOSE VALVE DURING STARTUP
SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1

OPERATOR FAILS TO DETECT VIA ANNUCIATOR

YES 2. 1.02E-07 OPERATOR FAILS TO CLOSE VALVE DURING STARTUP
R S S e
M
LAL W\

\/6 3. 8.1BE-08 OPERATOR FAILS TO CLOSE VALVE DURING STARTUP
SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1
PONER SUPPLY TO ANNUCIATOR FAILS

ygs 4. 8.18E-08 OPERATOR FAILS TO CLOSE VALVE DURING STARTUP
SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1

B8R PONER SUPPLY FALLS T , 1 |7 € 1 1+¢
NO S 8.18E-08 OPERATOR FAILS TO CLOSE VALVE DURING STARTUP
¥ SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RHI
LOOP PONER SUPPLY 1-PQ-403 FAILS
VES 6. 6.00E-08 OPERATOR FAILS TO CLOSE VALVE DURING STARTUP
SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1
ANNUCIATOR FAILS TO OPERATE
e L 4.23E-08 OPERATOR FAILS TO CLOSE VALVE DUKING STARTUP
ot gl SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1
RELAY COIL 63Y/RCP FAILS
NO & 4.09E-08 OPERATOR FAILS TO CLOSE VALVE DURING STARTUP
" SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1
SIGNAL COMPARATOR DUAL CIRCUIT FAILS 1PC403AB
o 3.95£-08 OPERATOR FAILS TO CLOSE VALVE DURING STARTUP
z SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RHI
PRESSURE TRANSMITTER PT-403 FAILS
Nyl 2.33E-08 OPERATOR FAILS TO CLOSE VALVE DURING STARTUP
t v SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1

BISTABLE SWITCH 1BS-403B FAILS

t ; e
"f.muucm*g\’c CIRCUIT VLY DevevadT ond VPLueE FXx o)

-
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WESTINGHOUSE PROPRIETARY CLASS 3
TABLE 4 (cont.)

, TABLE B-4 (CONT.).
L § SALEM DOMINANT CUTSETS
FOR Q(V,)
IWPU ABLE PROBABILITY THAT MOV 1RH1 IS OPEN
g&f\’ AC1 DELETION CASE

PROBABILITY CUTSET DESCRIPTION

| 1. 1.BIE-08 28 V DC POWER SUPPLY FAILS
y NO WO - ER\I0C. SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1
8 OPERATOR FAILS TO DETECT VIA ANNUCIATOR

Yc“‘s 12. 1.41E-08 OPERATOR FAILS TO CLOSE VALVE DURING STARTUP
SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1
RELAY COIL CONTACT FAILS

D 1. 9,38£-09 RELAY COIL BX4C FAILS
SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1
NO LockNJREANVCOIL.  OPERATOR FAILS TO DETECT VIA ANNUCIATOR

YES 14, 9.3BE-09 RELAY COIL 9/C FAILS
SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1
OPERATOR FAILS TO DETECT VIA ANNUCIATOR

NO 15, 9. 38E-09 RELAY COIL 5/CSV2 FAILS
SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1
OPERATOR FAILS TO DETECT VIA ANNUCIATOR

N O 1. 5.91E-09 28 V DC POWER SUPPLY FAILS
No LEVDC SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1
» VALVE STEM-MOUNT LIMIT SWITCH FAILS TO OPERATE

MO 17. 4.75E-08 28 V DC POWER SUFPLY FAILS
Cas il SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1
Mo EVD PONER SUPPLY TO ANNUCIATOR FAILS

NG 18 4.75E-09 28 V DC POWER SUPPLY FAILS

SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1
NO LEVDC- 118 V AC POWER SUPPLY FAILS

NO 19, 4.75E-08 28 V DC POWER SUPPLY FAILS
MU 25uDC  SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH)
LOOP POWER SUPPLY 1-PQ-403 FAILS

ND 20. 3.48E-09 28 V DC POWER SUPPLY FAILS
b 2¢UDC  SECOND OPERATOR FAILS TO DETECT OPEN MOV 1RH1
N ANNUNCIATOR FAILS TO OPERATE

) ToTAL PEOBARILITY oF |
{ <. REE-Q) NON APPLICARLE CURETS

0303x:1D/011988 27



TABLE §
ADDITIONAL SEQUOYAH CUTSETS
INTERFACING SYSTEMS LOCA
WITHOUT ACI

CUTSET = COMPONENT w+
PROBABILITY CUTSET DESCRIPTION PROBABILITY

1. 4.23E-08 OPERATOR FAILS TO CLOSE VALVE DURING STARTUP 1.20E-03
SECOND OPERATOR FAILS TO DETECT OPEN MOV 0.98
RELAY COIL 1CR FAILS TO OPERATE 3.60E-05

2. 4.23E-08 OPERATOR FAILS TO CLOSE VALVE DURING STARTUP 1.20£-03
SECOND OPERATOR FAILS TO DETECT OPEN MOV

RELAY COIL 3CR FAILS TO OPERATE .60E-05

.66E-05

3. 2.26E-08 LIMIT SWITCH 33/AC SPURIOUSLY OPENS
SECOND OPERATOR FAILS TO DETECT OPEN MOV
OPERATOR FAILS TO DETECT OPEN VIA ANNUNCIAT 2.66E-04
.6E-05
.66E-04

4. 9.3BE-09 SHUNT TRIP CAUSES MOTOR CB TO OPEN
SECOND OPERATOR FAILS TO DETECT OPEN MOV
OPERATOR FAILS TO DETECT OPEN VIA ANNUNCIAT
.4E-07
.66E-04
.4E-07

5. 6.26E-11 XS-74-1/NOR CONTACTS SPURIOUSLY OPEN (1)
SECOND OPERATOR FAILS TO DETECT QPEN MOV
OPERATOR FAILS TO DETECT OPEN VIA ANNUNCIAT
.98
.66E-04
.4E-07

6. 6.26E-11 XS-74-1/NOR CONTACTS SPURIOUSLY OPEN (7)
SECOND OPERATOR FAILS TO DETECT OPEN MOV
OPERATOR FAILS TO DETECT OPEN VIA ANNUNCIAT
.98
.66E-04
4E-07

7. 6.26E-11 XS-74-1/NOR CONTACTS SPURIOUSLY OPEN (2)
SECOND OPERATOR FAJLS TO DETECT OPEN MOV
OPERATOR FAILS TO DETECT OPEN VIA ANNUNCIAT

€. 6.26k-11 XS-74-1/NOR CONTACTS SPURIOUSLY OPEN (3)
SECOND OPERATOR FAILS TO DETECT OPEN MOV

o Do ™N oM o~ nNOoOw oo WO e
w
o

OPERATOR FAILS TO DETECT OPEN VIA ANNUNCIAT 2.66F-04
9. 3.13k-11 CB TO MOTOR SPURIOUSLY OPENS 1.2E-07

SECOND OPERATOR FAILS TO DETECT OPEN MOV 0.98

OPERATOR FAILS TO DETECT OPEN VIA ANNUNCIAT 2.66F-04

1.17€-07 TOTAL FROM ADDITIONAL CUTSETS

* Cutset probability determined by multiplying component probabilities.
For example:
Cutset # 1 probability = 1.20E-03 * 0.98 * 3.60F-05 « 4.23E-08

** Component failure rates obtained from Table 7-1 of WCAP-11736-A and Salem
analysis in Appendix B. Component probability determined by multiplying
failure rate by 12 hours.
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When comparing the results with and without the autoclosure interlock, as

shown below:

With Without
Autoclosure Interlock  Autoclosure Interlock

F(VSEQ) 9.49E-07/year 5.77E-07/year

the frequency of an interfacing system LOCA decreases by approximately 39
percent. The main contributor to the frequencies in each case is a double
rupture of the suction valves (frequency of 5.75£-07/year in both cases).
The deletion of the ACI has no impact on the rupture of a suction valve.

3.2 RHR Availability

The availability of the RHR system to remove decay heat during cold shutdown
was considered in three phases in the WOG analyses. First the RHR system
must be placed in service and go through a warm-up period in order to
minimize the thermal shock to the system. Secondly, during the initial phase
of cooldown, the decay heat load is high. For this phase, two trains of RHR
(two pumps and two heat exchangers) are assumed to be required for 72 hours.
The final phase of cooldown is long term decay heat removal. The decay heat
Toad is low and only one train of RHR (one pump and one heat exchanger) is
assumed to be required to be in operation. Six weeks was assumed to be the
time period for this phase.

tach of these phases is evaluated for the Sequoyah plant.

Failure to Initiate RHR

This phase models the operator actions and component operation required to
inftiate the RHR system before aligning the system to RCS cooling and the
actions required to align the system to the RCS to provide decay heat
removal. The Salem model developed in Appendix C of WCAP-11736-A details the
steps of the procedure for initiating RHR operation. It is assumed that the
Sequoyah RHR initiation procedure is similar in the steps for aligning the
RHR system,
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Because the deletion of the autoclosure interlock has no impact on the
failure probability for RHR initiation (because the autoclosure interlock has
'no function with regard to valve opening), the failure probability for
Sequoyah would not be impacted and thus does not require an evaluation.

Eailure of Short Term Cooling

This phase models a cooldown in which btoth RHR trains are required to be in
operation to provide adequate cooling. The short term cooling phase
primarily features spurious closing of various valves and failure of the RHR
pumps to run for 72 hours. Spurious closure of the RHR suction valves due to
failures in the autoclosure interlock circuitry are explicitly modeled.

Reviewing the dominant cutsets for Salem (Table C-5 in WCAP-11736-A) shows
that the dominant failure modes for the short term cooling phase with the

autoclosure interlock. Table 6 shows Table C-5 recreated with the cutsets
applicable to Sequoyah marked on the right. Table 7 shows the additional

cutsets that are applicable for the Sequoyah design.

By subtracting out the cutsets which are not applicable to Sequoyah from the
Salem mean failure probability (Table 6) and adding the probabilities
associated with the additional cutsets shown in Table 7, an estimate of the
mean probability of failure for Sequoyah with the ACI can be calculated by
the following:

-
Sequoyah Probability = Salem Probability - (Probabilities for Non-Applicable
Cutsets) + (Additional Cutsets)

= 1.60E-02 - 5.76E-05 + 3.46E-04
= 1,63E-02

By utilizing the same approach for the deletion of the autoclosure interlock
and the inclusion of a control room alarm, the failure probability for short
term cooling 1s calculated. Table 8 shows Table C-6 recreated with the
cutsets applicable to Sequoyah marked on the right. There are no additional
cutsets that are applicable for the Sequoyah design (the Sequoyah RHR system
configuration is identical to Salem and there are no additional control
circuitry failures in Sequoyah that are not modeled in Salem).
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PPLICABLE
Pt

PROBABILITY

WESTINGHOUSE PROPRIETARY CLASS 3
TABLE 6 ‘

TABLE C-5
SALEM
DOMINANT CONTRIBUTORS
LOSS OF SHORT TERM COOLING
WITH AUTOCLOSURE INTERLOCK
MEAN PROBABILITY OF FAILURE = 1.60E-02

CUTSET DESCRIPTION

YES 1. 7.20£-03

YeS 2. 7.20E-03
YES 3. 4.18E-04

YES 4. 4.18E-04
Y¢S 5. 2.09E-04
YES 6.  2.09E-04

YES 1. 2.026-04
YES 8. 2.02E-04
( \JO 9  1.44E-05
JO 10, 1,44E-05
MO 11, 1.44E-05
MO 12, 1.446-05

YES 13, 1.84E-05
\'(5 14, 1.448-05
YES, 15, 1.44E-05

VE& 16, 1.44E-05
VES 17, 1.44E-05
yErs 18. 1.44E-05

\/é?fS 18, 1,44E-05
i 20, 1,44E-05
( \Y<Lfs

RHR PUMP NO. 12 FAILS TO RUN FOR 72 HOURS

. RHR PUMP NO. 11 FAILS TO RUN FOR 72 HOURS

LOOP POWER SUPPLY FAILS HIGH P& -HOS

LOOP POWER SUPPLY FAILS HIGH PR =403

SIGNAL COMPARATOR FAILS To£ ~4032

SIGNAL COMPARATOR FAILS PR ~HOS

PRESSURE TRANSMITTER FAILS PT-402

PRESSURE TRAN:MITTER FAILS PT=-4O%

1/V MODULE FAILS 2-PC-405R

1/V MODULE FAILS 2-PM-405R

1/V MODULE FAILS 1-PC-405R

1/V MODULE FAILS 1-PM-405R

PUMP DISCHARGE CHECK VALVE 128€ FAILS TO OPEN 74-S1S
PUMP SUCTION VALVE 12kH4 SPURIOUSLY CLOSES (MOV) FCV-74-2)

EESSEEAT EXCH. 12 FAILS TO REMOVE HEAT (CCW VALVE SPURIOUS

PUMP DISCHARGE CHECK VALVE 11RHS FAILS T0 OPEN 74/ =5/
PUMP SUCTION VALVE LIRWE SPURIOUSLY CLOSES (MOV) FCV-"7¢/~3

gHgsggAT EXCH. 11 FAILS TO REMOVE HEAT (CCW VALVE SPURIOUS
L

CROSSTIE VALVE 11RH1S (MOV) SPURIOUSLY CLOSES FC\/- 7+ = 23
CROSSTIE VALVE 12RH19 (MOV) SPURIOUSLY CLOSES ¢/ =74 — 35

£70EDS  TOTRL PROBABILITY OF No-

0306x:1D/011088
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TABLE 7
ADDITIONAL SEQUOYAH CUTSETS
SHORT TERM COOLING

WITH ACI
CUTSET * COMPONENT w+
PROBABILITY CUTSET DESCRIPTION PROBABILITY
1. 1.73E-04 BISTABLE SWITCH PS/403B FAILS HIGH 1.73E-04
2. 1.73E-04 BISTABLE SWITCH PS/405B FAILS HIGH 1.73E-04
3.46E-04 TOTAL FROM ADDITIONAL CUTSETS

* Cutset probability determined by multiplying component probabilities.

** Component failure rates obtained from Table 7-1 of WCAP-11736-A and Salem

analysis in Appendix C. Component probability determined by multiplying
failure rate by 72 hours.

For example:
Bistable Switch = 2.40E-06/hour * 72 hours = 1.73E-04

3/4/90 32



APPLICHOLE
T SQN

- PROBABILITY

WESTINGHOUSE PROPRIETARY CLASS 3
TABLE 8

TABLE C-6
SALEM
DOMINANT CONTRIBUTORS
LOSS OF SHORT TERM COOLING
WITHOUT AUTOCLOSURE INTERLOCK
MEAN PROBABILITY OF FAILURE = 1.40E-02

CUTSET DESCRIPTION

VES 1. 1.206-03

3

Yes 2. 7.206-03
YES 3. 14403
YES 4 1.4E05
YES 5 1.44E-05
VES 6. 1.44E-05

Vé 1,44E-05
8. 1,44E-05
 Yes

VES 9. 1.44E-05

YeS 10, 1.44E-05
YES 1. 1.44E-06
NO 120 1.44E-08
S 13, 106
NES 14, 1.44E-06
NO 15, 1.44E-06
YES 16.  1.44E-06

ch 17.  2.07E-10

NES 18, 2.07E-10

0306x:1D/011888

RHR PUMP NO. 12 FAILS TO RUN FOR 72 HOURS
RHR PUMP NO. 11 FAILS TO RUN FOR 72 HOURS
-81s
PUMP DISCHARGE CHECK VALVE J2RHEFATLS TO OPEN 74
PUMP SUCTION VALVE 12RHT SPURIOUSLY CLOSES (o) FCV=74-3 |

grgsggAT EXCH. 12 FAILS TO REMOVE HEAT (CCW VALVE SPURIOUS

PUMP DISCHARGE CHECK VALVE LIRHSTFAILS 10 OPEN 74~<) ‘~/
PUMP SUCTION VALVE LLRHTSPURIOUSLY CLOSES (Mov) FCV-7Y-3

EHSSQEAT EXCH. 11 FAILS TO REMOVE HEAT (CCW VALVE SPURIOUS
L

CROSSTIE VALVE LLRHTS (MOV) SPURIOUSLY CLOSES F(U-=7Y-33
CROFTIES VALVE 12RHIS(NOV) SPURIOUSLY cLoses FCU =74~ 2
LOCKIN CIRCUITRY FAILURE CONTACT 8/C SHORTS cLosep ¢/ 24 /< (74
CLOSE RELAY COIL CONTACT 5/CSV1 FAILS

CLOSE CONTACT 1/GL0st~sHoRTs ~ HS-74 — /7 [CLoS ¥

LOCKIN CIRCUITRY FAILURE CONTACT 8/C SHORTS CLOSED 424 /c (74—2_
CLOSE RELAY COIL CONTACT 5/CSV1 FAILS

CLOSE CONTACT 1/0k0st SHoRTs  H S-D4-2A/CLOSE

RHR DISCHARGE VALVE 128949 SPURIOUSLY CLOSES (MOV) F /(3 ~GY
RHK DISCHARGE VALVE 115945 SPURIOUSLY CLOSES  [C /=, 2-93

CHECK VALVE 125356 FAILS TO OPEN 03-5S63
RHR DISCHARGE VALVE 11549 SPURIOUSLY CLOSES

Fcv-63-9>

33



WESTINGHOUSE PROPRIETARY CLASS 3

TABLE 8 (cont.)
TABLE C-6 (Cont).
SALEM

DOMINANT CONTRIBUTORS
LOSS OF SHORT TERM COOLING

oy CABLE WITHOUT AUTOCLOSURE INTERLOCK
¢D Y, MEAN PROBABILITY OF FAILURE = 1.40E-02
ps——r PROBABILITY CUTSET DESCRIPTION

YES 19, 2.076-10  CHECK VALVE 12803 FAILS TO OPEIN O3 -2 S
¥ RHR DISCHARGE VALVE 115349 SPURIOUSLY CLOSES FCV6 3~ 93

YES  20.  2.076-10  CHECK VALVE FAILS TO OPEN € 2-SB0O
RHR DISCHARGE VALVE 11S348 SPURIOUSLY CLOSES ¢ /5 3-G

R DA TOTA L PROBABILITY OF
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~ An estimate of the mean probability of failure for Sequoyah without the ACI

l
i
v
l

~ can be calculated by the following:

Sequeyah Probability = Salem Probability - (Probabilities for Non-Applicable
Cutsets) + (Additional Cutsets)

= 1.40E-02 - 2.88E-06 + 0
= 1.40E-02

Eailure of Long Term Cooling

Only one RHR pump and one heat exchanger are required for six weeks in the
Tong term cooling phase to provide adequate cooling. The Tong term cooling
analysis shows spurious closing of various valves over the six week period
along with failure of one RHR pump to continue running and upon failure of
the running pump, failure of the second RHR pump to start, run or be
unavailable due to test or maintenance.

The failure of both pumps to run for six weeks is the dominant contributor to
the system unavailability in the long term cooling phase. With the ACI
present, the other failure modes involve the single failure of a component
associated with the ACI such as the power supply, signal comparator, bistable
switch, or pressure transmitter which causes spurious closure of one of the
RHR suction valves.

Reviewing the dominant cutsets for Salem (Table C-7 in WCAP-11736-A) shows
that the dominant failure modes for the long term cooling phase with the
autociosure interlock. Table 9 shows Table C-7 recreated with the cutsets
applicable to Sequoyah marked on the right. Table 10 shows the additional
cutsets that are applicable for the Sequoyah design.

By subtracting out the cutsets which are not applicable to Sequoyah from the
Salem mean failure probability (Table 9) and adding the probabilities
associated with the additional cutsets shown in Table 10, an estimate of the
mean probability of failure for Seauoyah with the ACI can be calculated by
the following:
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WESTINGHOUSE PROPRIETARY CLASS 3

TABLE 9
TABLE C-7
L SALEM
BN
WITH AUTOCLOSURE INTERLOCK
APLICKOLE MEAN PROBABILITY OF FAILURE = 3.60E-02
DR prosssrny CUTSET DESCRIPTION
Y 1 nmm SRe R 1E AL TD R ROk g e
YES 2.  5.BSE-03  LOOP POWER SUPPLY FAILS HIGH (1RHI) FCV-74~=I
Yes 3. 5.B5E-03  LOOP POWER SUPPLY FAILS HIGH (1RH2) FCV-7Y-2
YES 4. 2.92E-03  SIGNAL COMPARATOR FAILS (IRHY) FC V= 7Y~/
YES 5. 2.82E-03  SIGNAL COMPARATOR FAILS (WRMZ) F( \J-7Y-2
YeS 6. 2.826-03 PRESSURE TRANSMITTER FAILS (1BM1) FCV=T7Y~/
YES 7.  2.82E-03  PRESSURE TRANSMITTER FAILS (1RH2) FC V=74~ &
, Ve h LE g N N
VES 9. 2.816-04  PUMP NO. 12 UNAVAILABLE DUE TO TEST
PUMP NO. 11 FAILS TO RUN FOR SIX WEEKS
YES 10.  2.02£-04  RHR DISCHARGE VALVE 115349 SPURIOUSLY CLOSES FCV-463 93
YE€S 1. 2.06-04  RHR DISCHARGE VALVE 125349 SPURIOUSLY CLOSES (MOV) FCFbzY
JO 12, 2.028-4 1/V MODULE FAILS (1RH1) (PC)
NO 13, 2.026-04  1/V MODULE FAILS (1RH2) (PC)
pJD 14, 2.026-04  1/V MODULE FAILS (1RH1) (PM)
NO 15.  2.026-04  1/V MODULE FAILS (1RH2) (PM)
\EZ 16, 1.59E-04  PUMP NO. 12 UNAVAILABLE DUE TO MAINTENANCE
PUMP NO. 11 FAILS TO RUN FOR SIX WEEKS
YCS5 17, 2.04E-05  PUMP SUCTION VALVE L2RMT SPURIOUSLY CLOSES FCV-7Y-2|

0306x.1D/011988

PUMP NO. 11 FAILS TO RUN FOR SIX WEEKS
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Q) PROBABILITY

WESTINGHOUSE PROPRIETARY CLASS 3

TABLE 9 (cont.) :

TABLE C-7 (Cont)
SALEM
DOMINANT CONTRIBUTORS
LOSS OF LONG TERM COOLING
WITH AUTOCLOSURE INTERLOCK
MEAN PROBABILITY OF FAILURE = 3.60E-02

CUTSET DESCRIPTION

Yefs 18.  2.04E-05

72, 19,  2.04E-05

Y¢S 20, 2.04E-05

. 08 €-0M

0306x:1D/011888

PUMP DISCHARGE CHECK VALVE L2RME FAILS TO OPEN 74-<) >
PUMP NO. 11 FAILS TO RUN FOR SIX WEEKS

EIES;EEXCH. 12 FAILS TO REMOVE HEAT (CCW VALVE SPURIOUS
L
PUMP NO. 11 FAILS TO RUN FOR SIX WEEKS

PUMP NO. 12 FAILS TO RUN FOR SIX WEEKS g
PUMP SUCTION VALVE 11RH4 SPURIOUSLY CLOSES FC V=74~

TOTAL VPROEPZILITY 0F NoN APPLICARE
CUTAETS
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TABLE 10 ‘
ADDITIONAL SEQUOYAH CUTSETS
LONG TERM COOLING

WITH ACI
CUTSET COMPONENT #+
PROBABILITY CUTSET DESCRIPTION PROBABILITY
1. 2.42E-03 BISTABLE SWITCH PS/403B FAILS HIGH 2.42€-03
2. 2.42€-03 BISTABLE SWITCH PS/405B FAILS HIGH 2.42€-03
4.84E-03 TOTAL FROM ADDITIONAL CUTSETS

* (Cutset probability determined by multiplying component probabilities.

** Component failure rates obtained from Table 7-1 of WCAP-11736-A and Salem
analysis in Appendix C. Component probability determined by multiplying
failure rate by 1008 hours.

For example:
Bistable Switch = 2.40E-06/hour * 1008 hours = 2.42E-03
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Sequoyah Probability = Salem Probability - (Probabilities for‘Non-Applicable
Cutsets) + (Additional Cutsets)

= 3.60E-02 - 8.08E-04 + 4.84E-03
= 4.00E-02

By utilizing the same approach for the deletion of the autoclosure interlock
and the inclusion of a control room alarm, the failure probability for short
term cooling is calculated. Table 11 shows Table C-8 recreated with the
cutsets applicable to Sequoyah marked on the right. There are no additional
cutsets that are applicable for the Sequoyah design (the Sequoyah RHR system
configuration is identical to Salem and there are no additional control
circuitry failures in Sequoyah that are not modeled in Salem).

An estimate of the mean probability of failure for Sequoyah without the ACI
can be calculated by the following:

Sequoyah Prabability = Salem Probability - (Probabilities for Non-Applicable
Cutsets) + (Additiona) Cutsets)

= 1.20E-02 - 4.04E-05 + O
= 1,20E-02

H ilabili

The results with and without the autoclosure interlock arve shown below

With Without Percent
ACl ACl Change
RHR Initiation 3.20E-02 3.20E-02 0
Short Term Cooling 1.63E-02 1.40E-02 -14
Long Term Cooling 4.00E-02 1.20E-02 =70
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FIGURE S5-1

SALEM RESIDUAL HEAT REMOVAL SYSTEN
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MPLIKARLE

T RN

{

YES 1.
Yes 2
Y&, s

V€S a.
¥ 5
yes
V&
YEs ..

Y& 8.

~2
-

yeglb.
YES 1.
YES 12.
\Qfs, 13.
\4{2\ 14,

PROBABILITY

WESTINGHOUSE PROPRIETARY CLASS 3

TABLE 11

TABLE C-8
SALEM
COMINANT CONTRIBUTORS
LOSS OF LONG TERM COOLING
WITHOUT AUTOCLOSURE INTERLOCK
MEAN PROBABILITY OF FAILURE = 1,20E-02

CUTSET DESCRIPTION

1.02e-02

1.02E-03

2.BlE-04

2.02E-04
2.02E-04
1.58E-04

2.04E-05

2.04E-05

2.04E-05

¢ 04L-0b

2.04E-05

2.04E-05

2.04E-05

2.04E-05

0206x1D/01 1988

PUMP NO. 12 FAILS TO RUN FOR SIX WEEKS
PUMP NO. 11 FAILS TO RUN FOR SIX WEEKS

PUMP NO. 12 FAILS TO START ON DEMAND
PUMP NO. 11 FAILS TO RUN FOR SIX WEEKS

PUMP NO. 12 UNAVAILABLE DUE TO TEST
PUMP NO. 11 FAILS TO RUN FOR SIX WEEKS

RHR DISCHARGE VALVE 118349 SPURIOUSLY CLOSES FCU=p3 - 73
RHR DISCHARGE VALVE 125048"SPURIOUSLY CLOSES (MOV)F( v-( 3 -4

PUMP NO. 12 UNAVAILABLE DUE TO MAINTENANCE
PUMP NO. 11 FAILS TO RUN FOR SIX WEEKS

PUMP SUCTION VALVE L2RM% SPURIOUSLY CLOSES
PUMP NO. 11 FAILS TO RUN FCR SIX WEEKS

PUMP DISCHARGE CHECK VALVE 12RME FAILS T0 OPEN /Y-S/$™
PUMP NO. 11 FAILS TO RUN FOR SIX WEEKS

QES;EEXCH. 12 FAILS TO REMOVE MEAT (CCW VALVE SPURIOUS
L
PUMP NO. 11 FAILS TO RUN FOR SIX WEEKS

PUMP NO, 1¢ tAILS 10 RUN FOR SIX WEEKS cays
PUMP SUCTION VALVE LLRHT SPURIOUSLY CLOSES FC V™ /¥"<

PUMP NO, 12 FAILS TO RUN FOR SIX WEEKS
258;E§XCH' 11 FAILS TO REMOVE HEAT (CCW VALVE SPURIOUS

CROSSTIE VALVE 1IRMIY SPURIOUSLY CLOSES FCV-74-33
PUMP NO. 11 FAILS TO RUN FOR SIX WEEKS

CROSSTIE VALVE 12RHI9 SPURIOUSLY CLOSES F CV=T7¢= 3%
PUMP NO. 11 FAILS TO RUN FOR SIX WEEKS

CROSSTIE VALVE LIRHIS SPURIOUSLY CLOSES F¢ V="74-33
PUMP NO. 12 FAILS TO RUN FOR SIX WEEKS
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WESTINGHOUSE PROPRIETARY CLASS 3
TASLE 11 (cont.)
TABLE C-8 (Cont)

\ SALEM
DOMINANT CONTRIBUTORS
VITHOUT AUTOCLOSURE INTERLGCK
: ML\(J«BLE
a0 San MEAN PROBABILITY OF FAILURE = 1,20E-02
PROBABILITY CUTSET DESCRIPTION
YES 15, 2.048-05  CROSSTIE VALVE SPUR'OUSLY cLosEs (V74357

PUMP NO. 12 FAILS TO RUN FUR SIX WEEKS
VES 16, 2.026-05  LOCKIN CIRCUITRY FAILURE CONTACT ﬁ/%‘ocﬁs cLosED (3rut)(74=1)
MO 17, 2.026-05  CLOSE RELAY COIL CONTACT 5/CSVI FAILS (1RHI)
YES 18 2.026-05  CLOSE CONTACT J/GLOSE SHORTS (1RW) M < “W-IAfcLose™
V&S 19, 2.026-05  LOCKIN CIRCUITRY FAILURE CONTACT ;ffcpéﬁﬁms CLOSED (3D (79=3)
MO 20, 2.02£-05  CLOSE RELAY COIL CONTACT 5/CSV1 FAILS (1RH2)

YOYE-OS  TUTRL PRotARILITY OF
( No-BPPLIcAGLE CVUTEE | 2

0306x.1D/01 16868 "



3.3 Llow Temperature Overpressurization

The effect of an overpressure transient at cold shutdown conditions will be
altered by removal of the autoclosure interlock. With removal of the
interlock, the RHRS may also be subject to overpressure. However, the RHRS
relief valve will be available to mitigate the transient. These two
trade-offs are examined by performing an analysis to model the mitigating
actions (both automatic and manual) following the occurrence of low
temperature overpressure events. These mitigating actions affect the
severity of the overpressurization events and reduce the possibility of
damage to the plant.

The results of the overpressurization analysis in WCAP-11736-A showed that
removal of the ACI feature has no effect on the heat input transients
examined and results in a slight increase (on the order of 1E-10) in the
frequency of occurrence for some categories of the mass input transients with
a decrease in others. The results for Salem are shown in Tables 12, 13 and
14 for the charging/safety injection case and the letdown fsolation/RHR
operable and RHR isolated cases.

The event tree node that is impacted by the autoclosure interlock is the node
RSV (RHR suction valves close on overpressure via autoclosure interlock) and
OD (RHR suction valves close on overpressure via operator action given
alarm). The Salem analysis assumed that on an overpressure event, only one
of two RHR suction valves must close. The fault trees developed for these
nodes examined the failure modes which would have both valves failing to
close,

For the case with the autoclosure interlock, the additional failure modes
that would be included for Sequoyah for a suction valve failing to close
(previously identified in the interfacing system LOCA analysis) involved
components located in the control circuit for the valves and not the
autoclosure interlock circuit (i.e., the shunt trip circuit, the additional
circuit breaker to the valve motor and the power supply contacts
XS-74-1/NOR). These components would also be included in the valve failing
to close in the case without the autoclosure interlock. Thus, the analysis
for Salem would not be significantly altered for Sequoyah for this event tree
node and the Salem analysis 1s applicable for Sequoyah,
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WESTINGHOUSE PROPRIETARY CLASS 3

0038D 1D/101188

43

TABLE 12
: TABLE D-9
L SALEM
CHARGING/SAFETY INJECTION ACTUATION
RESULTS
/ CONSEQUENCE FREQUENCY FREQUENCY FREQUENCY
CATEGORY WITH ACI WITHOUT ACI CHANGE
SUCCESS 8.91£-02 8.91E-02 -
LSFO 2.476-03 2.476-03 -
LSC! 0 0 -
LSCO 0 0 -
LLFO 4,30E-06 4,30E-06 .
LLCO 3, 00E-02 3,00£-02 -
LLe! 3,30E-03 3,30£-03 .
LSF1 3,95E-13 9.38E-12 +9E-12
LLF1 4.82£-07 4.82(-07 -
MSFO 2.63E-12 8.34E-11 +8,1E-11
MLFO 0 0 .
MSF 1 7.74E-05 7.74E-05 -
MLF] 0 0 -
MSCO 4.54E-12 1.44E-10 +1,4E-10
MSC1 5,56E-05 5, 56E-05 -
MLCO 0 0 .
MLCI 0 0 -
MOP 1 1.45E-05 1.45E-05 .
HOP1 1.96E-05 1.96E-05 -
HOPV 5,10E-15 1.34E-11 +1,36-11
T07AL 1.25E-01 1.25€-01



WESTINGHOUSE PROPRIETARY CLASS 3

TABLE 13
TABLE D-10
SALEM
LETDOWN ISOLATION RHR OPERABLE

RESULTS

CONSEQUENCE FREQUENCY FREQUENCY FREQUENCY
CATEGORY WITH ACI KITHOUT ACI CHANGE
SUCCESS 8.89E-02 8.89E-02 -
LSFO 2.75E-03 2.75E-03 .
LSCI 0 0 "
LSCO 3.34E-02 3.34E-02 .
LLFO 1,43E-09 1.43E-09 »
LLCO 9.89E-06 9.89E-06 .
LLCl 0 0 .
LSF1 4.81E-13 4.81E-13 »
ILF] 0 0 .
MSFO 0 0 o
MLFO 0 0 *
MSF1 0 0 -
MLFI 0 0 »
MSCO 0 0 .
MSCI 5.3BE-08 5.37E-09 «1E-11
MLCO 0 0 .
MLCI 0 0 .
MOP1 4,B4E-08 4 .B4E-DS -
HOPY 3.02E-08 3.02E-09 .
HOPV 5.66E-15 1.49E-11 +1.5k-11
TOTAL 1.25E-01 1.25€-01

0035D:1D/101188
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EX ]

WESTINGHOUSE PROPRIETARY CLASS 3

TABLE 14 -
TABLE D-11
SALEM
LETDOWN ISOLATION RHR 1SOLATED
RESULTS
CONSEQUENCE FREQUENCY FREQUENCY FREQUENCY
_CATEGORY WITH ACI WITHOUT ACI CHANGE
SUCCESS 3.26E-01 1.63E-01 -1.53E-01
LSFO 0 0 -
LSC! 1.40E-03 6.99E-04 -7E-04
LSCo 0 0 . '
LLFO 0 0 -
LLCO 0 0 -
LLCl 1.176-01 5,85E-02 -5,8E-02
LSF] 1.026-07 5.07E-08 -5,1E-08
LLFI 1.70E-05 8.48E-06 -8.5E-06
MSFO 0 0 -
MLFO 0 0 -
MSF ] 0 0 -
MLF1 0 0 -
MSCO 0 0 -
MSC1 0 0 -
MLCO 0 0 -
MLC] 0 0 .
MOP1 0 0 -
RHOP1 2.73E-04 1.B6E-D4 «1.9E-04
HOPV 0 0 -
TOTAL 4,45(-01 2.22£-01

003D 1D/10118E
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In addition, because the pressure switch setpoint on the alarm 'to be included
for Sequoyah is lower than the RHR relief valve setpoint, the operator would
have more time in which to diagnose an overpressure event, isolate the RHR
system before the overpressure transient caused the RHR relief valve to 1ift
or the RHR system to be overpressurized. This results in an additional
benefit for the calculation of the operator error probability used in the
case without the autoclosure interlock,

Therefore, the results from the Salem overpressure analysis are applicable to
Sequoyah. The conclusion to be drawn from the overpressurization analysis is
that removal of the autoclosure interlock has 1ittle impact on the
consequences of low temperature overpressure events., Furthermore, 1t should
be understood that the autoclosure interlock was not installed to mitigate
overpressure transients. The RHR suction valves are slow-acting and the ACI
will not protect the RHR system from a fast-acting overpressure transient.
The major impact with respect to overpressure concerns 1s that remova)l of the
autoclosure interlock will significantly reduce the number of letdown
fsolation transients and the challenges to the operator.
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4.0 CONCLUSIONS ‘

Based on the comparative evaluation between Salem and Sequoyah with regard to
the deletion of the autoclosure interlock, the three different areas examined
indicate that the results and conclusions for Salem in WCAP-11736-A are not
invalidated by the proposed change for Sequoyah. The deletior. of the ACI and
the inclusion of a control room alarm to warn the operator that a series
suction/isolation valve is not fully closed or when RCS (or RHR) pressure is
above the alarm setpoint is acceptable for Sequoyah.

The results of the different areas of evaluation for Sequoyah are shown

below:
With Without Percent
acl ACl Change"
Interfacing System LOCA
F(VSEQ) 9.49E-07/year 5.77E-07/year -39
RHRS Unavailability
RHR Initiation 3.20E-02 3.20E-02 0
Short Term Cooling 1.63E-02 1.40E-02 -14
Long Term Cooling 4.00E-02 1.20E-02 =70
Overpressurization L

* (-) - Reduction
(+) - Increase

** - Reduction in some categories and a small increase in other categories

Based on the comparative evaluation between Salem and Sequoyah with regard to
the deletion of the autoclosure interlock, the three different areas examined
indicate that the results and conclusions for Salem 1n WCAP-11736-A are not
invalidated by the proposed change for Sequoyah. The deletion of the ACI and
the inclusion of a control room alarm to warn the operator that one series
suction/isolation valve is not fully closed or RHR pressure is above the
alarm setpoint is acceptable for Sequoyah.
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APPENDIX A ‘
INFORMATION RECEIVED FROM SEQUOYAH FOR ANALYSES
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