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16 SHUTDOWN RISK

16.1 INTRODUCTION

A detailed PRA is performed to determine the core damage frequency during shutdown. Loss of
the Reactor Water Cleanup/Shutdown Cooling System, Loss of Reactor Component Cooling
Water System, Loss of Plant Service Water System, and Loss of Preferred Power are all
investigated. Additionally, the Core Damage Frequency (CDF) due to drain down of the RPV or
Loss of Coolant Accidents (LOCASs) during shutdown is evaluated. Fault trees and event trees
are used to determine the shutdown CDF for each event analyzed.

The evaluation encompasses plant operation in shutdown modes. This evaluation addresses
conditions for which there is fuel in the RPV. It includes all aspects of the NSSS, the
containment, and all systems that support operation of the NSSS and containment.

The scope of the Shutdown PRA is that of a Level 1 PRA. The different accident sequences are
classified according to whether the core is damaged or not. The latter are further subdivided into
two classes: those without release of radionuclides to the environment and those with release of
radionuclides to the environment (either because the containment was open at the time of the
initiating event or because the containment cooling failed).

The following subsections discuss the shutdown PRA modeling methodology, data sources,
modeling assumptions, and the results of the data analyses for inclusion in the shutdown PRA
model. Shutdown PRA analyses during external events are covered in individual sections on
external events sections such as Sections 12 (Fire), 13 (Flood) and 14 (High Wind).

16.1-1




NEDO-33201 Rev 1

16.2 PLANT CONFIGURATIONS IN SHUTDOWN

The differences between the shutdown PRA and the power operation PRA are due to the
following:

* Plant operating mode

e Time after shutdown

e RPV and containment status

o Water levels and temperatures

e Fuel location

» Availability of required systems

To develop a suitable shutdown model, multiple bounding plant configurations are defined with
similar characteristics in relation to the residual heat, the availability of systems, and the RPV
water levels.

The outage plant operating mode is used to define the initial plant condition for individual
accident sequence quantification.

Once the outage plant configurations have been defined, the duration of each one is estimated to
determine its contribution to the overall calculation of annual core damage frequency. The
duration is expressed in hours per refueling outage.

16.2.1 Definition of Plant Shutdown Configurations

The shutdown PRA considers the following outage plant configurations as representative of the
possible plant configurations during shutdown.

e Mode 4 (hot shutdown) — included in full-power PRA
e Mode 5 (cold shutdown)

e Mode 6-Unflooded (refueling)

U Modq 6-Flooded (refueling)

Figure 16.2-1 displays the duration of the different outage plant configurations considered in the
ESBWR Shutdown PRA. The following paragraphs describe each of these configurations,
detailing the vessel pressure and temperature conditions, as well as the assumed duration and
status of RWCU/SDCS and other decay heat removal systems.

16.2.1.1 Mode 4 — Hot Shutdown

This is the cooldown phase to bring the plant to cold shutdown. The reactor mode switch is in the
shutdown position. It begins after control rod insertion is completed. Operation of the reactor
mode switch from one position to another bypasses Reactor Protection System trips and channels
and automatically alters Neutron Monitoring System trip setpoints in accordance with the reactor
conditions implied by the given position of the mode switch (Reference DCD Chapter 7).

Decay and sensible heat are removed through the Main Condenser and/or Isolation Condenser.
Approximately one-half hour after control rod insertion, both RWCU/SDCS trains are operating,

16.2-1
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with the regenerative heat exchangers bypassed and pumps running at reduced speed to avoid
exceeding the RCCWS design cold leg temperature. The control rod drive system is in service to
provide makeup water for the reactor coolant contraction.

The duration of this mode is assumed to be 8 hours.
Containment is de-inerted but integrity is maintained during this mode.

The initial RPV pressure and temperature is the same as power operating values. Because the
plant configuration during this period is very similar to that existing in full power, the CDF
contribution of this mode is modeled as included in the full power PRA.

16.2.1.2 Mode 5 — Cold Shutdown (After Power Operation)

Cooldown of the reactor coolant is continued during this phase. The reactor mode switch is in the
shutdown position. Once in cold shutdown, the heat removal requirements are transferred to the
RWCU/SDCS. The Main Condenser and circulating water pumps are removed from service and
the use of the isolation condensers is terminated.

Both RWCU/SDCS trains run in parallel, with regenerative heat exchangers bypassed and the
pump speed gradually increasing up to the maximum flow rate.

The duration of this mode is assumed to be 88 hours.

Containment is opened at some time during this mode. The drywell head removal operations are
expected to begin, and eventually be completed, in this configuration. However, because it is
expected that containment will be intact during most of the time spent in this mode, the
shutdown PRA assumes containment to be intact for Mode 5.

Initial RPV conditions in this mode are a pressure of 0.75 MPa (109 psia) and a temperature of
168 °C (334 °F).
16.2.1.3 Mode 6 — Refueling (Unflooded)

As soon as the reactor coolant temperature reaches 49 °C (120 °F), reactor head removal
operations may start. Prerequisites required to remove reactor head, such as reactor well drain or
drywell head removal occur during the cooldown phase.

Decay heat removal is provided by the RWCU/SDCS. At the start of this mode, both trains are
expected to be running. Later, only one is required to keep the reactor coolant temperature
within limits.

The duration of this mode is assumed to be approximately 59 hours, including the period before
refueling and the period after refueling.

In this configuration the reactor head is either removed or not fully tensioned, and the reactor
well is not flooded.

RPV is at atmospheric pressure and the temperature is maintained at about 49 °C (120 °F). The
reactor vessel is assumed to be open to the reactor building.

16.2.1.4 Mode 6 — Refueling (Flooded)

The plant enters this configuration after the reactor well flooding is completed.

16.2-2
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Decay heat removal is provided by RWCU/SDCS, with only one train running much of the time
in this mode. The FAPCS, operating in the reactor well cooling mode, can be used also to cool
the reactor. If required, train B of FAPCS can be operated in Reactor Well Cooling mode. In this
mode, water from the reactor well is directed to the train B heat exchanger to ensure adequate
cooling of the upper layer of the reactor well water. It is expected that FAPCS Train B operates
in this mode 8 hours in every refueling outage.

The duration of Mode 6- Flooded is assumed to be approximately 241 hours (10 days).
In this configuration, the reactor head is removed and the reactor well is flooded.

The RPV is at atmospheric pressure and the reactor coolant temperature is maintained between
54 °C (150 °F) and 51 °C (124 °F). The reactor vessel is assumed to be open to the reactor
building.

16.2.1.5 Mode 5 — Cold Shutdown (Before Power Operation)

After completing the refueling, an additional period in cold shutdown may be required for
completing other maintenance activities.

The plant configuration is described in 16.2.1.2, except that initial pressure and temperature of
the RPV and decay heat are reduced. One RWCU/SDCS train is running.

This analysis assumes that the duration of this mode is approximately 150 hours per refueling
outage.

16.2.2 Mission Time

For the quantification of core damage frequency, the mission time is assumed to be 24 hours.
However, the availability of inventories of water and power sufficient to ensure core cooling
from 24 h to 72 hours is also considered.

16.2-3
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16.3 INITIATING EVENTS

The purpose of this subsection is to determine the initiating events that challenge the critical
safety functions (e.g., heat removal, inventory control) during shutdown operations. A shutdown
initiating event is defined as any event that provokes a disturbance in the stable state of the plant
and that requires some kind of action to prevent damage to the core.

Section 16.3.1 discusses the shutdown critical safety functions and the shutdown initiating events
that challenge these critical safety functions. Section 16.3.2 presents the analysis of the initiating
events considered in the Shutdown PRA. Frequencies for initiating events are estimated in
Section 16.3.3 and the recovery actions credited are discussed in Section 16.3.4.

16.3.1 Shutdown Critical Safety Functions

The primary critical safety functions accounted for in the Level 1 internal event shutdown
evaluation are the following:

e Decay Heat Removal (DHR)

e Reactor Coolant System Inventory Control

16.3.1.1 Decay Heat Removal

The decay heat removal function during all shutdown modes of operation is provided by the
Reactor Water Cleanup/Shutdown Cooling System (RWCU/SDCS) operating in shutdown
cooling mode. In Mode 6 with the reactor well flooded, the Fuel and Auxiliary Pools Cooling
System (FAPCS) may be used as an alternative.

At the beginning of every shutdown period, both RWCU/SDCS trains will be running, with
pumps varying their speed in order to meet the cooldown rate objectives. Once in Mode 6, before
completing reactor cavity flooding, only one train is required.

If the reactor well is flooded (Mode 6-Flooded), the risk associated to loss of decay heat removal
has been judged to be negligible because of the following:

e In addition to RWCU/SDCS, FAPCS can be aligned to cool the reactor well water,
constituting a valid alternative for RWCU/SDCS, thus reducing the probability of losing
the decay heat removal function.

e The large amount of water stored above the core assures core cooling during a long
period of time. This time would be significantly longer than 24 hours. This long period
could be used to establish an adequate path from an external water source to the reactor
well. CRD pumps, FAPCS pumps, condensate pumps, or firewater pumps could provide
this makeup function. The long period of time available makes it practically certain that
sufficient inventory can be supplied.

Therefore, the loss of decay heat removal is not analyzed in detail for the case when the reactor
well is flooded (Mode 6-Flooded).

For the other shutdown modes (Modes 5 and 6 with the reactor well unflooded), it"is assumed
that one RWCU/SDCS train is sufficient to remove decay heat to prevent reactor coolant boiling.

16.3-1



NEDO-33201 Rev 1

It is assumed that both RWCU/SDCS trains are running, because the time periods in which only
one is running occurs when the reactor well is flooded. Consequently, failure of one of the trains
is not considered an initiating event.

16.3.1.2 Reactor Coolant System Inventory Control

This critical safety function is defined as maintenance of the RCS inventory at a level sufficient
to sustain decay heat removal.

LOCA and RPV draindown events can potentially challenge this critical safety function. They
can occur as a result of:

e Random pipe breaks within the RCS (including breaks related to maintenance or
refueling operations).

e Misalignment of systems connected to the RPV.
o Leakage during FMCRD replacement.

16.3.1.2.1 Pipe breaks

Two different cases are analyzed, depending on whether the reactor vessel head is installed or
not.

16.3.1.2.1.1 Mode 5

As long as the reactor vessel head is in place with its bolts fully tightened, the accident sequence
following a Loss of Coolant Accident is considered included in the Full Power PRA.

The frequency of these events is expected to be lower than at full power, due to the reduced
vessel pressure and temperature. For example, the Grand Gulf Shutdown Study (Reference 16-1)
reports that the large LOCA frequency for shutdown events is a factor of ten lower than the
frequency for the full power case. Also, control rods are fully inserted at the beginning of the
sequence, and the reduced pressure and temperature of the reactor coolant, and the lower decay
heat level allow for longer times available for adequate action.

It is judged that no specific shutdown LOCA event trees are required for shutdown modes where
the reactor vessel is closed.

16.3.1.2.1.2 Mode 6

As long as the RPV level is above Level 3 (L3), it is assumed that RWCU/SDCS provides
adequate core cooling. ‘Natural circulation of coolant inside the vessel is not challenged because
L3 is above the bottom of the steam separators. As such, any break above L3 does not constitute
a shutdown initiating event, as RWCU/SDCS will continue to ensure normal core cooling and
the core will remain covered.

However, if RPV level drops to L3, RWCU/SDCS pumps receive a runback signal, slowing
down to cleanup mode flow rate. In addition, once water level in the vessel falls below the
bottom of the steam separators, natural circulation is not assured and the core cooling function of
RWCU/SDCS may not be adequate. As such, breaks below L3 are included in the analysis as
shutdown initiating events.

16.3-2
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Breaks below L3 are divided into the following two categories: breaks outside containment and
inside containment.

Breaks Outside Containment

Breaks outside containment can originate only in RWCU/SDCS piping, as this is the only system
that removes reactor coolant from the containment in Mode 6; the rest of the RPV vessel piping
is isolated.

The RWCU/SDCS containment penetrations have redundant and automatic power-operated
containment isolation valves that close on signals from the leak detection and isolation system
and the reactor protection system. The inboard valves are nitrogen-operated and the outboard
valves are air-operated. Both the inboard and outboard valves are solenoid actuated with spring-
to-close provisions. An additional, diverse non-safety isolation of the RWCR/SDCS system
provides protection in the event of a break outside containment.

The RWCU/SDCS return lines to the feedwater lines are each provided with redundant check
valves in series located in the Main Steam Tunnel. A single-power operated isolation valve in
each line is located upstream of the check valves and inside the Reactor Building. The FAPCS
and CRDS connections are downstream of the two check valves. A postulated break in the
RWCU/SDCS piping system inside the Reactor Building, which would otherwise allow reactor
coolant to flow backwards through main feedwater lines and to spill into the Reactor Building,
will be isolated by the redundant RWCU/SDCS check valves even if a single failure of one
check valve is assumed.

Therefore, the shutdown PRA considers RWCU/SDCS breaks outside containment to be
negligible risk contributors and does not analyze them further. This is consistent with the at-
power PRA which shows the CDF contribution from RWCU/SDCS breaks outside containment
to be negligible.

Breaks Inside Containment

For breaks inside containment, coolant flows through the break to the lower drywell. Decay heat
removal is achieved in this case by allowing reactor coolant boiling and then venting the steam to

the atmosphere (i.e., the drywell head is removed in Mode 6). To maintain adequate water level
in the vessel, a water supply to the vessel is required.

If a break is located below TAF, to reach a safe core cooling condition, it is necessary to flood
the drywell and the vessel up to a level above the TAF.

The lower drywell is equipped with a personnel hatch and with an equipment hatch to allow
access to the containment for personnel and equipment. These hatches are closed during normal
operation, but they may be open during refueling. A manual recovery action to close these two
hatches is required for successful drywell flooding (see recovery analysis below).

Two different cases are considered for breaks inside containment below TAF during Mode 6:
¢ Reactor well flooded (Mode 6-Flooded):

If the reactor well is flooded, the water inventory stored above the core is assumed to be
sufficient to flood the drywell and the vessel well above the TAF if the two lower drywell
access hatches are closed at the time of the event or they are manually closed before the
water level in the drywell reaches the elevation of the hatches
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¢ Reactor well unflooded (Mode 6-Unflooded):

If the well is not flooded, the water inventory stored above the core is assumed to be
insufficient to cover the core, and additional coolant supply is required

As discussed previously, only pipe breaks below RPV Level 3 (L3) are considered shutdown
initiating events. Therefore, breaks in main steam lines, DPVs, and instrument lines above L3 are
not considered as shutdown initiating events.

Based on the discussions above, and the line breaks identified in Table 2.3-1, the following line
break categories are identified as potential shutdown LOCA initiators:

e GDCS injection line break: this event degrades the passive inventory control system.

e TFeedwater line A break: it is assumed that the break occurs in FW line A because this
disables effective injection of LPCI and Firewater.

e Line breaks above TAF other than GDCS injection or Feedwater lines.

e Line breaks below the TAF: closure of the lower DW hatches is required to achieve core
cooling.

16.3.1.2.2 RPV draindown events duc to misalignments

The ESBWR design has significantly reduced the number of potential RPV draindown pathways
due to postulated system misalignment during shutdown conditions.

In particular, as compared to Residual Heat Removal System in current BWRs, the
RWCU/SDCS in the ESBWR does not have the potential for diverting RPV inventory to the
suppression pool through the SP suction, return, or spray lines. RWCU/SDCS does not provide
any drywell spray function, so the potential RPV draindown through drywell spray does not exist
either.

In addition, the absence of recirculation lines in the ESBWR design further reduces the potential
RPV draining paths.

The only operating system that has the potential to drain the RPV during this mode of shutdown
is RWCU/SDCS. This system is connected to the RPV during shutdown and it is used to
discharge excess reactor coolant to the main condenser or to the radwaste system during startup,
shutdown and hot standby conditions.

An analysis of this possible path has been conducted. The conclusion of the analysis is that the
ESBWR design eliminates most of the risk for potential drain down from this path. Therefore,
the contribution to the core damage frequency in shutdown is judged negligible and this scenario
is not analyzed further.

16.3.1.2.3 FMCRD replacement

FMCRD replacement is performed in two steps. First, the CRD spool piece is removed, at which
time the spindle adaptor seats on the spindle adaptor back seat to prevent any leakage of water
from the RPV. Next, the CRDM is withdrawn until the blade back-seats on the guide tube to
provide a metal-to-metal contact. This provides a seal preventing the reactor water from
draining. The drive can then be removed and replaced. This arrangement for preventing vessel
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draining through back-seating of the control blade is the same as the one used in the current
BWRs and in the ABWR.

The potential exists for the operator to remove the blade inadvertently, establishing a direct path
for draining the RPV. If a crew of operators is replacing one FMCRD drive while another crew is
replacing or rotating the blades from the top, and the blade belonging to the removed drive is
acting as a plug, and if inadvertently pulled out, a drain path can be established. It is assumed
that, as a normal practice, a blind flange is installed during a temporary removal of the drive or a
new drive is installed in a short period of time.

According to these assumptions, two operational errors must occur to allow a drain event to
occur:

e Failure to install a blind flange

e Failure to recognize that the blade to be pulled out is withdrawn and already decoupled
from the drive.

For these reasons, it is judged that the contribution of this initiating event to the core damage
frequency is non-significant.
16.3.2 Identification of Initiating Events

The identification of the shutdown initiating events for inclusion in the ESBWR shutdown risk
assessment is based on:

» Review of past shutdown PRAs
» Review of the ESBWR full power PRA initiators
¢ Consideration of the ESBWR design and configuration during shutdown

The potential initiator scenarios are described in Section 16.3.1. The resulting list of initiating
event types during shutdown (and as a function of critical safety function) is presented in Table
16.3-1.

16.3.3 Frequency of Initiating Events

Initiating event frequencies are quantified based on a review of BWR operating experience as
well as ESBWR specific evaluations.

16.3.3.1 Loss of Both Operating RWCU/SDCS Trains

The main components of the system are the pumps, heat exchangers, demineralizers, valves and
piping.

RWCU/SDCS is connected to non-safety-related standby AC power (diesel generators) allowing
it to perform its reactor cooling function when the preferred power source is not available.

In addition to AC power, RWCU/SDCS requires the operation of the Reactor Component
Cooling Water System (RCCWS) and the Plant Service Water System (PSWS) in order to
remove decay heat.

The unavailability of the RWCU/SDCS system can occur for the following general reasons:
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¢ TFailure of both RWCU/SDCS trains

e Isolation of the RWCU/SDCS, caused by RPV low level (Level 3 causes RWCU/SDCS
pump runback and Level 2 causes loss of suction pressure), SLCS initiation, LD&IS
signals, high temperature in main steam tunnel or high system flow

o Loss of Preferred Power (LOPP)
e Loss of RCCWS or PSWS

The Loss of RWCU/SDCS shutdown initiating event is defined by failure of both trains, either
due to RWCU/SDCS component failures or by automatic closure of isolation valves. LOPP and
Loss of RCCWS/PSWS are modeled as separate shutdown initiating events.

Automatic closure of RWCU/SDCS isolation valves can be initiated by the following signals:
e High RWCU/SDCS flow
e Low reactor water level (level 2)
e High temperature in main steam tunnel
o Initiation of the Standby Liquid Control System
¢ Leak Detection and Isolation System signals

ESBWR logic design uses four divisions of power backed up by safety-related batteries.
Therefore, loss of power to the logic is highly unlikely. Three divisional logic power supply
failures are required to initiate the SDC isolation; as such, this RWCU/SDC failure mode is non-
significant compared to loss of support systems or mechanical failures.

The initiating frequency for Loss of RWCU/SDCS is calculated from the dominant failure mode,
common cause failure to run of the two RWCU pumps.
16.3.3.2 Loss of Preferred Power

Loss of Preferred Power (LOPP) may happen as a result of severe weather, grid failures or
switchyard faults.

The LOPP shutdown initiator frequency is calculated using the loss of offsite power during
shutdown data documented in NUREG/CR-5496. (Reference 16-2)
16.3.3.3 Loss of RCCWS/PSWS

This initiating event is the loss of the Reactor Component Cooling water System (RCCWS) or
the loss of the Plant Service Water System (PSWS) supporting the RWCU/SDCS operating in
shutdown cooling mode. This initiating event poses a DHR challenge and renders the
RWCU/SDCS system unavailable.

The frequency of this initiator is based on the Loss of PSWS initiating event frequency
calculated for the at-power PRA.

16.3.3.4 LOCA in Mode 6
The following LOCA initiators are quantified in the shutdown PRA:
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e Break in one of the GDCS injection lines (Mode 6-Unflooded)

o LOCA in FW-A (Mode 6-Unflooded)

¢ LOCA other than FW or GDCS (Mode 6-Unflooded)

e LOCA below TAF in RWCW/SDC drain lines (Mode 6-Unflooded; Mode 6-Flooded)
e LOCA below TAF in instrument lines (Mode 6-Unflooded; Mode 6-Flooded)

The shutdown LOCA frequencies are based on the at-power RCS line break frequencies (refer to
Table 2.3-1). The at-power RCS line break frequencies are reduced by a factor of 10 for the
shutdown PRA to reflect the low pressure and temperature during shutdown conditions.
(Reference 16-1)

16.3.4 Recovery Actions

This section documents the calculation of time-dependent, post-initiator recovery probabilities
used in the ESBWR Shutdown PRA. The recovery events addressed in this section are those that
terminate or mitigate the initiating event before a safety function is challenged. Unlike at full-
power conditions, during shutdown modes extended time can be available to terminate the
initiating event. This justifies the quantification of recovery possibilities.

Recovery events are analyzed for the following initiating events:

e Loss of both operating RWCU/SDCS trains: Operators recover at least one of the two
failed trains.

e Loss of Preferred Power: Offsite AC power recovered.
® Loss of RCCWS/PSWS: Operators recover the failed equipment.

e LOCA Below TAF (Mode 6): Operators close the two lower drywell hatches if they are
open.

The analysis of these events is performed using the BWR industry data from References 16-3,
16-4, 16-5 and 16-6. Industry data is included here based on operating experience in Modes 5
and 6.

The operating experience events in each category are analyzed to determine the time elapsed
before the initiating event was terminated. Because of the limited data for extended durations, an
additional assumed event with a recovery time of 20 hours is added to all distributions.

It is then assumed that the time to recovery is a random variable following a lognormal
probability density distribution. The parameters of the distribution are chosen so that a best fit
between the real data and the theoretical curve is achieved. The resulting curve provides the
probability of shutdown initiating event recovery as a function of time.

16.3.4.1 Recovery of RWCU/SDCS

The most functionally similar system to RWCU/SDCS in current BWRs is the Residual Heat
Removal system.

Events involving the loss of a running RHR pump at BWRs are identified from References 16-3,
16-4 and 16-5, and are shown in Table 16.3-4. However, due to the lack of BWR events
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specifying the duration, PWR events (see Reference 16-6) are also used in the recovery analysis,
excluding those occurring during reduced inventory conditions. Using the methodology
described above, the lognormal distribution parameters m and s are determined to be 2.73 and
2.08, respectively. The resulting recovery probability curve as a function of time for the Loss of
RWCU/SDCS initiator is provided in Figure 16.3-1.

The allowable time frame for recovery of a Loss of RWCU/SDCS initiator is defined as the time
for RPV level to boil-off and drop to RPV Level 3 (at which point a RWCU/SDCS pump
runback signal would be initiated — further hampering recovery of RWCU/SDCS cooling).

For Mode 5, the available time is 1.2 hours.
For Mode 6-Unflooded, the available time is 1.3 hours.

These times are based on the ABWR thermal hydraulic calculations (Reference 16-7) and are
estimated by the time to reach RCS boiling (assuming the initiating event occurs at the start of
the outage phase). These estimates are conservative for the following two reasons: 1) the
ESBWR RPV is a larger vessel than the ABWR, thus the larger water volume of the ESBWR
would take longer to reach boiling; and 2) the additional time for water level boil-off down to L3
is not credited.

The non-recovery probabilities for these two cases are shown in Table 16.3-5.

16.3.4.2  Power Recovery after LOPP

Recovery from this initiating event implies that the offsite AC power has been restored.
Following restoration of offsite power, operator action to align the systems participating in the
decay heat removal function is assumed to be required.

NUREG/CR-5496 (Reference 16-2) distinguishes two types of LOPP: plant-centered LOPP and
external LOPP (severe weather or grid-related). For each type, a different probability density
function is given for the time to recover.

For LOPP cases related to plant-centered events, it is conservatively assumed that recovery time
probability density distribution corresponds to the type of “maintained events”, as reported in
NUREG/CR-5496. Using the plant-centered events data, the lognormal distribution parameters
m and s are determined to be 3.39 and 1.44, respectively. The resulting recovery curve is
provided in Figure 16.3-2.

For external LOPP cases, the recovery time probability density distribution corresponds to the
type of “severe weather”, as reported in NUREG/CR-5496. This data results in a lognormal
distribution with parameters m and s equal to 5.83 and 1.63, respectively. The recovery curve is
provided in Figure 16.3-3.

The allowable time frame for recovery is taken to be the same as that for Loss of RWCU/SDCS.
For Modes 4 and 5, the available time is 1.2 hours.
For Mode 6-Unflooded, the available time is 1.3 hours.

The corresponding shutdown LOPP recovery failure probabilities are determined using a
weighted average based on the frequencies of the two LOPP cases (plant-centered and external).
The resulting LOPP non-recovery probabilities are shown in Table 16.3-5.
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16.3.4.3 Recovery of RCCWS/PSWS

The RCCWS and PSWS are used during shutdown to remove decay heat and other heat loads.
The main components in the system are pumps and heat exchangers. It is assumed that the time
to recover from a Loss of RCCWS/PSWS shutdown initiator follows the same probability
density distribution as the time to recover the RWCU/SDCS.

The allowable time frame for recovery is taken to be the same as that for Loss of RWCU/SDCS.
For Mode 5, the available time is 1.2 hours.
For Mode 6-Unflooded, the available time is 1.3 hours.

The non-recovery probabilities for these two cases are shown in Table 16.3-5.

16.3.4.4 Close Lower Drywell Hatches

An equipment hatch for removal of equipment during maintenance and an air lock for entry of
personnel are provided in both the lower and upper drywell. These access openings are sealed
under normal plant operation but are opened when the plant is shut down for refueling. Credit is
not given for closing the doors after reactor coolant overflows through the hatches. Therefore,
the time available for closing both hatches depends on the volume of the lower drywell under the
bottom edge of the hatches, on the size of the break, and on the water level in the vessel or
reactor well above the break.

This action is required for the shutdown LOCA below TAF initiators during Mode 6. These
LOCAs involve breaks in the RWCU/SDC drain lines and instrument lines.

The flow through the break is assumed constant and equal to SV2gh, where S is the break area, h
is the height of water above the break, and g is the acceleration due to gravity.

Both break locations, in RWCU/SDCS drain lines and instrument lines, are evaluated. The
calculation assumes the reactor well is not flooded at the time of the break. Table 16.3-6
summarizes the calculation.

Detection of the event will be immediate if personnel are present in the lower drywell. If this is
not the case, it is assumed that an alarm on drywell sump high level is available in the control
room.

Once the event has been detected, the plant operator must correctly diagnose the situation, make
the decision to close the hatches, gain access to elevation —6400 mm in the reactor building, and
manually close the equipment hatch and the personnel air lock. It is assumed that during the
outage, personnel will be continuously located in the area of the doors.

Probabilities of 1.0E-1 and 1.0E-2 are assigned for failing to close the DW hatches for breaks in
RWCU/SDCS drain lines and instrument line breaks, respectively.
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16.4 EVENT TREES
The shutdown PRA event trees are shown in Figures 16.4-1 through 16.4-13.
The event tree construction takes into account the following aspects:

e Chronological order of system actuation

* Grouping of mitigating systems by safety functions

Descriptions of all event tree headings are provided below, though headings appearing in
different event trees are described only once.

The success criteria used in the different events are reported under the description of the event
heading.

The accident sequence end state nomenclature is the same as in the full power PRA:

e OK: The core is successfully cooled and the containment is intact. There is no core
damage in these events.

e CDI: The containment is intact when core damage occurs and the RPV is at low
pressure.

e CDII: The containment fails while the core is successfully cooled, leading to
subsequent core damage.

CD III: The containment is intact when core damage occurs and the RPV is at high
pressure.

e CD V: The containment is bypassed at the time of core damage.

During Mode 6, when the containment is open, sequences leading to core damage are designated
asCD V.

16.4.1 Loss of Decay Heat Removal

Initiators leading to a loss of decay heat removal function are grouped into scenarios occurring
during Mode 5 or during Mode 6. Given the three initiating event types leading to loss of DHR
scenarios (Loss of RWCU/SDC, Loss of RCCWS/PSWS and Loss of Preferred Power), six

shutdown loss of DHR event trees are analyzed.

16.4.1.1 Loss of DHR in Mode 5

Following loss of the decay heat removal function, pressure and temperature in the RPV
gradually increase. Due to reduced initial pressure and temperature during shutdown conditions,
the operator has the opportunity to recover the lost function before the pressure reaches the SRV
setpoint.

If recovery of decay heat removal is not possible, the isolation condenser (I) function will be
initiated on RPV high pressure or low RPV water level (Level 2). This function provides short
term as well as the long term core cooling.
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IfICS fails, RPV pressure increase leads to SRV opening. Steam generated by decay heat is then
discharged to the suppression pool, where it is condensed. As the level inside the RPV decreases,
high pressure makeup is required to keep the core covered.

Failure of all of the SRVs to open could be postulated to lead to a vessel rupture scenario. Even
if mitigation is still possible, core damage is assumed.

Either the feedwater and condensate pumps or the Control Rod Drive system (CRD) can fulfill
the high-pressure makeup function. CRD is automatically initiated in the injection mode on RPV
water Level 2.

It is possible that the suppression pool water level could exceed the maximum allowed
temperature limit, and the depressurization of the Reactor Pressure Vessel (RPV) is required. It is
considered that this depressurization is performed using only the SRVs, so the containment heat
removal function can still be performed by the FAPCS in the suppression pool cooling mode.

If all high pressure makeup alternatives fail, low pressure makeup is required. The opening of
two SRVs enables the injection modes of either FAPCS or the Fire Protection System (FPS).

If low pressure injection systems fail after manual depressurization with 2 SRVs, the ADS will
actuate and the short term and long term core cooling functions are performed with 2 of 8 lines
from the Gravity Driven Cooling System (GDCS), 2 of 3 GDCS pools and the opening of at least
one equalizing line. The equalizing line will permit effective RPV flooding with the suppression
pool water, as long as at least 4 DPVs have opened. If for some reason GDCS cannot inject into
the depressurized reactor, either FAPCS or FPS injection mode can support the short term and
long term core cooling functions.

The containment heat removal function is performed, in both cases, by either the PCCS and if
this system fails, FAPCS in the suppression pool cooling mode can be aligned. If both PCCS and
FAPCS are not effective, the containment vent can be actuated to reduce the pressure in the
containment through at least one path to the atmosphere. In the event of failure of the
containment vent function, it is assumed that long term core coolant makeup is failed and, as
such, such sequences are modeled as leading to core damage.

16.4.1.1.1 Loss of Both RWCU/SDCS Trains (Mode 5)

The event tree for this initiating event is shown in Figure 16.4-1. The description given above
corresponds to this case. The event tree headings are described below.

RW4 - Recovery of RWCU/SDCS (Mode 5)

The operator has the opportunity to recover the RWCU/SDCS before any other system actuates
or any other safety function is challenged. See Section 16.3 above for the time available and the
recovery failure probability.

1 - Isolation Condensers

Regardless of initial RPV pressure, if decay heat is not removed, the Isolation Condenser System
is initiated automatically on high reactor pressure, or later on RPV water level Level 2.
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The I function is able to prevent RPV Level 1 from being reached if:
e The initial RPV water inventory is above Level 3
o There is little or no leakage from the RPV.

The maximum RCPB leak rate within the Technical Specification during full power operation is
assumed to be insufficient to decrease the level to the point where an ADS signal occurs, even if
high pressure RPV makeup is not established during the sequence mission time. Therefore,
failure of the I function due to leaks is considered a low probability.

The success criterion of this function is the operation of at least 3 of 4 ICs during the sequence
mission time, and success of the Long Term Containment Cooling System (WT) described later.

M — At Least 1 SRV Open

If the I function fails, the RPV pressure will increase up to the SRVs setpoint. The success
criterion for this function is the automatic operation of at least 1 SRV. Failure of this function is
conservatively assumed to lead to core damage.

The possibility of a stuck open relief valve is not modeled. As no credit is given for the I
function after the opening of an SRV, it is not necessary to assume that all SRVs are closed.

U1CF — High Pressure Injection Systems

Water level can be maintained above RPV Level 1 by the FDW or by the CRD system. FDW
needs to be aligned and initiated by the operator while CRD system automatic initiation occurs at
RPV Level 2.

Successful FDW is modeled as at least 1 FDW pump and 1 Condensate pump taking suction
from the Condenser, which in turn is supplied from the Condensate Storage Tank (CST). If
failure of FDW occurs, RPV Level 2 setpoint is reached and CRD injection initiates. Successful
CRD injection into the reactor vessel requires 1 CRD pump taking suction from the CST.

XS2 - At Least 2 SRVs Open

If no high pressure injection system is available, it is necessary to depressurize the RPV to allow
FAPCS or FPS injection to the RPV,

Success of this function requires the operator to manually open at least 2 SRVs.

The time available to the operator to manually initiate RPV depressurization is defined by the
time when RPV level falls below L2 to the time when the ADS system will automatically initiate
(i.e, at RPV Level 1).

VLF — Low Pressure Injection Systems

After successful RPV depressurization, either FAPCS or FPS can fulfill the core cooling function
when configured in the RPV injection mode. Both systems are manually actuated.

The time available to the operator to manually initiate either of these two systems is defined by
the time when RPV pressure has been sufficiently reduced to the time when the ADS system will
automatically initiate (i.e., at RPV Level 1).

Success of this function requires the operator to manually align at least 1 FAPCS or FPS train in
RPV injection mode.
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ADS - At Least 4 DPVs Open Automatically
If RPV water level falls below Level 1, the ADS system automatically initiates.

The success criterion for this function is that at least 4 DPVs automatically open.
VG — Gravity Driven Cooling System

If all the active low pressure injection systems are unavailable after successful RPV
depressurization, the passive GDCS system will automatically inject water into the RPV. Short
term core cooling is accomplished by the opening of at least 2 GDCS lines and the discharge of
at least 2 GDCS pools. One equalizing line must be opened for long term core cooling.

The success criteria for this function are the discharge of at least 2 lines and 2 GDCS pools and
the opening of at least 1 equalizing line.

VLFL - Low Pressure Injection Systems after ADS

This event tree node models initiation of low pressure injection following automatic RPV
depressurization by the ADS system. As in the VLF node, either 1 train of FAPCS or FPS
operating in the RPV injection mode can fulfill this function. However, the time available to the
operator to perform the manually alignment is different in the scenario with automatic ADS. The
time available to the operator to perform the alignment is defined by the time when the GDCS
fails to initiate to the time when core damage starts.

DL - Vacuum Breaker Closed

When the RPV is depressurized through the DPVs, the vacuum breakers connecting the wetwell
and the drywell must remain closed; otherwise the PCCS can not effectively remove heat from
the containment.

If a vacuum breaker opens, it is possible to close it or the associated series isolation valve. The
time available to close or isolate an open vacuum breaker is defined by the time of RPV
depressurization to the time when containment pressure reaches venting pressure.

The success criterion for this heading is that all vacuum breakers remain isolated.

WP — Passive Containment Cooling System

The short term passive containment heat removal function is performed by the PCCS. The PCCS
is effective only when the drywell pressure is greater than the wetwell pressure and all the
vacuum breakers are closed.

The system is always open to the containment atmosphere and it has no valves that require
opening. Failure of this function is the loss of effectiveness of the heat exchangers in removing
the decay heat from containment atmosphere (e.g., tube plugging).

The success criterion for this function is the operation of at least 4 heat exchangers.

WT — Long Term Containment Cooling System

This heading models the potential for long term containment heat removal failure.

When PCCS or the ICs are performing the containment heat removal function, long term
containment heat removal is achieved via use of all the water in the pools of the upper part of the
reactor building.
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The success criterion for this function is the full connection of the pools in the reactor building.

WLL — Suppression Pool Cooling after Depressurization

If other containment cooling systems have failed, the decay heat removal function can be
accomplished by the FAPCS in the suppression pool cooling mode. This requires manual
initiation.
The time available to the operators to initiate suppression pool cooling is defined by the time
when PCCS fails to the time when containment pressure reaches the containment venting
pressure.

Success of this function requires manual alignment of at least 1 FAPCS train in suppression pool
cooling mode.

WC - Containment Overpressure Protection System

If no containment heat removal system is available, the operators can reduce containment
pressure by venting from the suppression pool to the stack via the Containment Inerting System.

Success of this function requires manually opening the vent line. The time available to the
operator to initiate venting is defined by the time that the CIS setpoint is reach until the time of
containment failure.

16.4.1.1.2 Loss of Preferred Power (Mode 5)

The event tree for this initiating event is shown in Figure 16.4-3. The event tree heading
descriptions above for loss of DHR in Mode 5 is applicable to this case, except for those systems
that are unavailable because they cannot be not powered by the standby diesel generators (i.e.,
Feedwater and Condensate pumps).

As a result, heading UICF in the Loss of RWCU/SDC event tree is replaced by U1C, and RW4
is removed. The recovery of power is accounted for in the fault tree models.

Also, a new heading, WH, is introduced to account for the RWCU/SDCS restart on diesel
generator power after the LOPP event.

The event tree headings UC and WH are described below.
Ul1C — Control Rod Drive System

In case of failure of the I function, water level can be maintained above RPV Level 1 by the high
pressure CRD system. Automatic initiation of the CRD injection mode occurs at RPV Level 2.

Success of CRD for this function is the effective injection into the reactor vessel of 1 CRD
pumps taking suction from the CST.

WH — Reactor Water Cleanup/Shutdown Cooling System

After a LOPP event, the RWCU/SDCS pumps are tripped and the decay heat removal function is
temporarily unavailable. This heading represents the restart of the two RWCU/SDCS trains
relying on the diesel generator power supplies.

The success criterion is that at least one RWCU/SDCS train successfully restarts after a LOPP
event and operates during the sequence mission time.
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16.4.1.1.3 Loss of RCCWS/PSWS (Mode 5)

The event tree for this initiating event is shown in Figure 16.4-5. The event tree heading
descriptions above apply to this tree as well, except for those systems that are unavailable
because they rely on RCCWS/PSWS: Feedwater and Condensate, CRD, and FAPCS.

As a result, headings UICF, WL and WLL are removed from the event tree; heading VLF is
replaced by VF; and heading VLFL is replaced by VFL.

The initiating event recovery heading in this tree is named RC4.
The event tree headings RC4, VF, and VFL are described below.
RCA4 - Recovery of RCCWS/PSWS (Mode 5)

The operator has the opportunity to recover the RCCWS/PSWS before any safety function is
challenged. See Section 16-3 above for the time available and the recovery failure probability.

VF — Fire Protection System

After successful RPV depressurization, the FPS can accomplish the core cooling function when
configured in the RPV injection mode. FPS must be manually actuated.

The time available to initiate FPS injection is defined by the time when RPV pressure has been
sufficiently reduced to the time when the ADS system will automatically initiate (i.e., at RPV
Level 1).

Success of this function requires the operator to manually align at least 1 train of FPS in RPV
injection mode.

VFL - Fire Protection System after ADS

This event tree node models initiation of low pressure injection following automatic RPV
depressurization by the ADS system. As in the VF node, 1 train of FPS operating in the RPV
injection mode can fulfill this function. However, the time available to the operator to perform
the manually alignment is different in the scenario with automatic ADS. The time available to
the operator to perform the alignment is defined by the time when the GDCS fails to initiate to
the time when core damage starts.

16.4.1.2 Loss of DHR in Mode 6 (Unflooded)

In this case, the RPV is open (i.c., the RPV head has been removed, Mode 6), the containment is
also open, and the reactor well is assumed to be drained, so the water level is at the elevation of
the vessel flange.

A considerable amount of cool water is above the core, allowing the operator significant time to
recover failed equipment or systems before coolant boil-off reduces the water level in the vessel,
causing safety system actuations.

However, if the decay heat function cannot be recovered, RPV coolant temperature rises,
eventually reaching boiling conditions. Makeup water to the RPV is then needed to prevent core
damage. Four systems are allowed for the makeup function. Two of them require manual
initiation by the operator: FAPCS in injection mode and FPS in injection mode. The other two
automatically initiate: CRD (automatic initiation on L2) and GDCS (automatic initiation on
Level 1).
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16.4.1.2.1 Loss of Both RWCU/SDCS Trains (Mode 6)

The event tree for this initiating event is shown in Figure 16.4-2. All headings for this event tree
have been described previously.

16.4.1.2.2 Loss of Preferred Power (Mode 6)

The event tree for this initiating event is shown in Figure 16.4-4. The descriptions above for loss
of DHR in Mode 6 apply to this tree as well, except that some systems are unavailable because
they are not powered by the standby diesel generators. All headings for this event tree have been
described previously.

16.4.1.2.3 Loss of RCCWS/PSWS (Mode 6)

The event tree for this initiating event is shown in Figure 16.4-6. The descriptions above for loss
of DHR apply to this tree as well, except that some systems are unavailable because they rely
upon RCCWS/PSWS: CRD and FAPCS. FPS and GDCS remain the only makeup systems
available. All headings for this event tree have been described previously.

16.4.2 Loss of Coolant Accidents

16.4.2.1 LOCAs in Mode 6 (Unflooded)

In this mode of operation, all LOCAs are liquid breaks. The evolution of the accident and the
systems available for mitigation depend on the break location.

Four break locations are analyzed:
e break in a GDCS injection line
e break in Feedwater line A
o break above TAF other than GDCS or FW
o breaks below TAF.

As soon as the break takes place, the liquid coolant flows into the lower drywell, driven by
gravity and hydrostatic pressure. If insufficient coolant makeup is provided to the vessel, water
level decreases from the vessel flange down to the break elevation. Only break elevations below
L3 analyzed, for breaks above L3, the RWCU/SDCS continues removing the decay heat, and no
safety function is directly challenged.

Once the level falls below L3, decay heat removal is lost, as the RWCU/SDCS pumps receive a
runback signal, and natural circulation inside the vessel is lost when water level drops below the
separators skirts.

It is assumed for breaks above TAF that providing makeup to the vessel and allowing coolant
boiling is an effective method for core cooling. CRD, FAPCS, Fire Protection and GDCS are
considered for water makeup.

For breaks below TAF, the drywell has to be flooded up to an elevation above TAF to reach a
safe core cooling condition. The personnel and equipment access hatches to the lower drywell
could be open during shutdown, a recovery action to close these doors is modeled.
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16.4.2.1.1 LOCA in GDCS Line (Mode 6, Unflooded)

The event tree for this initiating event is shown in Figure 16.4-7. The event heading descriptions
above apply to this tree as well. However, the following two new headings are included in this
event tree:

e UC - Control Rod Drive System

The CRD system can provide makeup water in case of a loss of coolant accident during
Mode 6. CRD injection mode automatic initiation occurs at RPV Level 2.

Success of CRD injection into the RPV in this scenario requires 2 CRD pumps taking
suction from the CST.

e VG2 - Gravity Driven Cooling System

If other injection systems are unavailable, the passive GDCS system will inject water into
the RPV by gravity.

Success of this function requires at least 1 GDCS injection line, 2 GDCS pools, and
opening at least 1 equalizing line.

The fault tree of the GDCS system in this event tree accounts for the GDCS line break.

16.4.2.1.2 LOCA in FDW-A Line (Mode 6, Unflooded)

The event tree for this initiating event is shown in Figure 16.4-8. The event heading descriptions
above apply to this tree as well, but no credit is given to the systems using the FDW-A piping to
inject water in the vessel (FAPCS and FPS). All event tree headings have been described
previously.

16.4.2.1.3 LOCA above TAF other than GDCS or FDW-A (Mode 6, Unflooded)
The event tree for this initiating event is shown in Figure 16.4-9. The event heading descriptions
above apply to this tree as well. All event tree headings have been described previously.

16.4.2.1.4 LOCA below TAF in RWCU/SDC Drain Lines (Mode 6, Unflooded)

The event tree for this initiating event is shown in Figure 16.4-10. The event tree descriptions
above apply to this tree as well, except the recovery action to close the lower drywell hatches.
The remaining event tree headings have been described previously.

RLOC1 — Close the lower drywell hatches

If not closed at the time of the initiating event, the operator must close the lower drywell hatches
to prevent flooding of reactor building lower levels. See Section 16.3.4.4 for details on time
available for this action and the recovery failure probability.

16.4.2.1.5 LOCA below TAF in Instrument Lines (Mode 6, Unflooded)

The event tree for this initiating event is shown in Figure 16.4-11. The description is the same as
the preceding case, except that heading RLOC2 is used instead of RLOCI to account for the
longer time available to the operator to close the drywell hatches.
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16.4.2.2 LOCAs in Mode 6 (Flooded)

Breaks below TAF are analyzed for LOCAs in Mode 6-Flooded. Two break locations are
analyzed:

e LOCA below TAF in RWCU.SDC Drain Lines
e LOCA below TAF in Instrument Lines.

The event trees for these two cases are provided in Figures 16.6-12 and 16.6-13, respectively.
Each event tree has a single top event modeling failure to close the lower drywell hatches. The
failure probabilities for this node are the same as that described previously. Failure to close the
lower drywell hatch is modeled as directly leading to a core damage scenario. The scenario with
successful closure of the lower drywell hatches does not result in a core damage end state (and
no additional top events are questioned) because sufficient water exists above the break to flood
the containment above TAF.
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16.5 SYSTEM ANALYSIS

This section describes the fault trees used in the Shutdown PRA evaluation. The unavailability of
a system to perform its safety function on demand is evaluated by fault tree analysis.

The necessary fault trees are identified following construction of the event trees. These fault
trees represent the nodes included in the event trees.

Maximum use is made of the fault trees developed for the Full Power PRA. Potential differences
between the full power and the shutdown fault tree models may result from:

» Differences in maintenance unavailabilities

¢ Differences in success criteria between full power and shutdown condition

o Differences in initial system configuration between full power and shutdown condition
o Differences in human actions

Differences in maintenance during full power and shutdown are addressed by modifying the
maintenance unavailability probabilities in the shutdown fault trees. Table 16.5-1 summarizes
the maintenance assumptions made for all frontline and support systems used in the shutdown
event trees.

The following paragraphs discuss the cases where modifications were made to the full power
fault tree logic to reflect the shutdown conditions.

16.5.1 Reactor Water Cleanup / Shutdown Cooling System

A fault tree is required for heading WH in the LOPP event trees. The function to be modeled is
the restart of at least one train after a LOPP event, including the start up sequence of the standby
diesel generators. This is the same situation as in full power. However, contrary to the full
power case, the system is initially operating in the shutdown cooling mode, not in cleanup mode.
This means that failures related to the alignment of the system (i.e., failure to open of several
MOVs) are removed from the fault tree.

Maintenance is expected to be performed mostly during full power operation, when only one
train is operating. Nevertheless, the same maintenance unavailability as used for the full power

PRA is conservatively used in the shutdown evaluation.
16.5.2 Feedwater and Condensate

Feedwater and condensate unavailabilities due to maintenance are expected to be higher during
shutdown than at full power, as these systems are not required during shutdown.

The initial configuration in shutdown of these systems is with all equipment in standby. This
differs from the full power case where the system is running.

A human action to align and initiate the feedwater and condensate pumps to enable water
injection to the vessel is required in the shutdown case.
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16.5.3 Control Rod Drive System

It is assumed that during the entire shutdown period a single CRD pump is running (providing
purge flow to FMCRD and/or the RWCU/SDC pumps) and the second pump is in standby,
which is the same initial configuration as at full power.

Additionally, it is assumed that automatic initiation of CRD injection mode on RPV Level 2 is
available during shutdown.
16.5.4 Gravity Driven Cooling System

The same initial configuration is valid for full power and for shutdown. However, it is possible
that one GDCS pool and one equalizing line could be out of service for maintenance during
Mode 6.

16.5.5 Isolation Condenser System

It has been assumed that Technical Specification requirements on ICS availability are the same
during Mode 5 as during full power operation. Therefore, the same maintenance unavailabilities
are applicable. The only difference in the fault tree model is that automatic ICS initiation signals
upon MSIV closure are not available during Mode 5.

16.5.6 High-Pressure Nitrogen Supply System

During Mode 6, low pressure nitrogen loads inside the containment are fed by instrument air
instead of nitrogen. As such, for accident sequences initiated during Mode 6, the top event ‘Loss
of nitrogen to low pressure users inside PC’ is replaced by ‘Loss of instrument air system’.
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16.6 QUANTIFICATION RESULTS

The shutdown accident sequence analysis models the impacts on the following two critical safety
functions during shutdown:

e Decay Heat Removal (DHR)
e Reactor Coolant System Inventory Control

Initiating event types, and associated frequencies, are identified that challenge the above critical
safety functions (refer to Section 16.3). Event trees are developed specific to the shutdown
configurations (refer to Section 16.4) and the system fault tree analysis is based on at-power fault
tree models (refer to Section 16.5). The model development and quantification is performed in
the CAFTA code. The quantification is performed at a truncation limit of 1E-14/yr.

The core damage frequency results of the ESBWR shutdown risk analysis are summarized in the
following tables:

o Shutdown CDF by Initiating Event and Operating Mode (Table 16.6-1)

o Shutdown CDF by Accident Class (Table 16.6-2)
As can be seen from these tables, the shutdown CDF is estimated at 5.56E-09/yr.
The top 200 cutsets for the shutdown CDF are provided in Table 16.6-3.
The risk importance measures for the shutdown CDF are provided in Table 16.6-4.

All evaluated shutdown core damage events are assumed to result in a large release because of
the potential for the containment being open during the outage. CCFP is not affected because the
containment is not being used as a mitigating system during shutdown.

Maintenance Unavailability Sensitivity

As discussed in Section 16.5, maintenance unavailability was addressed in this analysis be
maintaining the maintenance unavailability basic events in the fault trees for all systems, and by
adding additional maintenance unavailability basic event probabilities for selected systems.

Quantification sensitivities were performed to address the impact of an alternative modeling
approach for treating shutdown maintenance activities. These sensitivities assume a particular
train of equipment (Train B selected) is out of service with a 1.0 probability during the entire
outage, and the maintenance terms for all other systems are maintained at their shutdown PRA
base values.

Multiple sensitivity cases are quantified and the results are summarized in Table 16.6-5. It shows
that ESBWR shutdown risk is insensitive to individual system trains being taken out of service.
If multiple systems taken out of service for test and maintenance at the same time during
shutdown, it has the potential to influence the CDF results, but it is expected that the durations of
these combinations would be short and under control of the license holder's outage risk
management program. These types of conditions could be searched and minimized in the
shutdown program at the plant. The sensitivity to the change in CDF due to multiple systems
taken out of service at the same time for test and maintenance during shutdown is also shown in
Table 16.6-5. The CDF values are well away from any risk significance threshold.
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16.7 INSIGHTS FROM SHUTDOWN PRA

By far, the greatest contribution to shutdown risk comes from breaks in lines connected to the
vessel below TAF that occur in Mode 6. In this mode, the lower drywell equipment hatch or
personnel hatch is likely to be open to facilitate work in the lower drywell. Although the
frequency of these events is very low, there is only one method for mitigation — manual closure
of the hatch(es).

In order to minimize the risk from these scenarios, refueling outages must be conducted in a
judicious manner. Whenever the hatches are open, procedures shall require personnel to be
available and in close proximity to the hatches, with the purpose of providing fast closure of the
containment in the event of a water leak. Other measures can be taken, including temporary
installation of equipment to aid in closing the hatch or to minimize the flooding rate in the lower

drywell.

The next largest contribution to shutdown risk is due to loss of preferred power (LOPP) initiated
scenarios.

The contribution from LOPP initiated scenarios is due in part to the need for electric power for
alignment of FPS injection to the RPV. Electric power is required to reposition a valve in the
injection piping. However, LOPP scenarios are slowly developing events because of the mass of
water that must boil away prior to core uncovery and damage. Thermal-hydraulic calculations
show that the core will not begin to uncover before approximately 23 hours following the loss of
power, allowing significant time for recovery of offsite power that will enable the operators to
provide injection to reflood the core.
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16.8 CONCLUSIONS

The main conclusion that can be drawn from the ESBWR shutdown risk analysis is that the
ESBWR containment and reactor well systems provide a robust, passive means for preventing
shutdown core damage events. The key risk insight is that shutdown process should provide
assurance that the equipment and personnel hatches in the lower drywell can be isolated in the
event of a leak.
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Table 16.3-1
Shutdown Initiating Events Challenging Critical Safety Functions

Critical Safety Function Initiating Event

Decay Heat Removal Loss of Both RWCU/SDCS trains

Loss of Preferred Power

Loss of RCCWS/PSWS

Reactor Coolant System Inventory Control All LOCAs in Modes 4 and 5

LOCAs in Mode 6-Unflooded (GDCS,
FW-A and other)

All LOCAs in Mode 6-Flooded

RWCU Misalignment
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Table 16.3-2
ESBWR Shutdown PRA Initiating Event Types

Initiating Event Applicable Modes | Frequency (per hour)
Loss of Both Operating RWCU/SDCS 5 and 6-Unflooded 6.2E-07
Trains
Loss of Preferred Power 5 and 6-Unflooded 2.2E-05®
Loss of RCCWS/PSWS 5 and 6-Unflooded 1.1E-07®
LOCA in GDCS Line 6 1.1E-109®
LOCA in FW-A Line 6 8.5E-119®
LOCA other than GDCS/FW 6 1.5E-09 ™
LOCA Below TAF in RWCU/SDC 6 5.6E-110®
Drain Lines
LOCA Below TAF in Instrument Lines 6 2.0E-09®
RWCU Misalignment S5and 6 Negligible
Notes:
(1) RWCU pump CCF failure to run on a per hour basis.
) gUREG/CR-5496 (Reference 16-2) shutdown loss of offsite power frequency on a per
our basis.

€)
4)

©)
(6)
@
®)
©)

Loss of PSWS initiator frequency (refer to Table 2.3-3) on a per hour basis.

Shutdown LOCA frequencies based on at-power RCS line break frequencies (refer to Table
2.3-1), and reduced by a factor of 10 to reflect the low pressure and temperature during

shutdown conditions. Expressed on a per hour basis.

Based on lines ‘g’ of Table 2.3-1.
Based on lines ‘d’ of Table 2.3-1.

Based on lines ‘e’, ‘f°, ‘gl’, ‘i’, and ‘j2’ of Table 2.3-1.

Based on lines ‘h’ of Table 2.3-1.
Based on lines j1° of Table 2.3-1.
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Table 16.3-3
ESBWR Shutdown PRA Initiating Event Frequencies

Operating Frequency
Initiating Event Mode” Event Tree (per yn)®
Loss of Both Operating 5 Figure 16.4-1 7.4E-05
RWCU/SDCS Trains
6-Unflooded Figure 16.4-2 1.8E-05
Loss of Preferred Power 5 Figure 16.4-3 2.6E-03
6-Unflooded Figure 16.4-4 6.5E-04
Loss of RCCWS/PSWS 5 Figure 16.4-5 1.3E-05
6-Unflooded Figure 16.4-6 3.3E-06
LOCA in GDCS Line 6-Unflooded Figure 16.4-7 3.2E-09
LOCA in FW-A 6-Unflooded Figure 16.4-8 2.5E-09
LOCA other than FW or 6-Unflooded Figure 16.4-9 4.5E-08
GDCS
LOCA Below TAF in 6-Unflooded Figure 16.4-10 1.6E-09
RWCU/SDCS Drain Line
6-Flooded Figure 16.4-11 6.7E-09
LOCA Below TAF in 6-Unflooded Figure 16.4-12 5.8E-08
Instrument Line
6-Flooded Figure 16.4-13 2.4E-07

Notes:

(1) Asdiscussed in Section 16.2, the time in each Operating Mode is assumed to be as follows:
Mode 5, 238 hrs; Mode 6-Unflooded, 59 hrs; and Mode 6-Flooded, 241 hrs.

(2) The shutdown initiating event frequencies per year are calculated using the hourly
frequencies of Table 16.3-1 and multiplying by the hours in the corresponding Operating
Mode. An additional 0.5 factor is applied given that shutdown is expected to occur every
two years.
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Table 16.3-4
BWR and PWR Loss of Running RHR Pump Events During Shutdown

SITE CAUSE REFERENCE 1({11231!'35)
AG PUMP TRIP AFTER TRANSFER OF RPS POWER SUPPLY NSAC-157 0.02
DAVIS BESSE 1 PUMP FAILED TO START NSAC-52 0.07
CALVERT CLIFFS 1 LPSI ACTUATION CAUSES PUMP TRIP NSAC-52 0.25
CALVERT CLIFFS 2 LPSI ACTUATION CAUSES PUMP TRIP NSAC-52 0.38
272/89-019 GAS BINDING (N2) DURING ACCUMULATOR DISCHARGE VALVE TESTING |AEOD/S93-05 0.70
CALVERT CLIFFS 2 CAVITATION NSAC-52 2.00
BRUNSWICK 2 START FAILURE NSAC-88 -
PEACH BOTTOM 3 PUMP TRIP (OVERCURRENT) NSAC-88 -
BRUNSWICK 2 HIGH PUMP MOTOR RUNNING TEMP NSAC-88 -
HATCH 1 HIGH RHR PUMP BEARING TEMP NSAC-88 -
BRUNSWICK 2 LOSS OF PUMP SHAFT SEAL COOLING SYSTEM NSAC-88 -
GRAND GULF COOLING FAN FAILURE NSAC-88 -
BROWNS FERRY 1 PUMP WINDING FAILURE (OVERCURRENT TRIP) NSAC-88 -
BI PUMP TRIP DUE TO WORN IMPELLER EYE WEAR RING NSAC-157 -
DH PUMP TRIP DUE TO HYDRAULIC TRANSIENT WHEN ONE PUMP STOPPED NSAC-157 -
Al PUMP TRIP DUE TO LOGIC POWER SUPPLY DISTURBANCE NSAC-157 -
271/91-009 AIR BINDING OF PUMP DUE TO LOW RCS LEVEL AEOD/S93-05 -
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Table 16.3-5

Recovery Actions Failure Probabilities

Time
Allowable Failure
Recovery Event Mode (hrs) Probability
Recovery of RWCU/SDCS 5 1.2 2.29E-01
6-Unflooded 1.3 2.18E-01
Recovery of Power after LOPP 5 1.2 3.00E-01
6-Unflooded 1.3 2.82E-01
Recovery of RCCWS/PSWS 5 1.2 2.29E-01
6-Unflooded 13 2.18E-01
Close the lower drywell hatches (RWCU break) 6 1.5 1.00E-01
Close the lower drywell hatches (instr. line break) 6 6.0 1.00E-02
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Table 16.3-6
Time Available to Close Lower DW Hatches

Break in
Break in instrument
RWCU/SDCS | lines below
Parameter drainlines TAF Units
Lower drywell radius, R 5600 mm
Height from lower drywell to bottom of 2400 mm
hatch
Volume of lower drywell below hatch, V = 236 m’
TR’H
Height of water above break, h 25000 mm
Break diameter, d 50 25 mm
Flow rate through break, Q = (nd%/4)V2gh 157 39 m*/hr
Time available®”, t = V/Q 91 362 min
Note:

(1) This is the time available to close the lower DW hatches (if open) before flood level in
containment reaches the bottom elevation of the hatch opening.
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Table 16.5-1
System Maintenance Unavailabilities During Shutdown
System Mode 5 Mode 6 Observations

ICS As at full power Out of service Maintenance expected in Mode 6, with
vessel depressurized.

RWCU/SDC As at full power As at full power 1 or 2 trains operating. Maintenance
expected to be carried out during full
power on one train while the other train
operates in RWCU mode.

ADS/SRV As at full power Out of service Maintenance expected in Mode 6, with
vessel depressurized.

Feedwater and Higher maintenance | Higher maintenance All four branches may be unavailable for

condensate unavailability unavailability maintenance during shutdown.

CRD As at full power As at full power Maintenance can be executed during full

(injection mode) power on one train while the other train is
in operation or on standby.

FAPCS As at full power As at full power Maintenance can be executed during full
power as well as during shutdown on one
train while the other is operating or on
standby.

FPS As at full power As at full power Maintenance can be executed during full
power as well as during shutdown on one
train while the other is operating or on
standby.

GDCS As in full power Higher maintenance It is assumed that technical specifications

unavailability will allow 1 out of 3 GDCS pool and one
out of four equalizing lines to be out of
service during Mode 6

PCCS As at full power Out of service Maintenance expected in Mode 6, with
vessel depressurized and containment
open

RCCWS As at full power As at full power Maintenance can be executed during full
power as well as during shutdown

PSWS As at full power As at full power Maintenance can be executed during full
power as well as during shutdown

Service/Instrument | As at full power As at full power Maintenance can be executed during full

Air power as well as during shutdown

HPNSS As at full power As at full power Maintenance can be executed during full
power as well as during shutdown

13.8 kV Power As at full power As at full power It is assumed that any bus, power center

Distribution or MCC can be maintained during power
operation.

Diesel Generators | As at full power As at full power It is assumed that one DG at a time can be

maintained during power operation
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Table 16.5-1
System Maintenance Unavailabilities During Shutdown
System Mode 5 Mode 6 Observations
Uninterruptible AC | As at full power As at full power It is assumed that any bus, power center
Power or MCC can be maintained during power
operation.
250V DC Power As at full power As at full power It is assumed that any division can be
‘ maintained during power operation.
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Table 16.6-1
Shutdown CDF by Initiating Event and by Mode of Operation
CDF Operating CDF

Initiating event (per year) Mode (per year)
Loss of RWCU/SDC Negligible™®
Loss of Preferred Power 4.02E-11 Mode 5 4,02E-11
Loss of RCCWS/PSWS Negligible!"”
Loss of RWCU/SDC 2.70E-13
Loss of Preferred Power 1.75E-09
Loss of RCCWS/PSWS 5.78E-12
LOCA in GDCS Line 6.49E-13
LOCA in FW Line A 5.63E-14  |Mode 6-Unflooded|  2.50E-09
LOCA other than FW or GDCS 1.83E-13
LOCA Below TAF in 1.65E-10
RWCU/SDC Drain Lines
LOCA Below TAF in Instrument 5.78E-10
Lines
LOCA Below TAF in 6.73E-10
RWCU/SDC Drain Lines

Mode 6-Flooded 3.02E-09
LOCA Below TAF in Instrument 2.35E-09
Lines
TOTAL SHUTDOWN CDF: 5.56E-09
Note:

(1) No cutsets survived the quantification truncation limit of 1E-14/yr.
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Table 16.6-2
Shutdown CDF by Accident Class
Accident CDF

Class Description (per year)
CD1 Core damage with containment intact with RPV at low Negligible

pressure

Core is successfully cooled initially but containment fails; Negligible®
CDII . .

core damage occurs subsequent to containment failure
CD I Core damage with containment intact with RPV at high 4.02E-11

pressure

Core damage and containment bypassed at the initiation of 5.52E-09
CDV . ()

the accident

Notes:

(1) No cutsets survived the quantification truncation limit of 1E-14/yr.

(2) During Mode 6, when the containment is open, sequences leading to core damage are
designated as CD V.
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Table 16.6-3
Internal Events Shutdown PRA Cutset Report

Cutsets with Descriptions Report
Internal Events Shutdown
Core Damage Frequency = 5.56E-09
Top 200 Cutsets

No |Cutset (Event Event Description
Prob  |Prob

1 2.35E-09 1.00E-02[SH-RLOC2 FAILURE TO CLOSE DRYWELL HATCHES (INSTR. LINES BREAK)
2.35E-07|SH-LBTAF2F LOCA BELOW TAF (MODE 6, FLOODED), VALUE FOR INSTRUMENT LINES

2 1.65E-09 2.82E-01|R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
9.00E-06|R16-BT -CF-ALLBATT BATTERY CCF #2
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

3 6.73E-10 1.00E-01|SH-RLOCI FAILURE TO CLOSE DRYWELL HATCHES (RWCU DRAINLINES BREAK)
6.73E-09|SH-LBTAFIF LOCA BELOW TAF (MODE 6, FLOODED), VALUE FOR RWCU/SDC DRAINLINES

4 5.78E-10 1.00E-02|SH-RLOC2 FAILURE TO CLOSE DRYWELL HATCHES (INSTR. LINES BREAK)
5.78E-08|SH-LBTAF2 LOCA BELOW TAF (MODE 6, UNFLOODED), VALUE FOR INSTRUMENT LINES

5 1.65E-10 1.00E-01|SH-RLOCI FAILURE TO CLOSE DRYWELL HATCHES (RWCU DRAINLINES BREAK)
1.65E-09|SH-LBTAFI LOCA BELOW TAF (MODE 6, UNFLOODED), VALUE FOR RWCU/SDC DRAINLINES

6 141E-11 3.00E-01|R11-SYS-FF-NORSS FAILURE IN OFFSITE POWER RECOVERY (MODE 5)
9.00E-06|R16-BT_-CF-ALLBATT BATTERY CCF #2
2.00E-03[U43-SYS-FF-YARD HARDWARE FAILURES IN YARD AREA
2.62E-03[SH-LOPP5 LOSS OF PREFERRED POWER (MODE 5)

7 1.25E-11 3.00E-01|R11-SYS-FF-NORSS5 FAILURE IN OFFSITE POWER RECOVERY (MODE 5)
9.00E-06|R16-BT -CF-ALLBATT BATTERY CCF #2
1.77E-03|U43-XHE-FO-YARD OPERATOR FAILS TO MAKE UP FROM YARD AREA
2.62E-03[SH-LOPPS LOSS OF PREFERRED POWER (MODE 5)

8 1.14E-11 3.00E-01|R11-SYS-FF-NORSS FAILURE IN OFFSITE POWER RECOVERY (MODE 5)
9.00E-06|R16-BT -CF-ALLBATT BATTERY CCF #2
1.61E-03|XXX-XHE-FO-ICPCCS OPERATOR FAILS TO RECOGNIZE NEED OF MAKE UP TO IC/PCCS POOLS
2.62E-03|SH-LOPPS LOSS OF PREFERRED POWER (MODE 5)

9 3.13E-12 1.50E-05|ES0-SQV-CF-GDCSTOPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
2.00E-03|P21-ACV-FT-F022A AIR OPERATED VALVE F022A FAILS TO TRANSFER
1.61E-01|XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

10 3.13E-12 1.50E-05|E50-SQV-CF-GDCS7OPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
2.00E-03|P21-ACV-FT-F022B AIR OPERATED VALVE F022B FAILS TO TRANSFER
1.61E-01|XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
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Top 200 Cutsets
No [Cutset (Event Event Description
Prob Prob
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

11 3.13E-12 1.50E-05 |ES0-SQV-CF-GDCSTOPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
2.00E-03[P21-ACV-FT-F025A AIR OPERATED VALVE F025A FAILS TO TRANSFER
1.61E-01 [ XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04{SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

12 3.13E-12 1.50E-05|ES0-SQV-CF-GDCSTOPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
2.00E-03|P21-ACV-FT-F025B AIR OPERATED VALVE F025B FAILS TO TRANSFER
1.61E-01|{XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

13 3.13E-12 1.50E-05|ES0-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
2.00E-03[P21-ACV-FT-F022A AIR OPERATED VALVE F022A FAILS TO TRANSFER
1.61E-01 [XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

14 3.13E-12 1.50E-05|ES0-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
2.00E-03|P21-ACV-FT-F022B AIR OPERATED VALVE F022B FAILS TO TRANSFER
1.61E-01 [XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

15 3.13E-12 1.50E-05|ES0-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
2.00E-03[P21-ACV-FT-F025A AIR OPERATED VALVE F025A FAILS TO TRANSFER
1.61E-01 [XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPPS LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

16 3.13E-12 1.50E-05|ES0-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
2.00E-03[P21-ACV-FT-F025B AIR OPERATED VALVE F025B FAILS TO TRANSFER
1.61E-01 [XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

17 1.96E-12 1.50E-05|E50-SQV-CF-GDCSTOPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
2.82E-01|R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
4.44E-03|R21-DG_-CR-ALLDG CCF OF DIESEL GENERATORS TO RUN
1.61E-01|XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

18 1.96E-12 1.50E-05|ES0-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
2.82E-01|R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
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Top 200 Cutsets
No |Cutset |Event Event Description
Prob Prob
4.44E-03|R21-DG -CR-ALLDG CCF OF DIESEL GENERATORS TO RUN
1.61E-01 [XXX-XHE-FO-LPMAKEUP OP, FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

19 1.71E-12 1.50E-05|E50-SQV-CF-GDCS7OPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
2.18E-01|SH-RC$ FAILURE IN RCCWS/PSWS RECOVERY (MODE 6, UNFLOODED)
1.61E-01 [ XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
3.25E-06|SH-SW6 LOSS OF RCCWS/PSWS (MODE 6, UNFLOODED)

20 1.71E-12 1.50E-05|[ES0-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
2.18E-01|SH-RC6 FAILURE IN RCCWS/PSWS RECOVERY (MODE 6, UNFLOODED)
1.61E-01 [XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
3.25E-06|SH-SW6 LOSS OF RCCWS/PSWS (MODE 6, UNFLOODED)

21 1.41E-12 9.00E-04{C62-DTM-FC-N1EA DIGITAL TRIP MODULE TRAIN A NO {E FAILS
1.50E-05|E50-SQV-CF-GDCSTOPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
1.61E-01|XXX-XHE-FO-LPMAKEUP OP, FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

22 1.41E-12 9.00E-04|C62-DTM-FC-N1EA DIGITAL TRIP MODULE TRAIN A NO IE FAILS
1.50E-05|ES0-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
1.61E-01 [ XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

23 1.41E-12 9.00E-04|C62-DTM-FC-N1EB DIGITAL TRIP MODULE TRAIN B NO IE FAILS
1.50E-05|E50-SQV-CF-GDCSTOPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
1.61E-01 |XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

24 1.41E-12 9,00E-04/C62-DTM-FC-N1EB DIGITAL TRIP MODULE TRAIN B NO 1E FAILS
1.50E-05|E50-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
1.61E-01 |XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

25 1.38E-12 1.50E-05|E50-SQV-CF-GDCS7OPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
2.82E-01|R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
5.60E-02|R21-DG_-FR-DGA DIESEL GENERATOR "A" FAILS TO RUN GIVEN START
5.60E-02|R21-DG_-FR-DGB DIESEL GENERATOR "B" FAILS TO RUN GIVEN START
1.61E-01]XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
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Top 200 Cutsets
No |Cutset |Event Event Description
Prob Prob
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)
26 1.38E-12 1.50E-05|E50-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
2.82E-01{R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
5.60E-02|R21-DG -FR-DGA DIESEL GENERATOR "A" FAILS TO RUN GIVEN START
5.60E-02|[R21-DG_-FR-DGB DIESEL GENERATOR "B" FAILS TO RUN GIVEN START
1.61E-01 |XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPPS LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)
27 9.35E-13 1.50E-05 |E50-SQV-CF-GDCS70PEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
4.30E-02{G21-XHE-MH-F334 MISPOSITION OF VALVE F334
2.00E-03{P21-ACV-FT-F022A AIR OPERATED VALVE F022A FAILS TO TRANSFER
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)
28 9,35E-13 1.50E-05|ES0-SQV-CF-GDCS7OPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
‘ 4.80E-02|G21-XHE-MH-F334 MISPOSITION OF VALVE F334
2.00E-03[P21-ACV-FT-F022B AIR OPERATED VALVE F022B FAILS TO TRANSFER
6.49E-04|SH-LOPPS LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)
29 9.35E-13 1.50E-05|ES50-SQV-CF-GDCSTOPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
4.80E-02[G21-XHE-MH-F334 MISPOSITION OF VALVE F334
2.00E-03|P21-ACV-FT-F025A AIR OPERATED VALVE F025A FAILS TO TRANSFER
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)
30 9.35E-13 1.50E-05|ES0-SQV-CF-GDCSTOPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
4.80E-02|G21-XHE-MH.F334 MISPOSITION OF VALVE F334
2.00E-03|P21-ACV-FT-F025B AIR OPERATED VALVE F025B FAILS TO TRANSFER
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)
31 9.35E-13 1.50E-05|E50-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
4.80E-02/G21-XHE-MH-F334 MISPOSITION OF VALVE F334
2.00E-03|P21-ACV-FT-F022A AIR OPERATED VALVE F022A FAILS TO TRANSFER
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)
32 9.35E-13 1.50E-05|ES0-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
4.80E-02|G21-XHE-MH-F334 MISPOSITION OF VALVE F334
2.00E-03[P21-ACV-FT-F022B AIR OPERATED VALVE F022B FAILS TO TRANSFER
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)
33 9.35E-13 1.50E-05|ES0-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
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Top 200 Cutsets
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Prob Prob
4.80E-02|G21-XHE-MH-F334 MISPOSITION OF VALVE F334
2.00E-03|P21-ACV-FT-F025A AIR OPERATED VALVE F025A FAILS TO TRANSFER
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

34 9.35E-13 1.50E-05|ES50-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
4.80E-02|G21-XHE-MH-F334 MISPOSITION OF VALVE F334
2.00E-03|P21-ACV-FT-F025B AIR OPERATED VALVE F025B FAILS TO TRANSFER
6.49E-04[SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

35 5.89E-13 2.00E-03[B32-ACV-CC-F006B AIR OPERATED VALVE F006B FAILS TO OP. TO DEENERG. POSIT.
4.16E-02|B32-SYS-TM-ICA IC "A" UNAVAILABLE [# 7]
3.00E-01{R11-SYS-FF-NORS5 FAILURE IN OFFSITE POWER RECOVERY (MODE 5)
9.00E-06|R16-BT_-CF-ALLBATT BATTERY CCF #2
2.62E-03[SH-LOPPS LOSS OF PREFERRED POWER (MODE 5)

36 5.39E-13 2.00E-03|B32-ACV-CC-F006C AIR OPERATED VALVE F006A FAILS TO OP, TO DEENERG. POSIT.
4.16E-02|B32-SYS-TM-ICA IC "A" UNAVAILABLE [# 7]
3.00E-01[R11-SYS-FF-NORSS FAILURE IN OFFSITE POWER RECOVERY (MODE 5)
9.00E-06/R16-BT -CF-ALLBATT BATTERY CCF #2
2.62E-03[SH-LOPPS LOSS OF PREFERRED POWER (MODE 5)

37 5.89E-13 2.00E-03|B32-ACV-CC-F006D AIR OPERATED VALVE F006D FAILS TO OP. TO DEENERG. POSIT.
4.16E-02|B32-SYS-TM-ICA IC "A" UNAVAILABLE [# 7]
3.00E-01|R11-SYS-FF-NORS5 FAILURE IN OFFSITE POWER RECOVERY (MODE 5)
9.00E-06|R16-BT -CF-ALLBATT BATTERY CCF #2
2.62E-03|SH-LOPPS LOSS OF PREFERRED POWER (MODE 5)

38 5.85E-13 1.50E-05|ES0-SQV-CF-GDCSTOPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
4.80E-02]G21-XHE-MH-F334 MISPOSITION OF VALVE F334
2.82E-01|R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
4.44E-03|R21-DG_-CR-ALLDG CCF OF DIESEL GENERATORS TO RUN
6.49E-04[SH-LOPPS LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

39 5.85E-13 1.50E-05|ES0-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
4.80E-02|G21-XHE-MH-F334 MISPOSITION OF VALVE F334
2.32E-01|R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
4.44E-03|R21-DG_-CR-ALLDG CCF OF DIESEL GENERATORS TO RUN
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)
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40 5.10E-13 1.50E-05|E50-SQV-CF-GDCS7OPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
4.80E-02[G21-XHE-MH-F334 MISPOSITION OF VALVE F334
2.18E-01|SH-RC6 FAILURE IN RCCWS/PSWS RECOVERY (MODE 6, UNFLOODED)
3.25E-06]SH-SW6 LOSS OF RCCWS/PSWS (MODE 6, UNFLOODED)

41 5.10E-13 1.50E-05|ES0-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
4.80E-02/G21-XHE-MH-F334 MISPOSITION OF VALVE F334
2.18E-01[SH-RC6 FAILURE IN RCCWS/PSWS RECOVERY (MODE 6, UNFLOODED)
3.25E-06/SH-SW§ LOSS OF RCCWS/PSWS (MODE 6, UNFLOODED)

42 4.70E-13 1.50E-05[E50-SQV-CF-GDCS7OPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
3.00E-04|H23-RMU-FC-N038B REMOTE MULTIPLEXING UNIT FAILS TO FUNCTION
1.61E-01 | XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPPS LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

43 4,70E-13 1.50E-05|ES0-SQV-CF-GDCS7OPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
3.00E-04|H23-RMU-FC-P2IN038A REMOTE MULTIPLEXING UNIT FAILS TO FUNCTION
1.61E-01[XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04/SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

44 4,70E-13 1.50E-05|E50-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
3.00E-04|H23-RMU-FC-N038B REMOTE MULTIPLEXING UNIT FAILS TO FUNCTION
1.61E-01 [XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

45 4.70E-13 1.50E-05|E50-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
3.00E-04[H23-RMU-FC-P21N038A REMOTE MULTIPLEXING UNIT FAILS TO FUNCTION
1.61E-01 [XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

46 4.42E-13 1.50E-05|ES0-SQV-CF-GDCSTOPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
2.82E-01|R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
1.00E-03|R16-BT_-TM-R16BTA2 BATTERY R16-BTA2 IN TEST
1.61E-01 | XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

47 4.42E-13 1.50E-05|E50-SQV-CF-GDCSTOPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
2.82E-01|R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
1.00E-03|R16-BT -TM-R16BTB2 BATTERY R16-BTB2 IN TEST
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1.61E-01 | XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

43 4.42E-13 1.50E-05|E50-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
2.82E-01|R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
1.00E-03|R16-BT -TM-R16BTA2 BATTERY R16-BTA2 IN TEST
1.61E-01 [XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPPS LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

49 4.42E-13 1.50E-05|E50-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
2.82E-01|R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
1.00E-03|R16-BT_-TM-R16BTB2 BATTERY R16-BTB2 IN TEST
1.61E-01 [ XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

50 4.21E-13 1.50E-05|E50-SQV-CF-GDCS7OPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
2.69E-01|P21-XHE-FO-STDBYPUMP OP. FAILS MAN. ACT. OF STDBY PUMP WHEN AUT. ACTUATION FAIL
1.00E-03[R16-BT -TM-R16BTAl BATTERY R16-BTAl IN TEST
1.61E-01 [XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPPS LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

51 421E-13 1.50E-05|ES0-SQV-CF-GDCS7OPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
2.69E-01(P21-XHE-FO-STDBYPUMP OP. FAILS MAN. ACT. OF STDBY PUMP WHEN AUT. ACTUATION FAIL
1.00E-03|R16-BT -TM-R16BTA2 BATTERY R16-BTA2 IN TEST
1.61E-01 | XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

52 4.21E-13 1.50E-05|ES0-SQV-CF-GDCS70PEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
2.69E-01|P21-XHE-FO-STDBYPUMP OP. FAILS MAN. ACT. OF STDBY PUMP WHEN AUT. ACTUATION FAIL
1.00E-03|R16-BT -TM-R16BTB! BATTERY R16-BTBI IN TEST
1.61E-01 [XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

53 4.21E-13 1.50E-05|E50-SQV-CF-GDCS7OPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
2.69E-01|P21-XHE-FO-STDBYPUMP OP. FAILS MAN. ACT. OF STDBY PUMP WHEN AUT. ACTUATION FAIL
1.00E-03[R16-BT -TM-R16BTB2 BATTERY R16-BTB2 IN TEST
1.61E-01 [XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)
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54 4.21E-13 1.50E-05|E50-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
2.69E-01|P21-XHE-FO-STDBYPUMP OP. FAILS MAN. ACT. OF STDBY PUMP WHEN AUT. ACTUATION FAIL
1.00E-03|R16-BT_-TM-R16BTAl BATTERY R16-BTA1 IN TEST
1.61E-01 |XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

55 4.21E-13 1.50E-05|ES0-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
2.69E-01|P21-XHE-FO-STDBYPUMP OP. FAILS MAN. ACT. OF STDBY PUMP WHEN AUT. ACTUATION FAIL
1.00E-03|[R16-BT_-TM-R16BTA2 BATTERY R16-BTA2 IN TEST
1.61E-01 [XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

56 421E-13 1.50E-05|E50-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
2.69E-01|P21-XHE-FO-STDBYPUMP OP. FAILS MAN. ACT. OF STDBY PUMP WHEN AUT. ACTUATION FAIL
1.00E-03|[R16-BT -TM-R16BTBI BATTERY R16-BTBI IN TEST
1.61E-01 | XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

57 4.21E-13 1.50E-05|ES0-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
2.69E-01|P21-XHE-FO-STDBYPUMP OP. FAILS MAN. ACT. OF STDBY PUMP WHEN AUT. ACTUATION FAIL
1.00E-03|R16-BT -TM-R16BTB2 BATTERY R16-BTB2 IN TEST
1.61E-01 | XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

58 4.21E-13 9,00E-04[C62-DTM-FC-N1EA DIGITAL TRIP MODULE TRAIN A NO 1E FAILS
1.50E-05|ES50-SQV-CF-GDCS7OPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
4.80E-02]G21-XHE-MH-F334 MISPOSITION OF VALVE F334
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

59 4.21E-13 9.00E-04|C62-DTM-FC-N1EA DIGITAL TRIP MODULE TRAIN A NO 1E FAILS
1.50E-05|ES0-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
4.80E-02|G21-XHE-MH-F334 MISPOSITION OF VALVE F334
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

60 4.21E-13 9.00E-04|C62-DTM-FC-N1EB DIGITAL TRIP MODULE TRAIN B NO IE FAILS
1.50E-05|E50-SQV-CF-GDCSTOPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
4.80E-02|G21-XHE-MH-F334 MISPOSITION OF VALVE F334
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)
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61 4.21E-13 9.00E-04/C62-DTM-FC-NIEB DIGITAL TRIP MODULE TRAIN B NO 1E FAILS
1.50E-05|ES0-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
4.30E-02|G21-XHE-MH-F334 MISPOSITION OF VALVE F334
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

62 4.20E-13 7.20E-05|R10-CBU-FC-PRESOOKV 500KV TRANSMISSION LINE FAILS
9.00E-06|R16-BT -CF-ALLBATT BATTERY CCF #2
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

63 4.13E-13 1.50E-05 [E50-SQV-CF-GDCS7OPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
4.80E-02|G21-XHE-MH-F334 MISPOSITION OF VALVE F334
2.82E-01|R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
5.60E-02|R21-DG_-FR-DGA DIESEL GENERATOR "A" FAILS TO RUN GIVEN START
5.60E-02|R21-DG_-FR-DGB DIESEL GENERATOR "B" FAILS TO RUN GIVEN START
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

64 4.13E-13 1.50E-05|ES0-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
4.80E-02|G21-XHE-MH.F334 MISPOSITION OF VALVE F334
2.82E-01|[R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
5.60E-02|R21-DG_-FR-DGA DIESEL GENERATOR "A" FAILS TO RUN GIVEN START
5.60E-02|R21-DG_-FR-DGB DIESEL GENERATOR "B" FAILS TO RUN GIVEN START
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

65 3.77E-13 1.50E-05|E50-SQV-CF-GDCS7TOPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
2.82E-01[R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
8.52E-04[R21-DG_-CS-ALLDG CCF OF DIESEL GENERATORS TO START AND LOAD
1.61E-01 [ XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04[SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

66 3.77E-13 1.50E-05|E50-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
2.32E-01|R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
8.52E-04|R21-DG_-CS-ALLDG CCF OF DIESEL GENERATORS TO START AND LOAD
1.61E-01 [XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

67 3.76E-13 1.50E-05[ES0-SQV-CF-GDCS7OPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
1.77E-02|G31-XHE-FO-SDC OPERATOR FAILS TO ACTUATE SDC MODE
4.80E-02|P30-XHE-MH-F015 MISPOSITION OF VALVE FOIT
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2.82E-01[R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
1.61E-01 |XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

63 3.76E-13 1.50E-05|E50-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
1.77E-02[G31-XHE-FO-SDC OPERATOR FAILS TO ACTUATE SDC MODE
4.80E-02[P30-XHE-MH-F015 MISPOSITION OF VALVE FOIT
2.32E-01|R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
1.61E-01 |XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

69 3.46E-13 1.50E-05|E50-SQV-CF-GDCS7OPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN

. 2.82E-01|R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
5.60E-02|R21-DG_-FR-DGA DIESEL GENERATOR "A" FAILS TO RUN GIVEN START
1.40E-02|R21-DG -FS-DGB D/G "B" FAILS TO START AND LOAD
1.61E-01 [ XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

70 3.46E-13 1.50E-05|ES0-SQV-CF-GDCS7OPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
2.82E-01|R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
5.60E-02|R21-DG -FR-DGB DIESEL GENERATOR "B" FAILS TO RUN GIVEN START
1.40E-02|[R21-DG_-FS-DGA DIESEL GENERATOR "A" FAILS TO START
1.61E-01 |XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS, MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

71 3.46E-13 1.50E-05|ES0-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
2.32E-01|R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
5.60E-02|R21-DG -FR-DGA DIESEL GENERATOR "A" FAILS TO RUN GIVEN START
1.40E-02[R21.DG -FS-DGB D/G "B" FAILS TO START AND LOAD
1.61E-01|XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

72 3.46E-13 1,50E-05|ES0-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
2.82E-01(R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
5.60E-02|R21-DG _-FR-DGB DIESEL GENERATOR "B" FAILS TO RUN GIVEN START
1.40E-02|R21-DG -FS-DGA DIESEL GENERATOR "A" FAILS TO START
1.61E-01 |XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
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6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

7 3.37E-13 1.50E-05|E50-SQV-CF-GDCSTOPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
2.69E-01 [P21-XHE-FO-STDBYPUMP OP. FAILS MAN. ACT. OF STDBY PUMP WHEN AUT. ACTUATION FAIL
8.00E-04|R22-RE _-FD-10A11 UNDERVOLTAGE RELAY FOR R22-10A11 FAILS TO OPERATE
1.61E-01 |[XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

74 3.37E-13 1.50E-05 |ES0-SQV-CF-GDCS7OPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
2.69E-01|P21-XHE-FO-STDBYPUMP OP. FAILS MAN. ACT. OF STDBY PUMP WHEN AUT. ACTUATION FAIL
8.00E-04[R22-RE_-FD-10A21 UNDERVOLTAGE RELAY SENSING VOLTAGE ON BUS 10A21 FAILS
1.61E-01 | XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

75 3.37E-13 1.50E-05|E50-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
2.69E-01 [P21-XHE-FO-STDBYPUMP OP. FAILS MAN. ACT. OF STDBY PUMP WHEN AUT. ACTUATION FAIL
8.00E-04(R22-RE_-FD-10A11 UNDERVOLTAGE RELAY FOR R22-10A11 FAILS TO OPERATE
1.61E-01{XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

76 3.37E-13 1.50E-05|ES0-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
2.69E-01|P21-XHE-FO-STDBYPUMP OP. FAILS MAN. ACT. OF STDBY PUMP WHEN AUT. ACTUATION FAIL
8.00E-04|R22-RE_-FD-10A21 UNDERVOLTAGE RELAY SENSING VOLTAGE ON BUS 10A21 FAILS
1.61E-01 |[XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

77 3.06E-13 1.50E-05|ES0-SQV-CF-GDCS7OPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
1.95E-04|P21-MP_-CS-TRAINAB CCF TO START PUMPS TRAINS A AND B
1.61E-01 |[XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

78 3.06E-13 1.50E-05|ES0-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
1.95E-04|P21-MP_-CS-TRAINAB CCF TO START PUMPS TRAINS A AND B
1.61E-01 [XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

79 3.04E-13 3.12E-05|C62-VLU-CF-DIDALL CCF OF VOTER LOGIC UNITS
1.50E-05|E50-SQV-CF-GDCS70PEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)
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80 3.04E-13 3.12E-05|C62-VLU-CF-DIDALL CCF OF VOTER LOGIC UNITS
1.50E-05|ES0-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
6.49E-04|SH-LOPPS LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

81 2.93E-13 1.50E-05|ES0-SQV-CF-GDCSTOPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
2.82E-01|R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
4.44E-03|R21-DG_-CR-ALLDG CCF OF DIESEL GENERATORS TO RUN
2.40E-02|U43-SYS-FF-LPCI U43 HARDWARE FAILURES
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

82 2.93E-13 1.50E-05|ES0-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
2.82E-01|R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
4.44E-03|R21-DG -CR-ALLDG CCF OF DIESEL GENERATORS TO RUN
2.40E-02|U43-SYS-FF-LPCI U43 HARDWARE FAILURES
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

83 2.55E-13 1.50E-05|E50-SQV-CF-GDCS7OPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
2.18E-01|SH-RC6 FAILURE IN RCCWS/PSWS RECOVERY (MODE 6, UNFLOODED)
2.40E-02|U43-SYS-FF-LPCI U43 HARDWARE FAILURES
3.25E-06|SH-SW6 LOSS OF RCCWS/PSWS (MODE 6, UNFLOODED)

84 2.55E-13 1.50E-05|ES0-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
2.18E-01|SH-RC6 FAILURE IN RCCWS/PSWS RECOVERY (MODE 6, UNFLOODED)
2.40E-02|U43.SYS-FF-LPCI U43 HARDWARE FAILURES
3.25E-06|SH-SW6 LOSS OF RCCWS/PSWS (MODE 6, UNFLOODED)

85 2.53E-13 1.50E-05|ES0-SQV-CF-GDCS7OPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
6.00E-04|H23-EMS-FC-DIVADID ESSENTIAL MULTIPLEXING SYSTEM DIV A (DID) FAILS TO FUNCTION
2.69E-01|P21-XHE-FO-STDBYPUMP OP. FAILS MAN. ACT. OF STDBY PUMP WHEN AUT. ACTUATION FAIL
1.61E-01|XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

86 2.53E-13 1.50E-05|E50-SQV-CF-GDCS7OPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
6.00E-04|H23-EMS-FC-DIVBDID ESSENTIAL MULTIPLEXING SYSTEM DIV B (DID) FAILS TO FUNCTION
2.69E-01|P21-XHE-FO-STDBYPUMP OP. FAILS MAN. ACT. OF STDBY PUMP WHEN AUT. ACTUATION FAIL
1.61E-01 |XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

87 2.53E-13 1.50E-05|ES0-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
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6.00E-04|H23-EMS-FC-DIVADID ESSENTIAL MULTIPLEXING SYSTEM DIV A (DID) FAILS TO FUNCTION
2.69E-01|P21-XHE-FO-STDBYPUMP OP. FAILS MAN. ACT. OF STDBY PUMP WHEN AUT. ACTUATION FAIL
1.61E-01 [ XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

88 2.53E-13 1.50E-05|E50-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
6.00E-04|H23-EMS-FC-DIVBDID ESSENTIAL MULTIPLEXING SYSTEM DIV B (DID) FAILS TO FUNCTION
2.69E-01{P21-XHE-FO-STDBYPUMP OP. FAILS MAN. ACT. OF STDBY PUMP WHEN AUT. ACTUATION FAIL
1.61E-01|XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

89 221E-13 1.50E-05|E50-SQV-CF-GDCSTOPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
2.82E-01|R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
5.00E-04|R16-BT -LP-R16BTA2 BATTERY R16-BTA2 FAILS TO PROVIDE OUTPUT
1.61E-01 | XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

9 2.21E-13 1.50E-05|ES0-SQV-CF-GDCSTOPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
2.82E-01|R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
5.00E-04|R16-BT -LP-R16BTB2 BATTERY R16-BTB2 FAILS TO PROVIDE OUTPUT
1.61E-01 [XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

91 2.21E-13 1.50E-05|E50-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
2.82E-01|R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
5.00E-04[R16-BT_-LP-R16BTA2 BATTERY R16-BTA2 FAILS TO PROVIDE OUTPUT
1.61E-01 |[XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

92 2.21E-13 1.50E-05|E50-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
2.82E-01|R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
5.00E-04|R16-BT -LP-R16BTB2 BATTERY R16-BTB2 FAILS TO PROVIDE OUTPUT
1.61E-01 |[XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

93 2.12E-13 1.50E-05 |ES0-SQV-CF-GDCSTOPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
2.82E-01 [R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
4.80E-04|R13-INV-FC-R13A2 INVERTER TO R13-A2 FAILS
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1.61E-01]XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

94 2.12E-13 1.50E-05 [ES0-SQV-CF-GDCS7OPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
2.32E-01|R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
4.30E-04|R13-INV-FC-R13B2 INVERTER TO R13-B2 FAILS
1.61E-01|XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04{SH-LOPPS LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

95 2.12E-13 1.50E-05|ES0-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
2.32E-01[R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
4.30E-04|R13-INV-FC-R13A2 INVERTER TO R13-A2 FAILS
1.61E-01[XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

96 2.12E-13 1.50E-05|ES0-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
2.32E-01|R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
4.80E-04|R13-INV-FC-R13B2 INVERTER TO R13-B2 FAILS
1.61E-01|XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

97 2.11E-13 1.50E-05 [ES0-SQV-CF-GDCS7OPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
2.69E-01[P21-XHE-FO-STDBYPUMP OP. FAILS MAN. ACT. OF STDBY PUMP WHEN AUT. ACTUATION FAIL
5.00E-04|R16-BT -LP-R16BTAIl BATTERY R16-BTA1 FAILS TO PROVIDE OUTPUT
1.61E-01 [XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

98 2.11E-13 1.50E-05 |ES0-SQV-CF-GDCS7OPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
2.69E-01|P21-XHE-FO-STDBYPUMP OP. FAILS MAN, ACT. OF STDBY PUMP WHEN AUT., ACTUATION FAIL
5.00E-04|R16-BT_-LP-R16BTA2 BATTERY R16-BTA2 FAILS TO PROVIDE OUTPUT
1.61E-01 [XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPPS6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

99 2.11E-13 1.50E-05|ES0-SQV-CF-GDCSTOPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
2.69E-01{P21-XHE-FO-STDBYPUMP OP. FAILS MAN. ACT. OF STDBY PUMP WHEN AUT. ACTUATION FAIL
5.00E-04|R16-BT -LP-R16BTBI BATTERY R16-BTB1 FAILS TO PROVIDE OUTPUT
1.61E-01|XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)
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100 2.11E-13 1.50E-05 |E50-SQV-CF-GDCS7OPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
2.69E-01|P21-XHE-FO-STDBYPUMP OP. FAILS MAN. ACT. OF STDBY PUMP WHEN AUT. ACTUATION FAIL
5.00E-04|R16-BT_-LP-R16BTB2 BATTERY R16-BTB2 FAILS TO PROVIDE OUTPUT
1.61E-01 | XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPPS__ LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

101 2,11E-13 1.50E-05|ES0-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
2.69E-01 [P21-XHE-FO-STDBYPUMP OP. FAILS MAN. ACT. OF STDBY PUMP WHEN AUT. ACTUATION FAIL
5.00E-04[R16-BT_-LP-R16BTAL BATTERY R16-BTAl FAILS TO PROVIDE OUTPUT
1.61E-01 [XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

102 2.11E-13 1.50E-05|ES0-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
2.69E-01|P21-XHE-FO-STDBYPUMP OP. FAILS MAN. ACT. OF STDBY PUMP WHEN AUT. ACTUATION FAIL
5.00E-04|R16-BT_-LP-R16BTA2 BATTERY R16-BTA2 FAILS TO PROVIDE OUTPUT
1.61E-01 | XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

103 2.11E-13 1.50E-05|E50-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
2.69E-01|P21-XHE-FO-STDBYPUMP OP. FAILS MAN. ACT. OF STDBY PUMP WHEN AUT. ACTUATION FAIL
5.00E-04|R16-BT_-LP-R16BTBI BATTERY R16-BTBI1 FAILS TO PROVIDE OUTPUT
1.61E-01|XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP§ LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

104 2.11E-13 1.50E-05 |ES0-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
2.69E-01|P21-XHE-FO-STDBYPUMP OP. FAILS MAN. ACT. OF STDBY PUMP WHEN AUT. ACTUATION FAIL
5.00E-04[R16-BT_-LP-R16BTB2 BATTERY R16-BTB2 FAILS TO PROVIDE OUTPUT -
1.61E-01|XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

105 2.06E-13 1.50E-05|ES0-SQV-CF-GDCS7OPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
2.82E-01|R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
5.60E-02|[R21-DG_-FR-DGA DIESEL GENERATOR "A" FAILS TO RUN GIVEN START
5.60E-02|R21-DG_-FR-DGB DIESEL GENERATOR "B" FAILS TO RUN GIVEN START
2.40E-02(U43-SYS-FF-LPCI U43 HARDWARE FAILURES
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

106 2.06E-13 1.50E-05|E50-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
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Cutsets with Descriptions Report
Internal Events Shutdown
Core Damage Frequency = 5.56E-09

Top 200 Cutsets
No [Cutset [Event Event Description
Prob Prob
2.82E-01|R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
5.60E-02|R21.DG_-FR-DGA DIESEL GENERATOR "A" FAILS TO RUN GIVEN START
5.60E-02|R21-DG _-FR-DGB DIESEL GENERATOR "B" FAILS TO RUN GIVEN START
2.40E-02|U43-SYS-FF-LPCI U43 HARDWARE FAILURES
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

107 2.02E-13 1.50E-05 |ES0-SQV-CF-GDCS7OPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
2.69E-01|P21-XHE-FO-STDBYPUMP OP. FAILS MAN. ACT. OF STDBY PUMP WHEN AUT. ACTUATION FAIL
4.30E-04|R13-INV-FC-R13Al INVERTER TO R13-Al FAILS
1.61E-01{XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04/SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

108 2.02E-13 1.50E-05 [E50-SQV-CF-GDCS7OPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
2.69E-01|P21-XHE-FO-STDBYPUMP OP. FAILS MAN. ACT. OF STDBY PUMP WHEN AUT. ACTUATION FAIL
4.30E-04|R13-INV-FC-R13A2 INVERTER TO R13-A2 FAILS
1.61E-01 [XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

109 2.02E-13 1.50E-05 |E50-SQV-CF-GDCS7OPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
2.69E-01 [P21-XHE-FO-STDBYPUMP OP, FAILS MAN. ACT. OF STDBY PUMP WHEN AUT. ACTUATION FAIL
4.80E-04|R13-INV-FC-R13BI INVERTER TO R13-B1 FAILS
1.61E-01 [XXX-XHE-FO-LPMAKEUP OP, FAILS TO RECOG, NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPPS LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

110 2.02E-13 1.50E-05|ES0-SQV-CF-GDCS7OPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
2.69E-01|P21-XHE-FO-STDBYPUMP OP. FAILS MAN. ACT. OF STDBY PUMP WHEN AUT. ACTUATION FAIL
4.80E-04|R13-INV-FC-R13B2 INVERTER TO R13-B2 FAILS
1.61E-01 | XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

11 2.02E-13 1.50E-05|ES0-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
2.69E-01|P21-XHE-FO-STDBYPUMP OP. FAILS MAN. ACT. OF STDBY PUMP WHEN AUT. ACTUATION FAIL
4.30E-04|R13-INV-FC-R13Al INVERTER TO R13-Al FAILS
1.61E-01 | XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG, NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

112 2.02E-13 1.50E-05|ES0-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
2.69E-01|P21-XHE-FO-STDBYPUMP OP. FAILS MAN. ACT. OF STDBY PUMP WHEN AUT. ACTUATION FAIL
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Top 200 Cutsets
No |Cutset [Event Event Description
Prob Prob
4.80E-04|R13-INV-FC-R13A2 INVERTER TO R13-A2 FAILS
1.61E-01 |XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

113 2.02E-13 1.50E-05|E50-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
2.69E-01 |P21-XHE-FO-STDBYPUMP OP. FAILS MAN. ACT. OF STDBY PUMP WHEN AUT. ACTUATION FAIL
4.80E-04|R13-INV-FC-R13B1 INVERTER TO R13-B1 FAILS
1.61E-01 [XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04{SH-LOPPS LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

114 2.02E-13 1.50E-05|ES0-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
2.69E-01|P21-XHE-FO-STDBYPUMP OP. FAILS MAN. ACT. OF STDBY PUMP WHEN AUT. ACTUATION FAIL
4.30E-04|R13-INV-FC-R13B2 INVERTER TO R13-B2 FAILS
1.61E-01 |XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04[SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

115 1.97E-13 1.50E-05|E50-SQV-CF-GDCS7OPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
7.96E-03|R11-MCB-CC-XFRMAA?2 CIRCUIT BREAKER FROM XFRM-A FAILS TO OPEN
2.32E-01|R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
5.60E-02|R21-DG -FR-DGB DIESEL GENERATOR "B" FAILS TO RUN GIVEN START
1.61E-01 [XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

116 1.97E-13 1.50E-05 [E50-SQV-CF-GDCS7OPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
7.96E-03|[R11-MCB-CC-XFRMBB2 CIRCUIT BREAKER FROM XFRM-B FAILS TO OPEN
2.82E-01|R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
5.60E-02(R21-DG_-FR-DGA DIESEL GENERATOR “A” FAILS TO RUN GIVEN START
1.61E-01 [XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04[SH-LOPPS LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

117 1.97E-13 1.50E-05 |ES0-SQV-CF-GDCS7OPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
2.32E-01|R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
5.60E-02|R21-DG_-FR-DGA DIESEL GENERATOR "A" FAILS TO RUN GIVEN START
7.96E-03|R22-MCB-CC-2LOADI CIRCUIT BREAKER TO LOAD 1 FAILS TO OPEN
1.61E-01 [XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04[SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

118 1.97E-13 1.50E-05|E50-SQV-CF-GDCSTOPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
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Top 200 Cutsets
No [Cutset |Event Event Description
Prob Prob
2.82E-01|R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
5.60E-02|R21.DG _-FR-DGA DIESEL GENERATOR "A" FAILS TO RUN GIVEN START
7.96E-03|[R22-MCB-CC-2LOAD2 CIRCUIT BREAKER TO LOAD 2 FAILS TO OPEN
1.61E-01 | XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

119 1.97E-13 1.50E-05|E50-SQV-CF-GDCS7OPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
2.82E-01|R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
5.60E-02|R21.DG_-FR-DGA DIESEL GENERATOR "A" FAILS TO RUN GIVEN START
7.96E-03 [R22.MCB-CC-2LOAD3 CIRCUIT BREAKER TO LOAD 3 FAILS TO OPEN
1.61E-01 |XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

120 1,97E-13 1.50E-05|E50-SQV-CF-GDCSTOPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
2.82E-01|R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
5.60E-02|R21.DG_-FR-DGA DIESEL GENERATOR "A” FAILS TO RUN GIVEN START
7.96E-03|R22-MCB-CC-2LOADA4 CIRCUIT BREAKER TO LOAD 4 FAILS TO OPEN
1.61E-01 |XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED) _

121 1.97E-13 1.50E-05|ES0-SQV-CF-GDCSTOPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
2.82E-01|R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
5.60E-02|R21.DG_-FR-DGA DIESEL GENERATOR "A" FAILS TO RUN GIVEN START
7.96E-03|R22-MCB-CC-2LOADS CIRCUIT BREAKER TO LOAD 5 FAILS TO OPEN
1.61E-01 [ XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

122 1.97E-13 1.50E-05|ES0-SQV-CF-GDCS7OPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
2.82E-01|R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
5.60E-02JR21.DG_-FR-DGB DIESEL GENERATOR "B" FAILS TO RUN GIVEN START
7.96E-03[R22-MCB-CC-1LOADI CIRCUIT BREAKER TO LOAD 1 FAILS TO OPEN
1.61E-01 [XXX-XHE-FO-LPMAKEUP OP, FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

123 1.97E-13 1.50E-05|ES0-SQV-CF-GDCS7OPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
2.82E-01|R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
5.60E-02|[R21.DG -FR-DGB DIESEL GENERATOR "B FAILS TO RUN GIVEN START
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Prob Prob
7.96E-03|[R22-MCB-CC-1LOAD2 CIRCUIT BREAKER TO LOAD 2 FAILS TO OPEN
1.61E-01 [XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

124 1.97E-13 1.50E-05 |ES0-SQV-CF-GDCSTOPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
2.82E-01|R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
5.60E-02|[R21-DG_-FR-DGB DIESEL GENERATOR "B” FAILS TO RUN GIVEN START
7.96E-03|R22-MCB-CC-1LOAD3 CIRCUIT BREAKER TO LOAD 3 FAILS TO OPEN
1.61E-01|XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

125 1.97E-13 1.50E-05 [ES0-SQV-CF-GDCSTOPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
2.82E-01|R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
5.60E-02|R21-DG_-FR-DGB DIESEL GENERATOR "B" FAILS TO RUN GIVEN START
7.96E-03|R22-MCB-CC-1LOAD4 CIRCUIT BREAKER TO LOAD 4 FAILS TO OPEN
1.61E-01 [ XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

126 1.97E-13 1.50E-05|ES0-SQV-CF-GDCSTOPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
2.32E-01|R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
5.60E-02|R21-DG_-FR-DGB DIESEL GENERATOR "B" FAILS TO RUN GIVEN START
7.96E-03|R22-MCB-CC-1LOADS CIRCUIT BREAKER TO LOAD 5 FAILS TO OPEN
1.61E-01 | XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPPS LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

127 1.97E-13 1.50E-05|ES0-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
7.96E-03|R11-MCB-CC-XFRMAA? CIRCUIT BREAKER FROM XFRM-A FAILS TO OPEN
2.82E-01|[R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
5.60E-02|R21-DG_-FR-DGB DIESEL GENERATOR "B" FAILS TO RUN GIVEN START
1.61E-01 [XXX-XHE-FO-LPMAKEUP OP, FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPPS LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

128 1.97E-13 1.50E-05|E50-SQV-CF-OPENALL CCE OF ALL SQUIB VALVES TO OPEN
7.96E-03|R11-MCB-CC-XFRMBB2 CIRCUIT BREAKER FROM XFRM-B FAILS TO OPEN
2.82E-01[R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
5.60E-02|R21-DG _-FR-DGA DIESEL GENERATOR "A" FAILS TO RUN GIVEN START
1.61E-01 [XXX-XHE-FO-LPMAKEUP OP, FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
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6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

129 1.97E-13 1.50E-05|E50-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
2.82E-01|R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
5.60E-02|R21-DG_-FR-DGA DIESEL GENERATOR "A” FAILS TO RUN GIVEN START
7.96E-03|R22-MCB-CC-2LOAD! CIRCUIT BREAKER TO LOAD 1 FAILS TO OPEN
1.61E-01 [XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

130 1.97E-13 1.50E-05|ES0-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
2.82E-01|R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
5.60E-02|R21-DG_-FR-DGA DIESEL GENERATOR "A" FAILS TO RUN GIVEN START
7.96E-03|R22-MCB-CC-2LOAD2 CIRCUIT BREAKER TO LOAD 2 FAILS TO OPEN
1.61E-01|XXX-XHE-FO-LPMAKEUP OP, FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

131 1.97E-13 1.50E-05|ES0-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
2.82E-01|R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
5.60E-02|[R21-DG_-FR-DGA DIESEL GENERATOR "A" FAILS TO RUN GIVEN START
7.96E-03|R22-MCB-CC-2LOAD3 CIRCUIT BREAKER TO LOAD 3 FAILS TO OPEN
1.61E-01 | XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

132 1.97E-13 1.50E-05|ES0-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
2.82E-01|R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
5.60E-02|R21-DG_-FR-DGA DIESEL GENERATOR "A" FAILS TO RUN GIVEN START
7.96E-03 |R22-MCB-CC-2LOAD4 CIRCUIT BREAKER TO LOAD 4 FAILS TO OPEN
1.61E-01|XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

133 197E-13 1.50E-05 |E50-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
2.82E-01|R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
5.60E-02|R21-DG_-FR-DGA DIESEL GENERATOR "A" FAILS TO RUN GIVEN START
7.96E-03|R22-MCB-CC-2LOADS CIRCUIT BREAKER TO LOAD 5 FAILS TO OPEN
1.61E-01|XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

134 197E-13 1.50E-05|E50-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
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2.82E-01|R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
5.60E-02|R21-DG -FR-DGB DIESEL GENERATOR "B" FAILS TO RUN GIVEN START
7.96E-03|R22-MCB-CC-1LOAD] CIRCUIT BREAKER TO LOAD 1 FAILS TO OPEN
1.61E-01 |XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

135 1.97E-13 1.50E-05|ES0-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
2.82E-01|R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
5.60E-02|R21-DG -FR-DGB DIESEL GENERATOR "B" FAILS TO RUN GIVEN START
7.96E-03|R22-MCB-CC-1LOAD2 CIRCUIT BREAKER TO LOAD 2 FAILS TO OPEN
1.61E-01|XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

136 1.97E-13 1.50E-05|ES50-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
2.82E-01|R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
5.60E-02|R21-DG_-FR-DGB DIESEL GENERATOR "B" FAILS TO RUN GIVEN START
7.96E-03|R22-MCB-CC-1LOAD3 CIRCUIT BREAKER TO LOAD 3 FAILS TO OPEN
1.61E-01 | XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

137 1.97E-13 1.50E-05|E50-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
2.82E-01[R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
5.60E-02|R21-DG_-FR-DGB DIESEL GENERATOR "B" FAILS TO RUN GIVEN START
7.96E-03[R22-MCB-CC-1LOAD4 CIRCUIT BREAKER TO LOAD 4 FAILS TO OPEN
1.61E-01 [XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

138 1.97E-13 1.50E-05|ES0-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
2.82E-01|R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
5.60E-02|R21-DG_-FR-DGB DIESEL GENERATOR "B" FAILS TO RUN GIVEN START
7.96E-03|R22-MCB-CC-1LOADS CIRCUIT BREAKER TO LOAD 5 FAILS TO OPEN
1.61E-01|XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

139 1.96E-13 1.50E-05 |E50-SQV-CF-GDCS7OPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
2.82E-01|R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
4.44E-03[R21.-DG -CR-ALLDG CCF OF DIESEL GENERATORS TO RUN

16.9-32




NEDO-33201 Rev 1

Table 16.6-3
Internal Events Shutdown PRA Cutset Report

Cutsets with Descriptions Report
Internal Events Shutdown
Core Damage Frequency = 5.56E-09

Top 200 Cutsets
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1.61E-02|U43-XHE-FO-LPCIADS OPERATOR FAILS TO ACTUATE U43 IN LPCI MODE AFTER ADS
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

140 1.96E-13 1.50E-05|ES0-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
2.32E-01|R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
4.44E-03|R21-DG_-CR-ALLDG CCF OF DIESEL GENERATORS TO RUN
1.61E-02[U43-XHE-FO-LPCIADS OPERATOR FAILS TO ACTUATE U43 IN LPCI MODE AFTER ADS
6.49E-04[SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

141 1.71E-13 1.50E-05 |ES0-SQV-CF-GDCSTOPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
2.18E-01{SH-RC6 FAILURE IN RCCWS/PSWS RECOVERY (MODE 6, UNFLOODED)
1.61E-02|U43-XHE-FO-LPCIADS OPERATOR FAILS TO ACTUATE U43 IN LPCI MODE AFTER ADS
3.25E-06|SH-SW6 LOSS OF RCCWS/PSWS (MODE 6, UNFLOODED)

142 1.71E-13 1.50E-05|ES0-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
2.18E-01|SH-RC6 FAILURE IN RCCWS/PSWS RECOVERY (MODE 6, UNFLOODED)
1.61E-02|U43-XHE-FO-LPCIADS OPERATOR FAILS TO ACTUATE U43 IN LPCI MODE AFTER ADS
3.25E-06|SH-SW6 LOSS OF RCCWS/PSWS (MODE 6, UNFLOODED)

143 1.48E-13 1.50E-05|ES0-SQV-CF-GDCSTOPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
2.82E-01|R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
5.60E-02|R21-DG_-FR-DGA DIESEL GENERATOR "A" FAILS TO RUN GIVEN START
6.00E-03|R21-DG_-TM-DGB STANDBY DIESEL GENERATOR "B" IN MAINTENANCE
1.61E-01 | XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04[SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

144 1.48E-13 1.50E-05|E50-SQV-CF-GDCS7OPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
2.82E-01|R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
5.60E-02|R21-DG_-FR-DGB DIESEL GENERATOR "B" FAILS TO RUN GIVEN START
6.00E-03(R21-DG_-TM-DGA STANDBY DIESEL GENERATOR "A" IN MAINTENANCE
1.61E-01 [XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

145 1.48E-13 1.50E-05|ES0-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
2.82E-01|R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
5.60E-02|[R21-DG _-FR-DGA DIESEL GENERATOR "A" FAILS TO RUN GIVEN START
6.00E-03|R21-DG_-TM-DGB STANDBY DIESEL GENERATOR "B" IN MAINTENANCE
1.61E-01{XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
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6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)
146 1.48E-13 1.50E-05|E50-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
2.82E-01|R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
5.60E-02|R21-DG_-FR-DGB DIESEL GENERATOR "B" FAILS TO RUN GIVEN START
6.00E-03|R21-DG _-TM-DGA STANDBY DIESEL GENERATOR "A" IN MAINTENANCE
1.61E-01 |XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)
147 1.40E-13 1.50E-05|E50-SQV-CF-GDCSTOPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
4.80E-02|G21-XHE-MH-F334 MISPOSITION OF VALVE F334
3.00E-04|H23-RMU-FC-N038B REMOTE MULTIPLEXING UNIT FAILS TO FUNCTION
6.49E-04|SH-LOPPS LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)
148 1.40E-13 1.50E-05|ES0-SQV-CF-GDCSTOPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
4.80E-02|G21-XHE-MH-F334 MISPOSITION OF VALVE F334
3.00E-04|H23-RMU-FC-P21N038A REMOTE MULTIPLEXING UNIT FAILS TO FUNCTION
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)
149 1.40E-13 1.50E-05|ES0-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
4.80E-02|G21-XHE-MH-F334 MISPOSITION OF VALVE F334
3.00E-04|H23-RMU-FC-N038B REMOTE MULTIPLEXING UNIT FAILS TO FUNCTION
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)
150 1.40E-13 1.50E-05|ES0-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
4.80E-02|G21-XHE-MH-F334 MISPOSITION OF VALVE F334
3.00E-04|H23-RMU-FC-P21N038A REMOTE MULTIPLEXING UNIT FAILS TO FUNCTION
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)
151 1.38E-13 1.50E-05 |E50-SQV-CF-GDCSTOPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
2.82E-01|R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
5.60E-02|[R21-DG _-FR-DGA DIESEL GENERATOR "A” FAILS TO RUN GIVEN START
5.60E-02|R21-DG _-FR-DGB DIESEL GENERATOR "B" FAILS TO RUN GIVEN START
1.61E-02]U43-XHE-FO-LPCIADS OPERATOR FAILS TO ACTUATE U43 IN LPCI MODE AFTER ADS
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)
152 1.38E-13 1.50E-05|ES0-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
2.82E-01|R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
5.60E-02|R21-DG_-FR-DGA DIESEL GENERATOR "A" FAILS TO RUN GIVEN START
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5.60E-02|[R21-DG _-FR-DGB DIESEL GENERATOR "B" FAILS TO RUN GIVEN START
1.61E-02{U43-XHE-FO-LPCIADS OPERATOR FAILS TO ACTUATE U43 IN LPCI MODE AFTER ADS
6.49E-04[SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

153 1.32E-13 1.50E-05 |ES0-SQV-CF-GDCS7OPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
4.80E-02[G21-XHE-MH-F334 MISPOSITION OF VALVE F334
2.82E-01|R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
1.00E-03|[R16-BT_-TM-R16BTA2 BATTERY R16-BTA2 IN TEST
6.49E-04[SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

154 1.32E-13 1.50E-05 |[ES0-SQV-CF-GDCS7OPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
4.80E-02]G21-XHE-MH-F334 MISPOSITION OF VALVE F334
2.82E-01|[R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE6) _
1.00E-03|R16-BT -TM-R16BTB2 BATTERY R16-BTB2 IN TEST
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

155 1.32E-13 1.50E-05 |ES0-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
4.80E-02|G21-XHE-MH-F334 MISPOSITION OF VALVE F334
2.32E-01|R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
1.00E-03[R16-BT_-TM-R16BTA2 BATTERY R16-BTA2 IN TEST
6.49E-04[SH-LOPPS LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

156 1.32E-13 1.50E-05|ES0-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
4.80E-02/G21-XHE-MH-F334 MISPOSITION OF VALVE F334
2.82E-01|R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
1.00E-03|R16-BT_-TM-RI16BTB2 BATTERY R16-BTB2 IN TEST
6.49E-04|SH-LOPPS LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

157 1.26E-13 1.50E-05 |[E50-SQV-CF-GDCS70PEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
3.00E-04|H23-RMU-FC-10A11 REMOTE MULTIPLEXING UNIT FAILS TO FUNCTION
2.69E-01|P21-XHE-FO-STDBYPUMP OP. FAILS MAN, ACT. OF STDBY PUMP WHEN AUT. ACTUATION FAIL
1.61E-01 |XXX-XHE-FO-LPMAKEUP OP, FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

158 1.26E-13 1.50E-05|E50-SQV-CF-GDCS70PEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
3.00E-04|H23-RMU-FC-10A21 REMOTE MULTIPLEXING UNIT FAILS TO FUNCTION
2,69E-01|P21-XHE-FO-STDBYPUMP OP. FAILS MAN. ACT. OF STDBY PUMP WHEN AUT. ACTUATION FAIL
1.61E-01 [ XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
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6.49E-04[SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

159 1.26E-13 1.50E-05|ES0-SQV-CF-GDCSTOPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
3.00E-04]H23-RMU-FC-ESFIADID IST DIV A (DID) ESF REMOTE MULTIPLEXING UNIT FAILS TO FUNCTION
2.69E-01 |P21-XHE-FO-STDBYPUMP OP. FAILS MAN. ACT. OF STDBY PUMP WHEN AUT. ACTUATION FAIL
1.61E-01 [XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

160 1.26E-13 1.50E-05|E50-SQV-CF-GDCSTOPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
3.00E-04|H23-RMU-FC-ESFIBDID 1ST DIV B (DID) ESF REMOTE MULTIPLEXING UNIT FAILS TO FUNCTION
2.69E-01 [P21-XHE-FO-STDBYPUMP OP. FAILS MAN. ACT, OF STDBY PUMP WHEN AUT. ACTUATION FAIL
1.61E-01 [XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

161 1.26E-13 1.50E-05|E50-SQV-CF-GDCS7OPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
3.00E-04|H23-RMU-FC-ESF2ADID 2ND DIV A (DID) ESF REMOTE MULTIPLEXING UNIT FAILS TO FUNCTION
2.69E-01 [P21-XHE-FO-STDBYPUMP OP. FAILS MAN, ACT. OF STDBY PUMP WHEN AUT. ACTUATION FAIL
1.61E-01 [XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04/SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

162 1.26E-13 1.50E-05|E50-SQV-CF-GDCS7OPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
3.00E-04|H23.RMU-FC-ESF2BDID 2ND DIV B (DID) ESF REMOTE MULTIPLEXING UNIT FAILS TO FUNCTION
2.69E-01|P21-XHE-FO-STDBYPUMP OP. FAILS MAN, ACT. OF STDBY PUMP WHEN AUT, ACTUATION FAIL
1.61E-01 |XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

163 1.26E-13 1.50E-05 |E50-SQV-CF-GDCS7OPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
3.00E-04|H23-RMU-FC-R101 DTM/TLU 001 OR MUX INTERFACE FAIL TO TRIP (2Y TEST)
2.69E-01|P21-XHE-FO-STDBYPUMP OP. FAILS MAN. ACT. OF STDBY PUMP WHEN AUT., ACTUATION FAIL
1.61E-01 [XXX-XHE-FO-LPMAKEUP OP, FAILS TO RECOG, NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

164 1.26E-13 1.50E-05|ES0-SQV-CF-GDCSTOPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
3.00E-04|H23-RMU-FC-R102 DTM/TLU 002 OR MUX INTERFACE FAIL TO TRIP (2Y TEST)
2.69E-01|P21-XHE-FO-STDBYPUMP OP. FAILS MAN. ACT. OF STDBY PUMP WHEN AUT. ACTUATION FAIL
1.61E-01 [XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

165 1.26E-13 1.50E-05|ES0-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
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3.00E-04|H23-RMU-FC-10A11 REMOTE MULTIPLEXING UNIT FAILS TO FUNCTION
2.69E-01 |P21-XHE-FO-STDBYPUMP OP. FAILS MAN. ACT. OF STDBY PUMP WHEN AUT. ACTUATION FAIL
1.61E-01 | XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

166 1.26E-13 1.50E-05|E50-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
3.00E-04{H23-RMU-FC-10A21 REMOTE MULTIPLEXING UNIT FAILS TO FUNCTION
2.69E-01{P21-XHE-FO-STDBYPUMP OP. FAILS MAN. ACT. OF STDBY PUMP WHEN AUT. ACTUATION FAIL
1.61E-01[XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

167 1.26E-13 1.50E-05|ES0-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
3.00E-04{H23-RMU-FC-ESF1ADID 1ST DIV A (DID) ESF REMOTE MULTIPLEXING UNIT FAILS TO FUNCTION
2.69E-01 (P21-XHE-FO-STDBYPUMP OP. FAILS MAN. ACT. OF STDBY PUMP WHEN AUT. ACTUATION FAIL
1.61E-01 [XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

168 1.26E-13 1.50E-05|E50-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
3.00E-04|H23-RMU-FC-ESF1BDID 1ST DIV B (DID) ESF REMOTE MULTIPLEXING UNIT FAILS TO FUNCTION
2.69E-01 |P21-XHE-FO-STDBYPUMP OP. FAILS MAN. ACT. OF STDBY PUMP WHEN AUT. ACTUATION FAIL
1.61E-01 [XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

169 1.26E-13 1.50E-05|ES0-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
3.00E-04|H23-RMU-FC-ESF2ADID 2ND DIV A (DID) ESF REMOTE MULTIPLEXING UNIT FAILS TO FUNCTION
2.69E-01|P21-XHE-FO-STDBYPUMP OP. FAILS MAN. ACT. OF STDBY PUMP WHEN AUT, ACTUATION FAIL
1.61E-01 [XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

170 1.26E-13 1.50E-05|E50-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
3.00E-04|H23-RMU-FC-ESF2BDID 2ND DIV B (DID) ESF REMOTE MULTIPLEXING UNIT FAILS TO FUNCTION
2.69E-01 |P21-XHE-FO-STDBYPUMP OP. FAILS MAN. ACT. OF STDBY PUMP WHEN AUT. ACTUATION FAIL
1.61E-01|XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

171 1.26E-13 1.50E-05|E50-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
3.00E-04{H23-RMU-FC-R101 DTM/TLU 001 OR MUX INTERFACE FAIL TO TRIP (2Y TEST)
2.69E-01{P21-XHE-FO-STDBYPUMP OP. FAILS MAN. ACT. OF STDBY PUMP WHEN AUT. ACTUATION FAIL

16.9-37




NEDO-33201 Rev 1

Table 16.6-3

Internal Events Shutdown PRA Cutset Report

Cutsets with Descriptions Report
Internal Events Shutdown
Core Damage Frequency = 5.56E-09

Top 200 Cutsets
No [Cutset |[Event Event Description
Prob Prob

1.61E-01 [XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

172 1.26E-13 1.50E-05|ES0-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
3.00E-04[H23-RMU-FC-R102 DTM/TLU 002 OR MUX INTERFACE FAIL TO TRIP (2Y TEST)
2.69E-01|P21-XHE-FO-STDBYPUMP OP. FAILS MAN. ACT. OF STDBY PUMP WHEN AUT, ACTUATION FAIL
1.61E-01 [XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

173 1.26E-13 1.50E-05|ES0-SQV-CF-GDCSTOPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
4.30E-02/G21-XHE-MH-F334 MISPOSITION OF VALVE F334
2.69E-01|P21.XHE-FO-STDBYPUMP OP. FAILS MAN. ACT. OF STDBY PUMP WHEN AUT. ACTUATION FAIL
1.00E-03|[R16-BT -TM-R16BTAIl BATTERY R16-BTAl IN TEST
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

174 1.26E-13 1.50E-05|E50-SQV-CF-GDCS7OPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
4.80E-02[G21-XHE-MH-F334 MISPOSITION OF VALVE F334
2.69E-01|P21-XHE-FO-STDBYPUMP OP. FAILS MAN. ACT. OF STDBY PUMP WHEN AUT. ACTUATION FAIL
1.00E-03|R16-BT -TM-RI16BTA2 BATTERY R16-BTA2 IN TEST
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

175 1.26E-13 1.50E-05|E50-SQV-CF-GDCS7TOPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
4.30E-02/G21-XHE-MH-F334 MISPOSITION OF VALVE F334
2.69E-01 [P21-XHE-FO-STDBYPUMP OP. FAILS MAN, ACT. OF STDBY PUMP WHEN AUT. ACTUATION FAIL
1.00E-03|R16-BT_-TM-RI6BTBI BATTERY RI16-BTBI1 IN TEST
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

176 1.26E-13 1.50E-05|E50-SQV-CF-GDCS7OPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
4.80E-02/G21-XHE-MH-F334 MISPOSITION OF VALVE F334
2.69E-01|P21-XHE-FO-STDBYPUMP OP. FAILS MAN. ACT. OF STDBY PUMP WHEN AUT. ACTUATION FAIL
1.00E-03[R16-BT_-TM-R16BTB2 BATTERY R16-BTB2 IN TEST
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

177 1.26E-13 1.50E-05|E50-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
4.80E-02/G21-XHE-MH-F334 MISPOSITION OF VALVE F334
2.69E-01 |P21-XHE-FO-STDBYPUMP OP. FAILS MAN. ACT. OF STDBY PUMP WHEN AUT. ACTUATION FAIL
1.00E-03|R16-BT -TM-R16BTAIl BATTERY R16-BTAl IN TEST
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)
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178 1.26E-13 1.50E-05|E50-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
4.80E-02|G21-XHE-MH-F334 MISPOSITION OF VALVE F334
2.69E-01|P21-XHE-FO-STDBYPUMP OP. FAILS MAN. ACT. OF STDBY PUMP WHEN AUT. ACTUATION FAIL
1.00E-03[R16-BT_-TM-R16BTA2 BATTERY R16-BTA2 IN TEST
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

179 1.26E-13 1.50E-05 |E50-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
4.80E-02[G21-XHE-MH-F334 MISPOSITION OF VALVE F334
2.69E-01|P21-XHE-FO-STDBYPUMP OP. FAILS MAN. ACT. OF STDBY PUMP WHEN AUT, ACTUATION FAIL
1.00E-03|R16-BT_-TM-R16BTBI BATTERY R16-BTBI1 IN TEST
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

180 1.26E-13 1.50E-05|ES0-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
4.80E-02[G21-XHE-MH-F334 MISPOSITION OF VALVE F334
2.69E-01[P21-XHE-FO-STDBYPUMP OP. FAILS MAN, ACT. OF STDBY PUMP WHEN AUT. ACTUATION FAIL
1.00E-03|R16-BT_-TM-R16BTB2 BATTERY RI16-BTB2 IN TEST
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

181 1.12E-13 1.50E-05|ES0-SQV-CF-GDCSTOPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
4.80E-02[G21-XHE-MH-F334 MISPOSITION OF VALVE F334
2.82E-01|R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
8.52E-04|R21-DG_-CS-ALLDG CCF OF DIESEL GENERATORS TO START AND LOAD
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

182 1.12E-13 1.50E-05|E50-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
4.80E-02|G21-XHE-MH-F334 MISPOSITION OF VALVE F334
2.82E-01|R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
8.52E-04|R21-DG_-CS-ALLDG CCF OF DIESEL GENERATORS TO START AND LOAD
6.49E-04[SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

183 1.12E-13 1.50E-05 |ES0-SQV-CF-GDCS7OPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
4.80E-02|G21-XHE-MH-F334 MISPOSITION OF VALVE F334
1.77E-02|G31-XHE-FO-SDC OPERATOR FAILS TO ACTUATE SDC MODE
4.80E-02|P30-XHE-MH-FO15 MISPOSITION OF VALVE FOIT
2.82E-01|{R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

184 1.12E-13 1.50E-05|ES0-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
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4.80E-02/G21-XHE-MH-F334 MISPOSITION OF VALVE F334
1.77E-02/G31-XHE-FO-SDC OPERATOR FAILS TO ACTUATE SDC MODE
4.80E-02[P30-XHE-MH-FO15 MISPOSITION OF VALVE FOIT
2.82E-01|R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

185 1.10E-13 1.55E-05|B32-ACV-CF-2ICABCD CCF TO OPEN 2/4 ACV VALVES TRAINS A,B.C,D
3.00E-01|{R11-SYS-FF-NORS5 FAILURE IN OFFSITE POWER RECOVERY (MODE 5)
9.00E-06|R16-BT -CF-ALLBATT BATTERY CCF #2
2.62E-03[SH-LOPPS LOSS OF PREFERRED POWER (MODE 5)

186 1.03E-13 1.50E-05|E50-SQV-CF-GDCSTOPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
4.80E-02|G21-XHE-MH-F334 MISPOSITION OF VALVE F334
2.82E-01|R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
5.60E-02|R21-DG -FR-DGA DIESEL GENERATOR "A" FAILS TO RUN GIVEN START
1.40E-02|R21-DG _-FS-DGB D/G "B" FAILS TO START AND LOAD
6.49E-04|SH-LOPPS LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

187 1.03E-13 1.50E-05|E50-SQV-CF-GDCS7OPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
4.80E-02|G21-XHE-MH-F334 MISPOSITION OF VALVE F334
2.82E-01|R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
5.60E-02|R21-DG _-FR-DGB DIESEL GENERATOR "B* FAILS TO RUN GIVEN START
1.40E-02|R21.DG -FS-DGA DIESEL GENERATOR "A" FAILS TO START
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

188 1.03E-13 1.50E-05|ES0-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
4.80E-02|G21-XHE-MH-F334 MISPOSITION OF VALVE F334
2.82E-01|{R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
5.60E-02|R21-DG -FR-DGA DIESEL GENERATOR "A" FAILS TO RUN GIVEN START
1.40E-02|R21-DG_-FS-DGB D/G "B" FAILS TO START AND LOAD
6.49E-04|SH.LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

189 1.03E-13 1.50E-05|E50-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
4.80E-02|G21-XHE-MH-F334 MISPOSITION OF VALVE F334
2.82E-01(R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
5.60E-02|R21-DG -FR-DGB DIESEL GENERATOR "B" FAILS TO RUN GIVEN START
1.40E-02|R21-DG_-FS-DGA DIESEL GENERATOR "A” FAILS TO START
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6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

190 1.00E-13 1.50E-05|E50-SQV-CF-GDCSTOPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
4.80E-02|G21-XHE-MH-F334 MISPOSITION OF VALVE F334
2.69E-01|P21-XHE-FO-STDBYPUMP OP. FAILS MAN, ACT. OF STDBY PUMP WHEN AUT. ACTUATION FAIL
8.00E-04|R22-RE_-FD-10A11 UNDERVOLTAGE RELAY FOR R22-10A11 FAILS TO OPERATE
6.49E-04|SH-LOPPS LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

191 1.00E-13 1.50E-05 |[ES0-SQV-CF-GDCSTOPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
4.80E-02|G21-XHE-MH-F334 MISPOSITION OF VALVE F334
2.69E-01|P21-XHE-FO-STDBYPUMP OP. FAILS MAN. ACT. OF STDBY PUMP WHEN AUT. ACTUATION FAIL
8.00E-04|R22-RE_-FD-10A21 UNDERVOLTAGE RELAY SENSING VOLTAGE ON BUS 10A21 FAILS
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

192 1.00E-13 1.50E-05|E50-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
4.80E-02|G21-XHE-MH-F334 MISPOSITION OF VALVE F334
2.69E-01|P21-XHE-FO-STDBYPUMP OP. FAILS MAN. ACT. OF STDBY PUMP WHEN AUT. ACTUATION FAIL
8.00E-04|R22-RE_-FD-10A11 UNDERVOLTAGE RELAY FOR R22-10A11 FAILS TO OPERATE
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

193 1.00E-13 1.50E-05|ES0-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
4.80E-02|G21-XHE-MH-F334 MISPOSITION OF VALVE F334
2.69E-01[P21-XHE-FO-STDBYPUMP OP. FAILS MAN. ACT. OF STDBY PUMP WHEN AUT. ACTUATION FAIL
8.00E-04|R22-RE_-FD-10A21 UNDERVOLTAGE RELAY SENSING VOLTAGE ON BUS 10A21 FAILS
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

194 9.90E-14 1.50E-05|ES0-SQV-CF-GDCS7OPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
2.82E-01|R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
5.60E-02|[R21-DG_-FR-DGA DIESEL GENERATOR "A" FAILS TO RUN GIVEN START
4.00E-03[R21-SYS-FC-FUELDGS FUEL OIL STORAGE & TRANSFER SYSTEM FAILURE [#14]
1.61E-01 |XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

195 9.90E-14 1.50E-05 |ES0-SQV-CF-GDCSTOPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
2.82E-01|R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
5.60E-02|R21-DG_-FR-DGB DIESEL GENERATOR "B" FAILS TO RUN GIVEN START
4.00E-03[R21-SYS-FC-FUELDG4 FUEL OIL STORAGE & TRANSFER SYSTEM FAILURE [#14]
1.61E-01|XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
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6.49E-04|SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

196 9,90E-14 1.50E-05|ES0-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
2.32E-01|R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
5.60E-02|[R21-DG_-FR-DGA DIESEL GENERATOR "A" FAILS TO RUN GIVEN START
4.00E-03[R21-SYS-FC-FUELDGS FUEL OIL STORAGE & TRANSFER SYSTEM FAILURE [#14]
1.61E-01 [XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04|SH-LOPPS LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

197 9.90E-14 1.50E-05|ES0-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
2.82E-01|R11-SYS-FF-NORS6 FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
5.60E-02|R21-DG_-FR-DGB DIESEL GENERATOR "B" FAILS TO RUN GIVEN START
4.00E-03|R21-SYS-FC-FUELDG4 FUEL OIL STORAGE & TRANSFER SYSTEM FAILURE [#14]
1.61E-01|XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
6.49E-04{SH-LOPP6 LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

198 [9.40E-14 4.30E-02{C12-XHE-MH-FO13A MISPOSITION OF VALVE FO13A
4.80E-02[C12-XHE-MH-F013B MISPOSITION OF VALVE F013B
1.50E-05|E50-SQV-CF-GDCSTOPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
2.29E-01|SH-RWS FAILURE IN RWCU/SDC RECOVERY (MODE 5)
1.61E-01 [XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
7.38E-05|SH-RWCUS LOSS OF BOTH RWCU/SDCS TRAINS (MODE 5)

199 [9.40E-14 4.80E-02/C12-XHE-MH-FO13A MISPOSITION OF VALVE F013A
4.80E-02|C12-XHE-MH-FO13B MISPOSITION OF VALVE F013B
1.50E-05|E50-SQV-CF-OPENALL CCF OF ALL SQUIB VALVES TO OPEN
2.29E-01{SH-RWS FAILURE IN RWCU/SDC RECOVERY (MODE 5)
1.61E-01 [XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
7.38E-05[SH-RWCUS LOSS OF BOTH RWCU/SDCS TRAINS (MODE 5)

200 |9.40E-14 4.80E-02[C12-XHE-MH-FO13A MISPOSITION OF VALVE FO13A
4.80E-02|{C12-XHE-MH-FO15B MISPOSITION OF VALVE F015B
1.50E-05|E50-SQV-CF-GDCSTOPEN CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
2.29E-01|SH-RWS FAILURE IN RWCU/SDC RECOVERY (MODE 5)
1.61E-01 [XXX-XHE-FO-LPMAKEUP OP. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
7.38E-05[SH-RWCUS LOSS OF BOTH RWCU/SDCS TRAINS (MODE 5)
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F-V and RAW Importance Measures Report
(F-V = Fussell-Vesely Importance Measure; RAW = Risk Achievement Worth Importance Measure)
Internal Event Shutdown Full Power
Core Damage Frequency = 5.56E-09

Event Name Probability | F-V RAW Description

B21-LT -CF-NOOIABCD 1.20E-07| _ 2.94E-05 245.77|CCF OF DIVERSIFIED LEVEL 1& 2 TRANSM. 1A/B/C/D

B21-UV_-CC-F102A 1.60E-03]  9.50E-05 1.06|CHECK VALVE F102A IN FEEDWATER LINE A FAILS TO OPEN

B21-UV_-CC-F102B L60E-03|  1.06E-04 1.07|CHECK VALVE #1 IN FEEDWATER LINE B FAILS TO REOPEN

B21-UV_-CC-F103A 1.60E-03] _ 9.50E-05 1.06|CHECK VALVE F103A IN FEEDWATER LINE A FAILS TO OPEN

B21.UV_.CC-F103B L.60E-03|  1.06E-04 1.07|CHECK VALVE #2 IN FEEDWATER LINE B FAILS TO REOPEN
32-ACV-CC-FO06A 2.00E-03|  1.53E-05 1.01{AIR OPERATED VALVE F006A FAILS TO OP. TO DEENERG. POSIT.

B32-ACV-CC-F006B 2.00E-03]  1.21E-04 1.06|{AIR OPERATED VALVE F006B FAILS TO OP. TO DEENERG. POSIT.

B32-ACV-CC-FO06C 2.00E-03]  1.21E-04 1.06{AIR OPERATED VALVE F006A FAILS TO OP. TO DEENERG. POSIT.

B32-ACV-CC-F006D 2.00E-03]  1.21E-04 1.06/AIR OPERATED VALVE F006D FAILS TO OP. TO DEENERG. POSIT.

B32-ACV-CF-2ICABCD 1.55E-05|  1.97E-05 2.27|CCF TO OPEN 2/4 ACV VALVES TRAINS A,B,C.D

B32-MOV-CF-2ICABCD 8.08E-06|  1.03E-05 2.27|CCF TO OPEN 2/4 MOV VALVES TRAINS A,B.C,D

B32-SYS-TM-ICA 4.16E-020  3.17E-04 1.01]IC "A" UNAVAILABLE [#7]

(C12-MOV-CC-F020A 4.00E-03|  4.47E-06 1{MOTOR OPER. VALVE F020A FAILS TO OPEN

C12-MOV-CC-F020B 4.00E-03| _ 4.47E-06 1{/MOTOR OPER. VALVE F020B FAILS TO OPEN

C12-MOV-FC-F020A 3.13E-03]  1.96E-06 1|[FLOW CONTROL A FAILS WIDE OPEN

(C12-MOV-FC-F020B 3.13E-03|  1.96E-06 1{[FLOW CONTROL B FAILS WIDE OPEN

C12-SYS-TM-TRAINB 3.00E-03|  1.88E-06 1{TRAIN B IN MAINTENANCE

C12-UV_-CC-F022 1.60E-03| _ 5.12E-05 1.03|CHECK VALVE F022 FAILS TO OPEN

(C12-XHE-MH-F003B 1.20E-02] _ 4.11E-05 1{MISPOSITION OF VALVE F003B

C12-XHE-MH-F013A

4.80E-02 1.48E-04 MISPOSITION OF VALVE FO13A

—

IC12-XHE-MH-F013B

4.80E-02 1.48E-04 MISPOSITION OF VALVE F013B

—

C12-XHE-MH-FO15A

4.80E-02 1.48E-04 1|MISPOSITION OF VALVE F015A

C12-XHE-MH-F015B

4.80E-02 1.48E-04 MISPOSITION OF VALVE F015B

—

C12-XHE-MH-FO18A

1.20E-02 4.11E-05 MISPOSITION OF VALVE FO18A
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Internal Event Shutdown Full Power
Core Damage Frequency = 5.56E-09
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C12-XHE-MH-FO18B 120E-02| _ 4.11E-05 1|MISPOSITION OF VALVE FO018B

12-XHE-MH-F021A 1.20E-02|  4.11E-05 1]MISPOSITION OF VALVE F021A
(C12-XHE-MH-F021B 1.20E-02| _ 4.11E-05 1|MISPOSITION OF VALVE F021B
(C51-ACT-CF-APRMSTUCK 2.10E-07| _ 6.09E-05 290.53|CCF APRM DETECTORS STUCK AT POWER LEVEL
(C62-DTM-CF-NIEALL 5.50E-05|  4.02E-05 1.73|CCF OF DIGITAL TRIP MODULES NO IE
(C62-DTM-FC-N1EA 9.00E-04|  7.04E-04 1.78|DIGITAL TRIP MODULE TRAIN A NO IE FAILS
C62-DTM-FC-NIEB 9.00E-04|  7.04E-04 1.78|DIGITAL TRIP MODULE TRAIN B NO IE FAILS
(C62-VLU-CF-DIDALL 3.12E-05|  1.09E-04 4.5|CCF OF VOTER LOGIC UNITS
(C74-VLU-CF-ALL 3.12E-06| _ 3.99E-06 2.27|CCF OF VOTER LOGIC UNITS
ESO-MP_-TM-POOLB 1.00E-02|  5.77E-04 1.06|GDCS POOL B IN MAINTENANCE
ES0-OR_-CF-7PLUG 7.00E-08|  1.05E-05 151.51|CCF OF 7 ORIFICES TO PLUG
ESO-OR_-CF-PLUGALL 7.20E-08| _ 1.09E-05 151.77/CCF OF ALL ORIFICES TO PLUG
E50-SQV-CC-F002A 3.00E-03|  548E-05 1.02|SQUIB VALVE F002A FAILS TO OPERATE
E50-5QV-CC-F002D 3.00E-03|  548E-05 1.02[SQUIB VALVE F002D FAILS TO OPERATE
E50-SQV-CC-FO02E 3.00E-03|  548E-05 1.02|SQUIB VALVE FO02E FAILS TO OPERATE

50-SQV-CC-F002H 3.00E03|  548E-05 1.02{SQUIB VALVE F002H FAILS TO OPERATE
ES0-SQV-CF-GDCSTOPEN 1.50E-05| _ 9.44E-03 629.95|CCF OF 7 SQUIB VALVES IN GDCS LINES TO OPEN
E50-SQV-CF-OPENALL 1.50E-05| _ 9.44E-03 629.95|CCF OF ALL SQUIB VALVES TO OPEN
ES0-SQV-CO-FO09A 3.50E-03]  1.57E-04 1.04/SQUIB DELUGE VALVE F009A SPUR. OPENING [#7]
ES0-SQV-CO-F009D 3.50E-03]  1.57E-04 1.04SQUIB DELUGE VALVE F009D SPUR. OPENING [#7]
ES0-SQV-CO-FO09E 3.50E-03] _ 1.57E-04 1.04|SQUIB DELUGE VALVE F009E SPUR. OPENING [#7]
ES0-SQV-CO-FO09H 350E-03]  1.57E-04 1.04SQUIB DELUGE VALVE F009H SPUR. OPENING [#7]
E50-SQV-CO-F009! 3.50E-03|  1.57E-04 1.04/SQUIB DELUGE VALVE F0091 SPUR. OPENING [#7)
ES0-SQV-CO-FO09L 3.50E-03] _ 1.57E-04 1.04SQUIB DELUGE VALVE FO09L SPUR. OPENING [#7]
E50-STR-CF-SPPLUG 3.75E-04]  1.03E-04 1.27|CCF FILTER/STRAINER IN PSP TO PLUG
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ES0-UV_-OC-F003A 1.75E-03|  2.78E-05 1.02/CHECK VALVE F003A FAILS TO REMAIN OPEN OR PLUG
ES0-UV_-OC-F003D 1.75E-03| _ 2.78E-05 1.02|CHECK VALVE F003D FAILS TO REMAIN OPEN OR PLUG
ES0-UV_-OC-FO03E 1.75E-03|  2.78E-05 1.02|CHECK VALVE FO03E FAILS TO REMAIN OPEN OR PLUG
ES0-UV_-OC-F003H 1.75E-03|  2.78E-05 1.02/CHECK VALVE F003H FAILS TO REMAIN OPEN OR PLUG
(G21-ACV-CC-F332 2.00E-03| _ 9.15E-05 1.05|AOV F332 FAILS TO OPERATE TO NOT DEENERG.POS.

G21-UV_-CC-F333 1.60E-03| _ 7.29E-05 1.05|CHECK VALVE F333 FAILS TO OPEN

G21-UV_-TM-F332/333 8.00E-04|  2.23E-05 1.03|MAINTENANCE FOR CV F332 OR CV F333

G21-XHE-MH-F334 4.30E-02|  3.84E-03 1.08{MISPOSITION OF VALVE F334

(G31-MOV-CC-F009B 4.00E-03|  7.18E-06 1{MOTOR OPER. VALVE F009B FAILS TO OPEN

G31-MOV-CC-F020B 4.00E-03|  7.18E-06 1{MOTOR OPER. VALVE F020B FAILS TO OPEN

(G31-MOV-CC-F030B 400E-03]  7.18E-06 1]AIR OPER. VALVE F030B FAILS TO OPEN

G31-XHE-FO-SDC 177E-02|  3.57E-04 1.02|OPERATOR FAILS TO ACTUATE SDC MODE

H23-EMS-CF-ALL 1.80E-06] _ 2.31E-06 2.27|CCF OF ESSENTIAL MULTIPLEXING SYSTEM DIV 1/2/3/4
H23-EMS-CF-DIDALL 1.80E-06|  6.31E-06 4.5/CCF OF ALL DIVISION OF THE EMS

1123-EMS-FC-DIVADID 6.00E-04]  1.23E-04 1.21|ESSENTIAL MULTIPLEXING SYSTEM DIV A (DID) FAILS TO FUNCTION
H23-EMS-FC-DIVBDID 6.00E-04] _ 1.23E-04 1.21{ESSENTIAL MULTIPLEXING SYSTEM DIV B (DID) FAILS TO FUNCTION
123-RMU-FC-10A11 3.00E-04| _ 5.90E-05 1.2|REMOTE MULTIPLEXING UNIT FAILS TO FUNCTION

123-RMU-FC-10A21 3.00E-04] _ 5.90E-05 1.2[REMOTE MULTIPLEXING UNIT FAILS TO FUNCTION
}123-RMU-FC-ESFIADID 3.00E-04]  5.90E-05 1.2|IST DIV A (DID) ESF REMOTE MULTIPLEXING UNIT FAILS TO FUNCTION
H23-RMU-FC-ESFIBDID 3.00E-04| _ 5.90E-05 1.2|IST DIV B (DID) ESF REMOTE MULTIPLEXING UNIT FAILS TO FUNCTION
123-RMU-FC-ESF2ADID 3.00E-04|  5.90E-05 1.2|2ND DIV A (DID) ESF REMOTE MULTIPLEXING UNIT FAILS TO FUNCTION
123-RMU-FC-ESF2BDID 3.00E-04|  5.90E-05 1.2|2ND DIV B (DID) ESF REMOTE MULTIPLEXING UNIT FAILS TO FUNCTION
123-RMU-FC-N038B 3.00E-04|  2.19E-04 1.73|REMOTE MULTIPLEXING UNIT FAILS TO FUNCTION
H23-RMU-FC-P21N038A 3.00E-04]  2.19E-04 1.73REMOTE MULTIPLEXING UNIT FAILS TO FUNCTION

H23-RMU-FC-R101 3.00E-04] __ 5.90E-05 1.2|DTM/TLU 001 OR MUX INTERFACE FAIL TO TRIP (2Y TEST)
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Table 16.6-4
Internal Events Shutdown PRA Importance Measure Report

F-V and RAW Importance Measures Report

(F-V = Fussell-Vesely Importance Measure; RAW = Risk Achievement Worth Importance Measure)
Internal Event Shutdown Full Power

Core Damage Frequency = 5.56E-09

Event Name Probability | F-V RAW Description

H23-RMU-FC-R102 3.00E-04]  5.90E-05 1.2|DTM/TLU 002 OR MUX INTERFACE FAIL TO TRIP (2Y TEST)
P21-ACV-CF-F022/25A 5.00E-05|  3.66E-05 1.73|CCF VALV ACV F022A/ F025A TRAIN A
P21-ACV-CF-F022/25B 5.00E-05| _ 3.66E-05 1.73|CCF VALV ACV F022B/F025B TRAIN B

P21-ACV-FT-F022A 2.00E-03| _ 1.65E-03 1.82|AIR OPERATED VALVE F022A FAILS TO TRANSFER
P21-ACV-FT-F022B 2.00E-03|  1.65E-03 1.82|AIR OPERATED VALVE F022B FAILS TO TRANSFER
P21-ACV-FT-FO25A 2.00E-03| _ 1.65E-03 1.82|AIR OPERATED VALVE F025A FAILS TO TRANSFER
P21-ACV-FT-F025B 2.00E-03}  1.65E-03 1.82|AIR OPERATED VALVE F025B FAILS TO TRANSFER
P21-MCB-00-C001A 1.00E-03|  8.94E-06 1.01{CIRCUIT BREAKER OF PUMP C001A FAILS TO CLOSE
P21-MCB-00-C001B 1.00E-03]  8.94E-06 1.01/CIRCUIT BREAKER OF PM C001B FAILS TO CLOSE
P21-MCB-00-C002A 1.00E-03]  8.94E-06 1.01|MEDIUM VOLTAGE CIRCUIT BREAKER FAILS TO CLOSE
P21-MCB-00-C002B 1.00E-03|  8.94E-06 1.01|MEDIUM VOLTAGE CIRCUIT BREAKER FAILS TO CLOSE
P21-MCB-00-C003A 1.00E-03|  8.94E-06 1.01|MEDIUM VOLTAGE CIRCUIT BREAKER FAILS TO CLOSE
P21-MCB-00-C003B LOOE-03|  8.94E-06 1.01{MEDIUM VOLTAGE CIRCUIT BREAKER FAILS TO CLOSE
P21-MOV-CC-F039B 4.00E-03| _ 7.18E-06 1{MOTOR OPERATED VALVE P21-F039B_FAILS TO OPEN
P21-MOV-CC-F040B 400E-03| _ 7.18E-06 1|MOTOR OPERATED VALVE P21-F040B FAILS TO OPEN
P21-MP_.CR-TRAINAB 1.80E-05| _ 1.01E-05 1.56|CCF TO RUN PUMPS TRAINS A AND B
P21-MP_-.CS-TRAINAB 1.95E-04|  1.43E-04 1.73|CCF_TO START PUMPS TRAINS A AND B
P21-MP_-FS-C001A 130E-03] _ 1.16E-05 1.01{MOTOR DRIVEN PUMP C001A FAILS TO START
P21-MP_-FS-C001B 1.30E-03] _ 1.16E-05 1.01{MOTOR-DRIVEN PUMP C001B FAILS TO START
P21-MP_-FS-C002A 1.30E-03| _ 1.16E-05 1.01/MOTOR-DRIVEN PUMP (ALL TYPES) FAILS TO START
P21-MP_-FS-C002B 1.30E-03| _ 1.16E-05 1.01{MOTOR-DRIVEN PUMP C002B_FAILS TO START
P21-MP_-FS-C003A 130E-03]  1.16E-05 1.01{MOTOR-DRIVEN PUMP C0003A FAILS TO START
P21-MP_-FS-C003B 1.30E-03| _ 1.16E-05 1.01/MOTOR-DRIVEN PUMP C003B_FAILS TO START
P21-MP_-TM-C002A 2.00E-03| _ 2.76E-05 1.01{PUMP C002A IN MAINTENANCE

P21-MP_-TM-C002B 2.00E-03|  2.76E-05 1.01{PUMP C002B IN MAINTENANCE
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Table 16.6-4
Internal Events Shutdown PRA Importance Measure Report

F-V and RAW Importance Measures Report

(F-V = Fussell-Vesely Importance Measure; RAW = Risk Achievement Worth Importance Measure)
Internal Event Shutdown Full Power

Core Damage Frequency = 5.56E-09

Event Name Probability | F-V RAW Description

P21-TT_-NO-N038B 8.40E-06|  4.79E-06 1.57\TEMPERATURE XMTR_FAILS TO RESPOND TO CHANGE IN TEMPERATURE
P21-TT_-NO-P2IN038A 8.40E-06| _ 4.79E-06 1.57|TEMPERATURE XMTR_FAILS TO RESPOND TO CHANGE IN TEMPERATURE
P21-XHE-FO-STDBYPUMP 2.69E-01]  2.58E-03 1.01{OP. FAILS MAN. ACT. OF STDBY PUMP WHEN AUT. ACTUATION FAIL
P30-XHE-MH-F015 480E-02]  2.25E-04 1]MISPOSITION OF VALVE FOIT '

P41-MP_-CS-2ALL 429E-05|  3.14E-05 1.73|CCF TO START 2 PUMPS TRAINS A AND B

P41-STR-CF-2ALL 1.07E-05| _ 6.07E-06 1.56{CCF 2 STRAINERS PLUGGED

P52-CMP-CS-CO01AB 1.71E-03| _ 1.70E-05 1.01{CCF TO START COMPRESSORS LINES 1 & 2

P52-CMP-FS-C001A 200E-02|  8.54E-06 1|{MOTOR-DRIVEN AIR COMPRESS. C001A FAILS TO START
P52-CMP-FS-C001B 2.00E-02|  8.54E-06 1|]MOTOR-DRIVEN AIR COMPRESS. C001B FAILS TO START
P52-XHE-FO-IAS/SAS 161E-02|  6.86E-06 1|0PER. FAILS TO REC. NEED FOR MANUAL INTERV. ON IAS/SAS
R10-BAC-LP-500KVMAIN 4.80E-06| _ 5.07E-06 2.05}500 KV MAIN DISTRIBUTION BUS FAILS DURING OPERATION
R10-CBU-FC-PRES0OKV 7.20E-05| __ 7.76E-05 2.08|500KV TRANSMISSION LINE FAILS

R11-MCB-CC-XFRMAA2 7.96E-03| _ 2.06E-04 1.03|CIRCUIT BREAKER FROM XFRM-A FAILS TO OPEN
R11-MCB-CC-XFRMBB2 7.96E-03|  2.06E-04 1.03|CIRCUIT BREAKER FROM XFRM-B FAILS TO OPEN
R11-MCB-CF-69CLOSE 9.29E-05| _ 1.92E-05 1.21{CCF CIRCUIT BREAKERS 6.9 KV TO CLOSE

R11-SYS-FF-NORSS 3.00E-01]  7.22E-03 1.02|FAILURE IN OFFSITE POWER RECOVERY (MODE 5)
R11-SYS-FF-NORS6 2.82E-01] _ 3.03E-01 1.77|FAILURE IN OFFSITE POWER RECOVERY (MODE 6)
R13-INV-FC-R13A1 4.80E-04| __ 9.87E-05 1.21|INVERTER TO R13-A1 FAILS

R13-INV-FC-R13A2 480E-04| _ 1.93E-04 1.4|INVERTER TO R13-A2 FAILS

R13-INV-FC-R13BI 480E-04| _ 9.87E-05 1.21|INVERTER TO R13-BI FAILS

R13-INV-FC-R13B2 4.80E-04| _ 1.93E-04 1.4[NVERTER TO R13-B2 FAILS

R13-LCB-CO-FRI3A21 144E-05|  8.14E-06 1.56/CIRCUIT BREAKER OPENS SPURIOUSLY

R13-LCB-CO-FR13B21 1.44E-05] _ 8.14E-06 1.56/CIRCUIT BREAKER OPENS SPURIOUSLY

R13-LCB-CO-R13A21 144E-05] _ 8.14E-06 1.56/CIRCUIT BREAKER OPENS SPURIOUSLY

R13-LCB-CO-R13B21 1.44E-05| _ 8.14E-06 1.56{CIRCUIT BREAKER OPENS SPURIOUSLY
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Table 16.6-4

Internal Events Shutdown PRA Importance Measure Report

F-V and RAW Importance Measures Report

(F-V = Fussell-Vesely Importance Measure; RAW = Risk Achievement Worth Importance Measure)

Internal Event Shutdown Full Power
Core Damage Frequency = 5.56E-09

Event Name Probability | F-V RAW Description
R13-LCB-CO-TORI3A2 1.44E-05| _ 8.14E-06 1.56{CIRCUIT BREAKER TO R13-A2 OPENS SPURIOUSLY
R13-LCB-CO-TOR13B2 1.44E-05|  8.14E-06 1.56/CIRCUIT BREAKER TO R13-B2 OPENS SPURIQUSLY
R13-XFL-LP-R13A21 1.92E-05|  1.09E-05 1.56{TRANSFORMER FAILS DURING OPERATION
R13-XFL-LP-R13B21 1.92E-05| _ 1.09E-05 1.56TRANSFORMER FAILS DURING OPERATION
R16-BT_-CF-ALLBATT 9.00E-06|  3.03E-01 3.37E+04|BATTERY CCF #2
R16-BT_-LP-RI6BTA 5.00E-04]  4.47E-06 1.01|BATTERY R16-BTA FAILS TO PROVIDE OUTPUT
R16-BT_-LP-R16BTAI 5.00E-04]  1.03E-04 1.21{BATTERY R16-BTA! FAILS TO PROVIDE OUTPUT
R16-BT_-LP-R16BTA2 5.00E-04| _ 2.01E-04 1.4|BATTERY R16-BTA2 FAILS TO PROVIDE OUTPUT
R16-BT_-LP-R16BTB 500E-04|  4.47E-06 1.01{BATTERY R16-BTB FAILS TO PROVIDE OUTPUT
R16-BT_-LP-R16BTBI 5.00E-04]  1.03E-04 1.21{BATTERY R16-BTB1 FAILS TO PROVIDE OUTPUT
R16-BT_-LP-R16BTB2 5.00E-04| _ 2.01E-04 1.4[BATTERY R16-BTB2 FAILS TO PROVIDE OUTPUT
R16-BT_-TM-RI6BTA 1.00E-03]  8.94E-06 1.01/BATTERY R16-BTA IN TEST
R16-BT_-TM-R16BTALl 1.00E-03|  2.06E-04 1.21|BATTERY R16-BTA1 IN TEST
R16-BT_-TM-R16BTA2 1.00E-03| _ 4.03E-04 1.4|BATTERY R16-BTA2 IN TEST

16-BT_-TM-R16BTB 1.00E-03| _ 8.94E-06 1.01{BATTERY R16-BTB IN TEST
R16-BT_-TM-R16BTBI 1.00E-03| _ 2.06E-04 1.21{BATTERY R16-BTBI IN TEST
R16-BT_-TM-R16BTB2 1.00E-03| _ 4.03E-04 1.4|BATTERY R16-BTB2 IN TEST
R21-DG_-CR-ALLDG 444E-03| _ 1.19E-03 1.27|CCF OF DIESEL GENERATORS TO RUN
R21-DG_-CS-ALLDG 8.52E-04|  2.10E-04 1.25|CCF OF DIESEL GENERATORS TO START AND LOAD
R21-DG_-FR-DGA 5.60E-02|  1.97E-03 1.03|DIESEL GENERATOR "A” FAILS TO RUN GIVEN START
R21-DG_-FR-DGB 5.60E-02{ __ 1.99E-03 1.03{DIESEL GENERATOR "B" FAILS TO RUN GIVEN START
R21-DG_-FS-DGA 1.40E-02|  4.06E-04 1.03|DIESEL GENERATOR "A” FAILS TO START
R21-DG_-FS-DGB 1.40E-02|  4.06E-04 1.03|D/G "B" FAILS TO START AND LOAD
R21-DG_-TM-DGA 6.00E-03| _ 1.55E-04 1.03|STANDBY DIESEL GENERATOR "A" IN MAINTENANCE
R21-DG_-TM-DGB 6.00E-03| _ 1.55E-04 1.03|STANDBY DIESEL GENERATOR "B" IN MAINTENANCE
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Table 16.6-4
Internal Events Shutdown PRA Importance Measure Report

F-V and RAW Importance Measures Report

(F-V = Fussell-Vesely Importance Measure; RAW = Risk Achievement Worth Importance Measure)
Internal Event Shutdown Full Power

Core Damage Frequency = 5.56E-09

Event Name Probability | F-V RAW Description
R21-MCB-O0-DGAR11A2 1.00E-03|  8.94E-06 1.01{CIRCUIT BREAKER FROM DG-A TO R11-A2 FAILS TO CLOSE
R21-MCB-00-DGBR11B2 1.00E-03|  8.94E-06 1.01{CIRCUIT BREAKER FROM DG-B TO R11-B2 FAILS TO CLOSE

1-MP_-CR-FUELTRANS 3.72E-05]  5.91E-06 1.16|CCF TO RUN MOTOR-DRIVEN FUEL TRANSFER PUMPS
R21-MP_-CS-FUELTRANS 1.71E04| _ 3.93E-05 1.23|CCF TO START MOTOR-DRIVEN FUEL TRANSFER PUMPS
R21-SYS-FC-AIRDG4 1.00E-03|  8.94E-06 1.01/AIR STARTING SYSTEM FAILURE [#13]
R21-SYS-FC-AIRDGS 1.OOE-03]  8.94E-06 1.01/AIR STARTING SYSTEM FAILURE
R21-SYS-FC-FUELDG4 4.00E-03| _ 9.50E-05 1.02|FUEL OIL STORAGE & TRANSFER SYSTEM FAILURE [#14]
R21-SYS-FC-FUELDGS 4.00E-03|  9.50E-05 1.02{FUEL OIL STORAGE & TRANSFER SYSTEM FAILURE [#14]
R22-MCB-CC-1LOADI 7.96E-03|  2.06E-04 1.03|CIRCUIT BREAKER TO LOAD 1 FAILS TO OPEN
R22-MCB-CC-1LOAD2 7.96E-03|  2.06E-04 1.03|CIRCUIT BREAKER TO LOAD 2 FAILS TO OPEN
R22-MCB-CC-1LOAD3 7.96E-03] _ 2.06E-04 1.03/CIRCUIT BREAKER TO LOAD 3 FAILS TO OPEN

2-MCB-CC-1LOAD4 7.96E-03] _ 2.06E-04 1.03|CIRCUIT BREAKER TO LOAD 4 FAILS TO OPEN
R22-MCB-CC-1LOADS 7.96E-03] _ 2.06E-04 1.03|CIRCUIT BREAKER TO LOAD 5 FAILS TO OPEN
R22-MCB-CC-2LOADI 7.96E-03] _ 2.06E-04 1.03|CIRCUIT BREAKER TO LOAD 1 FAILS TO OPEN
R22-MCB-CC-2LOAD2 7.96E-03] _ 2.06E-04 1.03|CIRCUIT BREAKER TO LOAD 2 FAILS TO OPEN
R22-MCB-CC-2LOAD3 7.96E-03| __ 2.06E-04 1.03|CIRCUIT BREAKER TO LOAD 3 FAILS TO OPEN
R22-MCB-CC-2LOAD4 7.96E-03| __ 2.06E-04 1.03|CIRCUIT BREAKER TO LOAD 4 FAILS TO OPEN
R22-MCB-CC-2LOADS 7.96E-03| _ 2.06E-04 1.03|CIRCUIT BREAKER TO LOAD 5 FAILS TO OPEN
R22-RE_-FD-10A11 8.00E-04| _ 1.64E-04 1.21|UNDERVOLTAGE RELAY FOR R22-10A11 FAILS TO OPERATE
R22-RE_-FD-10A21 8.00E-04]  1.64E-04 1.21{UNDERVOLTAGE RELAY SENSING VOLTAGE ON BUS 10A21 FAILS
SH-LBTAF1 1.65E-09| _ 2.97E-02 1.80E+07|LOCA BELOW TAF (MODE 6, UNFLOODED), VALUE FOR RWCU/SDC DRAINLINES
SH-LBTAFIF 6.73E-09] _1.21E-01 1.80E+07|LOCA BELOW TAF (MODE 6, FLOODED), VALUE FOR RWCU/SDC DRAINLINES
SH-LBTAF2 5.78E-08|  1.04E-01 1.80E+06|LOCA BELOW TAF (MODE 6, UNFLOODED), VALUE FOR INSTRUMENT LINES
SH-LBTAF2F 235E-07 _ 4.22E-01 1.80E+06{LOCA BELOW TAF (MODE 6, FLOODED), VALUE FOR INSTRUMENT LINES
SH-LFWA 2.50E-09]  1.02E-05 4.03E+03|LOCA IN FW-A (MODE 6, UNFLOODED)
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Table 16.6-4

Internal Events Shutdown PRA Importance Measure Report

F-V and RAW Importance Measures Report

(F-V = Fussell-Vesely Importance Measure; RAW = Risk Achievement Worth Importance Measure)
Internal Event Shutdown Full Power

Core Damage Frequency = 5,.56E-09

Event Name Probability | F-V RAW Description

SH-LGDCS 3.20E09|  1.17E-04 3.65E+04|LOCA IN GDCS LINE (MODE 6, UNFLOODED)

SH-LOPPS 2.62E03|  7.22E-03 3.75|LOSS OF PREFERRED POWER (MODE 5)

SH-LOPP6 649E-04|  3.14E-01 485.17|LOSS OF PREFERRED POWER (MODE 6, UNFLOODED)

SH-LOTHER 4.4SE-08|  3.28E-05 738.19|LOCA OTHER THAN FW OR GDCS (MODE 6, UNFLOODED)

SH-RC6 2.18E-01]  9.85E-04 1|FAILURE IN RCCWS/PSWS RECOVERY (MODE 6, UNFLOODED)
SH-RLOCI 1.00E01| _ 1.51E-01 2.36|FAILURE TO CLOSE DRYWELL HATCHES (RWCU DRAINLINES BREAK)
SH-RLOC2 1.00E-02|  5.26E-01 53.1|[FAILURE TO CLOSE DRYWELL HATCHES (INSTR. LINES BREAK)
SH-RW5 229E-01|  2.69E-04 1{[FAILURE IN RWCU/SDC RECOVERY (MODE 5)

SH-RWCUS 7.38E-05|  2.69E-04 4.64|LOSS OF BOTH RWCU/SDCS TRAINS (MODE 5)

SH-SW6 3.25E-06|  9.85E-04 303.87|LOSS OF RCCWS/PSWS (MODE 6, UNFLOODED)

U43-SYS-FF-LPCI 240E-02| __ 4.90E-04 1.02|U43 HARDWARE FAILURES

U43-SYS-FF-YARD 2.00E-03| __ 2.54E-03 2.27|HARDWARE FAILURES IN YARD AREA

U43-XHE-FO-LPCIADS 1.61E-02]  3.16E-04 1.02|OPERATOR FAILS TO ACTUATE U43 IN LPCI MODE AFTER ADS
U43-XHE-FO-YARD 1.77E-03| __ 2.25E-03 2.27|OPERATOR FAILS TO MAKE UP FROM YARD AREA
XXX-XHE-FO-ICPCCS 1.61E-03| _ 2.05E-03 2.27|0PERATOR FAILS TO RECOGNIZE NEED OF MAKE UP TO IC/PCCS POOLS
[XXX-XHE-FO-LPMAKEUP 1.61E01]  1.46E-02 1.08]0P. FAILS TO RECOG. NEED FOR LOW PRESS. MAKEUP (LOCA)
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Table 16.6-5

Maintenance Sensitivity Quantifications for Shutdown PRA

CDF

Sensitivity Case!V @ (per year)
Base Case Analysis 5.56E-09
CRD Train ‘B’ Out of Service 5.63E-09
EDG ‘B’ Out of Service 5.81E-09
GDCS Pool ‘B’ Out of Service 6.64E-09
CRD Train ‘B’ and GDCS Pool ‘B” Out of Service 7.44E-09
CRD Train ‘B’, EDG ‘B’ and GDCS Pool ‘B” Out of Service 9.89E-09

Notes:

(1) Equipment assumed out of service is assigned maintenance basic probabilities of 1.0. The
maintenance terms for all other equipment are maintained at their shutdown PRA base
values.

(2) The equipment out of service assumptions in these sensitivities are applied to all shutdown
modes.
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Figure 16.2-1. ESBWR Refuel Outage Plan for Shutdown PRA
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Figure 16.3-2. “Plant-Centered” LOPP Recovery Probability (Cumulative)

16.9-54




NEDO-33201 Rev 1

100%

80%

60%

40%

20%

0%

T (hr)

24

Figure 16.3-3. “External” LOOP Recovery Probability (Cumulative)

16.9-55




NEDO-33201 Rev 1

RACUS RS ] M U1CF X2 VIF A0S VG VUL [y WP wr L we Cas Hame
Loss of Recovery of 341C N8 SRY | VAFWTRAINS| 28RV [tRFAPCSar1i| 4DPVs  [28inesand @B[12 FAPCS or 14| AIVBclssd | 4K5PCCS | tong Temn PCC | 12 FAPCSpoot | CiSvent
RWCUSDCS | RACWSDCS OR 42 CRD FPS injaction GOCSor (18 [FPSinjaction ated poolsimertory | cooting sher
dungmodeS | mode$) GOCS and 14 ADS DESP
equilzing nes)
K Rweusoo1
K weusoo2
K Rweusoos
SH.MNOS K RWCU5004
K Rweusoos
rweusoos
GTIS00%2. 1
st oo 0. 8 o Rweusoo?
TA1.SYS-FROPEN
o Rweusoos
K RWCU5009
GTISTOP
oo 53 RWCUs010
TISTSFFOPEN
o Rweum11
[rwcus012
@GT40.0001- 1
GOXTOP? (L]
66210018 oK RWCUS013
TIEYSFPOPEN
nr con RwCUS014
ve
ot Rweuso1s
GEDPYTCPY
Dl Rwcusaie
GB21-0001- 1 TRANSFERS TO RNOLSS
[R1-5YS-FF- 18733 RY
o Rweusn3g

Figure 16.4-1a. Loss of Both RWCU/SDCS Trains (Mode 5) - RWCUSA

16.9-56




NEDO-33201 Rev 1

X$2 ADS V6 VIFL DL wp wrT WLL we Class Name
4DPV's P& lines and 28 GOCH 12 FAPCS or 1A FPS AllVE dosed 45 PCCS Long Term PCC poois |12 FAPCS podl codling| CIS vent
TRANSFER from o 1BGOCSend1/4 | injection ater ADS nventory sher DESP
RWCUSA equilzing fines)
K RWCU5017
K RWCUS018
81150029

TH-SYSFF-OPEN
ol RWCU5020
K RWCUS5021

OTISTOP

T1-SYSFF-OPEN
Con RWCUS023
RWCUS024

aT10-000- ¢

T11-8YSFF-OPEN
ICoil RWCUS026
K RWCUS027
K RWCU5028

QT15002- 9

a2t 0006 oK RWCUS029

T1-SYSFF-OPEN
Icol RWCUS5030
K RWCU5031

aTsTOP

™-SYSFF-OPEN
0821000111 Icoil RWCUS5033
K RWCUS034

ve GT10-0001-1

TH-8YSFF-OPEN

Icon RWCUS036
wsL
o RWCUS037
GE21DPVTOPY

o li] RWCUS5038

Figure 16.4-1b. Loss of Both RWCU/SDCS Trains (Mode 5) - RWCUS5B

16.9-57




NEDO-33201 Rev 1
RWCUS RW5 uic VLFL VG Class Name
Loss of RWCU/SDCS during| Recovery of RWCU/SDCS 1/2CRD 1/2FAPCS or 111 FPS 2/8 lines and (2/3 GDCS
mode 6 (mode 5) injection after ADS pools or (1/3 GDCS pools
and 1/4 equilizing fines)
K RWCU6001
SH-RWCUG
K RWCU6002
SH-RWS
K RWCU6003
GC12TOPH
VLFL K RWCU6004
vG

Dv RWCU6005

Figure 16.4-2. Loss of Both RWCU/SDCS Trains (Mode 6-Unflooded) - RWCU6

16.9-58




NEDO-33201 Rev 1

LOPPS ] [ M vic xR VIF ADS VG VLFL oL [ Wi wiL [ G Name
Llossof Pretared|  341C | 10 RWCWSDC| 118 SR 12 CRO 28RV [tRFARCSoriM]  40PVs |28 bnesand 20 |12 FAPCS or 11] AlIVBciosed | 48PCCS | Long Tern PCC | 1R FAPCSpodl |  CISwent
Power duting FPSiirjection GOCSor (18 | FPSinvedion pods imertory | - cooling after
mode 5 GOCSand 114 | oher ADS DESP
equiizing Snes)
K | oPPS001
K |.oPPs002
| oPPs003
BHALCPPS | opP5004
| oPPs005
K | oPP5008
QTiS00R- 4
aesTor2 otom. 8 K 1.OPPS007
TI-SrS.FFOPEN
con Loppsune
Loppsms
GnsToP
oaR1.001. 8 oK P5010
TIHSYSFrOPEN
ou Loepsott
K | oPPS012
GT10-0001._4
oGNToP GC1210P1 -
9G21.0001- 8 K |.OPP5013
T11-STS-FFOPEN
wr l-on | oPPsOta
v
o] | oPP3015
CEANDPYTOPS
DI |.oPPs016
GE1-000-_1 TRANSFERS 10 LOPPSB
pR1-SYS-IT.ARASSRY
ll] | OPP4039

Figure 16.4-3a. Loss of Preferred Power (Mode 5) - LOPP5A
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xs2 ADS Ve | VIFL o wp WI WL We Class Name
2SRV 4DPVs 2B lines and 2B GOCS| 12FAPCS o 1N FPS]  ANVB dosed 4B PCCS Long Term PCC pods [1.2 FAPCS pod codiing CIS vent
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K | OPP5017
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GERADPVTOP?

ol | oPPs038

Figure 16.4-3b. Loss of Preferred Power (Mode 5) - LOPP5B
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LOPP6 WH uic VLFL VG Class Name

Loss of Preferred Power in 112 RWCU/SDC 12 CRD 1/2 FAPCS or 1/1 FPS 2/8 lines and (2/3 GDCS

mode 6 injection after ADS pools or (1/3 GDCS pools

and 1/4 equilizing lines)
K LOPPS001
SH-LOPP6
K LOPP6002
GG31TOP
K LOPP6003
GC12TOP1
VLFL K LOPP6004
VG

bv LOPPE005

Figure 16.4-4. Loss of Preferred Power (Mode 6-Unflooded) - LOPP6
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SWS RCS ! M XS2 VE A0$ VG VL DL WP WT WC Class Name
toss o Recovery of 3MIC 118 SRV 28RV 11 FPS injction 4DPVs 2/8 nes and (28 1/t FPS after ADS]  All VB closed 45 PCCS | LongTem PCC CIS vent
RCCWS 7 PSWS |RCCWS / PSWS GOCS o (13 podls inventory
{mode 5) {mode 5) GDCS and 14
equitizing ines)
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Figure 16.4-5a. Loss of RCCWS/PSWS (Mode 5) - SW5A
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XS2 ADS VG VAL DL WP WT | We Class Name
28RV 4DPVs 28finesend 273 | 1H FPS after ADS All VB closed 46PCCS Long Term PCC pools] CIS vent
GDCS or (13 GDCS inventory
TRANSFER from and 14 equiizing
SWEA lines)

K ISW5013
GT150082-_1 K SW5014

T11-SYS-FF-OPEN
Dn [SW5015
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Figure 16.4-5b. Loss of RCCWS/PSWS (Mode 5) - SW5B
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SW6 RC6 VFL VG Class Name

Loss of RCCWS/PSWS (mode 6)] Recovery of RCCWS/PSWS 11 FPS after ADS 2/8lines and (213 GDCS or (1/3

(mode 6) GDCS and 1/4 equilizing lines)
K ISW6001

SH-SW6
K ISW6002
SH-RC6
GU43-0001-_3 K SW5003
VG

DV SW6004

Figure 16.4-6. Loss of RCCWS/PSWS (Mode 6-Unflooded) — SW6
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LGDCS uc VLFL VG2 Class Name
LOCA in GDCS line 22CRD 1/2 FAPCS or 1/1 FPS injection 2R lines, 2/3 GDCS pools and 1/4
after ADS equilizing lines
K L GDCS001
SH-LGDCS
K 1. GDCS002
GC12TOP2
VLFL K L.GDCS003
GES0TOP
DV .GDCS004

Figure 16.4-7. LOCA in GDCS Line (Mode 6-Unflooded) - LGDCS
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LFWA uc VG2 Class Name
LOCA in FW-A 2/2CRD /8 lines, 2/3 GDCS pools and 1/4 equilizing lines
K h.FWAOOl
SH-LFWA
GC12TOP2 K LFWA002
GESOTOP
oV LLFWA003

Figure 16.4-8. LOCA in FW-A (Mode 6-Unflooded) - LFWA
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LOTHER uc VLFL VG2 Class Name
LOCA other than FW or GDCS 212CRD 1/2 FAPCS or 1/1 FPSinjection 2/8 lines, 2/3 GDCS pools and 1/4
after ADS equilizing lines
K L OTHEROO1
SH-LOTHER
K LOTHER002
GC12TOP2
VLFL K LOTHER003
GES0TOP L-
ov OTHERO04

Figure 16.4-9. LOCA Other Than FW or GDCS (Mode 6-Unflooded) - LOTHER
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LBTAF1 RLOC1 uc VLFL VG2 Class Name
LOCA below TAF in Close DW hatches 2,2 CRD 1/2 FAPCS or 1/1 FPS 2/8lines, 2/3 GDCS pools
RWCU/SDC drainfines injection after ADS and 1/4 equilizing lines

K L.BTAF1001

K LBTAF1002

GC12TOP2
SH-LBTAF{ VLFL K .BTAF1003
GESOTOP
DV LBTAF1004
SH-RLOCH
iny LBTAF1005

Figure 16.4-10. LOCA Below TAF in RWCU Drain Lines (Mode 6-Unflooded) — LBTAF1
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LBTAF2 RLOC2 uc VLFL VG2 Class Name
LOCA below TAF in Close DW hatches 2/2 CRD 1/2FAPCS or 1/1 FPS 2/8lines, 2/3 GDCS pools
instrument lines injection after ADS and 1/4 equilizing lines
K I BTAF2001
K | BTAF2002
GC12TOP2
SH-LBTAF2 VLFL K L.BTAF2003
GE50TOP
DV | BTAF2004
SH-RLOC2
DV LBTAF2005

Figure 16.4-11. LOCA Below TAF in Instrument Lines (Mode 6-Unflooded) — LBTAF2
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LBTAFIF RLOCT Class Name
LOCA below TAF in RWCU/SDC drainfines (Flooded) Close DW hatches
SH-LBTAF1F K oK
SH-RLOCH
oV | BTAFIF-01

Figure 16.4-12. LOCA Below TAF in RWCU/SDC Drain Lines (Mode 6-Flooded) - LBTAF1F
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LBTAF2F RLOC2 Class Name
LOCA below TAF in Instrument draintines (Flooded) Close DW hatches
SH-LBTAF2F K 0K
SH-RLOC2
oV | BTAF2F-01

Figure 16.4-13. LOCA Below TAF in Instrument Lines (Mode 6-Flooded) - LBTAF2F
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