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8 CONTAINMENT PERFORMANCE

8.0 INTRODUCTION

A spectrum of potential containment failure modes has been evaluated for the ESBWR. In
Section 7, the potential for a break outside of containment was evaluated. In Section 21,
potential ex-vessel steam explosion, direct containment heating, and basemat penetration
challenges were evaluated. In this section, the focus is on the containment challenges
associated with potential combustible gas deflagration, overpressurization, and bypass. The
potential for containment failure due to these challenges is addressed by considering physical
characteristics of the containment, notably the inerted condition, and containment structural
capability, as well as the reliability of systems engineered to perform the containment

LA 14

functions of “isolation”, “vapor suppression”, and “heat removal”.

Containment failure due to combustible gas deflagration is shown to be unrealistic
considering the inerted containment and time period required to generate enough oxygen to
create a combustible gas mixture. Deflagration risk associated with de-inerted operation
prior to and following shutdown is considered in Section 8.1.4. The probability of
containment failure due to overpressure or bypass requires consideration of the reliability of
engineered systems used to isolate the containment and mitigate containment pressurization
associated with a severe accident. As will be seen, the containment capability is such that the
calculated probability of overpressurization can be considered to be negligible.

Consistent with the NRC design certification policy for advanced reactors discussed in
Reference 8.0-1, the containment response has been evaluated for a 24-hour period following
the onset of core damage. To provide additional insight on the containment performance
objective discussed in the reference, containment effectiveness will be quantified to
demonstrate that the containment provides a reliable barrier to radionuclide release after a
severe accident.

Section 8.1 discusses the potential for combustible gas deflagration. Section 8.2 evaluates
the probability of containment overpressurization and bypass. Section 8.3 presents the
computer simulation results of containment response to overpressurization challenges.
Section 8.4 summarizes key insights from the evaluation. Appendix 8A quantifies the
frequency of all release categories. Appendix 8B displays additional documentation of the
representative containment analysis sequences. Appendix 8C provides the screening analysis
to support quantification of the containment isolation system probability. Sections 19B and
19C of the DCD document the containment ultimate strength calculation.

The results developed in this section, as well as from Section 21, are used to develop
conservative source terms in Section 9 for use in the offsite consequence analysis. The
offsite consequence analysis is presented in Section 10.

Table 8.0-1 summarizes acronyms and terminology used in this section.

8.0-1
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Table 8.0-1

Acronyms and Terminology

General
ADS Automatic Depressurization System
BiMAC Basemat Internal Melt Arrest and Coolability (Device)
CCI Core Concrete Interaction
CET Containment Event Tree
FAPCS Fuel and Auxiliary Pools Cooling System
GDCS Gravity Driven Cooling System
ICS Isolation Condenser System
PCCS Passive Containment Cooling System
VB Vacuum Breaker

Sequence Nomenclature
MLi Medium LOCA (GDCS injection line)
T Transient (e.g., MSIV closure, loss of AC)
T-AT Transient with failure to insert negative reactivity.
nCHR no Containment Heat Removal
nD no Deluge
nDP no Depressurization
nIN no core Injection
nVB no Vacuum Breaker (vacuum breaker failure to close)
Containment Release Categories

BOC Break Outside of Containment (Connecting RPV to environment)
BYP Containment Bypass (Connecting containment to environment)
FR Filtered Release (Through controlled suppression pool venting)
OP Overpressure (General category)
OPWI Overpressure due to failure of short-term containment heat removal
OPW2 Overpressure due to failure of long-term containment heat removal
OPVB Overpressure due to failure of Vacuum Breaker
TSL Technical Specification Leakage
CCIW Wet Core-Concrete Interaction (Overpressure failure)
CCID Dry Core-Concrete Interaction (Overpressure failure)
EVE Ex-Vessel Steam Explosion
DCH Direct Containment Heating

8.0-2
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8.1 POTENTIAL FOR FAILURE DUE TO COMBUSTIBLE GAS DEFLAGRATION

Because the ESBWR containment is inerted during normal operation, the prevention of a
combustible gas deflagration is assured in the short term following a severe accident. In the
longer term there would be an increase in the oxygen concentration resulting from the
continued radiolytic decomposition of the water in the containment. Because the possibility
of a combustible gas condition is oxygen limited for an inerted containment, it is important to
evaluate the containment oxygen concentration versus time following a severe accident to
assure that there will be sufficient time to implement severe accident management (SAM)
actions. It is desirable to have at least a 24-hour period following an accident to allow for
SAM implementation. This section discusses the rate at which post-accident oxygen will be
generated by radiolysis in the ESBWR containment following a severe accident. Of |
particular interest is the amount of time that, in the absence of mitigation SAM actions, is
required to generate a combustible containment atmosphere in the presence of a large
hydrogen release. A combustible atmosphere is assumed to be 5% oxygen by volume and
qualifies as a de-inerted containment.

8.1.1 Background

The rate of gas production from radiolysis depends upon the power decay profile and the
amount of fission products released to the coolant. Appendix A of Standard Review Plan
(SRP) Section 6.2.5 (Reference 8.1-1) provides a methodology for calculation of radiolytic
hydrogen and oxygen generation. The analysis results discussed herein were developed in a
manner that is consistent with the guidance provided in SRP 6.2.5 and Regulatory Guide 1.7
(Reference 8.1-2).

There are unique design features of the ESBWR that are important with respect to the
determination of post-accident radiolytic gas concentrations. In the post-accident period, the
ESBWR does not utilize active systems for core cooling and decay heat removal. As
indicated earlier, for a design basis loss-of-coolant accident (LOCA), the automatic
depressurization system (ADS) would depressurize the reactor vessel and the gravity driven
cooling system (GDCS) would provide gravity driven flow into the vessel for emergency
core cooling. The core would be subcooled initially and then it would saturate resulting in
steam flow out of the vessel and into the containment. The passive containment cooling
system (PCCS) heat exchangers would remove the energy by condensing the steam. This
would be the post-accident mode and the core coolant would be boiling throughout this
period.

A similar situation would exist for a severe accident that results in a core melt followed by
reactor vessel failure. In this case, the GDCS liquid would be covering the melted core
material in the lower drywell, with an initial period of subcooling followed by steaming. The
PCCS heat exchangers would be removing the energy in the same manner as described above
for a design basis LOCA.

To ensure that non-condensable gases do not degrade the heat transfer efficiency of the
PCCS heat exchangers, vents to the suppression pool are provided. The suppression pool
vents connect the heat exchanger drums to the suppression pool; non-condensable gas flow is
driven by the positive DW to WW pressure differential. The calculation of post-accident

8.1-1
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radiolytic oxygen generation accounts for this movement, and assumes that the majority of
non-condensable gases move to the suppression pool after they are formed in the drywell.

The effect of the core coolant boiling is to strip dissolved gases out of the liquid phase
resulting in a higher level of radiolytic decomposition. This effect was accounted for in the
analysis.

8.1.2 Analysis Assumptions

The analysis of the radiolytic oxygen concentration in containment was performed consistent
with the methodology of Appendix A to SRP 6.2.5 and Regulatory Guide 1.7. Some of the
key assumptions are as follows:

e Reactor power was 102% of rated

e  G(0,)=0.25 molecules/100eV

e Initial containment O, concentration = 4%

e Allowed containment O concentration = 5%

e Stripping of drywell non-condensable gases to wetwell vapor space
e Fuel clad-coolant reaction up to 100%

e Jodine release up 100%

e Adequate gas mixing throughout containment

8.1.3 Analysis Results

The analysis results show that, while inerted, the time required for the oxygen concentration
to increase to the de-inerting value of 5% is significantly greater than 24 hours for a wide
range of fuel clad-coolant interaction and iodine release assumptions up to and including
100%. Thus, the potential for containment failure due to combustible gas deflagration will
not be discussed further.

8.1.4 Risk Due to De-Inerted Operation

The ESBWR operates in short de-inerted states prior to and following shutdown. Because
combustible gas deflagration cannot be excluded when the containment atmosphere is de-
inerted, this analysis conservatively assumes that all core damage events during this de-
inerted window will lead to containment failure.. The total time of de-inerted operation per
shutdown is limited to 48 hours by Technical Specifications, so 24 hours per year is used to
calculate the release contribution. To account for de-inerted operational release, the core
damage frequency per day was applied to the “bypass” release category in addition to the
separately calculated release frequency.

Additional BYP Frequency = CDF/365 = 3.34E-11
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8.2 FREQUENCY OF OVERPRESSURE AND BYPASS RELEASE CATEGORIES

The containment bypass (BYP) failure mode represents the failure to isolate containment
before or during a severe accident, thus allowing a radionuclide barrier to be breached. The
containment overpressure (OP) failure mode represents the potential for containment
pressurization from stored energy and decay heat to exceed the ultimate containment
strength. The likelihood of these failure modes was quantified as part of the “Containment
Event Trees” (CETs) evaluation. The following potential release categories are the CET end
states. The first group depicts containment failure due to containment systems:

Containment bypass (BYP) represents the condition in which the containment has
been bypassed due to failure of the Containment Isolation System. With this failure
mode, the containment is assumed to be unavailable as a radionuclide barrier from the
start of the severe accident, i.e., the containment isolation function has failed. As a
result, there is a direct path from the containment atmosphere to the environment.

Overpressurization (OPW) represents the condition in which the vapor suppression
capability has functioned, but there has been a failure to remove energy from the
containment, i.e., the containment heat removal function has failed. Two modes of
containment heat removal failure are considered. Short term failure (within 24 hours
of accident initiation) is defined as “OPW1” category; long term failure (after 24
hours) is defined as “OPW2”,

Overpressurization due to vacuum breaker failure (OPVB) represents the condition in
which a vacuum breaker is open or fails to reclose, which is assumed to defeat the
containment’s vapor suppression function. In such a situation, containment
overpressure occurs earlier than in the OPW failure mode.

There are also release categories that describe containment failure due to phenomenological
consequences. These failure modes are discussed and evaluated in Section 21, and are
summarized below:

Wet core-concrete interaction (CCIW) represents containment failure after the deluge
system is successful but the core is postulated to have been ejected in a non-coolable
geometry. Water does cover the core, but significant core-concrete interaction
persists and eventually results in containment overpressurization.

Dry core-concrete interaction (CCID) represents the failure of the deluge system to
inject after the core has been deposited on the BIMAC layer. High levels of aerosols
and non-condensables are produced and eventually lead to containment
overpressurization.

Ex-vessel explosion (EVE) represents the reactor pedestal, and subsequent
containment, failure as a result of a steam explosion. The analysis assumes that an
adequate steam explosion occurs every time the core melts through the RPV into a
“high™ lower drywell water level. The severe accident analysis in Section 21 shows
that ex-vessel explosion due to medium water level is physically unreasonable.
However, the remote potential for a steam explosion at “medium™ water level will be
documented in a Section 11 sensitivity with a split fraction of 1E-3.

8.2-1
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e Direct containment heating (DCH) represents containment failure due to the direct
deposit of the core on the LDW walls during a high-pressure melt ejection (HPME).
Similar to medium water level EVE, this failure mode is found to be remote in the
Section 21 analysis, and is excluded from the baseline Level 2 analysis. However,
the remote potential for an immediate containment failure due to DCH will be
captured in a Section 11 sensitivity by assigning a 1E-3 point estimate in the class III
event trees.

Also shown on the CETs are two end states that are not considered containment failure
because they do not result in the loss of control of the containment boundary:

e Technical Specification Leakage (TSL) represents the condition in which the
containment pressure boundary is intact and the only source term is that associated
with the allowable leakage rate, as defined by the Technical Specifications.

e Filtered release (FR) is an end state depicting containment venting under operator
control. Such a release results in a much lower radionuclide source term than
containment failure because the radionuclide pathway is through the suppression
pool, which provides filtering of the radionuclides.

The CETs are discussed in more detail in Subsection 8.2.1.

8.2.1 Containment Event Trees

The CETs used for the Level 2 PRA analysis and described in Section 8 and 8C are logically
equivalent to the combination of containment phenomenology event trees (CPET) and
containment system event trees (CSET) used in the Section 21 discussion. In Section 21,
separation of the two trees allowed a more clear distinction between the two analyses; a
single, combined CET simplifies the quantification of the Level 2 PRA itself.

The Level 1 analysis, described in earlier sections, evaluated severe accident sequences with
the potential to cause core damage. The core damage frequency associated with each of
these sequences is discussed in Appendix 8A. In that appendix, the core damage sequences
were grouped according to their similarity and potential containment challenge so that a
manageable number of sequences could be evaluated in terms of the containment response.
The class definition and contribution of each accident class to the core damage frequency is
summarized as follows:

8.2-2
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CDF Percentage
Accident | contribution CDF
Class (per year) | contribution Class summary
Sequences with RPV failure at low
Class | 5.63E-9 46.16 pressure
Sequences with containment failure
Class II 4E-11 0.35 preceding core damage
Sequences with RPV failure at high
Class III 4.52E-9 37.02 pressure
| Sequences involving failure to insert
Class IV 1.87E-9 15.36 negative reactivity
Class V 1E-10 1.20 Break outside of containment

Containment event trees were used to evaluate the complete spectrum of potential challenges
to containment integrity. Both phenomenological effects and system responses are captured
in the CET analyses.

The number of CETs needed to evaluate the containment response to the Level I accident
classes, was established with the following considerations:

o (lass II sequences, by definition, ultimately result in containment failure prior to core
damage: thus, an event tree is not required to evaluate the probability of containment
failure.

e C(Class V sequences involve direct communication between the RPV and environment
which renders containment systems. and associated event tree modeling, irrelevant.

Thus, containment event trees were required only to evaluate the containment response to
Class I, Class I1I, and Class IV events.

The CETs were developed by establishing the functions and containment systems that were
relevant to mitigating the overpressure and bypass challenges and combining those with the
phenomenology discussed in Section 21. The CETs were then constructed using point
estimates for phenomenological effects and appropriate logic to account for mitigating
system success or failure by establishing the logically possible containment responses.
Finally, the end states of the CETs, which are termed “release categories”, were defined. The
release categories may indicate containment tailure or may indicate that the containment has
successfully functioned to limit the radionuclide release. These release categories represent
meaningfully different outcomes to the containment challenge and are used in the source
term evaluation discussed in Section 9.

Review of the CETs indicates that that there is a generally common structure to the trees,
with only the phenomenology differing between the initiating, or entry events.
Determination of the CET entry event probabilities is discussed in Subsection 8.2.1.1. The
containment systems evaluated in the CETs are summarized in Subsection 8.2.1.2 with the

8.2-3
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associated top events being discussed in Subsection 8.2.1.3. The end states of the trees,
which become the release categories for the consequence evaluation, are discussed in
Subsection 8.2.1.4. The frequencies associated with the release categories are presented in
Subsection 8.2.1.5. Appendix 8A provides additional detail on the release category
quantification.

8.2.1.1 CET Entry Events

The CET entry event frequencies are summarized in Table 8.2-1. Note that each accident
class may be divided into various subclasses. The subclasses were necessary to reflect the
water level in the lower drywell at the time of RPV failure and the associated
phenomenological effects that should be considered. For example, accident Class I was
divided into Class I_LD (low water level or dry), Class I M (medium water level), and Class
[_H (high water level). Based on Level 1 results, Class III sequences only result in low water
level or dry scenarios, so only Class III_LD was considered.

The Class IV (ATWS) sequences experience core damage at high pressure because ADS is
inhibited as part of the core damage mitigation effort. However, it is assumed that
Emergency Operating Procedures (EOPs) will instruct the operator to depressurize after core
damage has occurred in an attempt to preserve containment. It is shown in Appendix 8A that
the frequency of ATWS sequences experiencing RPV rupture at high pressure is negligible,
so only failures at low pressure were analyzed. Thus, the subclasses for Class IV are IV_LD
(ATWS with low water level or dry) IV.M (ATWS with medium water level), and IV_H
(ATWS with high water level).

The qualitative binning of Level 1 sequences into water levels is shown in Section 7.
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8.2.1.2 Mitigating Systems

The ESBWR includes systems with the capability to prevent or mitigate containment bypass
and overpressurization. The systems considered in the evaluation of containment response
are summarized below.

Containment Isolation System

The containment isolation system provides for monitoring and isolation of the containment
boundary to prevent unacceptable radiological releases during normal, abnormal, and
accident conditions.

Isolation Condenser System

The isolation condenser system (ICS) provides the capability to remove decay heat from the
RPV. Because the heat exchangers are external to the containment, removal of heat from the
RPV also removes energy from the containment. The isolation condensers would be
effective primarily when the RPV is at an elevated pressure. The isolation condensers do not
condense a significant amount of steam after RPV depressurization and thus, provide little
mitigation of a severe accident after RPV depressurization. In high pressure severe accident
sequences the ICS has, by definition, failed already in the Level 1 sequence.
Consequentially, the ICS was not credited in the severe accident sequence evaluation.

GDCS Deluge and BiMAC

The deluge mode of GDCS operation provides flow through the BiMAC to flood the lower
drywell when the temperature in the lower drywell increases enough to be indicative of RPV
failure and core debris in the lower drywell. The GDCS deluge system is activated by a
combination of thermocouples embedded in the lower drywell floor and temperature sensors
in the lower drywell airspace.

By flooding the lower drywell after the introduction of core material, the potential for
energetic fuel-coolant interaction at RPV failure is minimized. Covering core debris with
water provides scrubbing of fission products released from the debris and cools the corium,
thus limiting potential core-concrete interaction. The BIMAC provides additional assurance
of debris bed cooling by providing an engineered pathway for water flow through the debris
bed.

Containment Heat Removal (PCCS and Suppression Pool Cooling)

Containment heat removal can be provided by either the PCCS or the suppression pool-
cooling mode of the FAPCS. For sequences with successful containment heat removal, the
thermal-hydraulic analysis assumed that the PCCS was available and that suppression pool
cooling was not in operation. This assumption bounds the containment pressure response
because the PCCS can only limit pressurization, while suppression pool cooling can limit and
reduce containment pressure.

The PCCS receives a steam-gas mixture from the upper drywell atmosphere, condenses the
steam using the PCCS pools as a heat sink, and returns the condensate to the GDCS pool.
The non-condensable gas is drawn to the suppression pool through a submerged vent line by
the pressure differential between the drywell and wetwell. The PCCS is designed to remove
decay heat added to the containment after a LOCA, thus maintaining the containment within
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its pressure limits. Operation of the PCCS requires no support systems and, as illustrated in
Section 8.3, there is adequate inventory in the PCCS pools to provide containment heat
removal for more than 24 hours after the onset of core damage. Vacuum breakers are
required to be leak-tight for effective PCCS operation.

Drywell Spray

In ESBWR, the drywell sprays are designed as a post-event containment clean up and
recovery system to limit the exposure to “first-in” personnel after a severe accident. Use of
the drywell spray system will not be included as part of the severe accident mitigation
guidelines; the drywell sprays are not included in the Level 2 analysis.

Vacuum Breakers

Vapor suppression requires that a pressure differential be maintained between the drywell
and the suppression pool. Failure of the vacuum breakers, either due to a preexisting
condition or failure to reclose, is assumed to result in loss of the vapor suppression
capability. That is, sequences in which vacuum breaker failure occurred were modeled with
an open path between the drywell and wetwell airspace. The success criteria for vapor
suppression is no more than one vacuum breaker may be stuck open, and at least one vacuum
breaker must open to break a positive WW to DW pressure differential.

Manual Containment Overpressure Protection (MCOPS)

To prevent overpressurization failure of the containment as a result of containment heat
removal failure, the ESBWR contains a manually controlled vent connecting the suppression
chamber gas space to the environment through the reactor building ventilation system.
Opening the vent would greatly decrease the magnitude of a potential release in comparison
to containment failure by forcing the radionuclide pathway through the suppression pool. As
will be shown in Section 8.3, failure of containment heat removal does not cause the
containment to pressurize to the point at which venting is likely to be implemented to prevent
containment failure in the 24-hour time frame after onset of core damage.

Reactor Building Effects

Fission product releases to the environment through the paths representing “normal”
containment leakage, i.e., leakage up to the amount allowed by the Technical Specifications,
could be reduced for some sequences if credit were taken for radionuclide removal by the
reactor building HVAC system. However, such a source term reduction was not credited in
the severe accident sequence modeling. Therefore, the source terms of sequences with only
Technical Specification leakage are conservative in that they represent a direct release from
the containment to the environment. Sequences in which the drywell failure is at the drywell
head seals are also conservative because credit is not taken for refueling pool scrubbing.
Sequences with drywell failure at other locations are not significantly affected because the
release path bypasses the reactor building or would overwhelm the capacity of the reactor
building ventilation system.

8.2.1.3 Top Events

Subsection 8.2.1.1 identified the entry events for the containment system event tree. The
next step in constructing CET was to define, as top events, the phenomenological events and I
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system functions needed to assess the containment response to severe accident challenges.
The phenomena include ex-vessel explosion, direct containment heating, and dry and wet
core concrete interaction. The system functions are “containment isolation”, “vapor

EE N9

suppression”, “containment heat removal”, and “venting”.

Defining top events for the recovery of failed systems and for operator actions was
considered, but was judged unnecessary, as indicated in the following sections. As a result,
the event trees necessary to model the containment response are simple in form. Further,
because the Level 2 PRA model is arranged as an extension of the Level 1 accident
sequences, the initiator impact of all sequences is implicitly included. That is, the structure
of a CET is the same irrespective of the Level 1 initiating event being considered. The trees
differ only in the quantification as dependencies on the entry event are reflected in
phenomena that must be considered depending on the entry event bin. For example, the class
III CET considers the possibility of containment failure due to DCH because the RPV fails at
high pressure. The CET structure is provided as Figure 8.2-1 with corresponding event
probabilities provided in Table 8.2-1. A discussion- of the treatment of system recovery,
operator actions and top events follows. Appendix 8A provides additional discussion of the
top event probabilities.

8.2.1.3.1 Repair of Failed Systems

Recovery of failed systems was not credited in the severe accident analysis.

8.2.1.3.2 Key Operator Actions

Because of the passive nature of the ESBWR containment systems, there are no operator
actions required to support the containment response to a severe accident in the 24-hour
period after onset of core damage. The containment isolation system, vacuum breakers, and
PCCS do not require operator action to initiate or function. Analyses provided in Section 8.3
will show that operator action is not required to maintain containment heat removal through
the PCCS for the 24-hour period after onset of core damage and that containment venting
will not be required during that period. Thus, operator actions are considered in the
containment evaluation only in terms of:

(1) Action taken as a backup to an automatic action, e.g., to open the connecting valve for
PCCS pool makeup if the low-water level signal were to fail.

(2) Action taken to initiate a backup system, e.g., to actuate the FAPCS if the PCCS were
unavailable.

(3) Actions requiring a long time period to initiate. For example, the suppression chamber
vent is under operator control. As indicated in Section 8.3, there would be a long time
period (more than 24 hours) in virtually all scenarios to initiate venting to prevent
containment overpressure due to a loss of containment heat removal.

Because these operator actions are redundant to passive system functioning or are required
only after a long time period, such actions do not have a significant effect on the probability
of containment failure.
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8.2.1.3.3 Top Event EVE_DAM

Top event EVE, which considers the probability of containment failure due to ex-vessel
steam explosion, is only included in CETs in which the entry events include a medium water
level in the lower drywell. The phenomenology analysis in Section 21 considers a steam
explosion from a medium water level to be physically unreasonable; baseline results only
include EVE contribution from high water level cases. The effect of considering medium-
level steam explosions is presented in a sensitivity study in NEDO-33201 Section 11.

The ESBWR RPV design features several small lower head penetrations for equipment such
as fine motion control rod drive (FMCRD) units and in-vessel instrumentation. The heavily
dominant RPV failure mode in a core melt scenario is expected to be one of these lower head
penetrations, which would result in a relatively slow flow of corium from the vessel breach,
and thus potential premixtures that are much smaller (reduced energetics) than those
considered in the analyses presented here. However, since these complex processes are not
well known, we assume conservatively that all high water level cases result in ex-vessel
explosions that are large enough to damage the pedestal to an extent that could be considered
gross containment failure.

8.2.1.3.4 Top Event DCH_DAM

Top event DCH, which considers the probability of containment failure due to direct
containment heating, is only included in CETs for which the entry events are Class III core
damage sequences. That is, the RPV fails at high pressure. The phenomenology analysis in
Section 21 considers containment failure due to DCH to be physically unreasonable. The
effect of considering actual containment failure caused by DCH is presented in a sensitivity
study in NEDO-33201 Section 11.

8.2.1.3.5 Top Event BI_SP

Top event BI_SP represents the function of the deluge system of the GDCS. The deluge
system is a sub-system of GDCS that is not included in the Level 1 analysis, so a new fault
tree was created to address its function. The deluge system is comprised of twelve injection
lines, each of which includes a squib valve that must be fired for successful operation.
Actuation of the system is performed by a deluge-specific, stand-alone actuation system that
does not require any support systems. Failure of the deluge system is assumed to result in
containment failure due to dry core-concrete interaction.

8.2.1.3.6 Top Event BI_FN

Top event BI_FN estimates the probability that even if the deluge system functions
successfully, the water is not successful in cooling the core. As postulated in Section 21, this
node is used to quantify both the uncertainty in the BIMAC design effectiveness, and the
potential for the core to be ejected in a non-coolable geometry. Failure of this node is
assumed to result in containment failure due to wet core-concrete interaction. Node BI_FN
is assigned a probability of 1.00E-2.

8.2-8
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8.2.1.3.7 Top Event CIS

Top event CIS, representing the containment isolation system, assesses the probability that
the containment has not been isolated and, as a result, there is a pathway from containment
into the reactor building or directly into the environment.

Section 4.18 documents containment isolation from the perspective of analyzing pipe breaks
outside of containment (BOC) for the Level 1 analysis. As indicated in Appendix 8C, a |
screening evaluation was performed to identify those containment penetrations that could
potentially lead to offsite consequences. The screening analysis found that two systems,
Main Steam and Feedwater, require isolation during a severe accident. The same logic is
used for these isolations as with the BOC accidents in the Level 1 PRA. This approach
addresses both the “failure-to-close” hardware and actuation logic failure modes of the
containment isolation system.

If CIS is failed, the event tree path has no additional branching because the containment has
been bypassed and operation of the vacuum breakers, containment heat removal or venting
functions is irrelevant. The bypass failure is assumed to be present at the onset of core
damage and is not recovered for the duration of the sequence.

8.2.1.3.8 Top Event VB

Top event VB models vacuum breaker operation for vapor suppression. The success criteria
for VB are the same as DS-TOPVB in the Level 1 analysis: at least one vacuum breaker must
open to relieve a vacuum, and two of three must be leak-tight for vapor suppression. If VB
were not successful the containment would pressurize relatively quickly because the vapor
suppression function is ineffective. The failure probability is a conditional probability
derived from fault tree modeling as discussed in Section 4.18.

8.2.1.3.9 Top Event W

Top event W models containment heat removal. The event is partitioned into ‘“‘short-term”
and “long-term™ heat removal functions, “W1” and “W2", respectively. The passive PCCS
system and the active suppression pool cooling mode of the FAPCS are considered in these
nodes. As indicated in Subsection 4.19.2, the PCCS is designed with adequate water in the
PCCS pools to mitigate a design basis event for 24 hours after event initiation. Accordingly,
event W1 addresses the period from event initiation to 24 hours after event initiation. This is
conservative as indicated by Figure 8.2-2, which illustrates that the PCCS pool water level
does not drop below the top of the PCCS heat exchangers for over 72 hours after onset of |
core damage. The failure probability for W1 is a conditional probability derived from fault
tree modeling. There is some dependency on the initiating event because the suppression
pool cooling system requires power to operate; the initiator impact is addressed in the Level
1 sequences that comprise the CET entry events.

After 24 hours, it is conservatively assumed that the PCCS pool must be replenished by
opening valves to the moisture separator storage pools or providing make-up water from the
Fire Protection System. Upon connecting the additional pools, there is adequate water to
maintain containment heat removal for the longer term, defined as 24 to 72 hours after event
initiation. Long-term containment heat removal is modeled as event W2. As with W1, the
failure probability for event W2 is a conditional probability derived from fault tree modeling.
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The W2 event frequency is dependent on the initiating event because DC power is required
to open the valves to the additional water source and the suppression pool cooling system
requires AC power to operate.

8.2.1.3.10 Top Event VT

Top event VT models operator action to prevent containment failure by use of a suppression
chamber vent path. If Event VT succeeds, the release path is controlled and directed through
the suppression pool where significant filtering can occur to reduce the potential source term.

As discussed earlier, operator guidance for controlled venting has not yet been defined.
However, insight into the ESBWR passive containment capability, and the need for venting,
can be gained by evaluating a severe accident scenario in which there is no containment heat
removal (i.e., event W1 is failed). From the Level 1 analysis discussed in Section 7, the
sequence that dominates the core damage frequency is a transient in which the RPV is
successfully depressurized. For such a sequence, Figure 8.2-3 illustrates that, for a dominant
Class I contributor to the core damage frequency, the containment pressurizes to less than 1.0
MPa within 24 hours. As will be shown in Section 8.3, similar results were obtained for
representative Class III and IV sequences. Thus, it is very unlikely that controlled venting in
the 24-hour period after the onset of core damage will be required to prevent containment
overpressure failure for the sequences dominating the core damage frequency. Top event VT
contains a dependency on the Level 1 analysis because certain Level 1 sequences include
containment venting.

8.2.1.4 Release Categories

Completion of a path through the event tree presented in Figure 8.2-1 provides the necessary
information to establish categories for potential radionuclide release to the environment. A
release category descriptor for each path is shown in Figure 8.2-1 in the column headed “Rel
Cat™. The release categories differ in the timing of containment breach and the magnitude of
the radionuclide source term. By at least two orders of magnitude, the most likely path
through the CET results in an intact containment with the source term being associated with
containment leakage up to the limit allowed by Technical Specifications. This release
category is termed “TSL”. The release categories associated with the CET presented in
Appendix 8A are discussed in more detail in the following sections. Drawing on the
quantification presented in Appendix 8A, the probability of each release category is
summarized in Table 8.2-2.

Direct Containment Heating (DCH)

The release category “Direct Containment Heating” is a result of highly energetic
phenomenological effects during RPV failure at high pressure. As discussed in Section 21,
containment failure due to DCH is considered physically unreasonable. However, a
sensitivity study is documented in Section 11 that assigns a probability of 1E-3 to
containment failure upon RPV rupture at high pressure.

Ex-Vessel Explosion (EVE)

The release category “Ex-Vessel Explosion” is a high-energy phenomenon that occurs when
the RPV fails at low pressure and the core falls into an appropriate depth of water. The
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conditions required, and likelihood of, an EVE event are discussed in detail in Section 21.
The total frequency of the EVE release category is approximately two orders of magnitude
below TSL.

Dry Core-Concrete Interaction (CCID)

Core-concrete interaction is a phenomenological failure mode of the containment discussed
in detail in Section 21. The general containment failure mode is overpressure as a result of
non-condensable gas generation. The CCID release category occurs when the GDCS deluge
system fails its function of water injection to the lower drywell. The frequency of the CCID
release category is more than four orders of magnitude below TSL.

Wet Core-Concrete Interaction (CCIW)

The containment failure mode of CCIW is the same as that in CCID. The only difference in
the CCIW sequences is that the GDCS deluge system has successfully injected to the lower
drywell, but the water is unsuccessful in cooling the ejected core. The split fraction
representing this probability is developed in Section 21. The frequency of the CCIW release
category is approximately two orders of magnitude below TSL.

Containment Bypass (BYP)

The release category “Bypass”™ represents those sequences in which containment isolation has
not occurred due to failure of the containment isolation system. Thus, the BYP failure mode
provides for a direct path from the containment to the environment and results in an earlier
environmental release than an overpressure event. Due to the reliability of the containment
isolation system, the probability of such a release occurring is approximately three orders of
magnitude less than the TSL release category. According to the analysis, the only credible
failure mode for the containment isolation system is the common cause failure Reactor
Protection System (RPS) components to support MSIV isolation.

Filtered Release (FR)

The release category “Filtered Release™ represents those sequences in which the suppression
chamber vent is used to control the containment pressure and potential release point. In such
a situation, the containment boundary remains under operator control. As a result, the
magnitude of the release is much less than it the containment were to fail because the release
path is through the suppression pool, which provides significant radionuclide filtering.

As indicated earlier, in the 24-hour period after onset of core damage, the ESBWR
containment would likely not require venting even in the absence of containment heat
removal for the sequences that dominate the core damage frequency. Although venting is not
likely to be required in the 24-hour period after onset of core damage, the option is
maintained in the containment event tree. Treating the possibility of FR in this way accounts
for uncertainties in the loss of heat removal analysis and containment venting guidance, and
provides a conservative estimate of the likelihood of a controlled release. Further, inclusion
of venting on the CET allows for modeling a period longer than 24 hours after the onset of
core damage. Although the probability of the FR release category was calculated as more
than four of magnitude less than the TSL release category, it will still be considered in
Section 9 as a potential source term.
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Overpressurization (OP)

The release category “Overpressurization” represents those sequences in which there has
been inadequate post-accident heat removal resulting in the containment pressure exceeding
the ultimate containment strength. Two categories of overpressure failure are considered.
The category “OPW” applies to severe accident sequences in which the vapor suppression
function is successful and only the containment heat removal function has failed. Both early
(OPW1) and late (OPW2) failures of containment heat removal are considered. The category
“OPVB” applies to sequences in which the vapor suppression function fails; in that situation,
the containment heat removal function is also failed. As indicated in Table 8.2-2, the total
probability of the overpressure failure mode (OPW1, OPW2 and OPVB) is about three orders
of magnitude less likely than the TSL failure mode. Much of the OP release category
frequency is derived from Level 1, Class Il sequences. This frequency is eventually excluded
from the offsite consequences analysis, as discussed in Subsection 8.3.2.2. Each subcategory
is discussed below.

OPVB: The release category “OPVB™ applies to sequences in which vacuum
breaker failure has occurred. Failure of the vacuum breakers to close, or to be open
in a pre-existing condition, results in failure of the containment vapor suppression
function. If the vacuum breakers fail to function effectively, the overpressurization
occurs fairly early in the severe accident sequence because the vapor suppression
function is not effective. The high reliability of the vacuum breakers necessary for
the vapor suppression function is demonstrated in that the calculated probability of
the OPVB release category is more than three orders of magnitude less than the TSL
release category. The Level 1 dependency of this node is captured by using the
“DS-TOPVB” gate from the Level 1 model.

OPW]1: The release category “OPW1” applies to sequences in which containment
heat removal fails within 24 hours after event initiation. In such sequences, vapor
suppression has been successful, but the passive PCCS system is unavailable as well
as the active FAPCS in suppression pool cooling (SPC) mode, either of which l
provides the capability to remove energy from the containment. The 24-hour
transition point from W1 to W2 was selected to correspond with the design
requirement regarding the amount of water available to the PCCS cubicles without
connection to a supplemental pool source. The Level 1 dependency is captured by
using the same gates, “WP-TOPDHR”, “DL-TOPVB”, and “WS-TOPSPC” that are
used in the Level 1 analysis. Because of the reliability of the SPC mode of the
FAPCS and the passive PCCS, the calculated probability of the OPWI1 release
category is three orders of magnitude less than the TSL release category.

OPW?2: The release category “OPW2" applies to sequences in which containment
heat removal fails between 24 and 72 hours. In such sequences, the passive PCCS
system becomes unavailable after PCCS pool dryout due to failure to connect to
supplemental water pools; FAPCS availability was also evaluated at this time.
Because of the minimum system requirements to provide additional water to the
PCCS pools, long term heat removal (>24 hours) is very reliable. Although the
probability of the OPW?2 release category is more than four orders of magnitude less I
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than the TSL release category, it will conservatively be considered in Section 9 as a
potential source term.

Containment failure due to overpressurization is conservatively modeled as a direct path
from the drywell to the environment. Thus, potential uncertainty in the location of the failure
point is accommodated by the assumption of a direct path to the environment if the
containment is overpressurized.

Technical Specification Leakage (TSL)

The release category “Technical Specification Leakage™ represents those sequences in which
there is neither a release due to containment failure nor a controlled filtered venting. The
TSL release category provides a source term that exceeds that associated with normal
operation because of the severe accident conditions within the containment. It is assumed
that the leakage area corresponds to the Technical Specification allowable containment
leakage rate of 0.5% of containment air volume per day at rated pressure.

The leakage path was conservatively assumed to occur between the drywell atmosphere and
environment. Thus, no credit is taken for source term reduction if the leakage could be
affected by potential refueling pool scrubbing or the reactor building HVAC system.

8.2.1.5 Release Category Frequency and Containment Effectiveness

The frequencies of the release categories are calculated by quantifying all of the CET with
the single top Level 2 model. The individual release categories can be calculated by
multiplying the Fussel-Vessely of that release category’s marker (flag) by the overall release
frequency, or CDF. As seen in Table 8.2-2, the most likely release category is that
associated with leakage from an intact containment, TSL. Release categories associated with
containment failure due to phenomenological or system failure events are at least two orders
of magnitude less likely than the TSL release category.

The release categories associated with containment failure are so much lower than the TSL
category, and their calculated probabilities are so low on an absolute basis, that containment
failure due to overpressurization or bypass in the 24-hour period after the onset of core
damage is not considered credible. Thus, it is clear that the ESBWR provides a reliable
barrier to radionuclide release. This conclusion is reflected in the quantification of
containment effectiveness. The containment effectiveness can be conservatively quantified
as the probability of release category TSL (i.e., an intact containment) divided by the core
damage frequency. Using the values from Appendix 8A, Table 8A-3, and applying “€” for
probabilities less than 1E-15,

TSL _ frequency 1.12E-8
Level 1 CDF 1.22F-8

=0.921

Containment _ Effectiveness =
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Table 8.2-1
Summary of CET Initiating Probabilities
LDW Water Total Entry Gate
CET Level Entl’y Gate* Frequency
Class I — Low (RPV failure at low Low/Dry [ LD 4 94E-09
pressure) -
Class I - High (RPV failure at low High
pressure, high water level in I H 5.88E-10
LDW)
Class I — Medium (RPV failure at Medium
low pressure, high water level in I M 9.92E-11
LDW)
Class III (RPV failure at high Low/Dry [l LD 4 51E-09
pressure)
Class IV — Low (ATWS with Low/Dry
RPV failure at low pressure) IV_LD 1.85E-09
Class IV — High (ATWS with High
RPV failure at low pressure, high IV H 2.18E-11
water level in LDW)
Class IV — Medium (ATWS with Medium
RPYV failure at low pressure, IV.M 7.25E-13
medium water level in LDW)

*Nomenclature used in event tree quantification provided in Appendix 8A.

8.2-14




NEDO-33201 Rev 2

Table 8.2-2
CET Release Category Frequencies
Release category Frequency' (per year)*
TSL 1.12E-8
FR £
BYP 5.6E-11
OPVB 1.6E-11
OPWI1 3.2E-11
OPW2 gk*
CCIw 9.9E-11
CCID 1E-12
EVE 6.10E-10
DCH 0.00
BOC (from Level 1) 1.47E-10

*The frequency is the summed contribution to the release
category from all accident classes, as shown in Table 8A-3.
BYP is also augmented with frequency from de-inerted
operation, as described in 8.1.4.

**Calculated frequencies less than 1E-12 are reported as “€”.
The actual calculated number is preserved for input to the
offsite consequences analysis in Section 10.
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Figure 8.2-1. Containment System Event Tree (Deleted)
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Figure 8.2-2. PCCS heat removal capability for 24 hour period

Example shown is for a dominant Class | sequence, a transient followed by loss of core
injection. The PCCS heat exchangers remain covered for more than 24 hours after onset of
core damage.
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DRYWELL PRESSURE
Sequence: T_nIN_nCHR_FR_R1
1400000 -
1200000
Drywell pressure 24 hrs after onset of core - Suppression chamber vent opened when pressure reaches
damage (24.9 hrs) = 0.91 MPa ™~ 90% containment failure pressure (37 hrs)
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Figure 8.2-3. Containment Pressure with No Containment Heat Removal

Example shown is for a dominant Class I sequence, a transient followed by loss of core
injection. With vapor suppression function successful, containment does not pressurize to
failure within 24 hours after onset of core damage (8.64E+04 seconds).
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DRYWELL PRESSURE
Sequence: T_niN_nCHR_FR_R1
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Figure 8.2-4. Drywell Pressure with No Containment Heat Removal

Example shown is for a Class I sequence with a failure of containment heat removal. As
shown in the chart, containment does not pressurize to failure within 24 hours after onset of
core damage (8.64E+04 seconds).
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8.3 CONTAINMENT PERFORMANCE AGAINST OVERPRESSURE

To determine the key characteristics of the containment response to a severe accident, an
ESBWR simulation model was developed. The model is used to gain insights into the timing
of severe accident progression, the containment pressure-temperature response and ultimately
the potential source term if the containment were to fail. As demonstrated in the prior
section, the reliability of containment systems designed to mitigate a severe accident is such
that the calculated probabilities of containment bypass and overpressure failure due to system
failures are so small that they may be considered negligible. Thus, only the TSL and FR
release categories are discussed in this section. Hypothetical scenarios in which the
containment is bypassed, overpressurizes, or fails due to phenomenological effects are
considered in the evaluation of potential source terms, as presented in Section 9.

Analysis of the ultimate strength of the containment indicates that the drywell head is the
most likely failure location if the containment were to overpressurize. The analysis also
illustrates that the containment pressure capability is a function of temperature. This pressure
capability profile was used in the simulation modeling.

Subsection 8.3.1 summarizes the code used for accident simulation. Subsection 8.3.2
provides the simulation results for a spectrum of potential severe accidents representing each
accident class. The ultimate containment strength analysis is provided in DCD Sections 19B
and 19C.

8.3.1 Simulation Code

The ESBWR was modeled using a computer code capable of modeling the integrated plant
response to a severe accident. The code used for this purpose is the Modular Accident
Analysis Program code (MAAP), Version 4.0.6, Reference 8.3-1. The code was developed
as part of the Industry Degraded Core Rulemaking (IDCOR) program to investigate the
physical phenomena that might occur in the event of a severe light water reactor accident
leading to core damage, possible RPV failure, and ultimately possible failure of containment
integrity and release of fission products to the environment. MAAP development was
sponsored by the Atomic Industrial Forum. MAAP includes models for the important
phenomena that might occur in a severe light water reactor accident.

MAAP has a long history of use in severe accident analysis, including severe accident
analysis of the ABWR as described in Reference 8.3-2, which was based on an earlier
version of MAAP. MAAP requires that phenomenological information and plant specific
design characteristics be provided in the form of a parameter file. Parameter file inputs
related to accident phenomenology were based on the values provided in MAAP sample
files, which are maintained for the MAAP Users Group; these values were provided by the
code developer. Parametric values related to the ESBWR design were based on review of
design documentation information, as it was available in February 2005. In some cases,
design information was updated between February and August 2005 when significant design
decisions were made.
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NEDO-33201 Rev 2

8.3.2 Sequences Representative of Each Accident Class

As discussed in earlier sections, severe accidents were grouped in five categories in the Level
1 analysis. The Level 1 analysis results were reviewed to identify sequences which were
dominant contributors to the core damage frequency. With the exception of Class V
accidents, in which the containment is completely bypassed, a single dominant sequence was
selected to represent each of the accident classes for detailed modeling. In this way, the
containment response to the complete spectrum of accidents contributing to the core damage
frequency could be evaluated.

Table 8.3-1 identifies the sequences that were used to represent each accident class. The
“core damage sequence descriptor” used in the table derives from the results of the Level 1
analysis. Table 7.2-3 identified the sequences which were significant contributors to the core
damage frequency. The representative sequences shown in Table 8.3-1 are based on the
Level 1 results presented in Table 7.2-3 and the definitions of the Level 1 sequence bins. For
example, Table 7.2-3 indicates that about 80% of the Class I frequency is associated with a
stuck open relief valve (T-IORV), a large feedwater LOCA (LL-S-FDWA/B), or loss of
feedwater (T-FDW) sequences. From the perspective of modeling the containment response
to a severe accident, all Class Isequences can be represented as a transient with loss of
injection T-nIN and successful depressurization. A similar approach was used in selecting
the representative sequence for the other accident classes. Table 8.3-1 provides a summary
description for each representative sequence.

Table 8.3-2 couples the representative core damage sequence with one of the release
categories illustrated on the containment system event tree, Figure 8.2-1. The resulting
scenario is assigned a “containment response sequence descriptor” to summarize the core
damage and containment release information. Recalling that Table 8.2-2 provided the total
contribution of all accident classes to each release category frequency, Table 8.3-2 provides
additional information by presenting the release category frequency in terms of the
contribution from each accident class. As indicated in the table, there is a negligible
probability of a core damage sequence resulting in overpressure or bypass failure. However,
such hypothetical scenarios are retained for evaluation in Section 9 to assure that a
conservative source term is developed.

Graphs of many additional MAAP parameters are shown in Appendix 8B to provide
complete documentation of the containment analysis.

8.3.2.1 Class I: Sequences with RPV Failure at Low Pressure

Accident Class I involves sequences in which the RPV fails at low pressure; this accident
class represents approximately 46.16% of the core damage frequency. As indicated in Tables I
7.2-3 and 7.2-5, the class is dominated by transient sequences in which there is no core
injection. Thus, the sequence T nIN described below was used to evaluate the containment
response to Class I events.

8.3.2.1.1 Sequence T_nIN_TSL

The initiating event for the T_nIN sequence is a transient initiated by a loss-of-preferred
power. No short or long-term coolant injection to the RPV by the feedwater, CRD or GDCS
is available. The ADS functions to reduce the RPV pressure. As stated earlier, heat removal
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by the isolation condensers is not credited because of the low reactor pressure. Containment
heat removal in the short-term is accomplished by successful PCCS functioning; PCCS pool
makeup is successful, thus allowing long-term containment heat removal. The GDCS deluge
system and BiMAC are available for debris bed cooling. With successful containment
isolation, vapor suppression and containment heat removal the containment remains intact.
Technical Specification leakage is the only mode of fission product release.

The key events of the sequence are summarized in Table 8.3-3. Figures 8.3-1a through e
show the system behavior throughout the accident sequence.

In this event, the primary system experiences delayed depressurization due to opening of the
first ADS-actuated valves at about 655 seconds. The pressure in the containment increases
as the drywell is filled with steam and heats up. About thirty minutes into the event, core
uncovery occurs which results in fuel rod heatup and melting. Fission products and non-
condensable gases are swept into the containment through the DPVs as the core melts. This
leads to further heating and pressurization of the drywell air space.

The reactor pressure vessel lower head penetrations fail about 7.8 hours into the event.
Corium is deposited on the lower drywell floor, which results in local temperatures that are
high enough to cause the GDCS deluge line to open. As a result, the GDCS pool water
drains into the lower drywell and covers the debris bed. Because the debris is quenched by
the successful GDCS deluge and BIMAC function, significant core-concrete interaction does
not occur. Therefore, no significant fission product aerosols or non-condensable gases are
generated in the ex-vessel phase of the accident sequence.

Continued heating by debris of the water in the lower drywell leads to the temperature in the
overlying water pool reaching saturation. Steam generation in the lower drywell then leads
to further increases in the containment pressure until the PCCS heat removal capacity
becomes consistent and comparable to the decay heat generated by the core debris. The
containment pressure reaches about 0.58 MPa 24 hours after onset of core damage, well
below the point at which containment venting would be implemented. Radionuclide release
to the environment occurs only through potential containment leakage as the containment
remains intact and venting is not required.

8.3.2.1.2 Sequence T_nIN_nCHR_FR

Sequence T_nIN_nCHR_FR is the same as the representative Class I sequence T nIN,
except that the containment response differs because containment heat removal has failed.
As a result, containment pressurization increases and controlled venting may be implemented
to limit the pressure rise and control the radionuclide release location. Specific guidance for
the use of the suppression pool vent has not been developed. Indeed, as discussed earlier,
venting in the ESBWR does not appear necessary to limit the containment pressure to less
than its ultimate strength in the 24-hour period after core damage. The venting scenario is
evaluated here to provide insights into vent timing and provide a basis for the FR release
category used in the source term evaluation.

The key events of the sequence are summarized in Table 8.3-3. Figures 8.3-2a through d
show the system behavior throughout the accident sequence. The sequence proceeds as
discussed in the previous section except that venting is assumed to occur when the
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containment pressure reaches 90% of the ultimate containment strength. As indicated, in
Figure 8.3-2b, the drywell pressure has reached less than 70% of the ultimate containment
strength within 24 hours after onset of core damage; thus venting would -not likely be
implemented in this time frame. The 90% assumption is met at 32.7 hours, which is about
2.7 hours before containment overpressurization would occur if controlled venting were not
implemented.

The sequence demonstrates that venting is not required to prevent containment failure in the
24-hour period after onset of core damage due to a Class I event, even if containment heat
removal were unavailable. In such a scenario, there is a long time period after core damage
to prepare for venting and take other mitigating actions.

8.3.2.2 Class II: Sequences with Containment Failure Preceding Core Damage

Accident Class II involves sequences in which containment failure precedes RPV failure.
After containment failure, RPV makeup capability is assumed to be lost due to the gradual
boiloff of water in the passive systems; potential damage to piping connections renders active
makeup systems unavailable. As a result, core damage and RPV failure occur after
containment failure As shown in representative sequence MLi_nCHR, core damage does not
occur during the first 72 hours post-accident. Because core damage is beyond the Level 2
analysis mission time, Class II accident sequences are not included as inputs to the offsite
dose consequences in Section 10. The Class II frequency is included in the release
frequencies reported in table 8.2-2 so that the entire Level 1 CDF is accounted for..

The sequence MLi_nCHR was selected to represent the containment response to Class II
events because the sequence provides containment pressurization due to the break and failure
of the containment heat removal function.

8.3.2.2.1 Sequence MLi_nCHR

The initiating event for the sequence MLi_nCHR is a medium LOCA, assumed to occur in
the GDCS injection line. Failure of containment heat removal is followed by containment
pressurization to its ultimate capacity. Core cooling occurs by gravity feed through the
GDCS injection and equalizing lines. Eventually, the water used for RPV makeup is boiled
off.

The key events of the sequence are summarized in Table 8.3-3. Figures 8.3-3a through ¢
show the system behavior throughout the accident sequence. The figures illustrate that the
containment pressurizes until the ultimate strength is reached at about 31 hours. The ADS
depressurizes the RPV allowing GDCS tanks to drain into the RPV, then into the lower
drywell through the break. The shroud water level initially rises in response to the GDCS
tank injection, then decays as the GDCS inventory is depleted. The shroud level decreases
below the elevation of the break at about six hours. Further, shroud level decrease occurs
until flow through the equalizing line begins at about 8.3 hours. Flow from the suppression
pool maintains RPV level above the top of active fuel for about 71 hours. Shortly thereafter,
core heat up begins.

The results of the sequence simulation indicate that the core damage following containment
failure due to loss of containment heat removal does not occur within a 24-hour period after
accident initiation. In fact, core temperatures do not reach the point of fuel damage until
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more than 72 hours after accident initiation. Given the long time for mitigating action to
supplement RPV makeup, Class II events are not considered contributors to the offsite
consequence analysis However, Class Il events are preserved in the release frequency
calculation so that the total release is equivalent to CDF.

There are a few Class II accident sequences that do not consider the potential for low-
pressure injection during the sequence on the Level 1 event trees. However, if GDCS were
considered on these sequences, the failure of GDCS injection resulting in core damage would
place the result below the truncation limit. As such, the selected representative sequence is
considered to be appropriate.

Class II-a sequences are partitioned into the OPW1, OPW2, and OPVB release categories
depending on which system failures resulted in core damage. The Class II-b sequences are
binned as release category FR. All Class Il frequencies are included in the total frequencies
reported in Tables 8.2-2 and 8.3-2.

8.3.2.3 Class I1I: Sequences with RPV Failure at High Pressure

Accident Class III involves sequences in which the RPV fails at high pressure; this accident
class represents approximately 37.02% of the core damage frequency. As indicated in Tables |
7.2-3 and 7.2-5, the class is dominated by transient sequences in which there is no core
injection.  Thus, sequence T nDP nIN described below was used to evaluate the
containment response to Class III events.

8.3.2.3.1 Sequence T_nDP_nIN_TSL

The initiating event for the sequence T _nDP nlN is a loss-of-offsite power. The sequence
differs from T_nIN in that depressurization fails, although the SRVs remain functional in the
relief mode. The ICS was not credited. The CRD and Feedwater systems are unavailable.
Because depressurization is unsuccessful, the RPV fails at high pressure, i.c., at the pressure
controlled by the relief valve setpoint. GDCS deluge and BIMAC function to cool the debris
bed in the lower drywell.

The key events of the sequence are summarized in Table 8.3-3. Figures 8.3-4a and b
summarize the system behavior throughout the accident sequence.

The RPV fails about 6.2 hours. Actuation of the GDCS deluge line and successful BIMAC |
function prevent significant core-concrete interaction from occurring in the lower drywell.
Material dispersed to the upper drywell does not result in significant CCI because the large
dispersal area allows the material to be cooled. Continued heating of the water by debris in
the lower drywell leads to continued steam generation, which increases containment
pressure. The PCCS removes heat from the containment, thus preventing overpressurization.
The containment pressure reaches about 0.62 MPa 24 hours after onset of core damage, well |
below the point at which containment venting would be implemented. Radionuclide release
to the environment occurs only through potential containment leakage as the containment
remains intact and venting is not required.
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8.3.2.3.2 Sequence T_nDP_nIN_nCHR _FR

Sequence T _nDP nIN nCHR is the same as sequence T _nDP_ nIN except that containment
heat removal has failed. As a result, containment pressurization increases and controlled
venting is implemented to limit the pressure rise and control the radionuclide release point.
As indicated earlier, specific guidance for the use of the suppression pool vent has not been
developed, thus, venting is assumed to occur when the containment pressure reaches 90% of
the ultimate containment strength.

The key events of the sequence are summarized in Table 8.3-3. Figures 8.3-5a and b show
the system behavior throughout the accident sequence. As indicated, in Figure 8.3-5b, the
drywell pressure has reached less than 70% of the ultimate containment strength within 24
hours after onset of core damage; thus venting would not likely be implemented in this time
frame. The 90% assumption is met at 42.5 hours after accident initiation, which is about 2.9
hours before containment overpressurization would occur.

The sequence demonstrates that venting is not required to prevent containment failure in the
24-hour period after onset of core damage due to a Class III event, even if containment heat
removal were unavailable. In such a scenario, there is a long time period after core damage
to prepare for venting and take other mitigating actions.

8.3.2.4 Class 1V: Sequences with Failure to Insert Negative Reactivity

Accident Class IV includes sequences that are initiated by an ATWS and followed by failure
to initiate negative reactivity. Such sequences represent approximately 15.6% of the core
damage frequency. From the Level 1 analysis summarized in Table 7.2-3, the largest Class
IV contributor to the core damage frequency is a general transient followed by failure to
scram. Thus, the sequence termed T-AT nIN, which defines the ATWS initiator with no
core injection, was selected to evaluate the containment response to Class IV events.

8.3.2.4.1 Sequence T-AT nIN_TSL

Sequence T-AT nIN is a general transient followed by ATWS. The standby liquid control
system is ineffective or unavailable. The RPV is not initially depressurized because ADS
inhibit is successful. To control the ATWS power level, feedwater runback is successful
with operator control assumed at the top of active fuel. The PCCS is available, but no active
containment heat removal (FAPCS) is assumed.

The key events of the sequence are summarized in Table 8.3-3. Figures 8.3-6a through ¢
show the system behavior throughout the accident sequence.

In this sequence, feedwater runback is successful. Control of core water level just above the
top of active fuel results in a core power level of about 30% full power three minutes after
the transient begins. At that time, it is assumed that feedwater is terminated and safety
system injection to the RPV does not occur. (System pressure prevents gravity drain from
the GDCS and the CRD system is unavailable for forced flow.) Because the ADS inhibit is
successful, the RPV is maintained at high pressure, controlled by the SRV setpoint, until the
core water level decreases below the point of effective cooling. At that point, manual
depressurization is initiated, but injection into the RPV continues to be unsuccessful. RPV
failure occurs at about 5.9 hours at low pressure.
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Actuation of the GDCS deluge line and successful BIMAC function prevent significant CCI
from occurring in the lower drywell. Material dispersed to the upper drywell does not result
in significant CCI because the large dispersal areca allows the material to be cooled.
Continued heating by debris of the water in the lower drywell leads to continued steam
generation, which increases containment pressure. The PCCS removes heat from the
containment, thus preventing overpressurization. The containment pressure reaches about
0.57 MPa 24 hours after onset of core damage, well below the point at which containment
venting would be implemented. Radionuclide release to the environment occurs only
through potential containment leakage as the containment remains intact and venting is not
required.

8.3.2.4.2 Sequence T-AT_nIN_nCHR_FR

Sequence T-AT_nIN_nCHR _FR is the same as sequence T-AT nIN except that containment
heat removal has failed. As a result, containment pressurization increases and controlled
venting is implemented to limit the pressure rise and control the radionuclide release point.
As indicated earlier, specific guidance for the use of the suppression pool vent has not been
developed, thus, venting is assumed to occur when the containment pressure reaches 90% of
the ultimate containment strength.

The key events of the sequence are summarized in Table 8.3-3. Figure 8.3-7a shows the
containment response for the accident sequence. As indicated in the figure, the containment
pressure 24 hours after the onset of core damage is about 1.1 MPa, within the pressure
retaining capability of the containment. The 90% assumption for action to initiate controlled
venting is met at about 29 hours after accident initiation.

The sequence demonstrates that venting is not required to prevent containment failure in the
24-hour period after onset of core damage due to a Class IV event, even if containment heat
removal were unavailable. In such a scenario, there is a long time period after core damage
to prepare for venting and take other mitigating actions.

8.3.2.5 Class V: Sequences with Interfacing LOCA

Because Class V sequences are associated with a direct path from the RPV to the
environment the containment response is not relevant to preventing a radionuclide release.
The risk of such low probability events is accounted for by defining a release category,
“BOC” for break-outside-of-containment, and assigning a frequency in the source term
analysis, as discussed in Section 9.0.
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Table 8.3-1

Representative Core Damage Sequences

Core Damage

Accident Class Sequence Sequence Summary
Descriptor
Transient initiator followed by no short or long-term coolant injection. ADS
[ T nIN functions. ICS not credited. PCCS available, but no active containment heat
removal (FAPCS). GDCS/BiMAC function successful.
. Medium liquid line break: GDCS injection line. System is depressurized and
I MLi nCHR L . : :
- injection systems function. Containment heat removal not available.
Transient initiator followed by no short or long-term coolant injection. The RPV is
1 T nDP nIN not depressurized; pressure controlled at relief valve setpoint. ICS not credited.
i PCCS available, but no active containment heat removal (FAPCS). GDCS/BIMAC
function successful.
Transient followed by failure to insert negative reactivity. ICS not credited. RPV is
not initially depressurized (ADS inhibit successful). SLC is ineffective or
v T-AT nIN unavailable. FW runback is successful. No short or long-term coolant injection.
PCCS available, but no active containment heat removal (FAPCS). GDCS/BiMAC
function successful.
No representative sequence assigned for containment evaluation as Class V events
v None

involve direct communication between the RPV and environment.
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Table 8.3-2
Representative Containment Response Sequence
Frequency*
Containment Response Release (per reactor-
Sequence Descriptor Category year) Containment Response Summary
Release path from drywell through area associated with Technical Specification leakage.
- TSL 9.45E-09 . . .
T nIN_TSL All containment systems function effectively.
nCHR _FR FR £ Release path through wetwell vent. Containment heat removal function failed.
OPW1 ¢ Release path from drywell through area large enough to depressurize containment.
_nCHR_WI Containment heat removal fails early (<24 hrs); no controlled venting.
OPW2 ¢ Release path from drywell through area large enough to depressurize containment.
_nCHR_W2 Containment heat removal fails late (>24 hrs); no controlled venting.
Release path from drywell through area large enough to depressurize containment. Vapor
OPVB 6E-12 . . - . .
_nVB suppression, containment heat removal and controlled venting functions failed.
BYP 2E-12 Release path from drywell through open line connecting drywell atmosphere to
_BYP - environment
Release path from drywell through area large enough to depressurize containment; no
CCIW 44E-11 .
_CCIwW controlled venting.
cCID . Release path from drywell through area large enough to depressurize containment; no
_CCID controlled venting.
_EVE EVE 5.88E-10 Release path from drywell through large area immediately following RPV rupture.
(cdii) 49E-11 Release path from drywell through area large enough to depressurize containment.
MLi_nCHR - Containment heat removal not available.
TSL 4.59E-09 Release path from drywell through area associated with Technical Specification leakage.
T nDP_nIN_TSL ' All containment systems function effectively.
nCHR_FR FR g Release path through wetwell vent. Containment heat removal function failed.
OPWI ¢ Release path from drywell through area large enough to depressurize containment.
_nCHR_WI Containment heat removal fails early (<24 hrs); no controlled venting.
OPW?2 ¢ Release path from drywell through area large enough to depressurize containment.
_nCHR_W2 - Containment heat removal fails late (>24 hrs); no controlled venting.
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Table 8.3-2
Representative Containment Response Sequence
Frequency*
Containment Response Release (per reactor-
Sequence Descriptor Category year) Containment Response Summary
OPVB . Release path from drywell through area large enough to depressurize containment. Vapor
_nVB suppression, containment heat removal and controlled venting functions failed.
BYP AE-12 Release path from drywell through open line connecting drywell atmosphere to
_BYP environment
Release path from drywell through area large enough to depressurize containment; no
CClw 3.7E-11 .
_CCIw controlled venting.
Release path from drywell through area large enough to depressurize containment; no
: CCID ) )
_CCID controlled venting.
_DCH DCH 0.00 Containment failure mode not considered credible.
TSL | 84F-09 Release path from drywell through area associated with Technical Specification leakage.
T-AT nIN_TSL ' All containment systems function effectively.
nCHR_FR FR € Release path through wetwell vent. Containment heat removal function failed.
OPWI e Release path from drywell through area large enough to depressurize containment.
_nCHR_WI Containment heat removal fails early (<24 hrs); no controlled venting.
OPW2 ¢ Release path from drywell through area large enough to depressurize containment.
_nCHR_W2 Containment heat removal fails late (>24 hrs); no controlled venting.
OPVB e Release path from drywell through area large enough to depressurize containment. Vapor
_nVB suppression, containment heat removal and controlled venting functions failed.
BYP 1 7E-11 Release path from drywell through open line connecting drywell atmosphere to
_BYP ' environment
Release path from drywell through area large enough to depressurize containment; no
CCIwW 1.8E-11 .
_CCIwW controlled venting.
Release path from drywell through area large enough to depressurize containment; no
CCID £ )
_CCID controlled venting.
EVE EVE 2.2E-11

Release path from drywell through large area immediately following RPV rupture.
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Table 8.3-2
Representative Containment Response Sequence
Frequency*
Containment Response Release (per reactor-
Sequence Descriptor Category year) Containment Response Summary
Notes:
release category frequency.

"Frequency” indicates contribution from all sequences in accident class, not just the representative sequence. Refer to Table 8A-3 for additional detail regarding
“g” refers to a calculated frequency of <1.0E-15.
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Table 8.3-3
Summary of Results of Severe Accident Sequence Analysis
Concrete Drywell )
RPV Onset of Ablation Pressure | Containment
Depressurization Core Core | RPV Failure| Peluge 24 hrs. after| 24 hrs. after Vent
Sequence Descriptor . Uncovered Actuated ) ) (hours after
Initiated Damage (hours) h onset of core| onset of core
(hours) (hours)* (hour) onset of core
(seconds) damage damage damage)
(meters) (MPa)
T nIN_TSL 665 0.50 1.1 7.8 78 0.05 0.58 'NA
T nIN_nCHR_FR 661 048 1.3 7.7 7.7 0.05 0.92 >24
MLi nCHR 124 >72 >72 >72 NA NA NA NA
T nDP nIN _TSL NA 0.92 1.7 6.2 6.2 <0.1 0.57 NA
T nDP nIN nCHR FR NA 0.93 1.7 6.7 6.7 <0.1 1.01 >24
T-AT_nIN_TSL 1163 0.1 0.77 59 6.0 0.1 0.57 NA
T-AT nIN nCHR_FR 1161 0.1 0.77 5.7 5.7 <0.1 [.1 >24

Key:

MLi: Medium Liquid break (injection line)

T: Transient

T-AT: Transient without negative reactivity insertion
nCHR: No containment heat removal

nDP: No depressurization
nIN: No injection

FR: Filtered release (controlled vent)
TSL: Technical Specification Leakage
NA: Not Applicable

*Time of maximum core temperature > 2499°K
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Figures 8.3-1a through e: Sequence T nIN_TSL
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Figure 8.3-1b. T_nIN_TSL: Containment Pressure vs. Time
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Drywell Water Levels
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Figure 8.3-1c. T_nIN_TSL: Lower Drywell Temperature vs. Time
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Figure 8.3-1d. T_nIN_TSL: Drywell Water Levels vs. Time
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Core Power and PCCS Heat Removal
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Figure 8.3-1e. T_nIN_TSL: Core Power and PCCS Heat Removal vs. Time
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Figures 8.3-2a through d: T nIN_nCHR FR
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RPV Pressure

9.0E+06

8.0E+06

7.0E+08

6.0E+06
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4 0E+06
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2.0E+08

0.0E+00

1.0E+06 T
|
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e

0.0E+00 5.0E+04

Sequence:T_nIN_nCHR_FR

1.4E+06

1.0E+05

1.5E+05

Time (s)

Figure 8.3-2a. T_nIN_nCHR_FR: RPV Pressure vs. Time
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. Time (s)

2,0E+05 2,5E+05

3.0E+05

Figure 8.3-2b. T_nIN_nCHR_FR: Containment Pressure vs. Time
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Deluge actuated on high
temperature
500.0
Wetwell vent
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Figure 8.3-2c. T_nIN_nCHR_FR: Lower Drywell Temperature vs. Time

Drywell Water Levels
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Figure 8.3-2d. T_nIN_nCHR_FR: Drywell Water Levels vs. Time
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Figures 8.3-3a through ¢: MLi_nCHR

Drywell Pressure
Sequence: MLi_nCHR ryw €8s

1.6E+06
Containment overpressure failure
1.4E+06 /
1.2E+06 /
1.0E+06
7 /
<
[
5 8.0E+05
H
w
g
[-Y
6.0E+05 /
4.0E+05 \
2.0E+05 (
0.0E+00 +
0.0E+00 5.0E+04 1.0E+05 1.5E+05 2.0E+05 . 2.5E+05 3.0E+05
Time (s}
. . . .
Figure 8.3-3a. MLi_nCHR: Containment Pressure vs. Time
Shroud Water Levels
Sequence: MLi_nCHR
25
20 M
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Figure 8.3-3b. MLi_nCHR: Shroud Water Level vs. Time
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Figure 8.3-3c. MLi_nCHR: Core Heatup vs. Time
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Figures 8.3-4a through b: T nDP_nIN_TSL

Sequence:T_nDP_nIN_TSL

1.0E+07

RPV Pressure

9.0E+06

7.0E+06

RPV remains at high pressure
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2.0E+06
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0 0E+00
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Figure 8.3-4a. T_nDP_nIN_TSL: RPV Pressure vs. Time
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Figure 8.3-4b. T_nDP_nIN_TSL: Containment Pressure vs. Time
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Figures 8.3-5a through b: T_nDP_nIN_nCHR_FR

Sequence:T_nDP_nIN_nCHR_FR

1.0E+07

RPV Pressure

9.0E+06

8.0E+06 11
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Figure 8.3-5a. T_nDP_nIN_nCHR _FR: RPYV Pressure vs. Time
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Figure 8.3-5b. T_nDP_nIN_nCHR_FR: Containment Pressure vs. Time
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Figures 8.3-6a through c: Sequence T-AT_nIN_TSL

Sequence:T_AT_nIN_TSL

1.0E+07

RPV Pressure

9.0E+06
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Figure 8.3-6a. T-AT_nIN_TSL: RPYV Pressure vs. Time

Sequence:T_AT_nIN_TSL
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Figure 8.3-6b. T-AT nIN_TSL:
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rywell Pr r
Sequence:T_AT_niN_TSL D e essure
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Figure 8.3-6¢c. T-AT_nIN_TSL: Containment Pressure vs. Time
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Figure 8.3-7a: Sequence T-AT nIN_nCHR_FR

Sequence:T-AT_nIN_nCHR_FR
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Figure 8.3-7a. T-AT_nIN_nCHR_FR: Containment Pressure vs. Time
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8.4 SUMMARY

In this section, the potential for containment failure due to combustible gas generation,
containment bypass and overpressurization was evaluated. In addition, the frequency of
containment failure events due to the phenomenological events discussed in Section 21 (CCIW,
CCID, DCH, EVE) was determined. Because of the ESBWR design and reliability of
containment systems, the most likely containment response to a severe accident is associated
with successful containment isolation, vapor suppression and containment heat removal. As a
result, the containment provides a highly reliable barrier to the release of fission products after a
severe accident, with the dominant release category being that defined by Technical
Specification leakage (TSL). This conclusion is based on the following insights:

The combustible gas generation analysis indicated that a combustible gas mixture within
containment would not occur within 24 hours after the occurrence of a severe accident
during inerted operation. Thus, containment failure by this mechanism during inerted
operation is not considered further.

Containment bypass (BYP) that results in a direct path between the containment
atmosphere and environment was evaluated. A containment penetration screening
evaluation indicated that there are only a few penetrations that required isolation to
prevent significant offsite consequences. All potential leakage paths feature multiple
containment isolation valves. Thus, the probability of the bypass failure mode is
dominated by common cause hardware failures, resulting in a calculated frequency of
containment bypass about three orders of magnitude lower than the TSL release category.

Containment overpressurization was evaluated in terms of early and late loss of

containment heat removal as well as the loss of the vapor suppression function. Total

overpressure failure was found to be about three orders of magnitude less likely than the

TSL release category after a severe accident, specifically

— The frequency of loss of containment heat removal in the first 24 hours after accident
initiation, release category OPW1, was evaluated to be three orders of magnitude
lower than the TSL release category.

— The frequency of loss of containment heat removal in the period between 24 and 72
hours after accident initiation, release category OPW2, was evaluated to be more than
four orders of magnitude lower than the TSL release category.

— The frequency of vacuum breaker failure, which would result in the shortest time to
containment overpressurization because of the loss of the vapor suppression function,
release category OPVB, was evaluated to be three orders of magnitude lower than the
TSL release category.

The need for controlled filtered venting, release category FR, in the 24 hour period after
onset of core damage was evaluated. The evaluation considered loss of containment heat
removal for the spectrum of applicable accident classes. In each representative sequence,
operator controlled venting could be implemented to control the containment pressure
boundary and potential leak path. In addition to Level 2 scenarios, core damage
Class II-b sequences from the Level 1 analysis are classified as filtered release.
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However, for the total of Class I, II-b, III, and IV sequences, release category FR was
evaluated to be more than four orders of magnitude below the TSL release category.

e Containment failure due to extensive core-concrete interaction (CCI) is postulated to
occur due to containment overpressurization by resultant non-condensable gases. Use of
the manual wetwell vent is not considered in the PRA because the suppression pool
would not reduce the source term from the non-condensables.

—  Wet CCI (CCIW) events, which feature successful actuation of the GDCS deluge
system but unsuccessful core cooling, are discussed in Section 21. The frequency of
CCIW was found to be approximately two orders of magnitude below that of the TSL"
release category.

— The dry CCI (CCID) containment failure scenarios result from a failure of GDCS
deluge actuation. The frequency of CCID events was calculated to be over four
orders of magnitude lower than TSL.

e The failure of containment due to direct containment heating was excluded from the
baseline results based on the discussion in Section 21. However, DCH failures will be
considered in a sensitivity study to be documented in Section 11 by assigning a
probability of 1E-3 for all sequences in which RPV failure occurs at high pressure.

e The ex-vessel explosion (EVE) containment failure mode is a result of a high-pressure
shock to the containment immediately following a steam explosion in the lower drywell.
The conditions necessary for a steam explosion as the core melts through the RPV are
discussed in Section 21. The total frequency of the EVE release category was calculated
to be approximately two orders of magnitude below that of TSL.

Consistent with advanced light water reactor goals established by the NRC, reliability and
phenomenological analyses have established that the ESBWR containment maintains its integrity
for a 24-hour period after the onset of core damage in a severe accident. An additional insight
regarding the ESBWR containment capability can be gained by calculating the “containment
effectiveness”. The containment effectiveness was calculated as 0.921, which exceeds
guidelines provided in Reference 8.0-1 regarding the “conditional containment failure
probability”.

The release categories and frequencies discussed above will be retained for use in a conservative
evaluation of potential source terms, as discussed in Section 9.
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8A QUANTIFICATION OF THE LEVEL 2 PRA MODEL

The purpose of this appendix is to present the quantification of the Level 2 PRA. The results are
used to determine the conditional containment failure probability (CCFP) and to calculate the
frequencies of the various release categories used in the Level 3 PRA.

The CETs used for the Level 2 PRA analysis and described in Section 8 and 8C are logically
equivalent to the combination of containment phenomenology event trees (CPET) and
containment system event trees (CSET) used in the Section 21 discussion. In Section 21,
separation of the two trees allowed a more clear distinction between the two analyses; a single,
combined CET simplifies the quantification of the Level 2 PRA itself.

The containment response to phenomenological effects is described in Section 21.1 and the
Containment Event Tree (CET) structure is described in Section 8.2. This structure was
appended to the Level 1 full power, internal events accident sequences to determine the
frequencies of the end states shown on the CETs. In this manner, the total CDF is mapped into
appropriate Level 2 end states.

8A.1 BINNING OF LEVEL 1 RESULTS

In order to provide inputs to the CETs, the Level 1 accident sequences are sorted into Level 1
accident class bins. These were used to determine the appropriate phenomenology to consider in
the CETs. To address containment susceptibility to steam explosions the Class I and Class IV
accident sequences were further divided into bins that specify the water level in the containment
at the time of vessel breach.

The Level 1 sequence bins were then used as the initiators to the Level 2 event trees.
Effectively, the integrated model is a combination of both the Level 1 and Level 2 PRA models.
As such, all initiator impact is preserved throughout the quantification and no special treatment is
required for Loss of Preferred Power (LOPP) scenarios.

Table 8 A-1 shows the subclass and bin assignment of the sequences above the Level 1 truncation
value.

e C(lasslI

In these cases, core damage occurs when the RPV is at low pressure. All of these
sequences remain at low pressure in the RPV through the time of vessel breach.

The key information needed for the CET is the water level in the lower drywell at the
time of vessel breach. If the water is above 1.5 m, failure of the pedestal due to steam
explosion cannot be excluded, and therefore is conservatively assumed to occur. If the
water level is between 0.7 m and 1.5 m, there is the possibility of a steam explosion but
failure of the pedestal is physically unreasonable. Water level below 0.7 m does not
present conditions that support a steam explosion. The criteria for determining the water
level are presented in Section 7.2.5.

The following subclasses are defined for quantification:

Vessel failure occurs at low pressure (<1 MPa),

- Subclass I_LD water level in containment is LOW or DRY
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Vessel failure occurs at low pressure (<1 MPa),

- Subclass I_M water level in containment is MEDIUM

Vessel failure occurs at low pressure (<1 MPa),

- Subclass 1 H water level in containment is HIGH

Class 11

As Class Il sequences are defined by containment failure preceding core damage, they are
not treated in the containment analysis. However, Class II sequences are binned into
individual release categories according to their failure mode. For example, all Class I1-b
sequences are binned as Filtered Release (FR) releases because the wetwell vent is used
as a mitigating system to core damage. Class Il-a sequences are binned between OPW1,
OPW?2, and OPVB release categories according to system failures. Class Il sequences
are included in the release frequency results, but are not included as an input to the offsite
dose calculation because core damage does not occur within 72 hours of accident
initiation.

Class 111

In these cases, core damage occurs when the RPV is at high pressure. Water level
information is not needed because the high-pressure melt ejection is not subject to the
EVE phenomenon.

No additional information is needed for the quantification.

The following subclasses are defined for quantification:

- Subclass [1I_LD Vessel failure occurs at high pressure (>1 MPA)
Class IV

In these cases, core damage sequences are initiated by a failure to reduce reactivity in the
core. By the time that the core uncovers, however, the power is essentially shut down
due to lack of moderator. The principle difference between these sequences and the
Class I or IIl is the amount of energy transferred to the containment prior to vessel
breach. The excess energy is not enough to change the key physics involved in
containment failure, so the class can be treated just like the previously defined classes. In
the ESBWR Level 1, all Class IV sequences above the truncation limit have
depressurization available throughout the sequences, so the core damage is assumed to
occur when the RPV is at low pressure. All of these sequences remain at low pressure in
the RPV through the time of vessel breach. Therefore, the Class IV sequences use the
same quantification model as the Class I.

The following subclasses are defined for quantification:

- Subclass IV_LD Water level in containment is LOW
- Subclass IV_.M Water level in containment is MEDIUM
- Subclass IV_H Water level in containment is HIGH

Class IV is retained separately because the timing of key events is somewhat faster than
the Class [ events.
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e (ClassV

- These are cases where core damage occurs with the RPV open to the environment. No
containment event trees are needed. All of these sequences are assigned to the release
category of BOC.

8A.2 INTEGRATION OF THE SINGLE TOP LEVEL 2 PRA MODEL

The single-top Level 2 PRA was created with the same basic methodology as the Level 1 model.
The key difference is that in the Level 1, each initiator is a basic event with an assigned
frequency. In the Level 2, the “initiator” is actually a gate under which the appropriate Level 1
sequences are binned.

To represent the nodes in each of the Level 2 event trees there is either a fault tree or a basic
event with a point estimate to represent phenomenological effects. The fault trees may be
completely independent of Level 1 sequences (such as the GDCS deluge system), or contain
dependencies (such as short term CHR). Integrating the Level 2 PRA with the Level 1 as a
single, one-time quantification model allows all dependencies and initiator impact to be correctly
reflected in the results.

The Level 2 model integration is as follows:

e The baseline, at-power Level 1 PRA was merged with the Level 1 sequence-binning logic
and the new Level 2 fault trees. The gates in the binning logic act as Level 2 event tree
initiators, and the fault trees correspond to the nodes in the Level 2 event trees.

e All sequences were imported from the Level 2 event trees. This completes the link from
Level 1 initiator to Level 1 sequence, Level 2 initiator, and Level 2 sequence and release
category.

e Finally, the Level 2 sequences were merged with the top logic tree for the Level 2 PRA.
This top logic tree allows a one-time quantification of the integrated Level 1 / Level 2
model. Many benefits result from the one-top quantification, two of which are decreased
quantification time and easily accessible, globally relevant importance measures.[JPH13]

The functions and bases for the Level 2 fault trees are explained in the following sections.

8A.2.1 Debris is Successfully Cooled (BI_FN)

This node is only asked following successful operation of the deluge system. Section 21
identifies the failure of this function as physically unreasonable given successful operation of
deluge. This would imply a node probability of less than 10~ for BI_FN, but because the design
optimization of the BIMAC has not been completed, the ESBWR PRA assigns a conservative
value of 107 to this node. This value is considered conservative based on the analysis in Section
21.5 and the possibility that the core would be sufficiently spread on the drywell floor to be
cooled solely by the overlying pool of water from the deluge system.

8A.2.2 GDCS Deluge Supply to BIMAC Successful (BI_SP)

A complete fault tree analysis was done of the GDCS deluge system. The deluge system is
completely independent from all other plant systems and, as a result, all Level 1 sequences. The
actuation system is powered by stand-alone batteries and managed by deluge-specific powered
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logic cabinets (PLCs). There are four main deluge lines, one each from GDCS pools A and D,
and two from GDCS pool BC. Each main line forks into three injection lines for a total of 12;
each injection line has one squib valve. The success criteria are 6 of 12 injection lines.

8A.2.3 Containment Isolation System (CIS)

Appendix 8C provides a screening of potential containment penetrations that may need to be
isolated in a severe accident. The Main Steam lines and Feedwater lines were identified as
requiring isolation. In addition, lines that are normally open such as Main Steam, RWCU, and
Feedwater are required to close after core damage occurs. To account for these lines, a fault tree
was developed for the CIS node to represent the isolation function. Dependencies on the Level 1
model for software function and hardware failures are accounted for in the integrated model.

The placement of node CIS after the phenomenological release nodes in the CETs does not have
a significant effect on the Level 2 release category frequency results. The potential for a more
severe phenomenological release because of failed containment isolation is screened as below
truncation. The effect of increasing the BYP release frequency by placing the CIS node
immediately after the initiator in the CET is considered with a sensitivity study in Section 11.

8A.2.4 Containment Intact / Insignificant DCH (DCH_DAM)

Section 21.3 provides the justification for the failure of this function being physically
unreasonable. As such, the baseline Level 2 PRA does not consider DCH as a credible failure
mode. However, a Section 11 sensitivity study quantifies the potential for DCH by assigning the
phenomenon a conservative value of 107 for all subclasses that experience RPV failure at high
pressure.

8A.2.5 Pedestal Intact (EVE_DAM)

Section 21.4 provides the justification for the failure of this function being physically
unreasonable in cases where the LDW water level is less than 1.5 m but greater than 0.7 m prior
to vessel breach. As such, the baseline Level 2 PRA does not consider EVE from medium water
levels to be a credible failure mode. This function will only be asked in the “medium” water
level event trees in a Section 11 sensitivity study in which a conservative value of 107 is
assigned for containment failure.

8A.2.6 Water Level Pljior to RPV Failure (LD_LVL) — (Deleted)

8A.2.7 Reactor Coolant Boundary Intact (RCB_I)

This branch was not used in the CET quantification. It was identified in Section 21.2 as a
“splinter”, which means that it is uncertain which path would be followed in any given sequence
and a meaningful probability cannot be assigned to the branch. These are treated by solving both
paths independently and taking the maximum of the results. In the ESBWR, the path leading to
an intact Reactor Coolant Pressure Boundary is more conservative and therefore included in the
results.
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8A.2.8 Vapor Suppression Function (VB)

This node was modeled using the fault tree from the Level 1 analysis for vapor suppression,
“DS-TOPVB”. The success criteria are 1 of 3 vacuum breakers must open to break a wetwell to
drywell vacuum, and 2 of 3 vacuum breakers must remain closed for vapor suppression.

8A.2.9 Vent Operation (VT)

Air-operated vent valve opening is modeled using the same functional top gate as in the Level 1
analysis: WV-TOPVENT. Re-close of the vent valves is not modeled; the release is assumed to
continue once initiated. This captures the function dependency on support systems and Level 1
initiators such as instrument air, the Q-DCIS, and DC power supply. These suppression pool
vent valves are opened by remote manual actuation from the control room upon high DW
pressure. Using the Level 1 fault tree is conservative because the manual action from Level 1 is
based on a time much less than 24 hours. In the Level 2 accident sequence, the operator would
have greater than 24 hours, but no operator venting failures appear in the results so the
conservatism has negligible impact.

8A.2.10 Containment Heat Removal (W1, Short Term: <24 Hours)

This node is represented by a fault tree with a combination of functions from the Level 1 PRA.
The success criteria are that either PCCS, which requires leak tight vacuum breakers, or the
suppression pool cooling mode of FAPCS can remove heat in the short term. The dependency of
the suppression pool cooling mode of FAPCS on preferred power is captured by the initiator
impact in the Level 1 sequences.

8A.2.11 Containment Heat Removal (W2, Long Term: <24 Hours)

This node is identical to the W1 node except that long-term makeup to the PCCS pools by the
Fire Protection System is required for PCCS to function.

8A.3 QUANTIFICATION OF THE INTEGRATED MODEL

The single top Level 2 model was quantified at a truncation of 1E-15. The integrated model
includes various markers, such as release category and Level 2 sequence, which make the results
more versatile for post-processing. The Level 2 event trees are shown in Figures 8A-1 through
8A-7; all of the quantified sequence end state frequencies are shown in Table 8 A-3. For each
release category, all of the relevant sequence frequencies were totaled to determine the total
release category frequency as input to the offsite dose calculation.

To make the sum of the Level 2 release category frequencies match the Level 1 CDF, TSL was
calculated by subtracting the total of all non-TSL release categories from the core damage
frequency. This conservatively accounts for the small frequency increase associated with the
approximations in the quantification process by only reducing the frequency of the “success”
path, TSL.
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Table 8A-1

Level 1 Sequence Bin Assignments

Acc. Sequence Initiating Event CDF |/yr] Lcer:slsl Leve}zefvent LD\lYe\"Z:l ter
T-IORV063 MS-T-IORV 1.79E-09 cdi 1 LD Low
T-FDWO050 %T-FDW 1.12E-09 cdi [ LD Low
LL-S-FDWB045 %LL-S-FDWB 5.23E-10 cdi I H High
T-IORVO17 MS-T-IORV 4.92E-10 cdi 1 LD Low
T-LOPP050 T-LOPP 3.64E-10 cdi I LD Low
T-GEN067 T-GEN 1.52E-10 cdi I LD Low
T-FDW060 %T-FDW 8.62E-11 cdi 1 LD Low
BOC-FDWAQ027 %BOC-FDWA 7.72E-11 cdi I LD Low
ML-LO11 %ML-L 5.39E-11 cdi I M Medium
T-GENO021 T-GEN 4.43E-11 cdi 1 LD Low
LL-S-FDWAO013 %LL-S-FDWA 4.25E-11 cdi I H High
SL-S017 SL-S 2.84E-11 cdi 1 LD Low
T-LOPP060 T-LOPP 2.73E-11 cdi | LD Low
AT-T-SW004 AT-T-SW 2.62E-11 cdi 1 LD Low
BOC-FDWBO053 %BOC-FDWB 2.46E-11 cdi 1 LD Low
SL-S063 SL-S 2.35E-11 cdi 1 LD Low
AT-LOCA005 AT-LOCA 1.98E-11 cdi I M Medium
RVR-014 RVR 1.64E-11 cdi I H High
T-SW037 %T-SW 1.41E-11 cdi I LD Low
LL-S047 LL-S 1.25E-11 cdi I LD Low
BOC-FDWB020 %BOC-FDWB 7.41E-12 cdi I LD Low
SL-L022 %SL-L 4.24E-12 cdi I M Medium
T-SWO010 %T-SW 423E-12 cdi 1 LD Low
LL-S049 LL-S 4.16E-12 cdi [ LD Low
SL-L068 %SL-L 3.38E-12 cdi I M Medium
BOC-FDWB019 %BOC-FDWB S.34E-13 cdi I LD Low
BOC-FDWB036 %BOC-FDWB 4.1E-13 cdi I LD Low
T-LOPP033 T-LOPP 3.39E-13 cdi I LD Low
T-SW009 %T-SW 2.35E-13 cdi 1 LD Low
T-SW029 %T-SW 2.35E-13 cdi I LD Low
AT-T-GEN020 AT-T-GEN 1.33E-11 cdii-a N/A
LL-S-FDWBO046 %LL-S-FDWB S.23E-12 cdii-a N/A
AT-T-GENO16 AT-T-GEN 4.81E-12 cdii-a N/A
AT-T-IORV004 AT-T-IORV 1.31E-12 cdii-a N/A
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Table 8A-1
Level 1 Sequence Bin Assignments
Acc. Sequence Initiating Event CDF |/yr] LCer:sls] Leve';‘feleivent LD\l:Ve‘\::l ter

T-IORV064 MS-T-IORV 1.17E-12 cdii-a N/A

T-IORVO013 MS-T-IORV 2.59E-13 cdii-a N/A

T-IORV027 MS-T-IORV 2.59E-13 cdii-a N/A

AT-T-IORV008 AT-T-IORV 1.88E-13 cdii-a N/A

AT-T-GENO21 AT-T-GEN 7.46E-10 cdiii 11_LD

T-IORV018 MS-T-IORV 7.26E-10 cdiii 11 LD

T-IORV065 MS-T-IORV 5.75E-10 cdiii HI_LD
AT-T-LOPPO13 AT-T-LOPP 4.46E-10 cdiii I1_LD

AT-T-FDWO013 AT-T-FDW 3.4E-10 cdiii Hl_LD

T-FDWO061 %T-FDW 3.13E-10 cdiii Il LD
AT-T-IORV009 AT-T-IORV 1.49E-10 cdiii I LD

T-LOPP061 %T-SW 1.29E-10 cdiii 11 LD

T-GEN022 T-GEN 6.45E-11 cdiii HI LD

T-GEN069 T-GEN 5.79E-11 cdiii II_LD
BOC-FDWB054 %BOC-FDWB 3.04E-11 cdiii HI LD
BOC-FDWAO029 %BOC-FDWA 2.55E-11 cdiii LD

ML-L012 %ML-L 1.78E-11 cdiii 11 LD

T-SW039 %T-SW 1.73E-11 cdiii 11_LD
BOC-FDWBO021 %BOC-FDWB 1.08E-11 cdiii 11 LD

SL-S018 SL-S 8.26E-12 cdiii II_LD

SL-8065 SL-S 6.69E-12 cdiii 1t LD

AT-T-GENO12 AT-T-GEN 6.31E-12 cdiii HI LD

T-SWO11 %T-SW 6.09E-12 cdiii I1_LD

AT-T-FDW008 AT-T-FDW 2.92E-12 cdiii 11 LD

SL-L023 %SL-L 1.27E-12 cdiii II_LD

SL-L070 %SL-L 1.01E-12 cdiii IH_LD
AT-T-LOPP00S AT-T-LOPP 8.45E-13 cdiii I_LD

AT-T-GEN023 AT-T-GEN 1.3E-09 cdiv IV_LD Low
AT-T-GEN026 AT-T-GEN 2.39E-10 cdiv IV_LD Low
AT-T-FDWO015 AT-T-FDW 1.11E-10 cdiv IV LD Low
LL-S050 LL-S 8.47E-11 cdiv IV_LD Low
AT-T-LOPPO15 AT-T-LOPP 3.21E-11 cdiv IV_LD Low
AT-T-GEN024 AT-T-GEN 2.93E-11 cdiv IV_LD Low
AT-T-IORVO11 AT-T-IORV 2.58E-11 cdiv IV_LD Low
ML-LO14 %ML-L 1.89E-11 cdiv IV H High
AT-T-IORV014 AT-T-IORV 427E-12 cdiv IV_LD Low

8A-7




NEDO-33201 Rev 2

Table 8A-1
Level 1 Sequence Bin Assignments
Acc. Sequence Initiating Event CDF |/yr] Lér:slsl Leveﬁlrieﬁe}vent LD\IYe‘\:Z;‘ ter
AT-T-FDWO0Il6 AT-T-FDW 2.53E-12 cdiv IV_ LD Low
LL-S-FDWAO16 %LL-S-FDWA 1.39E-12 cdiv IV H High
LL-S-FDWB047 %LL-S-FDWB 1.39E-12 cdiv IV_H High
AT-T-SW006 AT-T-SW 7.75E-13 cdiv IV LD Low
AT-T-IORVO0I2 AT-T-IORV 5.31E-13 cdiv IV_LD Low
AT-LOCAOI2 AT-LOCA 5.06E-13 cdiv IV.M Medium
AT-T-LOPPO16 AT-T-LOPP 4.66E-13 cdiv IV LD Low
AT-T-GENO025 AT-T-GEN 1.4E-13 cdiv IV LD Low
BOC-MS067 %BOC-MS 1.13E-13 cdiv IV LD Low
ML-LOI3 %ML-L 7.11E-11 cdv N/A
BOC-RWCUO051 %BOC-RWCU 4.37E-11 cdv N/A
T-FDW052 %T-FDW 1.1E-11 cdv N/A
BOC-RWCUO15 %BOC-RWCU 4.36E-12 cdv N/A
T-LOPP052 T-LOPP 3.29E-12 cdv N/A
BOC-RWCU049 %BOC-RWCU 1.23E-12 cdv N/A
BOC-FDWB105 %BOC-FDWB 6.21E-13 cdv N/A
BOC-FDWB103 %BOC-FDWB 1.64E-13 cdv N/A[PH26]
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Table 8A-2

Level 2 Results by Sequence

Sequence Contribution Frequency Cl:et:::)s:y ‘)/Coal::glf)i;e
[ LD-01 4.010E-01 4.94E-09 TSL

1 LD-02 FRI

1 LD-03 OPW2

I LD-04 FR2

1 LD-05 OPWI

1 LD-06 6.350E-03 6E-12 OPVB 37.5740%
1 LD-07 2.150E-03 2E-12 BYP 3.5374%
[ LD-08 4.660E-02 4.3E-11 CCIW 43.5514%
I LD-09 4.960E-04 € CCID 50.9764%
I M-01 8.070E-03 1.00E-10 TSL

I M-02 FR1

[ M-03 OPW2

I M-04 FR2

I M-05 OPWI1

I M-06 OPVB

[ M-07 BYP

I M-08 8.830E-04 1E-12 CCIW 0.8252%
I M-09 3.110E-06 £ CCID 0.3196%
[ M-10 EVE

I H-01 6.340E-01 5.88E-10 EVE 96.3526%
111 LD-01 3.670E-01 4.52E-09 TSL

II_LD-02 FR1

I11_LD-03 2.970E-05 £ OPW2 35.3993%
11 _LD-04 FR2
11 _LD-05 OPWI
111 _LD-06 OPVB
I1I_LD-07 3.840E-03 3E-12 BYP 6.3179%
I11_LD-08 4.000E-02 3.7E-11 CCIW 37.3832%
I11_LD-09 1.960E-04 £ CCID 20.1439%
1l LD-10 DCH
IV _LD-01 1.490E-01 1.83E-09 TSL
IV_LD-02 FR1
1V_LD-03 OPW2
IV_LD-04 FR2
IV_LD-05 OPW1
IV_LD-06 OPVB
IV_LD-07 1.870E-02 1.7E-11 BYP 30.7670%
1V_LD-08 1.980E-02 1.8E-11 CCIW 18.5047%
IV_LD-09 2.790E-04 £ CCID 28.6742%
IV _M-01 5.850E-05 1E-12 TSL

1V _M-02 FR1

1V _M-03 OPW2
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Table 8A-2
Level 2 Results by Sequence
Sequence Contribution Frequency Cl:etl;:'os:y oéal::glzi:_sye
1V _M-04 FR2
IV_M-05 OPWI
IV_M-06 OPVB
1V_M-07 6.470E-06 BYP 0.0106%
IV_M-08 5.750E-06 CCIW 0.0054%
IV_M-09 CCID
IV._M-10 EVE
IV_H-01 2.350E-02 2.2E-11 EVE 3.5714%
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Table 8A-3

Level 2 End State Frequencies*

ILLD| I.M ILH |IILLD|IV_LD| IV.M | IV_H
TSL 4.9E-09| 1E-10 - 4.5E-09| 1.8E-09 € -
FR - -
OPW2 - € -
OPWI - -
OPVB | 6E-12 - -
BYP 2E-12 - 4E-12 | 2E-11 € -
CCIW | 4E-11 € - 4E-11 | 2E-11 € -
CCID | 5E-13 € - € € -
EVE - 6E-10 2E-11
DCH - - - - - -
BOC - - - - - - -

Totals

1.14E-08

€

€

3E-11

2E-11

2E-11

1E-10

€

6E-10

0

1E-10

1E-10

* Note that these are not the final release category frequencies as reported in Section 8, Table 8.2-2. This table
displays the raw quantification results, further post-processing such as adding bypass due to de-inerted operation is

performed before the final results are complete.
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I_LD BI_SP BI_FN Cis vB w1 w2 vT Class Name
Class 1, Dry GDCS deluge Debris is Containment Vapor Containment Containment Vent
or Low Water injects to successfully Isolation Suppression Heat Removal Heat Removal Operation
Level the cooled System Function (Short Term: (Long Term:
TSL I_LD-01
W2-FAILS FR1 |_LD-02
VT-FAILS
OPW2 |_LD-03
WI-FAILS FR2 |_LD-04
VT-FAILS
OPWA1 I_LD-05
VB-FAILS
OPVB |_LD-06
CIS-FAILS
BYP I_LD-07
I_LD BI_FN
cciw I_LD-08
BI_SP
CCID I_LD-09

Figure 8A-1. Class I with Low Drywell Water Level CET
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I_MED EVE_DAM BI_SP BI_FN CIS VB w1 w2 vT Class Name
Class 1, Pedestal GDCS deluge Debris is Containment Vapor Containment Containment Vent
Medium Water Intact injects to successfutly Isolation Suppression Heat Removal Heat Removal Operation
Level the cooled System Function (Short Term: (Long Term:

TSL 1_M-01
W2-FAILS FR1 I_M-02

VT-FAILS
OoPW2 I_M-03
WA1-FAILS FR2 |_M-04

VT-FAILS
OPW1 I_M-05

VB-FAILS
OPVB I_M-06
CIS-FAILS
BYP I_M-07
BI_FN
CCIwW 1_M-08
I_M BI_SP
CCID 1_M-09
EVE

EVE I_M-10

Figure 8A-2. Class I with Medium Drywell Water Level CET
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I|_HI EVE_DAM BI_SP BI_FN Class Name
Class 1, Pedestal GDCS deluge Debris is
High Water Intact injects to successfully
I H
EVE |_H-01

Figure 8A-3. Class I with High Drywell Water Level
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li_Low DCH_DAM BI_SP BI_FN CIs vB w1 W2 vT | Re! Cat Name
Class 3, Dry Direct GDCS deluge Debris is Containment Vapor Containment Containment Vent
or Low Water Containment injects to successfully Isolation Suppression Heat Removal Heat Removal Operation
Level Heating the cooled System Function (Short Term: (Long Term:

TSL I_LD-01
W2-FAILS FR1 NI_LD-02

VT-FAILS
OPW2 _LD-03
-04

WA-FAILS FR2 I_LD-0:

VT-FAILS

OPWA1 NI_LD-05
VB-FAILS
OPVB II_LD-06
CIS-FAILS
BYP t_LD-07
BI_FN
CCiw Il_LD-08
_LD BI_SP
CCID Il_LD-09
DCH

DCH _LD-10

Figure 8A-4. Class III with Low Drywell Water Level CET
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IV_LD BI_SP Bi_FN CIS VB W1 W2 vT Class Name
Class 4, Dry GDCS deluge Debris is Containment Vapor Containment Containment Vent
or Low Water injects to successfully Isolation Suppression Heat Removal Heat Removal Operation
Level the cooled System Function (Short Term: (Long Term:
TSL IV_LD-01
W2-FAILS FR1 IV_LD-02
VT-FAILS
OoPW2 IV_LD-03
WI-FAILS FR2 IV_LD-04
VT-FAILS
OPW1 IV_LD-05
VB-FAILS
OoPVB IV_LD-06
CIS-FAILS
BYP IV_LD-07
WV_LD BI_FN
ccw IV_LD-08
BI_SP
CCID IV_LD-09

Figure 8A-5. Class IV with Low Drywell Water Level CET
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V_M EVE_DAM BI_SP BI_FN Cis VB W1 W2 vT Class Name
Class 4, Pedestal GDCS deluge Debris is Containment Vapor Containment Containment Vent
Medium Water Intact injects to successfully Isolation Suppression Heat Removal Heat Removal Operation
Level the cooled System Function (Short Term: (Long Term:
TSL IV_M-01
IV_M-0
W2-FAILS FR M-02
VT-FAILS
] OPW2 IV_M-03
IV_M-04
W1-FAILS FR2 M0
VT-FAILS
OoPW1 IV_M-05
VB-FAILS
OPVB IV_M-06
CIS-FAILS
BYP IV_M-07
BI_FN
CCIw IV_M-08
IV_M BI_SP .
CCID IV_M-09
EVE
EVE IV_M-10

Figure 8A-6. Class IV with Medium Drywell Water Level CET
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\Y EVE_DAM BI_SP BI_FN cIs VB WA w2 VT Class Name
Class 4, Pedestal GDCS deluge Debris is Containment Vapor Containment Containment Vent
High Water Intact injects to successfully Isolation Suppression Heat Removal Heat Removal Operation
Level the cooled System Function (Short Term: (Long Term:
IV_H
EVE IV_H-01

Figure 8A-7. Class IV with High Drywell Water Level CET
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Failure of signal to
T10-FO11

] |
| C63-T10-FO11-DIV1

Manual Failure of
signal to T10-F011

1
| C63-T10-FO11-DIVI-MAN ]

n

Loss of Logic A AND B Loss of channels A
in Cabinet CAB1 and B in RMUCNT1A
C63-CAB1 C63-RMUCNT1A
Sht. 11 . Sht. 11
— 1 L 1
Loss of Logic A in Loss of Logic B in Loss of logic, power Loss of logic, power
Cabinet CAB1 Cabinet CAB1 or comm A in RMU or comm B in RMU
RMUCNT1A RMUCNT1A
) I
C63-CAB1-A C63-CAB1-B C63-RMUCNT1A-A [ cesrmucNTIAB ]
Sht. 2 Sht. 3 Sht. 4 Sht. 5

Figure 8A-8. Level 2 Fault Trees
Sheet 1 of 147
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Loss of Logic A in
Cabinet CAB1

C63-CAB1-A
Sht. 1
1 1
Loss of power in Common cause failure
Logic Cabinet CAB1 of software
1§ 1§
l C63-CAB1-POWER C63-CCFSOFTWARE |
@ 1.00E-04
Sht. 3

Figure 8A-8. Level 2 Fault Trees
Sheet 2 of 147
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Loss of Logic B in
Cabinet CAB1

Sht. 1

C63-CAB1-B

Loss of power in
Logic Cabinet CAB1

Common cause failure
of software

1
[ cea-caBi-POWER ] [

1

Sht. 2

C63-CCFSOFTWARE

1

@ 1.00E-04

Loss of power supply
A in Logic Cabinet
CAB1

Loss of power supply
B in Logic Cabinet
CAB1

| C63-CAB1-PSA I

| C63-CAB1-PSB l

Loss of Power from

Loss of Power from

R13-11-CB R13-12-CB
R13-11-CB R13-12-CB

1.00E-03

‘ 1.00E-03

Figure 8A-8. Level 2 Fault Trees
Sheet 3 of 147
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toss of logic, power
or comm A in RMU
RMUCNT1A

T
C63-RMUCNT1A-A

Sht. 1

Loss of power in RMU
RMUCNT1A

T
C63-RMUCNT1A-POWER |

Sht. 5

Figure 8A-8. Level 2 Fault Trees
Sheet 4 of 147
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Loss of logic, power
or comm B in RMU
RMUCNT1A

1
C63-RMUCNT1A-B

Sht. 1

Loss of power in RMU
RMUCNT1A

1
[ ce3RMUCNTIA-POWER |

Sht. 4 ; ;

) — 1 |
Loss of power supply Loss of power supply
A in RMU RMUCNT1A B in RMU RMUCNT1A
1 L
C63RMUCNTIAPSA | |  cearmMuUCNTIAPSB |
Loss of Power from Loss of Power from
R13-11-RB R13-12-RB

R13-11-RB

1.00E-03

R13-12-RB

1.00E-03

Figure 8A-8. Level 2 Fault Trees
Sheet 5 of 147
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Failure of signal to
T10-FO11

L

1
C63-T10-FO11-DIV2

Manual Failure of
signal to T10-FO11

1
C63-T10-FO11-DIV2-MAN

I3

Loss of Logic AAND B

Loss of channels A

in Cabinet CAB2 and B in RMUCNT2A
C63-CAB2 C63-RMUCNT2A
Sht. 12 . Sht. 12 .
— 1 L L
Loss of Logic A in Loss of Logic B in Loss of logic, power Loss of logic, power
Cabinet CAB2 Cabinet CAB2 or comm A in RMU or comm B in RMU
RMUCNT2A RMUCNT2A
1 1
C63-CAB2-A C63-CAB2-B C63-RMUCNT2A-A —I | C63-RMUCNT2A-B j
Sht. 7 Sht. 8 Sht. 9 Sht. 10

Figure 8A-8. Level 2 Fault Trees

Sheet 6 of 147
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Loss of Logic A in
Cabinet CAB2

C63-CAB2-A
Sht. 6

A

I — |
Loss of power in Common cause failure
Logic Cabinet CAB2 of software
L 1
[ ceaca2-POWER ] [ ces-ccFsOFTWARE |

@ 1.00E-04

Sht. 8

Figure 8A-8. Level 2 Fault Trees
Sheet 7 of 147
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Loss of Logic B in
Cabinet CAB2

Sht 6

CB3-CAB2-B

Loss of power in
Logic Cabinet CAB2

Common cause failure
of software

[

I
C63-CAB2-POWER

Sht. 7

)

I
C63-CCFSOFTWARE

|

@ 1.00E-04

Loss of power supply
Ain Logic Cabinet
CAB2

Loss of power supply
B in Logic Cabinet
CAB2

I C63-CAB2-PSA l

| C63-CAB2-PSB I

Loss of Power from

Loss of Power from

R13-21-CB R13-22-CB
R13-21-CB R13-22-CB

‘ 1.00E-03

1.00E-03

Figure 8A-8. Level 2 Fault Trees
Sheet 8 of 147

8A-26




NEDO-33201 Rev 2

Loss of logic, power
or comm A in RMU
RMUCNT2A

—
o6 [ cea-rMucNT2aA |

Loss of power in RMU
RMUCNT2A

1
[ ce3-RMUCNT2a-POWER |

Sht. 10

Figure 8A-8. Level 2 Fault Trees
Sheet 9 of 147
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Loss of logic, power
or comm B in RMU
RMUCNT2A

Sht. 6

1
CE63-RMUCNT2A-B

Loss of power in RMU
RMUCNT2A

Sht. 9

1
[ C63-RMUCNT2A-POWER

i

Loss of power supply
A in RMU RMUCNT2A

Loss of power supply
B in RMU RMUCNT2A

L

C63-RMUCNT2A-PSA

CE63-RMUCNT2A-PSB

Loss of Power from

Loss of Power from

R13-21-RB R13-22-RB
R13-21-RB R13-22-RB

1.00E-03

1.00E-03

Figure 8A-8. Level 2 Fault Trees
Sheet 10 of 147

8A-28




NEDO-33201 Rev 2

Failure of signal to
T10-FO12

—
| C63-T10-F012-DIV1 ]

Manual Failure of
signal to T10-F012

—
| C63-T10-F012-DIVI-MAN ]

m

I -

Loss of Logic A AND B Loss of channels A
in Cabinet CAB1 and B in RMUCNT1A

C63-CAB1 C63-RMUCNT1A
Sht. 1 Sht. 1

Figure 8A-8. Level 2 Fault Trees
Sheet 11 of 147

8A-29




NEDOQO-33201 Rev 2

Failure of signal to
T10-FO12

—.
C63-T10-F0120v2 |

Manual Failure of
signal to T10-F012

——
I C63-T10-F012-DIV2-MAN

n

L —
Loss of Logic AAND B Loss of channels A
in Cabinet CAB2 and B in RMUCNT2A
C63-CAB2 C63-RMUCNT2A
Sht. 6 Sht. 6

Figure 8A-8. Level 2 Fault Trees
Sheet 12 of 147

8A-30




NEDO-33201 Rev 2

DCH

POINT ESTIMATE -
DIRECT CONTAINMENT
HEATING FAILURE

-
| L2DCH-ESTIMATE |

O 1.00E-03

Figure 8A-8. Level 2 Fault Trees
Sheet 13 of 147

8A-31




NEDO-33201 Rev 2

BI_FN |

POINT ESTIMATE - CORE
NOT COOLED BY DELUGE
FLOW

1
[ L2BiFNESTIMATE ]

O 1.00E-02

Figure 8A-8. Level 2 Fault Trees
Sheet 14 of 147

8A-32




NEDO-33201 Rev 2

EVE

POINT ESTIMATE -
EX-VESSEL EXPLOSION
WITH MEDIUM LEVEL IN

bw

1
| L2EVE-ESTIMATE |

O 1.00E-03

Figure 8A-8. Level 2 Fault Trees
Sheet 15 of 147

8A-33




NEDO-33201 Rev 2

GDCS DELUGE SUPPLY
FAILS TO OPEN

A

MECHANICAL FAILURES

= |

1

ACTUATION FAILURES

E50-DELUGE-MECH

1
[ Eso-DELUGE-ACT |

b

sht. 17
1 1
TRAIN 1 TRAIN 2
ES0-TRAIN-1 ES0-TRAIN-2
L | I 1

TRAIN 1 - AUTOMATIC
ACTUATION FAILURE

SQUIB-FIRING BATTERY
FAILS — including
common cause

TRAIN 2 - AUTOMATIC
ACTUATION FAILURE

OPERATOR FAILS TO
ENABLE TRAIN 2

[

1
E50-ACT-TRAIN-1

|

1
L2-E50-BT_-LP-SQUIBS-G1 ]

|

1
E50-ACT-TRAIN-2 |

Sht. 107

1

l

E50-XHE-FO-DLTR2

Sht. 123

Sht. 124

@ 3.00E-02

FAILS — including
common cause

SQUIB-FIRING BATTERY

[ L2-E50-BT_LP-SQUIBS-G2 1

Sht. 140

Figure 8A-8. Level 2 Fault Trees

Sheet 16 of 147

8A-34




NEDO-33201 Rev 2

MECHANICAL FAILURES

Sht 16

MECHANICAL FAILURES
OF DELUGE VALVE FA1

MECHANICAL FAILURES
OF DELUGE VALVE FC1

T
E50-LINE-A1-MECH

Sht 18

I
ES50-LINE-C1-MECH

Sht. 70
1

I

MECHANICAL FAILURES
OF DELUGE VALVE FA2

MECHANICAL FAILURES
OF DELUGE VALVE FC2

Sht. 28
L

Sht 80
1

MECHANICAL FAILURES
OF DELUGE VALVE FA2

MECHANICAL FAILURES
OF DELUGE VALVE FC3

ESO-LINE-A3-MECH

Sht. 38
I

ES0-LINE-C3-MECH

Sht 90
1

MECHANICAL FAILURES
OF DELUGE VALVE FB1

MECHANICAL FAILURES
OF DELUGE VALVE FD1

I
E50-LINE-B1-MECH

Sht 44
[

T
ES50-LINE-D1-MECH

Sht 96
1

MECHANICAL FAILURES
OF DELUGE VALVE FB2

MECHANICAL FAILURES
OF DELUGE VALVE FD2

Sht 54

Sht. 101
1

MECHANICAL FAILURES
OF DELUGE VALVE FB3

MECHANICAL FAILURES
OF DELUGE VALVE FD3

E50-LINE-B3-MECH

Sht 64

E50-LINE-D3-MECH

Sht 106

Figure 8A-8. Level 2 Fault Trees
Sheet 17 of 147

8A-35




NEDO-33201 Rev 2

MECHANICAL FAILURES
OF DELUGE VALVE FA1

Sht. 17

1
[ EsouNE-AtMECH ]

n

L

SQUIB VALVE FA1 FAILS
TO OPEN - including
common cause

L2-E50-SQV-CC-DELUGE-G1 ] [

ES0-SQV-RELAYS-A1

]

Sht. 19

n

1

RELAY FAILURE TO
OPERATE
(ELECTROMECHANICAL)
-- including common

RELAY FAILURE TO
OPERATE
(ELECTROMECHANICAL)

T

L2-E50-RE_-FD-SQUIBS-G1 |

b
E50-RE_-FD-FA1-2

Sht. 24

O 1.00E-04

Figure 8A-8. Level 2 Fault Trees

Sheet 18 of 147

8A-36




NEDO-33201 Rev 2

SQUIB VALVE FA1FAILS
TO OPEN -- including
common cause

Sht. 4o

.
12-E50-5QV-CC-DELUGE-GY |

CCF of two
components:
E50-SQV-CC-F1-A1 &
E50-5QV-CC-F1-B1

T

1 |
| wesosavc_iot | [

| 2-E50-SQV-CC-DELUGE_1_2

Sht. 20

@2.055-05

"l

CCF of wo
components:
E50-SQV-CC-F1-A1&
E50-5QV-CC-F1-C1

.
[ 2Esosavc_ 100 | |

T
12-€50-SQV-CC-DELUGE_1_3

Sht. 21

@z.ossos

CCF of two
components:
ES50-5QV-CC-F1-A1 &
E50-SQV-CC-F2-A2

1

[ 2Esosavces ] [

| 2-650-8QV-CC-DELUGE _1_4

]

Sht. 22

@2.08E-05

CCF of wo
components:
E50-SQV-CC-F1-A1 &
ES50-5QV-CC-F2-82

T
[ 2-E50-5QV-C_98 |

T
| 2-E50-SQV-CC-DELUGE_1_5

1

@ 2.08E-05

sht 23
) - 1
SQUIB VALVE FA1 FAILS CCF of two
TO OPEN components:
E50-SQV-CC-F1-A1 &
E50-SQV-CC-F2C2
T :
| E50-SQV-CC-F1-A1 | [ L2-E50-SQV-CC-DELUGE_1_6 ]

Q 3.00E-03

@2.055-05

Figure 8A-8. Level 2 Fault Trees
Sheet 19 of 147

8A-37




NEDO-33201 Rev 2

1
i L2-E50-SQV-C_101 |

Sht. 19 %

[ 1

CCF of two CCF of two
components: components:
E50-SQV-CC-F1-A1 & E50-SQV-CC-F1-A1 &
E50-SQV-CC-F3-A3 E50-SQV-CC-F3-B3
1 1
L 2-E50-SQV-CC-DELUGE_1_7 ] L2-E50-SQV-CC-DELUGE_1_8

@2.08E-05 @2.08E{)5

Figure 8A-8. Level 2 Fault Trees
Sheet 20 of 147

8A-38




NEDO-33201 Rev 2

T
| 12.E50-SQV-C_100 |

Sht. 18 m
-
[ 1
CCF of two CCF of three
components: components-

ES50-SQV-CC-F1-A1&
ES0-SQV-CC-F3-C3

E50-SQV-CC-F1-A1&
E50-SQV-CC-F1-B1&

EEO-EOV-CC-F3-A3
)

I
L2-ES0-SQV-CC-DELUGE_1_9

| 2-E50-SQV-CC-DELUGE_1_2_7

@2.08E-05

@ 5.956-07

I ——
CCF of three CCF of three
components: components:

ES0-SQV-CC-F1-A1 &
E50-SQV-CC-F1-B1 &

EEO-EQV-E -Gt

E50-SQV-CC-F1-A1&
E50-SQV-CC-F1-B1&

E60-5QV-GE+R3-B3
=

» s
L2-E50-SQV-CC-DELUGE_1_2_3

L2-E50-SQV-CC-DELUGE_1_2_8

@ 5.95E-07

@ 5.95E-07

I |
CCF of three CCF of three
components: components:

ES0-SQV-CC-F1-A1 &
E50-SQV-CC-F1-B1 &

ES0-SQV-CC-F1-A18&
E50-5QV-CC-F1-B1&

EHE-SaN-BC-FA-AR

E60-6OV-C0F3-63
4

| 2-E50-SQV-CC-DELUGE_1_2_4

L2-ES0-SQV-CC-DELUGE_1_2_9

@ 5.95E-07

@ 5.95€-07

CCF of three
components:
E50-SQV-CC-F1-A1 &
ES50-SQV-CC-F1-B1 &

ES0-E0M-CE-F2-82

CCF of three
components:
E50-SQV-CC-F1-A1 &
ES0-SQV-CC-F1-C1 &

E60-EOV-EEF2AR

*
L2-E50-SQV-CC-DELUGE_1_2_5

£
L2-E50-SQV-CC-DELUGE_1_3_4

@ 5.95E-07

@ 5.956-07

CCF of three
components:
E50-SQV-CC-F1-A1&
E50-SQV-CC-F1-B1 &

CCF of three
components:
E50-SQV-CC-F1-A1&
ES50-SQV-CC-F1-C1&

- EOEO-R2-Ca.
£

EE0-EaN-CO-F2B2

12-E50-SQV-CC-DELUGE_1_2_6

I

L2-E50-SQV-CC-DELUGE_1_3_5

@ 5.95E-07

@ 5.956-07

Figure 8A-8. Level 2 Fault Trees
Sheet 21 of 147

8A-39




NEDO-33201

Rev 2

L2-E50-SQV-C_99
Sht. 19
| — 1
CCF of three CCF of three
components: components:

E50-SQV-CC-F1-A1 &
E50-SQV-CC-F1-C1&

ES0-SQV-CC-F1-A1&
ES50-SQV-CC-F2-A2 &

S CVEEFAsa
L2-E50-SQV-CC-DELUGE_1_3 6 | 2-E50-SQV-CC-DELUGE_1_4_6 ]
@ 5.956-07 @ 5.95E-07
r 1
CCF of three CCF of three
components: components:

E50-SQV-CC-F1-A1&
E50-SQV-CC-F1-C1 &

E50-SQV-CC-F1-A1 &
E50-SQV-CC-F2-A2 &

EBO-EQVECFI-A3
4

£60-5QUEE-FIA3
S

L2-E50-SQV-CC-DELUGE_1_3 7

{2-E50-SQV-CC-DELUGE_1_4_7 ]

@5.95507

@5‘955-07

— |
CCF of three CCF of three
components: components:

E50-SQV-CC-F1-A1 &
E50-SQV-CC-F1-C1&

ES0-SQV-CC-F1-A1 &
E50-SQV-CC-F2-A2 &

E60-6QV-CC-F3-B3
y

L2-E50-SQV-CC-DELUGE_1_3_8

L2-E50-SQV-CC-DELUGE_1_4_8 |

@ 5.95E-07

@5.955-07

| — 1
CCF of three CCF of three
components: components:

E50-SQV-CC-F1-A1 &
E50-SQV-CC-F1-C1 &

E50-SQV-CC-F1-A1&
E50-SQV-CC-F2-A2&

ESO-BON-CC-R-E3
£

12-E50-SQV-CC-DELUGE_1_3_9

EB0-S AN~ 3—————
L2-E50-5QV-CC-DELUGE _1_4_9 ]

@ 5,95E-07

@ 5.95E-07

| — 1
CCF of three CCF of three
components: components;

E50-SQV-CC-F1-A1&
ES0-SQV-CC-F2-A2 &

EEO-EaM-

£2Ra

E50-SQV-CC-F1-A1 &
E50-SQV-CC-F2-B2 &

L2-E50-SQV-CC-DELUGE_1_4_5 I

L2-E50-SQV-CC-DELUGE_1_5_6 ]

@ 5 95E-07

@ 5.95E-07

Figure 8A-8. Level 2 Fault Trees
Sheet 22 of 147

8A-40




NEDO-33201 Rev 2

L2-E50-5QV-C_98
sht. 19
| e— 1
CCF of three CCF of three
companents: components:

E50-SQV-CC-F1-A1&
E50-SQV-CC-F2-B2 &

E50-SQV-CC-F1-A1 &
E50-SQV-CC-F2-C2 &

ES0-EOVCO-FEIAS
2

EE0-5QV-E6-Fa-63
y o

L2-E50-SQV-CC-DELUGE_1_5_7

L2-E50-SQV-CC-DELUGE_1_6_9 ]

@ 5.95E-07

@ 5.95E-07

) — L
CCF of three CCF of three
components: components:

E50-SQV-CC-F1-A1 &
E50-SQV-CC-F2-B2&

ES-EQM-CE-F3-B3

E50-SQV-CC-F1-A1 &
E50-SQV-CC-F3-A3 &

L2-E50-SQV-CC-DELUGE_1_5_8

L2-E50-SQV-CC-DELUGE_1_7_8 |

@ 5 95E-07

@ 5.95E-07

E50-SQV-CC-F1-A1&
E50-SQV-CC-F2-B2 &

) — 1
CCF of three CCF of three
components: components:

E50-SQV-CC-F1-A1 &
E50-SQV-CC-F3-A3 &

E60-6QVE6-F3-63
L2-E50-SQV-CC-DELUGE_1_5_9 L2-E50-SQV-CC-DELUGE_1_7_9 ]
5 95E-07 @ 5.95E-07
] — 1
CCF of three CCF of Ihree
components: components:

ES0-SQV-CC-F1-A1 &
E50-SQV-CC-F2-C2 &

S-S QMG C-RI-AS

E50-SQV-CC-F1-A1 &
E50-SQV-CC-F3-B3 &

EEO-EOMNASC-F3-C3
 a

f
|.2-E50-SQV-CC-DELUGE _1_6_7

| 2-E50-SQV-CC-DELUGE_1_8_9 ]

@ 5.95E-07

@ 5 95E-07

— |
CCF ofthree CCF of all components
components: in group

E50-SQV-CC-F1-A1 &
ES0-SQV-CC-F2-C2 &

'L2-E50-SQV-CC-DELUG

E-EaNEC-R3-B3
T

12-E50-SQV-CC-DELUGE_1_6_8 I

I
12-E50-SQV-CC-DELUGE_ALL ]

@ 5.95E-07

@ 1.50E-04

Figure 8A-8. Level 2 Fault Trees
Sheet 23 of 147

8A-41




NEDO-33201 Rev 2

RELAY FAILURE TO
OPERATE
(ELECTROMECHANICAL)
-- including common

\— h d

L2-E50-RE_-FD-SQUIBS-G1 ]
sht.k4e:
L —1
CCF of two
components:
E50-RE_-FD-FA1-1 &
E50-RE_-FD-FB1-1
b 4 I
| L2-E50-RE_F 89 | L2-E50-RE_-FD-SQUIBS_1_3 ]
<®) 7.94E-07
Sht. 25
[ 1
CCF of two
components:
ES0-RE_-FD-FA1-1 &
ES50-RE_-FD-FB2-1
L 1
| L2-ESO-RE_F 88 | | 2-E50-RE_-FD-SQUIBS_1_4 ]
@7.945-07
sht 26
I a—
CCF of two
components:
E50-RE_-FD-FA1-1 &
E50-RE_-FD-FC1-1
1 —
[ L2-E50-RE_F 87 | L2-E50-RE_-FD-SQUIBS_1_5 |
@ 7.94E-07
she, 27
I -1
RELAY FAILURE TO CCF of two
OPERATE components:
(ELECTROMECHANICAL) ES50-RE_-FD-FA1-1 &
E50-RE_-FD-FC2-1
1 8 . —
| E50-RE_-FD-FA1-1 | L2-E50-RE_-FD-SQUIBS_1_6 |
O 1.00E-04 @7.945-07
L L
CCF of two CCF of two
components: components:
E50-RE_FD-FA1-13& ES0-RE_-FD-FA1-1 &
E50-RE_-FD-FA2-1 E50-RE_-FD-FD1-1
1 L
L2-E50-RE_FD-SQUIBS_1_2 || |2-E50-RE_-FD-SQUIBS_1_7 ]

@ 7.94E-07 @ 7.94E-07

Figure 8A-8. Level 2 Fault Trees
Sheet 24 of 147

8A-42




NEDO-33201 Rev 2

i
| LoEsore_F 89 ]

Sht. 24 Eﬁ
L 1
CCF of two CCF of three
components: components:

ES0-RE_-FD-FA1-1 &
ES0-RE_-FD-FD2-1

I3

L2-E50-RE_-FD-SQUIBS_1_8

7.94507

CCF of three
components:
E50-RE_-FD-FA1-1 &
E50-RE_-FD-FA2-1 &

EAARE—mD-ER 4.
) d

L2-ES0-RE_-FD-SQUIBS_1_2_3

Figure 8A-8. Level 2 Fault Trees

@ 2.65E-08

Sheet 25 of 147

8A-43

ES0-RE_-FD-FA1-1 &
ES0-RE_-FD-FA2-1 &

L2-E50-RE_-FD-SQUIBS_1_2_4

@2.65E-08




NEDO-33201 Rev 2

Sht. 24
I 1
CCF of three CCF of three
components: components:

E50-RE_-FD-FA1-1 &
ES0-RE_-FD-FA2-1 &

ES0-RE_-FD-FA1-1 &
E50-RE_-FD-FB1-1 &

ESO-RE—FD-FC3
=T

L2-E50-RE_-FD-SQUIBS_1_2_5

L2-E50-RE_-FD-SQUIBS_1_3_5

@z.&&&-oa

@2.65&-08

L | -
CCF of three CCF of three
components: components:

ES50-RE_-FD-FA1-1 &
E50-RE_-FD-FA2-1 &

E50-RE_-FD-FA1-1&
E50-RE_-FD-FB1-1 &

ES0-RE—FB-FC2+
=T

O-RE—FD-FCa4
=5 —

12-E50-RE_-FD-SQUIBS_1_2_6

L2-E50-RE_-FD-SQUIBS_1_3_6

2.65E-08

@z.ese-oa

I

CCF of three
components:
E50-RE_-FD-FA1-1&
E50-RE_-FD-FA2-1 &

CCF of three
components:
ES0-RE_-FD-FA1-1 &
ES0-RE_-FD-FB1-1 &

R DD+
=5 f

G- -4
T

L2-ES0-RE_-FD-SQUIBS_1_2_7

L2-E50-RE_-FD-SQUIBS_1_3_7

z.ese-oa

@z.ess-os

CCF of three
components:
ES0-RE_-FD-FA1-1 &
ES0-RE_-FD-FA2-1 &

CCF of three
components:
E50-RE_-FD-FA1-1 &
ES50-RE_-FD-FB1-1 &

E60-RE—FB-FDa-+
=T

B O-RE—RD-ED-$
=T

L2-E50-RE_-FD-SQUIBS_1_2_8

L2-E50-RE_-FD-SQUIBS_1_3_8

@2.&55-05

@2.65E-08

.l

CCF of three
components:
ES0-RE_-FD-FA1-1 &
E50-RE_-FD-FB1-1&

CCF of three
components:
ES50-RE_-FD-FA1-1 &
ES50-RE_-FD-FB2-1 &

E60-RE—ED-EB2-4
=T

E60-RE—FD-REG++
=T

{2-E50-RE_-FD-SQUIBS_1_3_4

12-E50-RE_-FD-SQUIBS_1_4_5

@2 65E-08

@2.65E-03

Figure 8 A-8. Level 2 Fault Trees
Sheet 26 of 147




NEDO-33201 Rev 2

L2-E50-RE_-F_87

Sht. 24
L 1
CCF of three CCF ofthree
components: components:

E50-RE_-FD-FA1-1&
ES50-RE_-FD-FB2-1 &

E50-RE_-FD-FA1-1 &
E50-RE_-FD-FC1-1 &

——£60-RE_FD-FO2-4
L

L2-E50-RE_-FD-SQUIBS_1_4_6

L2-E50-RE_-FD-SQUIBS_1_5_8

Q@ 2 65E-08

@ 2.65E-08

r

CCF of three
components:
E50-RE_-FD-FA1-1 &
ES0-RE_-FD-FB2-1 &

CCF of three
components:
E50-RE_-FD-FA1-1 &
E50-RE_-FD-FC2-18

E£60-RE—FB-FO4-1
I

L2-E50-RE_-FD-SQUIBS_1_4_7

12-E50-RE_-FD-SQUIBS_1_6_7

@ 2.65E-08

@2.655-08

CCF of three
components:
E50-RE_-FD-FA1-1 &
E50-RE_-FD-FB2-1 &

CCF of three
components:
E50-RE_-FD-FA1-18&
ES0-RE_-FD-FC2-1 &

£60- FO-FDa4
e

12-E50-RE_-FD-SQUIBS_1_4_8

|.2-E50-RE_-FD-SQUIBS_1_6_8

O@ 2.65E-08

@2.65E-OB

CCF of three
components:
E50-RE_-FD-FA1-1 &
ESQ-RE_-FD-FC1-1 &

£60. FOEC2 Y
RE—

CCF of three
components:
E50-RE_-FD-FA1-1 &
E50-RE_-FD-FD1-1 &

—E60-RE—FD-FD2-3
1

L

|2-E50-RE_-FD-SQUIBS_1_5_6

12-E50-RE_-FD-SQUIBS_1_7_8

@2.655-08

2.65E-08

L

CCF of three
components:
E50-RE_-FD-FA1-1 &
ES0-RE_-FD-FC1-1 &

CCF of all components
in group
'L2-E50-RE_-FD-SQUIB

1.2-E50-RE_-FD-SQUIBS_1_5_7

T
L2-E50-RE_-FD-SQUIBS_ALL

@2.65E-08

5.00E-06

Figure 8A-8. Level 2 Fault Trees
Sheet 27 of 147




NEDO-33201 Rev 2

MECHANICAL FAILURES
OF DELUGE VALVE FA2

1
| Es50-LINE-A2MECH

Sht. 17 :

L A1

SQUIB VALVE (FAILURE
TO OPEN)} - including
common cause

©

i 1 1
L2-E50-SQV-CC-DELUGE-G4 | | E50-SQV-RELAYS-A2

]

A n

RELAY FAILURE TO
OPERATE
(ELECTROMECHANICAL)
- including common

RELAY FAILURE TO
OPERATE
(ELECTROMECHANICAL)

h d
| L2-E50-RE_-FD-SQUIBS-G2 ]

|
ES0-RE_-FD-FA2-2

1

Sht. 34

O 1.00E-04

Figure 8A-8. Level 2 Fault Trees

Sheet 28 of 147

8A-46




NEDO-33201 Rev 2

$QUIB VALVE (FAILURE
TO OPEN) -- including
common cause

T
L2-E50-SQV-CC-DELUGE-G4 |

Shi.'2¢

CCF of two
components:
E50-SQV-CC-F1-Af1 &
ES0-SQV-CC-F2-A2

I

T
[ teEsosavces ] [ 12-E50-SQV-CC-DELUGE_1_4

@2.05505
Shi, 30

CCF of two
components:
E50-SQV-CC-F1-B1 &
E50-SQV-CC-F2-A2

I I
I L2-E50-SQV-C_88 I L2-E50-SQV-CC-DELUGE_2_4

.@ 2.08E-05
Sht. 31

I 1

CCF of two
components:
E50-SQV-CC-F1-C1&
E50-SQV-CC-F2-A2

I
L2-E50-5Qv-C_87 | | L2-E50-SQV-CC-DELUGE_3_4 |

O@ 2.08E-05
sht. 32

CCF of two
components:
E50-SQV-CC-F2-A2 &
E50-SQV-CC-F2-B2

| L2Esosavc_ss | 12-E50-SQV-CC-DELUGE_4_5 |

@ 2.08E-05
sht. 33

SQUIB VALVE (FAILURE CCF of two
TO OPEN) components:
E50-SQV-CC-F2-A2&
E50-SQV-CC-F2-C2

T T
[ esosav-ccrzaz | [ L2-E50-SQV-CC-DELUGE_4_6 ]

O 3.00E-03 @z.oae-os

Figure 8A-8. Level 2 Fault Trees
Sheet 29 of 147

8A-47




" NEDO-33201 Rev 2

1
[ L2Esosav-ces |

Sht. 2¢ @

I 1

CCF of two CCF of two
components- components:
E50-SQV-CC-F2-A2 & E50-SQV-CC-F2-A2 &
E50-SQV-CC-F3-A3 E50-SQV-CC-F3-B3
L I
L2-E50-SQV-CC-DELUGE_4_7 l 12-E50-SQV-CC-DELUGE_4_8

@Z.OBE-OS @2.03505

Figure 8A-8. Level 2 Fault Trees
Sheet 30 of 147

8A-48




NEDO-33201 Rev 2

Sht. 29
1 1
CCF of two CCF of three
components. components:

ES0-SQV-CC-F2-A2 &
£50-SQV-CC-F3-C3

E50-SQV-CC-F1-A1 &
E50-SQV-CC-F2-A2 &

EC60-5aN F3-AZ

I

L2-E50-SQV-CC-DELUGE_4_9

L2-E60-SQV-CC-DELUGE_1_4_7 ]

@Z.OBE-OS

@ 5.95E-07

CCF of three
components:
E50-SQV-CC-F1-A1 &
E50-SQV-CC-F1-B1 &

CCF ofthree
components:
E50-SQV-CC-F1-A1 &
£50-SQV-CC-F2-A2 &
—E50-EQVGG-F3-R3

ES0-SQV-CO-FA-AR
o

L2-E50-SQV-CC-DELUGE_1_2_4

&
2-E50-SQV-CC-DELUGE_1_4_8 |

@ 5.95E-07

@ 5.95E-07

1

CCF of three
components:
ES0-SQV-CC-F1-A1 &
E50-SQV-CC-F1-C1 &

CCF of three
components:
E50-SQV-CC-F1-A18
E50-SQV-CC-F2-A2 &

E£60-60% EoeAD.
1

—ES-EANECFI-C3
) oa

L2-E50-SQV-CC-DELUGE_1_3_4

L2-E50-SQV-CC-DELUGE_1_4_9 ]

@5.955-07

@5.955-07

I —
CCF of three CCF of three
components: components.

E50-SQV-CC-F1-A1 &
E50-SQV-CC-F2-A2 &

E50-SQV-CC-F1-B1 &
E£50-SQV-CC-F1-C1&

E60-SQV-CC-FAB2
)

£60-5QV-00-Fang
+

L2-E50-SQV-CC-DELUGE_1_4_5

.2-£50-SQV-CC-DELUGE_2_3_4

@ 5.95E-07

@ 5.95E-07

I —
CCF of three CCF of three
components: components:

E50-SQV-CC-F1-A18
E50-SQV-CC-F2-A2 &

E50-SQV-CC-F1-B1 &
E50-SQV-CC-F2-A2 &

E60-6V-GGF2-Ga
+

—EBE-EON-GE-Fa-B2
s

L2-E50-5QV-CC-DELUGE_1.4. 6 |

L2-E50-SQV-CC-DELUGE_2_4_5 |

@ 5,95E-07

@ 5.95€-07

Figure 8A-8. Level 2 Fault Trees
Sheet 31 of 147

8A-49




NEDO-33201 Rev 2

L2-E50-SQV-C_87

sht. 29
L —
CCF of three CCF ofthree
components- components
E50-SQV-CC-F1-B1 & E50-SQV-CC-F1-C1&
E50-SQV-CC-F2-A2 & E50-SQV-CC-F2-A2 &

5O SQV-CEF262 £60-6QMG6-F2-62
L2-E50-SQV-CC-DELUGE 2 4 6 | L2-E50-SQV-CC-DELUGE_3_4_6 |
5.95E-07 @5.955-07
I —l
CCF of three CCF ofthree
components: components:
E50-SQV-CC-F1-B1 & E50-SQV-CC-F1-C1&
E50-SQV-CC-F2-A2 & E50-SQV-CC-F2-A2 &

— 60 CQVECFIAS
|.2-E50-SQV-CC-DELUGE_2 4_7 | 2-£50-SQV-CC-DELUGE_3 4 7 ]
@ 5.95E-07 @5.955-07

1 1
CCF of three CCF of three
componems: componenls:
E50-SQV-CC-F1-B1& E50-SQV-CC-F1-C1 &
E50-SQV-CC-F2-A2 & E50-SQV-CC-F2-A2 &
OGOV OC 383
£
L2-E50-SQV-CC-DELUGE_2_4_8 1.2-E50-SQV-CC-DELUGE_3 4_8 |
@ 5.95E-07 @5.955-07
1 1
CCF of three CCF of three
components: components;
E50-SQV-CC-F1-B1 & E50-SQV-CC-F1-C1 &
E50-SQV-CC-F2-A2 & E50-SQV-CC-F2-A2 &
E50-SOM-BOF303 E60-EOV-ECFI-C3
= o
L2-E50-SQV-CC-DELUGE_2_4_9 L2-E50-SQV-CC-DELUGE_3_4_9 |
@ 5,95E-07 @ 5.95E-07
1 1
CCF of three CCF of three
components: camponents:
E50-SQV-CC-F1-C1& E50-SQV-CC-F2-A2 &
E50-SQV-CC-F2-A2 & E50-SQV-CC-F2-B2 &
£50-SaVEe-Fa B2
L2-E50-SQV-CC-DELUGE 3 4 5 | L2-E50-SQV-CC-DELUGE_4_5_6 |

@ 5.95E-07 @5.95507

Figure 8A-8. Level 2 Fault Trees
Sheet 32 of 147

8A-50




NEDO-33201 Rev 2

L2-E50-SQV-C_86
Sht 29
I —]
CCF of three CCF of three
components: components:

E50-5QV-CC-F2-A2 &
E50-SQV-CC-F2-B2 &

ES0-EOVAGC-E3-A3.

E50-SQV-CC-F2-A2 &
£50-SQV-CC-F2-C2 &

E60-EQV-50-F3-63
oA

+
L2-E50-SQV-CC-DELUGE_4_5_7

L2-E50-SQV-CC-DELUGE_4_6_9

5.95E-07

@5.955-07

L 1
CCF of three CCF of three
components: components:

E50-SQV-CC-F2-A2 &
E50-SQV-CC-F2-B2 &

ES0-8QV-CC-F2-A2 &
E50-SQV-CC-F3-A3 &

E50-5QV-Co-F3-B3
=

L2-E50-5QV-CC-DELUGE_4_5_8

L2-E50-SQV-CC-DELUGE_4_7_8

@ 5.95E-07

@ 5.95E-07

L —1
CCF of three CCF of three
components: components:

E50-SQV-CC-F2-A2 &
ES50-SQV-CC-F2-B2 &

E50-SQV-CC-F2-A2 &
E50-SQV-CC-F3-A3 &

E65-EGM-06-F3-03
) e

OG-SO\ 2Py
6

L2-E50-SQV-CC-DELUGE_4_5_9

L2-E50-SQV-CC-DELUGE_4_7_9

@ 5.95E-07

@ 5.95E-07

CCF ofthree
components:
E50-SQV-CC-F2-A2 &
ES0-SQV-CC-F2-C2 &

CCF of three
components:
ES50-SQV-CC-F2-A2 &
E50-SQV-CC-F3-B3 &

EEO-S0 F3-C3
4

[

L 2-E50-SQV-CC-DELUGE_4_6_7 L2-E50-SQV-CC-DELUGE_4_8 9
@ 5.95E-07 5 95E-07
I 1
CCF ofthree CCF of all components
components: in group

£50-SQV-CC-F2-A2 &
E50-SQV-CC-F2-C2&

‘L2-E50-SQV-CC-DELUG

L

L2-E50-SQV-CC-DELUGE_4_6_8

I
12-E50-SQV-CC-DELUGE_ALL

@ 5.95E-07

@ 1.50E-04

Figure 8A-8. Level 2 Fault Trees
Sheet 33 of 147

8A-51




NEDO-33201 Rev 2

RELAY FAILURE TO
OPERATE
(ELECTROMECHANICAL)
-- includng comman

¥
L2-E50-RE_-FD-SQUIBS-G2 I

Sht."28

- |

CCF of two
components:
E50-RE_-FD-FA2-1 &
E50-RE_-FD-FB1-1

T

| L2-E50-RE_-F_86 | | L2-E50-RE_-FD-SQUIBS_2_3 |
(@) 7.94E-07
Sht, 35
I L
CCF of two
components:

E50-RE_-FD-FA2-1&
ES50-RE_-FD-FB2-1

) 1
[ 12.E50-RE_F_85 | [ L2-E50-RE_-FD-SQUIBS_2_4 ]
@ 7.94E-07
sht. 36
L 1
CCF of two
components.
E50-RE_-FD-FA2-1 &
E50-RE_-FD-FC1-1
1 L
[ L2.E50-RE_-F_84 ] H L2-E50-RE_-FD-SQUIBS_2_5 ]
7.94E-07
Sht. 37
I 1
RELAY FAILURE TO CCF of two
OPERATE components:
(ELECTROMECHANICAL) ES0-RE_-FD-FA2-1&
E50-RE_-FD-FC2-1
I L
| ES0-RE_-FD-FA2-1 | | L2-E50-RE_-FD-SQUIBS_2_6 |
O 1.00E-04 @ 7.94E-07
L 1
CCF of two CCF of two
components: components:

E50-RE_-FD-FA1-1 &
ES0-RE_-FD-FA2-1

E50-RE_-FD-FA2-1 &
E50-RE_-FD-FD1-1

) i
| 2-E50-RE_-FD-SQUIBS_1_2

L
L 2-E50-RE_-FD-SQUIBS_2_7 ]

@ 7.94E-07

Figure 8A-8.

@ 7.94E-07

Level 2 Fault Trees

Sheet 34 of 147

8A-52




NEDO-33201 Rev 2

1
| 1oEsoRE_Fes ]
Sht. 34 Q
1 —
CCF of two CCF of three
components: components:

ES50-RE_-FD-FA2-1 &
E50-RE_-FD-FD2-1

E50-RE_-FD-FA1-1&
ES0-RE_-FD-FA2-1 &

L

L2-E50-RE_-FD-SQUIBS_2_8 |

12-E50-RE_-FD-SQUIBS_1_2 4

@7.945-07

@2.65E-OB

CCF of three
components
ES0-RE_-FD-FA1-1 &
ES50-RE_-FD-FA2-1 &

FH0-RE—ED-ER41
=1 had

] L2-E50-RE_-FD-SQUIBS_1_2_3

1

@ 2.65E-08

Figure 8A-8. Level 2 Fault Trees

Sheet 35 of 147

8A-53




NEDQ-33201 Rev 2

| 2-E50-RE_-F_85

Sht. 34
I ) |
CCF of three CCF of three
components: components:

ES50-RE_-FD-FA1-1 &
ES0-RE_-FD-FA2-1 &

ES0-RE_-FD-FA2-18&
E50-RE_-FD-FBI-18&

EO-EC 4t

£66- FO-FCi-3
RE—F

L2-E50-RE_-FD-SQUIBS_1_2_5

L2-E50-RE_-FD-SQUIBS_2_3_5

@2.65E-08

.@ 2.65E-08

CCF of three
components:
ES50-RE_-FD-FA1-1 &
E50-RE_-FD-FA2-1&

CCF of three
components:
E50-RE_-FD-FA2-1 &
E50-RE_-FD-FB1-1&

EO-Foa3

E80-RE—FBFG21
1

L2-E50-RE_-FD-SQUIBS_1_2_6

L2-E50-RE_-FD-SQUIBS_2_3_6

@2.65E-08

@ 2.65E-08

I

1

CCF of three
components:
E50-RE_-FD-FA1-1&
ES0-RE_-FD-FA2-1&

CCF of three
components:
ES0-RE_-FD-FA2-1 &
E50-RE_-FD-FB1-1 &

-E60-RE—FD-FD4-+
1

E66-REFD-FB+4
.

12-E50-RE_-FD-SQUIBS_1_2_7

L2-E50-RE_-FD-SQUIBS_2_3_7

O@ 2.65E-08

( : )2.65508

I

CCF of three

components:
ES0-RE_-FD-FA1-1 &
ES0-RE_-FD-FA2-1 &
£60-RE—£5-FDa-+

CCF of three
components:
E50-RE_-FD-FA2-1 &
E50-RE_-FD-FB1-1&

EO-FD2-3

1.2-E50-RE_-FD-SQUIBS_1_2_8

| 2-£50-RE_-FD-5QUIBS_2_3_8

2.65E-08

@ 2.65E-08

CCF of three
components:
E50-RE_-FD-FA2-1 &
ES0-RE_-FD-FB1-18&

CCF of three
components:
E50-RE_-FD-FA2-1 &
E50-RE_-FD-FB2-1 &

—E60-RE—FB-FBa-+
1 4

E£66-RE—FB-FC+4

L2-E50-RE_-FD-SQUIBS_2 3_4

|.2-E50-RE_-FD-SQUIBS_2_4_5

@2.555-08

@2.655-08

Figure 8A-8. Level 2 Fault Trees
Sheet 36 of 147

8A-54




NEDO-33201 Rev 2

Sht. 34
I 1
CCF of three CCF of three
components. components:

E50-RE_-FD-FA2-1 &
E50-RE_-FD-FB2-1&

ES50-RE_-FD-FA2-1 &
E50-RE_-FD-FC1-1&

—E60-RE_FD-FCat
1 &

L2-E50-RE_-FD-SQUIBS_2_4 6

L2-E50-RE_-FD-SQUIBS_2_5_8

@2.ese-oa

.@ 265E-08

CCF of three
components:
ES0-RE_-FD-FA2-1 &
ES0-RE_-FD-FB2-1 &

CCF of three
components:
E50-RE_-FD-FA2-1 &
E50-RE_-FD-FC2-1&

£60-RE—FD-FD-

L2-E50-RE_-FD-SQUIBS_2 4 7

L 2-E50-RE_-FD-SQUIBS_2_6_7

@ 2.65E-08

<®) 2.65E-08

CCF of three

components:
E50-RE_-FD-FA2-1 &
E50-RE_-FD-FB2-1 &

CCF of three
components:
ES50-RE_-FD-FA2-1 &
E50-RE_-FD-FC2-1 &

£BE00 1

L2-E50-RE_-FD-SQUIBS_2_6_8

<®) 2.65E-08

CCF of three
components:
E50-RE_-FD-FA2-18&
ES0-RE_-FD-FC1-1 &

CCF of three
components:
E50-RE_-FD-FA2-1 &
ES50-RE_-FD-FD1-1 &

E60-RE—FD-F62-+
=1

ES0-RE—FD-FDa-+
€L

L2-E50-RE_-FD-SQUIBS_2_5 6

|.2-E50-RE_-FD-SQUIBS_2_7_8

1

2,65E-08

@2.65E-08

CCF of three
components:
ES0-RE_-FD-FA2-1 &
ES50-RE_-FD-FC1-1 &

CCF of ail components
in group
‘L2-E50-RE_-FD-SQUIB

£66-RE—FD-FD1-
1 4

L2-E50-RE_-FD-SQUIBS 2 5_7

L2-E50-RE_-FD-SQUIBS_ALL

@ 2.65€-08

5.005-05

Figure 8A-8. Level 2 Fault Trees
Sheet 37 of 147

8A-55




NEDO-33201 Rev 2

MECHANICAL FAILURES
OF DELUGE VALVE FAZ

A
| Eso-LINE-A3-MECH ]

Sht. 17 @

I — N
SQUIB VALVE (FAILURE
TO OPEN) -- including
common cause
A 1
L2-E50-SQV-CC-DELUGE-G7 | [ EsosavReELAvs-az |
Sht. 39 i i
L 1
RELAY FAILURE TO RELAY FAILURE TO
OPERATE OPERATE
(ELECTROMECHANICAL) (ELECTROMECHANICAL)
1 1
| E50-RE_-FD-FA3-1 | | E50RE_FDFA3-2 |

O 1.00E-04 O 1.00E-04

Figure 8A-8. Level 2 Fault Trees
Sheet 38 of 147

8A-56




NEDO-33201 Rev 2

SQUIB VALVE (FAILURE
TO OPEN) — including
common cause

T
2-E50-SQV-CC-DELUGE-G7

]

Sht.'98

N

CCF of twa
components:
E50-SQV-CC-F1-A1 &
ES50-SQV-CC-F3-A3

L

I
L2-E50-SQV-C_77 |

L2-E50-SQV-CC-DELUGE_1_7 I

Sht. 40

2.an-05

1

CCF of two
components:
E50-SQV-CC-F1-B1 &
E50-SQV-CC-F3-A3

1 §
L2-E50-SQV-C_76 |

T
L2-E50-SQV-CC-DELUGE _2_7

Sht 41

@2.08E-05

CCF of two
components:
E50-SQV-CC-F1-C1 &
E50-SQV-CC-F3-A3

b
L2-E50-SQV-C_75 |

1 6
1.2-E50-SQV-CC-DELUGE_3_7 ]

Sht. 42

@Z.OSE-OS

1

CCF of two
components:
E50-SQV-CC-F2-A2 &
E50-SQV-CC-F3-A3

L
L2-E50-sQv-C_74 |

I
L 2-E50-SQV-CC-DELUGE_4_7 l

Sht. 43

@z.oae-os

SQUIB VALVE (FAILURE
TO OPEN)

CCF of two
components:
£50-SQV-CC-F2-B2 &
£50-SQV-CC-F3-A3

1
E50-SQV-CC-F3-A3 |

L
L2-E50-SQV-CC-DELUGE_5_7 ]

O 3,00E-03

@ 2 08E-05

Figure 8A-8. Level 2 Fault Trees
Sheet 39 of 147

8A-57




NEDO-33201 Rev 2

A

[ L2Esosavc_77 |

Sht. 38 @

L 1

CCF of two CCF of two
components: components:
E50-SQV-CC-F2-C2 & E50-SQV-CC-F3-A3 &
E50-SQV-CC-F3-A3 E50-SQV-CC-F3-B3
I 3
L2-E50-SQV-CC-DELUGE_6_7 I L2-E50-SQV-CC-DELUGE_7_8

@2.085-05 2.an-05

Figure 8A-8. Level 2 Fault Trees
Sheet 40 of 147

8A-58




NEDO-33201 Rev 2

L2-E50-SQV-C_76

Sht. 39
I 1
CCF of two CCF of three
components: components:

ES50-SQV-CC-F3-A3 &
£50-8QV-CC-F3-C3

ES0-SQV-CC-F1-A1 &
E50-SQV-CC-F2-C2 &

E60-5QV-56-F3-43
=

) |
1.2-E50-SQV-CC-DELUGE_7_9

L2-E50-SQV-CC-DELUGE_1_6_7

@ 2.08E-05

@ 5.95E-07

CCF of three
components:
ES0-SQV-CC-F1-A1 &
ES50-SQV-CC-F1-B1 &

CCF of three
components:
E50-SQV-CC-F1-A1&
ES0-SQV-CC-F3-A3 &

—E50-5QM F3-83
aa

12-E50-SQV-CC-DELUGE_1_2_7

L2-E50-5QV-CC-DELUGE_1_7_8

@5.95547

@ 5.95E-07

CCF of three
components
ES50-SQV-CC-F1-A1 &
ES0-SQV-CC-F1-C1&

CCF of three
components:
ES0-SQV-CC-F1-A1&
ES0-SQV-CC-F3-A3 &

EB0-BOV-56-F3-63
 a

L2-E50-SQV-CC-DELUGE_1_3_7

L2-E50-SQV-CC-DELUGE_1_7_9

@ 5.95E-07

@5.955-07

I

1

CCF of three
components:
E50-SQV-CC-F1-A1&
E50-SQV-CC-F2-A2 &

CCF of three
components:
E50-SQV-CC-F1-B13&
E50-SQV-CC-F1-C1 &

EBO-EOVAE G2
) oa

L2-E50-SQV-CC-DELUGE_1_4_7

L2-E50-SQV-CC-DELUGE_2_3_7

@ 5.95E-07

@ 5.95E-07

CCF of three
components.
ES0-SQV-CC-F1-A1 &
E50-SQV-CC-F2-B2 &

EB0-E VA CE3-AS

CCF of three
components:
ES0-SQV-CC-F1-B1 &
ES0-SQV-CC-F2-A2 8

ES0-EOVACE-R3-A3
e

+
L2-E50-SQV-CC-DELUGE_1_5_7

L2-E50-SQV-CC-DELUGE_2_4_7

1

@5.955-07

@ 5.95E-07

Figure 8A-8. Level 2 Fault Trees
Sheet 41 of 147

8A-59




NEDO-33201 Rev 2

L2-E50-SQV-C_75
Sht. 39
I 1
CCF of three CCF of three
components: components:

E50-SQV-CC-F1-B1 &
E50-SQV-CC-F2-B2 &

ES0-EQV-CE-F3-A3
IS

ES0-SQV-CC-F1-C1 &
ES50-SQV-CC-F2-B2 &

L2-E50-5QV-CC-DELUGE 2 _5_7

L2-E50-SQV-CC-DELUGE_3_5_7

@ 5.95E-07

O@ 5.95E-07

L —1
CCF of three CCF of three
components: components:

ES50-SQV-CC-F1-B1 &
E50-SQV-CC-F2-C2 &

E50-SQV-CC-F1-C1 &
E50-SQV-CC-F2-C2 &

EE0-EOV-COFIAS
) o4

ES0-EQV-CC-FaAS
)

12-E50-SQV-CC-DELUGE_2_6_7

| 2-E50-SQV-CC-DELUGE_3_6_7

@ 5 95E-07

@ 5.95E-07

CCF of three
components:
E50-SQV-CC-F1-B1&
E50-SQV-CC-F3-A3 &

CCF of three
components:
E50-SQV-CC-F1-C1 &
E50-SQV-CC-F3-A3&

EE-EOMN-CE-E3-RA
I

EEO-EQaM £3-83
1

L2-E50-SQV-CC-DELUGE_2_7_8

| 2-E50-SQV-CC-DELUGE_3_7_8

@ 5.95E-07

@ 5.95E-07

I

CCF of three
components:
E50-SQV-CC-F1-B1 &
E50-SQV-CC-F3-A3 &

CCF of three
components:
E50-8QV-CC-F1-C1 &
ES50-SQV-CC-F3-A3 &

ES0-EON-CC-EI-C3
1=

- A
—l +

L2-ES0-SQV-CC-DELUGE_2_7_9

L2-E50-SQV-CC-DELUGE_3_7_9

@5.955-07

Q@ 5.95E-07

CCF of three
components:
E£50-SQV-CC-F1-C1 &
E50-SQV-CC-F2-A2 &

CCF of three
components:
E50-SQV-CC-F2-A2 &
E50-SQV-CC-F2-B2 &

EEO-EON F3-A%
s

O ON-CCFI-Ad
—b =

L2-E50-SQV-CC-DELUGE_3_4_7

L2-E50-SQV-CC-DELUGE_4_5_7

@5.95!—:-07

@ 5 .95E-07

Figure 8A-8. Level 2 Fault Trees
Sheet 42 of 147




NEDO-33201 Rev 2

Sht. 39

1 2-E50-SQV-C_74

CCF of three
components:
E50-SQV-CC-F2-A2 &
E50-SQV-CC-F2-C2 &

CCF of three
components:
E50-SQV-CC-F2-B2&
E50-SQV-CC-F3-A3 &

EEO-EQV-EE-F3-C3
£

L L2-E50-SQV-CC-DELUGE_4_6_7 L2-E50-SQV-CC-DELUGE_5_7_9 ]
@ 5.95E-07 @ 5.95E-07
I —1
CCF of three CCF of three
components: components:

E50-SQV-CC-F2-A2 &
E50-SQV-CC-F3-A3 &

ES0-SQV-CC-F2-C2 &
ES0-SQV-CC-F3-A3 &

EB0-EOM E3-B3

 a
| L2-E50-SQV-CC-DELUGE_4_7_8 12-E50-SQV-CC-DELUGE_6_7_8 |
@ 5.95E-07 @ 5.95E-07
I 1
CCF of three CCF of three
components: components:

ES0-SQV-CC-F2-A2 &
ES0-SQV-CC-F3-A3 &

Ea-C3

E50-SQV-CC-F2C2 &
E50-SQV-CC-F3-A3 &

EEO-EOMS
+

EH-EQV-LEFI-G3
£

L2-E50-SQV-CC-DELUGE_4_7_9

| 2-E50-SQV-CC-DELUGE_6_7_9

1

@5.955—07

@ 5.95E-07

CCF of three
components
E50-5QV-CC-F2-B2 &
E50-SQV-CC-F2-C2 &

£3-A3

CCF of three
components:
E50-SQV-CC-F3-A3 &
E50-SQV-CC-F3-B3 &

EHO-EONCE-R-63

EE0-EOV-G
=

L2-E50-SQV-CC-DELUGE_5_6_7

£
12-E50-SQV-CC-DELUGE_7_8_9

@ 5.95E-07

@ 5.95E-07

CCF of three
components:
E50-SQV-CC-F2-B2 &
E50-SQV-CC-F3-A3 &

CCF of all components
in group
'L2-E£50-SQV-CC-DELUG

L2-E50-SQV-CC-DELUGE _5_7_8 |

1
| 2-E50-SQV-CC-DELUGE_ALL |

@ 5.95E-07

1 50E-04
)

Figure 8A-8. Level 2 Fault Trees
Sheet 43 of 147

8A-61




NEDO-33201 Rev 2

MECHANICAL FAILURES
OF DELUGE VALVE FB1

1
[ EsoLINE-B1-MECH

Sht. 17 :

I 1

SQUIB VALVE (FAILURE
TO OPEN) -- including
common cause

A

1
L2-E50-SQV-CC-DELUGE-G2 I r E50-SQV-RELAYS-B1 ]
Sht. 45 i i
L i |
RELAY FAILURE TO RELAY FAILURE TO
OPERATE OPERATE
(ELECTROMECHANICAL) (ELECTROMECHANICAL)
-- including common

1
| L2-E50-RE_-F:D—SQUIBS-G3 ] [ Esore_fbFBi2 |

O 1.00E-04

Sht. 50

Figure 8A-8. Level 2 Fault Trees
Sheet 44 of 147

8A-62




NEDO-33201 Rev 2

SQUIB VALVE (FAILURE
TO OPEN) — including
common cause

T
L2-E50-SQV-CC-DELUGE-G2

]

Sht. 't

B

CCF of two
components.
E50-SQV-CC-F1-A1 &
E50-SQV-CC-F1-B1

i L2-E50-SIQV-C_97 |

| 2-E50-SQV-CC-DELUGE _1_2

Sht. 46

@2.05&-05

CCF of two
components:
E50-SQV-CC-F1-B1 &
£50-SQV-CC-F1-C1

1
[ Esosavcgs ]

|L2-E50-SQV-CC-DELUGE_2_3

Sht. 47

@2.08E-05

-l

CCF of two
components:
E50-8QV-CC-F1-B1&
E50-SQV-CC-F2-A2

1
| t2-Esosavc s |

T
L2-E50-SQV-CC-DELUGE_2_4

Sht. 48

O@ 2.08E-05

CCF of two
components:
E50-SQV-CC-F1-B1 &
ES50-SQV-CC-F2-B2

[ i>Esosavces ]

L2-E50-SQV-CC-DELUGE_2_5

Sht. 49

@2.08E-05

SQUIB VALVE (FAILURE
TO OPEN)

CCF of two
components:
E50-SQV-CC-F1-B1&
E50-SQV-CC-F2-C2

1
| “esosav-ccFi-Br |

T
L2-E60-SQV-CC-DELUGE_2_6

O 3.00E-03

@ 2.08E-05

Figure 8A-8. Level 2 Fault Trees
Sheet 45 of 147

8A-63




NEDO-33201 Rev 2

—

| t2-Esosavc 97 |

Sht. 45 @

CCF of two CCF of two
components: components:
E50-SQV-CC-F1-B1 & E50-SQV-CC-F1-B1 &
E50-SQV-CC-F3-A3 E50-SQV-CC-F3-B3
L L
L L2-ES0-SQV-CC-DELUGE_2_7 | L2-E50-SQV-CC-DELUGE_2_8

2.08E—05 @2.08E-05

Figure 8A-8. Level 2 Fault Trees
Sheet 46 of 147

8A-64




NEDO-33201 Rev 2

Sht. 45
I —l
CCF of two CCF of three
components components:
E50-SQV-CC-F1-B1 & E50-SQV-CC-F1-A1 &
ES0-SQV-CC-F3-C3 ES0-SQV-CC-F1-B1 &
. E59-SRVGCE-Fa-A3
2-E50-SQV-CC-DELUGE _2_9 1.2-E50-SQV-CC-DELUGE_1_2_7 i
@2.08E-05 @5.955-07
I 1
CCF of three CCF of three
components: components:
ES50-SQV-CC-F1-A1 & E50-SQV-CC-F1-A18&
E50-SQV-CC-F1-B1 & E50-SQV-CC-F1-B1 &
E60-5QW-E66-F1-51
L2-E50-SQV-CC-DELUGE_1_2_3 L2-E50-SQV-CC-DELUGE_1_2_8 J
@5 95E-07 @5.955-07
I —
CCF of three CCF of three
components: components:
ES50-SQV-CC-F1-A1 & E50-SQV-CC-F1-A1 &
ES50-SQV-CC-F1-B1 & ES0-SQV-CC-F1-B1 &
E60-5QWEEFA-AR E60-50Y-56-Fa-53
(2-E50-SQV-CC-DELUGE_1_2_4 L2-E50-SQV-CC-DELUGE_1_2_9 ]
5.955-07 @5.955—07
I 1
CCF of three CCF of three
components: components:
E50-SQV-CC-F1-At & E50-SQV-CC-F1-B1 &
ES50-SQV-CC-F1-B1 & E50-SQV-CC-F1-C1 &
E60-6QMCE-Fa-A2
L2-E50-SQV-CC-DELUGE_1_2_5 L.2-E50-SQV-CC-DELUGE_2_3_4 |
@5.955-07 @5.955—07
1 m
CCF of three CCF of three
components: components:
ES50-SQV-CC-F1-A1& ES0-SQV-CC-F1-B1 &
ES50-SQV-CC-F1-B1 & E50-SQV-CC-F1-C1 &
E60-5QW-E6-Fa-G2 £60-5QV-G6-F2-B2
L2-E50-SQV-CC-DELUGE_1_2_6 | L2-ES0-SQV-CC-DELUGE_2_3_5 B

@5.955-07 @5 95E-07

Figure 8A-8. Level 2 Fault Trees
Sheet 47 of 147

8A-65




NEDO-33201

Rev 2

sht. 45
I 1
CCF of three CCF of three
components: components:
E50-SQV-CC-F1-B1 & ES50-SQV-CC-F1-B1 &
E50-SQV-CC-F1-C1 & E50-SQV-CC-F2-A2 &
£60-5QV-G6F2-62
[ L2-E50-SQV-CC-DELUGE 2 3 6 | L2-E50-SQV-CC-DELUGE_2_4_6 |
@5.955-07 5.95E-07
I ) |
CCF of three CCF of three
components: components.
E50-SQV-CC-F1-B1 & E50-SQV-CC-F1-B1 &
E50-SQV-CC-F1-C1 & ES50-SQV-CC-F2-A2 &
£60-SOVASFIA E50 SRVEGFN
[ L2-E50-SQV-CC-DELUGE_2_3_7 L2-E50-SQV-CC-DELUGE_2_4_7 ]
@ 5 95E-07 @ 5.95E-07
I —1
CCF ofthres CCF of three
components: components:
E50-SQV-CC-F1-B1& E50-SQV-CC-F1-B1&
E50-SQV-CC-F1-C1& E50-SQV-CC-F2-A2 &
E66-60V60-F4-83
L2-E50-SQV-CC-DELUGE_2_3_8 L2-E50-SQV-CC-DELUGE_2_4_8 |
@ 5.95E-07 @5.955-07
L 1
CCF of three CCF of three
components: components:
E50-SQV-CC-F1-B1 & E50-SQV-CC-F1-B1 &
E50-SQV-CC-F1-C1& ES50-SQV-CC-F2-A2 &
60 SOVACE2C EGO'SGV-pG-H-GG———‘
£
L2-E50-SQV-CC-DELUGE_2_3_9 |.2-E50-SQV-CC-DELUGE_2_4_9
5,95E-07 @ 5.95E-07
I —
CCF of three CCF of three
components: components.
E50-SQV-CC-F1-818& E50-SQV-CC-F1-81&
ES50-SQV-CC-F2-A2 & E50-SQV-CC-F2-B2 &
50 SAV-GEFARa Es0-Savearaca
1 d r
[ L2-E50-5QV-CC-DELUGE 2 4 5 | 12-E50-SQV-CC-DELUGE_2_5_6 ]

@ 5.95E-07

@ 5.95E-07

Figure 8A-8. Level 2 Fault Trees
Sheet 48 of 147

8A-66




NEDO-33201 Rev 2

1.2-E50-SQV-C_94
Sht. 45
| — 1 |
CCF of three CCF of three
components: components:
E50-SQV-CC-F1-B1& E50-SQV-CC-F1-B1 &
E50-SQV-CC-F2-B2 & E50-SQV-CC-F2-C2 &
£60-6QVH06-F3-A3 E60-BRVSE-FI-53 |
L2-E50-SQV-CC-DELUGE_2_5_7 L2-E50-SQV-CC-DELUGE_2 6_9 |
@ 5.95E-07 @ 5.95E-07
L ) |
CCF of three CCF ofthree
components: components.
E50-SQV-CC-F1-B1 & E50-SQV-CC-F1-B1 &
E50-SQV-CC-F2-B2 & E50-SQV-CC-F3-A3 &
E60-5QV56-F3-B3
12-E50-SQV-CC-DELUGE_2_5_8 L2E50-SQV-CC-DELUGE 278 |
@ 5.95E-07 @5.955-07
L 1
CCF of three CCF of three
components: components:
ES0-SQV-CC-F1-B1& E50-SQV-CC-F1-B1 &
E50-SQV-CC-F2-B2 & E50-SQV-CC-F3-A3 &
E60-SaVH6F-63
L2-E50-SQV-CC-DELUGE_2_5_9 L2-E50-SQV-CC-DELUGE_2_7_9 |
@ 5.95E-07 @5.955-07
| — 1
CCF of three CCF of three
components: components:
E50-SQV-CC-F1-B1& E50-SQV-CC-F1-B1 &
E50-SQV-CC-F2-C2 & E50-SQV-CC-F3-B3 &
E60-EQVCOFIAS E60-5QV-ECF3-G3
= it
L2-E50-SQV-CC-DELUGE_2_6_7 L 2-E50-SQV-CC-DELUGE_2_8_9 ]
@5.955-07 5.955-07
) — 1
CCF of three CCF of all components
companents: in group
E50-SQV-CC-F1-B1& ‘L2-E50-SQV-CC-DELUG
E50-SQV-CC-F2.C2& .
E60-6QW-66F3-83 .
12-E50-SQV-CC-DELUGE_2_6_8 | L2-E50-SQV-CC-DELUGE_ALL )

@ 5.95E-07 @ 1.50E-04

Figure 8A-8. Level 2 Fault Trees
Sheet 49 of 147

8A-67




NEDO-33201 Rev 2

RELAY FAILURE TO
OPERATE
(ELECTROMECHANICAL)
— including common

¥
12-E50-RE_-FD-SQUIBS-G3

Sht. e

A

CCF of two
components:
ES50-RE_-FD-FA2-1 &
E50-RE_-FD-FB1-1

1
| L2-ES0-RE_F 83 |

12-E50-RE_-FD-SQUIBS_2_3

Sht. 51

@7.945-07

CCF of two
components:
E50-RE_-FD-FB1-1 &
E50-RE_-FD-FB2-1

)
| L2-ESORE_F_82 |

1
L2-E50-RE_-FD-SQUIBS_3_4

Sht. 52

@7.94&-07

CCF of two
components:
E50-RE_-FD-FB1-1&
E50-RE_-FD-FC1-1

L
| L2-E50-RE_-F_81 ]

T
L 2-E50-RE_-FD-SQUIBS_3_5

Sht. 53

@ 7.94E-07

I

1

RELAY FAILURE TO
OPERATE
(ELECTROMECHANICAL)

CCF of two
components:
E50-RE_-FD-FB1-1 &
ESO-RE_-FD-FC2-1

I
ES50-RE_-FD-FB1-1 |

L2-E50-RE_-FD-SQUIBS_3_6

O 1.00E-04

@7.945-07

- 1
CCF of two CCF of two
components: components:

ES0-RE_-FD-FA1-1 &
E50-RE_-FD-FB1-1

E50-RE_-FD-FB1-1 &
ES0-RE_-FD-FD1-1

L2-E50-RE_-FD-SQUIBS_1_3

)
L2-E50-RE_-FD-SQUIBS_3_7

1C

@7 94E-07

Figure 8A-8.

@ 7 94E-07

Level 2 Fault Trees

Sheet 50 of 147

8A-68




NEDO-33201 Rev 2

(

L2-E50-RE_-F_83 |

Sht. 50 a
| 1
CCF of two CCF of three
components: compaonents:

ESO-RE_-FD-FB1-1 &
ES0-RE_-FD-FD2-1

ESO-RE_-FD-FA1-1 &
ESO-RE_-FD-FB1-1 &

EEO-RE—FEB=RB2-1
tt—Y

[

1
L2-E50-RE_-FD-SQUIBS_3_8 1

@7.9454:)7

@Z.SSE—OB

CCF of three
components:
E50-RE_-FD-FA1-1 &
E50-RE_-FD-FA2-1 &

[T LTl o ol - P WP
=88R~

| L2-E50-RE_-FD-SQUIBS_1_2_3 ]

Figure 8A-

@ 2.65E-08

8. Level 2 Fault Trees

Sheet 51 of 147

8A-69

L2-E50-RE_-FD-SQUIBS_1_3_4




NEDO-33201 Rev 2

L2-E50-RE_-F_82
sht. 50
[ 1
CCF of three GCF of three
componentis: components:
ES50-RE_-FD-FA1-1& ES50-RE_-FD-FA2-1 &
E50-RE_-FD-FB1-1& E50-RE_-FD-FB1-1 &
E60-RE—FD-Fe+3 E£50-RE_FB-Fo+
L2-E50-RE_-FD-SQUIBS_1_3_5 L2-E50-RE_-FD-SQUIBS_2_3_5 |
@ 265E-08 @2.655-05
L 1
CCF of three CCF of three
components: components:
ES50-RE_-FD-FA1-18 E50-RE_-FD-FA2-1 &
E50-RE_-FD-FBi-18& ESO-RE_-FD-FB1-1 &
£60-RE_FO-Fo24
L2-E50-RE_-FD-5QUIBS_1_3_6 L2-E50-RE_-FD-SQUIBS_2_3_6 |
@ 2.65E-08 @2 65E-08
I —l
CCF of three CCF of three
components. components:
ES50-RE_-FD-FA1-1 & E50-RE_-FD-FA2-1 &
ES0-RE_-FD-FB1-13& E50-RE_-FD-FB1-1 &
E£60-RE~FE-FO+4 £50-RE—FO-FDi-4
L2-E50-RE_-FD-SQUIBS_1_3_7 L2-E50-RE_-FD-SQUIBS_2_3_7 ]
@ 2.65E-08 @ 2.65E-08
L 1
CCF of three CCF of lhree
components: components:
ES0-RE_-FD-FA1-1 & E50-RE_-FD-FA2-1 &
E50-RE_-FD-FB1-1& ES50-RE_-FD-FB1-1 &
E66-RE—FO-FDa+
L2-E50-RE_-FD-SQUIBS_1_3_8 L2-E50-RE_-FD-SQUIBS_2_3_8 ]
@ 2.65E-08 @2.65E-08
) - 1
CCF of three CCF of three
components: components:
E50-RE_-FD-FA2-1 & E50-RE_-FD-FB1-1 &
E50-RE_-FD-FB1-14& E50-RE_-FD-FB2-1 &
E60-RE—FO-FB+ £60-RE—FO-FG-3
L2-ES0-RE_-FD-SQUIBS_2_3_4 | L2-E50-RE_-FD-SQUIBS_3_4_5 ]

@Z.SSE-OB @ 2.65E-08

Figure 8A-8. Level 2 Fault Trees
Sheet 52 of 147

8A-70




NEDO-33201 Rev 2

Sht. 50

L2-E50-RE_

CCF of three
components-
E50-RE_-FD-FB1-1 &
E50-RE_-FD-FB2-18&

CCF of three
components:
E50-RE_-FD-FB1-1 &
E50-RE_-FD-FC1-1&

E60-RE—FB-FG2-+
T

E£66-RE—FO-FD2-+
i

L2-E50-RE_.FD-SQUIBS_3_4_6

|L2-ES0-RE_-FD-SQUIBS_3_5_8

2.65E-08

@ 2.65E-08

I —l
CCF of three CCF of three
components: components:

ES0-RE_-FD-FB1-1&
ES0-RE_-FD-FB2-1 &

ES0-RE_-FD-FB1-1 &
E50-RE_-FD-FC2-1 &

£60-RE—FB-FD+4
1

£oED4
£60-RE—f

12-E50-RE_-FD-SQUIBS_3_4_7

L2-E50-RE_-FD-SQUIBS_3_6_7

2.65E-08

@2.655-08

I

CCF of three
components:
E50-RE_-FD-FB1-1 &
E50-RE_-FD-FB2-1 &

CCF of three
components:
E50-RE_-FD-FB1-1 &
E50-RE_-FD-FC2-1 &

E66-RE~FD-FD-+
ol

12-E50-RE_-FD-SQUIBS_3_4_8

L2-E50-RE_-FD-SQUIBS_3_6_8

@2.65E-08

@z.esE-oa

1

CCF of three
components:
E50-RE_-FD-FB1-18&
ESC-RE_-FD-FC1-18&

CCF of three
components:
ES0-RE_-FD-FB1-1 &
ESO-RE_-FD-FD1-1 &

E60-RE—FB-FGR-S
) i

coepag
E80-RE—f

12-E50-RE_-FD-SQUIBS_3_5_6

1 2-E50-RE_-FD-SQUIBS_3_7_8

2,65E-08

@2.655-08

CCF of three
components:
E50-RE_-FD-FB1-1 &
E50-RE_-FD-FC1-1 &

CCF of all components
in group
'L2-E50-RE_-FD-SQUIB

—FE60-RE—FDFBH

2y i
| 2-E50-RE_-FD-SQUIBS_3_5_7

T
L2-E50-RE_-FD-SQUIBS_ALL

@2.65E-08

5.00E-06

Figure 8A-8. Level 2 Fault Trees
Sheet 53 of 147




NEDO-33201 Rev 2

MECHANICAL FAILURES
OF DELUGE VALVE FB2

1
| EsounE-B2-mecH ]

Sht. 17 :

SQUIB VALVE (FAILURE
TO OPEN) -- including
common cause

1
L2-E50-SQV-CC-DELUGE-GS | [ Eeso-savReLAvs-B2 |
Sht. 55 : i i l
1 1
RELAY FAILURE TO RELAY FAILURE TO
OPERATE OPERATE
(ELECTROMECHANICAL) (ELECTROMECHANICAL)
- including common

bl 1
L L2-E50-RE_-FD-SQUIBS-G4 | [ Eso-RE_-FD-FB22 |

O 1.00E-04

Sht. 60

Figure 8A-8. Level 2 Fault Trees
Sheet 54 of 147

8A-72




NEDO-33201 Rev 2

SQUIB VALVE (FAILURE
TO OPEN) - including
common cause

T
L2-E50-SQV-CC-DELUGE-G5

]

Sht.'54-

CCF of twa
components:
E50-SQV-CC-F1-A1&
E50-SQV-CC-F2-B2

1 ) -
| 12Esosavces | | L2-E50-5QV-CC-DELUGE_1_5 |
@ 2,08E-05
Sht 56
1 — |
CCF of two
components:

E50-SQV-CC-F1-B1 &
ES50-SQV-CC-F2-B2

1
L2-E50-SQV-C_84 |

T
L2-E50-SQV-CC-DELUGE_2_5 I

Sht. 57

@2.08E-05
i

CCF of two
components:
ES0-SQV-CC-F1-C1 &
E50-SQV-CC-F2-B2

T
L2-E50-SQV-C_83

1
L.2-E50-SQV-CC-DELUGE_3_5 ]

Sht. 58

(@)2.085.05

CCF of two
components:
E50-SQV-CC-F2-A2 &
E50-SQV-CC-F2-B2

1 1
| L2Esosavc 82 | L2-E50-5QV-CC-DELUGE_4_5 |
@ 2.08E-05
Sht. 59
L 1
SQUIB VALVE (FAILURE CCF of two
TO OPEN) components:

E50-SQV-CC-F2-B2 &
E50-SQV-CC-F2-C2

l

I
E50-SQV-CC-F2-B2

1

L
L2-E50-SQV-CC-DELUGE _5_6

O 3.00E-03

@ 2,08E-05

Figure 8A-8. Level 2 Fault Trees
Sheet 55 of 147

8A-73




NEDO-33201 Rev 2

1
[ 12esosavcss ]

Sht. 55 ﬂ

CCF of two CCF of two
components: components:
E50-SQV-CC-F2-B2 & E50-SQV-CC-F2-B2 &
E50-SQV-CC-F3-A3 E50-SQV-CC-F3-B3
I 1
L2-E50-SQV-CC-DELUGE_5_7 I L2-E50-SQV-CC-DELUGE_5_8

@2.08E—05 2.08E-05

Figure 8A-8. Level 2 Fault Trees
Sheet 56 of 147

8A-74




NEDO-33201 Rev 2

L2-E50-SQV-C_84
Sht. 55
I 1
CCF of two CCF of three
components: components:

E50-SQV-CC-F2-B2 &
E50-SQV-CC-F3-C3

E50-SQV-CC-F1-A1 &
ES0-SQV-CC-F2-B2 &

E60-EOV-CC-F3-A3
1

L2-E50-5QV-CC-DELUGE_5_9 L2-E50-SQV-CC-DELUGE_1_5_7 |
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[ 1
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components: components
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E50-SQV-CC-F1-B1& E50-SQV-CC-F2-B2 &
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@ 5.95E-07 @ 5.95E-07
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components: components:
E50-SQV-CC-F1-A1 & E50-SQV-CC-F1-A1 &
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£60-6QVCE-FaB2  E50-6QV-EEF3C3
L2-E50-SQV-CC-DELUGE_1_3_5 L2-E50-SQV-CC-DELUGE_1_5_9 |
@ 5.95E-07 (@) 5.95E-07
I 1
CCF of three CCF of three
components: components:
E50-SQV-CC-F1-A1 & E50-SQV-CC-F1-B1 &
E50-SQV-CC-F2-A2 & E50-SQV-CC-F1-C1 &
E60-SavqEe-Fa-B2 |
1.2-E50-SQV-CC-DELUGE_1_4_5 L2-E50-SQV-CC-DELUGE_2_3_5 |
@ 5.95E-07 @ 5.95E-07
1 1
CCF of three CCF of three
components: components:
ES50-SQV-CC-F1-A1 & E50-SQV-CC-F1-B1 &
E50-SQV-CC-F2.B2 & E50-5QV-CC-F2-A2 &
E60-5aMEe-Fa-52 E50-CQV-o0-Fa-B2
L2-E50-SQV-CC-DELUGE_1_5_8 | L2-E50-SQV-CC-DELUGE_2_4_5 ]

@ 5.95€-07
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components: components:

E50-SQV-CC-F1-B1 &
E50-SQV-CC-F2-B2 &

EEO-EOM Fa.ca

E50-SQV-CC-F1-C1 &
E50-SQV-CC-F2-B2 &

L2-E50-SQV-CC-DELUGE_2_5_6

12-E50-SQV-CC-DELUGE_3_5_6

1

5.95E-07

@ 5.95E-07

CCF of three
components:
E50-SQV-CC-F1-B1 &
ES50-SQV-CC-F2-B2 &

CCF of three
components:
E50-SQV-CC-F1-C1 &
E50-SQV-CC-F2-B2 &

L2-E50-8QV-CC-DELUGE_2_5_7

1 2-E50-SQV-CC-DELUGE_3_5_7

]

@ 5.95E-07

O@ 5.95E-07
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components:
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L2-E50-SQV-CC-DELUGE_2_5_8

| 2-E50-SQV-CC-DELUGE_3_5_8

@ §.95E-07

@5.95E-07

CCF of three
components:
E50-SQV-CC-F1-B1 &
E50-SQV-CC-F2-B2 &

CCF ofthree
components:
E50-8QV-CC-F1-C1 &
E50-SQV-CC-F2-B2 &

-E63-8QV-56-F3-G3
y o4

——ES0-BQV-ECF3-G3
) 4

12-E50-SQV-CC-DELUGE_2_5_9

L2-E50-5QV-CC-DELUGE_3_5_9

1

@5.95507

@ 5.95E-07

I

CCF of three
components:
ES0-SQV-CC-F1-C1&
E50-SQV-CC-F2-A2 &

CCF of three
components:
E50-SQV-CC-F2-A2 &
E50-SQV-CC-F2-B2 &

E65-6QV-S6-Fa-Ba
o4

——ES0-EON oo
=

L2-E50-SQV-CC-DELUGE_3_4_5

I

12-E50-SQV-CC-DELUGE_4_5_6

1
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@ 5.95E-07

Figure 8A-8. Level 2 Fault Trees
Sheet 58 of 147

8A-76




NEDO-33201 Rev 2

L.2-E50-SQV-C_82
Sht. 55
L —l.
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components: components:

E50-SQV-CC-F2-A2 &
ES0-SQV-CC-F2-B2 &

E50-SQV-CC-F2-B2 &
ES50-SQV-CC-F2-C2 &

EEO-E QNG E-Ea-AS

ESO-EANEEF3-Ca
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L2-E50-SQV-CC-DELUGE_4_5_7

L2-E50-SQV-CC-DELUGE_5_6_9

@ 5.95E-07

@5.95&-07

CCF of three
components;
ES50-SQV-CC-F2-A2 &
E50-SQV-CC-F2-B2 &

CCF of three
components:
E50-SQV-CC-F2-B2 &
E50-SQV-CC-F3-A3 &

ES0-EQV-CO-F3-B3

12-E50-SQV-CC-DELUGE_4_5_8

12-E50-SQV-CC-DELUGE_5_7_8

@ 5.95E-07

@ 5.95E-07

E50-SQV-CC-F2-A2 &
E50-SQV-CC-F2-B2 &

I —1
CCF of three CCF of three
components: components:

E50-SQV-CC-F2-B2 &
E50-SQV-CC-F3-A3 &

—E60-EaN- Fa-G3
) a

L2-E50-SQV-CC-DELUGE_4_5_9

L2-E50-SQV-CC-DELUGE_5_7_9

@5.955-07

@5.955-07

1 — |
CCF of three CCF of three
components: components:

ES50-SQV-CC-F2-B2 &
E50-SQV-CC-F2-C2 &

E50-5QV-CC-F2-B2 &
E50-SQV-CC-F3-B3 &

EEO-EONGC3-A3
T

—E50-BAMGE-RI-G3
;o

L2-E50-SQV-CC-DELUGE_5_6_7

L2-E50-SQV-CC-DELUGE_5_8_9

@5.955-07

@ 5.95E-07

L

CCF of three
components:
ES0-SQV-CC-F2-B2&
E50-SQV-CC-F2-C2 &

ES-EONCE-EI-B3

CCF of all components
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'L2-E50-SQV-CC-DELUG

)
L2-E50-SQV-CC-DELUGE_5_6_8

T
12-E50-SQV-CC-DELUGE_ALL
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RELAY FAILURE TO
OPERATE
(ELECTROMECHANICAL)
-- including common

¥y
L2-E50-RE_-FD-SQUIBS-G4 I

Sht. '

).

CCF oftwo
components:
E50-RE_-FD-FA2-1 &
E50-RE_-FD-FB2-1

I
[ L2-ESO-RE_F_80 |

12-E50-RE_-FD-SQUIBS_2_4

Sht. 61

@7.94&-07
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components:
E50-RE_-FD-FB1-1 &
ES50-RE_-FD-FB2-1

1
[ L2-ESO-RE_-F.79 |

1§
L2-E50-RE_-FD-SQUIBS_3_4

Sht 62

@7.945-07

CCF of two
components:
ES0-RE_-FD-FB2-1 &
ES50-RE_-FD-FC1-1

T
[ L2-ES0-RE_-F_78 |

| 2-E50-RE_-FD-SQUIBS_4_5

Shi. 63

@7.945-07

RELAY FAILURE TO
OPERATE
(ELECTROMECHANICAL)

CCF of two
componems:
ES0-RE_-FD-FB2-1 &
E£50-RE_-FD-FC2-1

T
ES0-RE_-FD-FB2-1

L2-E50-RE_-FD-SQUIBS_4_6

( ) 1.00E-04

@7 94E-07

I

CCF of two
components:
ES50-RE_-FD-FA1-1 &
ES0-RE_-FD-FB2-1

CCF of two
components:
ES50-RE_-FD-FB2-1 &
E50-RE_-FD-FD1-1

1
L2-E50-RE_-FD-SQUIBS_1_4

I
| 2-E50-RE_-FD-SQUIBS_4_7

@ 7.94E-07
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|  L2EsoRE_-F80 |

Sht. 60 a

I 1
CCF of two CCF of three
components: components:
ES0-RE_-FD-FB2-1 & E50-RE_-FD-FA1-1 &
ES50-RE_-FD-FD2-1 ES0-RE_-FD-FB1-1 &
c
L = —
L2-E50-RE_-FD-SQUIBS_4_8 | L2-E50-RE_-FD-SQUIBS_1_3_4
@7.945{)7 @2.65E-08
CCF of three
components:

ES0-RE_-FD-FA1-1 &
ES50-RE_-FD-FA2-1 &

Ee0-RE—ED-FR01
=1

l L2-E50-RE_-FD-SQUIBS_1_2_4 |

@ 2.66E-08
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sht 60
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CCF of three CCF of three
components: components:
E50-RE_-FD-FA1-1 & ES50-RE_-FD-FA2-1 &
ES50-RE_-FD-FB2-1& E50-RE_-FD-FB2-1 &
£50-REFB-Fo+4
| 2-E50-RE_-FD-SQUIBS_1_4_5 L2-E50-RE_-FD-SQUIBS_2_4_5 ]
®z.sse-os @2.65E-08
I 3.
CCF of three CCF of three
components: components:
E50-RE_-FD-FA1-1 & ES0-RE_-FD-FA2-18
E50-RE_-FD-FB2-18& E50-RE_-FD-FB2-13&
£50-RE_FB-FG2 3
| L2-E50-RE_-FD-SQUIBS_1_4_6 L2-E50-RE_-FD-SQUIBS_2_4_6 ]
@ 2.65E-08 2.65E-08
I 1
CCF of three CCF of three
components: components:
ES50-RE_-FD-FA1-1& E50-RE_-FD-FA2-18&
ES50-RE_-FD-FB2-1 & E50-RE_-FD-FB2-18&
£66-RE-—FD-FD-+ E60-RE—FB-FD+4
| L2-E50-RE_-FD-SQUIBS_1_4_7 12-E50-RE_-FD-SQUIBS_2_4_7 ]
@ 2,65E-08 @2.655-08
I 1
CCF of three CCF of three
components: components:
E50-RE_-FD-FA1-14& ES0-RE_-FD-FA2-1 8
E50-RE_-FD-FB2-1 & E50-RE_-FD-FB2-1 &
| L2-E50-RE_-FD-SQUIBS_1_4_8 12-E50-RE_-FD-SQUIBS_2_4_8 ]

@2555-05 @2.65E-08

CCF of three CCF of three
components: components:
ES50-RE_-FD-FA2-1 & E50-RE_-FD-FB1-1 &
E50-RE_-FD-FB1-1 & E50-RE_-FD-FB2-1 &
£60-RE—FB-FBa-+ E60-RE—FB-FE++
[ L2-E50-RE_-FD-SQUIBS_2_3_4 | L2-E50-RE_-FD-SQUIBS_3_4_5

@2.651—:-05 @2.65E-OB
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CCF of three CCF of three
components: components:
E50-RE_-FD-FB1-1 & E50-RE_-FD-FB2-1 &
E50-RE_-FD-FB2-1 & E50-RE_-FD-FC1-1 &
E60-RE—FB-FE2-1
L2-E50-RE_-FD-SQUIBS_3_4_6 12-E50-RE_-FD-SQUIBS_4_5_8 |
@2.65E-08 @ 2.65E-08
L 1
CCF of three CCF of three
components: components:
E50-RE_-FD-FB1-1& E50-RE_-FD-FB2-1 &
E50-RE_-FD-FB2-1 & ES0-RE_-FD-FC2-1 &
£60-RE_FDFD+ —E60-RE_FD-FB4-+
L2-E50-RE_-FD-SQUIBS_3 4_7 L2-E50-RE_-FD-SQUIBS_4_6_7 |
@2.65E-08 @2.65E-03
L 1
CCF of three CCF of three
components: components:
E50-RE_-FD-FB1-1 & E50-RE_-FD-FB2-13&
E50-RE_-FD-FB2-1 & E50-RE_-FD-FC2-1 &
L esoRe—Foroasr—
L2-E50-RE_-FD-SQUIBS_3_4_8 L2-E50-RE_-FD-SQUIBS_4_6_8
z 65E-08 z.sse-oe
i — 1
CCF of three CCF of three
components. components:
E50-RE_-FD-FB2-18& E50-RE_-FD-FB2-1 8
ES50-RE_-FD-FC1-1& E50-RE_-FD-FD1-18&
L2-E50-RE_-FD-SQUIBS_4_5_6 12-E50-RE_-FD-SQUIBS_4_7_8 |
z.sss-oa @ 2 65E-08
I 1
CCF of three CCF of all components
components* in group
E50-RE_-FD-FB2-1& 'L2-E50-RE_-FD-SQUIB
E50-RE_-FD-FC1-1& '
£60-RE_FD-FO-3

1
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L
[ EsoLNE-Ba-MECH |

Sht. 17 :

SQUIB VALVE (FAILURE
TO OPEN) -- including
common cause

1 1
L2-E50-SQV-CC-DELUGE-G8 | [ Esosav-RELAYs-B3 |
sht. 65
1 1
RELAY FAILURE TO RELAY FAILURE TO
OPERATE OPERATE
(ELECTROMECHANICAL) (ELECTROMECHANICAL)
L 1
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SQUIB VALVE (FAILURE
TO OPEN) - including
common cause

.
b L2-E50-SQV-CC-DELUGE-G8 |

=

I |

CCF oftwo
components:
E50-SQV-CC-F1-A1 &
E50-SQV-CC-F3-B3

1 1
| t2Eesosavc7s | [ 12-E50-SQV-CC-DELUGE_1_8 |

O@ 2.08E-05
Sht. 66

L 1

CCF of two
components:
E50-SQV-CC-F1-B1 &
E50-SQV-CC-F3-B3

) 1
[ L2-E50-5Qv-C_72 | | | 2-E50-SQV-CC-DELUGE_2_8 ]

2.08E-05
Sht 67

CCF of two
components:
E50-SQV-CC-F1-C1 &
E50-SQV-CC-F3-B3

1 ) g
| L2-E50-SQV-C_71 | L2-E50-SQV-CC-DELUGE_3_8 |

@2.055-05
Sht_ 68

[ 1

CCF of two
components;
E£50-5QV-CC-F2-A2 &
E50-SQV-CC-F3-B3

1
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@2.055-05
Sht. 69

I 1

SQUIB VALVE (FAILURE CCF of two

TO OPEN) components:
E50-SQV-CC-F2-B2 &
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T I
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[ 1
CCF of two CCF of three
components: components:

E50-SQV-CC-F3-B3 &
E50-SQV-CC-F3-C3

E50-SQV-CC-F1-A1 &
E50-SQV-CC-F2-C2 &

ESC-EOM-CE-F3-B3
a4

L2-E50-SQV-CC-DELUGE_8_9

| 2-E50-SQV-CC-DELUGE_1_6_8

@2 08E-05

@s 95E-07

I — |
CCF of three CCF of three
components: components:

E50-SQV-CC-F1-A1 &
ES0-SQV-CC-F1-B1 &

EEO-E0M F3-B3

E50-SQV-CC-F1-A1 &
E50-SQV-CC-F3-A3 &

EE0-EOM-CE-F3-B3
15

=
L2-E50-SQV-CC-DELUGE_1_2_8

| 2-E50-SQV-CC-DELUGE_1_7_8

@5.955-07

@5.955—07

I

1

CCF of three
components:
E50-SQV-CC-F1-A1 &
E50-SQV-CC-F1-C1 &

CCF of three
components:
E50-SQV-CC-F1-A1 &
E50-SQV-CC-F3-B3 &

EEO-E QMG C-E-B3
=

EE0-EQM F-EF
o8

L2-E50-SQV-CC-DELUGE_1_3_8
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5.95E-07

@ 5.95E-07

CCF of three
components:
E50-SQV-CC-F1-A1 &
ES50-SQV-CC-F2-A2 &

CCF of three
components:
E50-SQV-CC-F1-B1 &
E50-SQV-CC-F1-C1 &
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y o

L2-E50-SQV-CC-DELUGE_1_4_8

L2-E50-SQV-CC-DELUGE_2_3_8

@5.955-07

.@ 5.95E-07

CCF of three
components:
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E50-SQV-CC-F2-B2 &
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components:
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E50-SQV-CC-F2-A2 &
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T
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8B REPRESENTATIVE SEQUENCE RESULTS

The representative sequences analyzed during the containment analysis are shown in this
appendix. Both a Technical Specifications Leakage (TSL) case and a Filtered Release (FR) are
shown for Class I, Class III, and Class IV severe accident scenarios. Accident classes are
defined in Section 7.2.2. A Class II scenario, in which containment failure precedes core
damage. is also included. No Class V cases were analyzed because, by definition, containment
function is directly bypassed due to an unisolated break outside containment (BOC).
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8B.1 — Class I Representative Sequence (T_nIN_TSL)

DECAY POWER

Sequence: T_niN_TSL_R1 —QCORE W
5.00E+09

4.50E+09

4.00E+09

3.50E+09 -

3.00E+09

2.50E+09

POWER, W

2.00E+09 -

1.50E+09 ~

1.00E+09 -

5.00E+08

0.00E+00

0.00E+00 6.00E+02 1.20E+03 1.80E+03 2.40E+03 3.00E+03
TIME, S

Figure 8B-1a — CDI TSL Core Power

RPV WATER LEVELS
Sequence: T_nIN_TSL_R1

25

~—CORE LVL (2 PHS) = SHROUD LVL (COL) =——LWR PLENUM LVL

20

3.60E+03

WATER LEVEL, M
&

o
i

MM/MWW&J\N\

s |

LA

0.0E+00 2.2E+04 4.4E+04 6.6E+04 8.8E+04 1.1E+05 1.3E+05 1.5E+05 1.8E+05 2.0E+05 2.2E+05
TIME, S

Figure 8B-1b — CDI TSL RPV Water Levels

8B-2
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TEMPERATURE, K

LEVEL, M
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CORE TEMPERATURE
Sequence: T_niN_TSL.R1 — PEAK CORE TEMP ——AVG CORE TEMP
6000
5000
4000 -
3000 — )
2000
1000 h
0
0.00E+00 5.00E+04 1.00E+05 1.50E+05 2.00E+05 2.50E+05 3.00E+05
TIME, S
Figure 8B-1c — CDI TSL Core Temperature
PCC POOL LEVEL
Sequence: T_nIN_TSL_R1

6

5 3

4

3

2 4

1 +

) |
0.00E+00 5.00E+04 1.00E+05 1.50E+05 2.00E+05 2.50E+05 3.00E+05

TIME, S

Figure 8B-1d — CDI TSL PCCS Pool Level
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SRV FLOW RATE, KG/S

KG/S

DPV FLOW RATE

Sequence: T_nIN_TSL_R1

NEDO-33201 Rev 2

SRV GAS FLOW vs TIME

9.00E+02

8.00E+02

7.00E+02

6.00E+02

5.00E+02

4.00E+02

3.00E+02

2.00E+02

1.00E+02

0.00E+00 -
0.00E+00

5.00E+04

1.00E+05 1.50E+05 2.00E+05 2.50E+05
TIME, §

Figure 8B-1¢ — CDI TSL SRV Gas Flow vs Time

Sequence: T_nIN_TSL_R1

DPV GAS FLOW RATE vs TIME

3.00E+05

2 00E+02 ]

1.80E+02

1.60E+02 }

1.40E+02

1.20E+02 ‘

1.00E+02

8.00E+01

6.00E+01

4.00E+01

h

2.00E+01

fl

~ ~

0.00E+00 +
0.00E+00

5.00E+04

1.00E+05 1.50E+05 2.00E+05 2 50E+05
TIME, §

Figure 8B-1f — CDI TSL DPV Gas Flow vs Time
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UPPER DRYWELL TEMPERATURE
Sequence: T_nIN_TSL_R1
650

600

550 m

X
W 500
=2
E k
E ol
o
S 450 -
(=

400

350

300

0.00E+00 5.00E+04 1.00E405 1.50E+05 2.00E+05 2.50E+05 3.00E+05

TIME, 5
Figure 8B-1g — CDI TSL Drywell Gas Temperature
DOWNWARD PENETRATION (CCl)
Sequence: T_nIN_TSL_R1

6.00E-02

5.00E-02

4.00E-02

~—LWR DW — UPR DW]|

=
£ 300E-02
Q.
w
[=]

2.00E-02

1.00E-02

0.00E+00

0.00E+00 5.00E+04 1.00E+05 1.50E+05 2.00E+05 2.50E+05 3.00E+05
TIME,

Figure 8B-1h — CDI TSL Downward CCI Penetration
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H2 MASS, KG

LEAK RATE, KG/S
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HYDROGEN GENERATION

Sequence: T_nIN_TSL_R1

5.00E+02

4 50E+02 /
4.00E+02

3.50E+02

3.00E+02

2.50E+02

2.00E+02

1.50E+02

1.00E+02

5.00E+01

0.00E+00

0.00E+00

5.00E+04 1.00E+05 1.50E+05 2.00E+05 2.50E+05
TIME, S

Figure 8B-1i — CDI TSL Hydrogen Generation

DW LEAK/FAIL FLOW

Sequence: T_nIN_TSL_R1

3.00E+05

1.00E+00

9.00E-01

8.00E-01

7.00E-01

6.00E-01

5.00E-01

4.00E-01

3.00E-01

2.00E-01

1.00E-01

0 GOE+00
0.00E+00

5.00E+04 1.00E+05 1.50E+05 2.00E+05 2.50E+05
TIME, S

Figure 8B-1j — CDI TSL Drywell Leak/Failure Flow Rate
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FLOWRATE, KG/S

RELEASE FRACTION
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WETWELL VENT FLOW RATE

Sequence: T_nIN_TSL_R1

1.00E+00

9.00E-01

8.00E-01

7.00E-01

6.00E-01 1

5.00E-01

4.00E-01

3.00E-01

2.00E-01

1.00E-01

0.00E+00
0.00E+00 5.00E+04 1.00E+05 1.50E+05 2.00E+05 2.50E+05 3.00E+05
TIME, S

Figure 8B-1k — CDI TSL Wetwell Vent Flow Rate

NOBLE GAS RELEASE FRACTION

Sequence: T_nIN_TSL_R1

1.00E+00

9.00E-01 +

8.00E-01 k]

7.00€E-01

6.00E-01 -

5.00E-01

4.00E-01

3.00E-01 -

2.00E-01

1.00E-01

0.00E+00 .
0.00E+00 5.00E+04 1.00E+05 1.50E+05 2.00E+05 2 50E+06 3.00E+05
TIME, §

Figure 8B-11 - CDI TSL Noble Gas Release Fraction
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MASS FRACTION (RPV, CONTAINMENT)

=
J
2
w
-

1.20E+00

1.00E+00
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Cslin RPV and CONTAINMENT

Sequence: T_nIN_TSL_R1

8.00E-01

6.00E-01 —?

4.00E-01

2.00E-01 +—

0.00E+00 -

4—0— RELEASE TO ENVIRONMENT —&-Csl in PRIMARY Cslin CONTAINMENT

|

L

0.00E+00 5.00E+04 1.00E+05 1.50E+05 2.00E+05 2.50E+05

1.80E+01

1.60E+01

1.40E+01

1.20E+01

1.00E+01

TIME, S

Figure 8B-1m — CDI TSL CslI Distribution

DRYWELL WATER LEVELS

Sequence: T_nIN_TSL_R1

=—L_WR DW LEVEL
===GDCS POOL
UPR DW LEVEL

3.00E+05

8.00E+00

GDCS Deluge Actuation

6.00E+00

4.00E+00

2.00E+00

g/

il

|

0.00E+00

0.00E+00 5.00E+04 1.00E+05 1.50E+05 2.00E+05

TIME, S

Figure 8B-1n — CDI TSL Drywell Water Levels
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8B.2 — Class I Representative Sequence (T_nIN_nCHR_FR)

DRYWELL PRESSURE
Sequence: T_nIN_nCHR_FR_R1
1400000
1200000 - : ¥
Drywell pressure 24 hrs after onset of core \ Suppression chamber vent opened when pressure reaches
damage (249 hrs) = 0.91 MPa 90% containment failure pressure (37 hrs)
1000000 -
& 800000 -
ui
4
>
»
4
x 600000 -
400000 o
\ RPV Failure
200000 ¥
0 $ +
0.00E+00 5.00E+04 1.00E+05 1.50E+05 2.00E+05 2.50E+05 3.00E+05
TIME, S
Figure 8B-2a — CDI FR Containment Pressures
CORE POWER AND PCC HEAT REMOVAL
Sequence: T_nIN_nCHR_FR_R1
6.00E+07
5.00E407 —e—DECAY HEAT —#-PCC HT REMOVAL
4 00E+07 -
E4
& 3008+
g 3.00E+07 -
& \
2.00E+07 -
1.00E+07
0.00E+00
0.00E+00 5.00E+04 1.00E+05 1.50E+05 2.00E+05 2.50E+05 3.00E+05

TIME,

Figure 8B-2b — CDI FR Core Power and PCCS Heat Removal
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Noble Gas Release Fraction

Sequence: T_nIN_nCHR_FR_R1

1.20E+00

1.00E+00

—

8.00E-01

6.00E-01

Levei, m

4.00E-01

2.00E-01

0.00E+00
0.0E+00 2.2E+04 44E+04 66E+04 8.8E+04 1.1E+05 1.3E+05 1.5E+05 1.8E+05 2.0E+05 2.2E+05 2.4E+05

Time, s

Figure 8B-2c — CDI FR Noble Gas Release Fraction

Csl Release Fraction

Sequence: T_nIN_nCHR_FR_R1

2.50E-02

2.00E-02

1.50E-02

Fractional Mass

1.00E-02 /

5.00E-03

0.00E+00
0.0E+00 22E+04 4.4E+04 66E+04 B.8E+04 11E+05 1.3E+05 15E+05 1.8E+05 20E+05 22E+05  2.4E+05

Time, s

Figure 8B-2d — CDI FR Csl Release Fraction
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0.40

0.35 -

0.30 -

025 -

E
€020
&

Temperature, K

0.15 -

0.10 -

0.05

NEDO-33201 Rev 2

Downward Penetration (CCl)

Sequence: T_nIN_nCHR_FR_R1

—+—LWR DW -=- UPPR DW

0.00

:

0

3500 -

3000 -

2500

N
(=3
[=3
o

[
o
o

21600

43200 64800 86400 108000 129600 151200 172800 194400 216000
Time, s

Figure 8B-2¢ — CDI FR Core Concrete Interaction

Core Temperature

Sequence: T_nIN_nCHR_FR_R1

e

——Peak Core Temp — Avg Core Temp

237600

259200

1000

500

0.00E+00

T

5.00E+04 1.00E+05 1.50E+05 2.00E+05 2.50E+05
Time, s

Figure 8B-2f — CDI FR Core Temperature
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RPV WATER LEVELS
Sequence: T_nIN_nCHR_FR_R1
25
20
===CORE === OWER PLENUM |
15
H
i)
g
4
10
0 ; | | |
0.00E+00 5.00E+04 1.00E+05 1.50E+05 2.00E+05 2.50E+05 3.00E+05
TIME, S
Figure 8B-2g — CDI FR RPV Water Levels
IC HEAT REMOVAL
Sequence: T_nIN_nCHR_FR_R1
1800000
1600000
1400000
1200000
2
&I 1000000
>
2
w
(4
= 800000
&
x
600000
400000
200000
0
0.00E+00 5.00E+04 1.00E+05 1.50E+05 2.00E+05 2.50E+05 3.00E+05
TIME, S
Figure 8B-2h — CDI FR ICS Heat Removal
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4.00E+00

3 S50E+00

3.00E+00

2.50E+00

2.00E+00

FLOW RATE, KG/S

1.50E+00

1.00E+00

5.00E-01

0.00E+00

NEDO-33201 Rev 2

VB FLOW RATE
Sequence: T_nIN_nCHR_FR_R1

TIME, S

0.00E+00 5.00E+04 1.00E+05 1 50E+05 2.00E+05 2.50E+0S

Figure 8B-2i — CDI FR Vacuum Breaker Flow Rate

DW GAS TEMPERATURE

Sequence: T_nIN_nCHR_FR_R1

3.00E+05

1000

900

800

e

700

600

TEMPERATURE, K

300 -
0.00E+00 5.00E+04 1.00E+05 1.50E+05 2.00E+05

TIME, $

2.50E+05

Figure 8B-2j — CDI FR Drywell Gas Temperature
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Water Temperatures

Sequence: T_niIN_nCHR_FR_R1

4800

460.0

4400 ' —&— Lower Drywell

~#— Upper Suppression Pool
~—#— |solation Condenser Pool

4200 -

380.0

Temperature, K

3600

0.0E+00 22E+04 4 4E+04 6.6E+04 B8.8E+04 1.1E+05 1.3E+05 1.5E+05 1.8E+05 2.0E+05 22E+05 2.4E+05
Time, s

Figure 8B-2k — CDI FR Water Temperatures

Wetwell Water Levels
Sequence: T_nIN_nCHR_FR_R1
20.0 - I
180 ¢
16.0 [ ——Downcomer
#- Upper Suppression Pool
140 1‘ #- Suppression Pool Level M
120 -
£
g 100
5

F o
20

0.0 - {
0.00E+00 5.00E+04 1.00E+05 1.50E+05 2.00E+05 2.50E+05 3.00E+05
Time, s

Figure 8B-21 — CDI FR Wetwell Water Levels




DPV Flow Rate, kg/s

SRV Flow Rate, kg/s
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DPV Gas Flow Rate

Sequence: T_niN_nCHR_FR_R1

2.50E+02

2.00E+02

1.50E+02 {

1.00E+02

5 00E+01 \
0.00E+00 \\\_/\ . \

0.08+00 1.0E+03 2.08+03 3.0E+03 4.0E+03 5.0E+03 6.06+03 7.0E+03

-5.00E+01
Time, s

Figure 8B-2m — CDI FR SRV Gas Flow Rate vs Time

SRV Gas Flow vs Time

Sequence: T_nIN_nCHR_FR_R1

9.00E+02

8 00E+02

7.00E+02 \

6 00E+02

4.00E+02

|
\

3.00E+02 \
2.00E+02

1.00E+02 P \

0.00E+00 —tp
0.00E+00 1 00E+03 2.00E+03 3.00E+03 4.00E+03 5.00E+03 6.00E+03 7.00E+03
-1.00E+02
Time, s

Figure 8B-2n — CDI FR DPV Gas Flow Rate vs Time
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Hydrogen Generation
Sequence: T_nIN_nCHR_FR_R1

5.00E+02
4.50E+02 ;'
4.00E+02

3.50E+02

3.00E+02

2.50E+02

H2 Mass, kg

2.00E+02

1.50E+02

1.00E+02

5.00E+01 -—

0.00E+00
0.00E+00 2.20E+04 4.40E+04 6.60E+04 8.80E+04 1.10E+05 132E+05 1.54E+05 1.76E+05 1.98E+05 220E+05 242E+05

Time, s

Figure 8B-20 — CDI FR Hydrogen Generation

DW Leak/Failure Flow Rate
Sequence: T_nIN_nCHR_FR_R1

1.00E+00

9.00E-01

8.00E-01

7.00E-01

6.00E-01

5.00E-01

Leak Rate, kg/s

4.00E-01

3.00E-01

2 00E-01

1.00E-01

0.00E+00
0.00E+00 5.00E+04 1.00E+Q5 1.50E+05 2.00E+05 2.50E+05 3.00E+05

Time, s

Figure 8B-2p — CDI FR Drywell Leak/Failure Flow Rate
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kals

Flow Rate

Csl Fraction
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Wetwell Vent Flow Rate
Sequence: T_nIN_nCHR_FR_R1
5.00E+01 -

4 50E+01

4.00E+01

3.50E+01 -

3.00E+01 -

2 50E+01 -

2.00E+01

1.50E+01

1.00E+01 ¢

5.00E+00 -

t

0.00E+00 :
0.0E+00 22E+04 43E+04 65E+04 86E+04 1.1E+05 1.3E+05 1.5E+05 1.7E+05 1.9E+05 22E+05

Time, s

Figure 8B-2q — CDI FR Wetwell Vent Flow Rate

Csl Fract in SP
Sequence: T_nIN_nCHR_FR_R1

1.0 -
09 -

08 -

—e— Downcomer & LowerVSupp Pool —+— Upper Supp Pool

\_.

24E+05  26E+05

07

06 -

05

04

03+

02 -

01 S i
P—‘

0.0
0.00E+00 5.00E+04 1.00E+05 1.50E+05 2.00E+05 2.50E+05

Time, s

Figure 8B-2r — CDI FR Csl Fraction in Suppression Pool
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Fractional Mass
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Csl Fraction in Upper Drywell

Sequence: T_nIN_nCHR_FR_R1

09

08

0.7

06 -

—— Lower Drywell —s— Upper Drywell

05

04

03 -

02

~——

5.00E+04 1.00E+05 1.50E+05 2.00E+05 2.50E+05
Time, s

Figure 8B-2s — CDI FR Csl Fraction in Upper Drywell
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PRESSURE, PA

NEDO-33201 Rev 2

8B.3 — Class 11 Representative Sequence (MLi_nCHR)

Sequence MLI_nCHR_R1

CORE WATER LEVELS

25

20

LEVEL, M

10

0

0.00E+00 5.00E+04 1 00E+05 1.50E+05 2.00E+05 2.50E+05 3.00E+05
TIME, S
Figure 8B-3a — CDII Core Water Level
RPV PRESSURE

Sequence MLI_nCHR_R1
8000000
7000000
6000000
5000000
4000000
3000000
2000000
1000000 / /\‘\

V \

0!
0.00E+00 5.00E+04 1.00E+05 1.50E+05 2.00E+05 2.50E+405 3.00E+05
TIME, S

Figure 8B-3b — CDII RPYV Pressure
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TEMPERATURE, K

TEMPERATURE, K

Sequence: MLi_nCHR_R1
500 -

450 -

NEDO-33201 Rev 2

LOWER DRYWELL TEMPERATURE

400

350

w
(=]
o

250

200 -

150

100 - '
0.00E+00 5.00E+04

Sequence MLi_nCHR_R1
480 4

460

t

1.00E+05

t

1.50E+05
TIME, S

WATER TEMPERATURES

2.00E+05

Figure 8B-3c — CDII LDW Temperature

440

»
N
o

IS
f=3
(=}

W
©
o

360

340

320

2 50E+05

==TWRB(14) K

wwe SUPPRESSION POOL

~—| OWER DRYWELL

3.00E+05

300

0.00E+00 5.00E+04

Figure 8B-3d — CDII Water Temperatures

1.00E+05

1.50E+05
TIME, S
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DRYWELL WATER LEVELS

Sequence: MLi_nCHR_R1

= GDCS POOL 3
=L OWER DW

UPPER DW

LEVEL, M

GDCS POOL 2

0.00E+00 5 00E+04 1.00E+05 1.50E+05 2.00E+05 2.50E+05
TIME, S

Figure 8B-3e¢ — CDII Drywell Water Levels

WETWELL WATER LEVELS

Sequence MLI_nCHR_R1

=—DOWNCOMER

~——UPR SP

=== SUPPRESSION POOL
EVEL M

3.00E+05

0

0.00E+00 5.00E+04 1.00E+05 1.50E+05 2.00E+05 2.50E+05
TIME, S

Figure 8B-3f — CDII Wetwell Water Levels
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w

POWER

RELEASE FRACTION
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CORE POWER AND PCC HEAT REMOVAL

Sequence: MLi_nCHR_R1
6.0E+07

5.0E+07

w—DECAY HEAT
| —®-PCC HT REMOVAL

4.0E+07 -

30E+07 ~

2.0E+07 ~

1.0E+07 -

0.0E+00

0.00E+00 5.00E+04 1.00E+05 1.50E+05 2 00E+05 2 50E+05
TIME, $

Figure 8B-3g — CDII Core Power and PCCS Heat Removal
FISSION PRODUCT RELEASE FRACTION
Sequence: MLi_nCHR_R1
1.00E+00 -
9.00E-01
8.00E-01 . : : ——Kr|
7.00E-01
6.00E-01

5.00E-01

4.00E-01

3.00E+05

3.00E-01

2.00E-01

1.00E-01

0.00E+00

0.00E+00 5.00E+04 1.00E+05 1.50E+05 2.00E+05 2.50E+05
TIME, S

Figure 8B-3h — CDII Noble Gases Release Fraction
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RELEASE FRACTION

LEAK RATE, KG/S
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Csl RELEASE FRACTION

Sequence. MLI_nCHR_R1
1.00E+00

9.00E-01

8.00E-01

7.00E-01

6.00E-01

5.00E-01

4.00E-01

3.00E-01

2.00E-01

1.00E-01

0.00E+00

0.00E+00 5.00E+04 1.00E+05 1.50E+05 2.00E+05 2 50E+05
TIME, §

Figure 8B-3i — CDII CsI Release Fraction

DW LEAK/FAILURE FLOW RATE
Sequence: MLI_nCHR_R1
3 50E+01 -

3.00E+05

3.00E+01

2 50E+01

2.00E+01 -

1.50E+01 N

1 00E+01 —~—

5.00E+00

0.00E+00
0.00E+00 5.00E+04 1.00E+05 1 50E+05 2.00E+05 2.50E+05

TIME, S

Figure 8B-3j — CDII DW Leak/Failure Flow Rate

8B-23

3.00E+05




NEDO-33201 Rev 2

8B.4 — Class I1I Representative Sequence (T_nDP_nIN_TSL)

DRYWELL PRESSURE
Sequence T_nDP_nIN_TSL_R1
9 0E+05
8.0E+05
7.0E+05
6 OE+05 ] A L
W
. /] A\
& 50E+05 A\,
ul \ DW pressure 24 hrs after onset of
% core damage (25.4 hrs) = 0.
ﬁ 4.0E+05
o
3.0E+05
2 0E+05 | RPV failure followed by GDCS
deluge actuation
1.0E+05
G.0E+00
0 0E+00 5.0E+04 1.0E+05 1.5E+05 2.0E+05 2.5E+05 3.0E+05
TIME, S
Figure 8B-4a — CDIIH TSL Drywell Pressure
LOWER DRYWELL TEMPERATURE
Sequence T_nDP_nIN_TSL_R1
800
750
700 N
650
x
Z 600
:
g
< 550
. |
500
450 ) \ L
400 || y
350
0.00E+00 5.00E+04 1.00E+05 1.50E+05 2.00E+05 2.50E+05 3.00E+05
TIME, §

Figure 8B-4b — CDIII TSL Lower Drywell Temperature
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LEVEL, M

w

POWER,

NEDO-33201 Rev 2

DRYWELL WATER LEVELS
Sequence T_nDP_nIN_TSL_R1
1.80E+01

1.60E+01

1.40E+01

1.20E+01 { : ‘ ——LWR DW LEVEL
—GDCS POOL

1.00E+01 UPR DW LEVEL

8.00E+00

6.00E+00 -

4.00E+00

2.00E+00

0.00E+00 ; ;
0.00E+00 5 00E+04 1.00E+05 1.50E+05 2.00E+05 2.50E+05
TIME, S

Figure 8B-4¢c — CDIII TSL Drywell Water Levels

CORE POWER and PCC HEAT REMOVAL
Sequence T_nDP_nIN_TSL_R1
6.0E+07

5.0E+07 i
=—DECAY HEAT —PCC HT REMOVAL

4.0E+07

3.00E+05

3.0E407 \

2.0E+07

- ‘—PAT\A

0.0E+00 l’

0.00E+00 5.00E+04 1.00E+05 1.50E+05 2 00E+05 2 50E+05
TIME, S

Figure 8B-4d — CDIII TSL Core Power and PCCS Heat Removal
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NOBLE GAS RELEASE FRACTION

Sequence T_nDP_nIN_TSL_R1

1.00E+00 -

9.00E-01 -

8.00E-01 -

7.00E-01 -

RELEASE FRACTION

6.00E-01 -

5.00E-01 -

4.00E-01 -

3.00E-01 -~

2.00E-01

| 1.00E-01

0.00E+00

1.20E+00

1.00E+00

0.00E+00

5.00E+04 1.00E+05 1.50E+05
TIME, S

2.00E+05 2.50E+05

Figure 8B-4e — CDIII TSL Noble Gas Release Fraction

Cslin RPV and CONTAINMENT

Sequence T_nDP_niN_TSL_R1

—4—RELEASE TO ENVIRONMENT

8.00E-01

6.00E-01

MASS FRACTION (RPV, CONTAINMENT)

2.00E-01

4.00E-01 +

. 2
—

3.00E+05

—#— Csl in PRIMARY
Csl in CONTAINMENT

0.00E+00 -

0.00E+00

5.00E+04 1.00E+05 1.50E+05
TIME, S

2.00E+05 2.50E+05

Figure 8B-4f — CDIII TSL Csl Distribution
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DOWNWARD PENETRATION (CClI)

Sequence T_nDP_nIN_TSL_R1
1.40E-02 -

1.20E-02 -

1.00E-02 -

—LWR DW — UPR DW |

8.00E-03 -

DEPTH, M

6.00E-03 -

4 00E-03 -

2.00E-03 +

0.00E+00 1 : +
0.00E+00 5.00E+04 1.00E+05 1.50E+05 2.00E+05 2 50E+05

TIME, S

Figure 8B-4g — CDIII TSL Downward CCI Penetration

CORE TEMPERATURE

Sequence T_nDP_nIN_TSL_R1
3500 -

3000
=——PEAK CORE TEMP —AVG CORE TEMP |

2500

2000 -~

TEMPERATURE, K

1500

1000

500

3.00E+05

0 '
0.00E+00 5 00E+04 1.00E+05 1.50E+05 2.00E+05 2 50E+05

TIME, S

Figure 8B-4h — CDIII TSL Core Temperature
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RPV WATER LEVELS

\ Sequence T_nDP_nIN_TSL_R1
25

=—=CORE LVL (2 PHS) — SHROUD LVL (COL) == LWR PLENUM LVL
20

o
L

WATER LEVEL, M

o

e

0.0E+00 2.2E+04 4.4E+04 6.6E+04 8.8E+04 1.1E+05 1.3E+05 1.5E+05 1.8E+05 2.0E+05 2.2E+05 24E+05
TIME, S

Figure 8B-4i — CDIII TSL RPV Water Levels

WETWELL VENT FLOW RATE

Sequence T_nDP_nIN_TSL_R1
1.00E+00

9.00E-01 -
8.00E-01 -
7.00E-01 -
6.00E-01 -

5.00E-01

FLOWRATE, KG/S

4.00E-01

3.00E-01 ~

2.00E-01 ~

1.00E-01

0.00E+00
0.00E+00 5.00E+04 1.00E+05 1.50E+05 2.00E+05 2 50E+05 3.00E+05
TIME, S

Figure 8B-4j — CDIII TSL Wetwell Vent Flow Rate
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TEMPERATURE, K

TEMPERATURE, K
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UPPER DRYWELL TEMPERATURE
Sequence T_nDP_nIN_TSL_R1

650

600

550

4]
o
(=3

9

350

300

0 00E+00 5 00E+04 1 00E+05 1.50E+05 2.00E+05 2.50E+05
TIME, S

Figure 8B-4k — CDIII TSL Upper Drywell Gas Temperature

LOWER DRYWELL TEMPERATURE
Sequence T_nDP_nIN_TSL_R1
800

3.00E+05

750

700 N

650

fo23
=3
o

o
[y
[=]

500

450 L

400 l ‘/

350 /V

0.00E+00 5.00E+04 1.00E+05 1.50E+05 2.00E+05 2.50E+05
TIME, S

Figure 8B-41 — CDIII TSL Lower Drywell Gas Temperature
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SRV FLOW RATE, KG/S
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SRV GAS FLOW vs TIME
Sequence T_nDP_nIN_TSL_R1
140E+03 T

1.20E+03

1.00E+03

8.00E+02

6.00E+02

4.00E+02

2.00E+02

0.00E+00
0.00E+00 5.00E+04 1.00E+05 1.50E+05 2.00E+05 2.50E+05 3.00E+05
TIME, S

Figure 8B-4m — CDIII TSL SRV Gas Flow Rate

DPV GAS FLOW RATE vs TIME

Sequence T_nDP_nIN_TSL_R1

1.20E+03

1.00E+03

8.00E+02

6 00E+02

DPV FLOW RATE, KG/S

4.00E+02

2.00E+02

0.00E+00 - T T
0.00E+00 5.00E+04 1.00E+05 1.50E+05 2.00E+05 2.50E+05 3.00E+05

TIME, 8

Figure 8B-4n — CDIII TSL DPV Gas Flow Rate
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H2 MASS, KG
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HYDROGEN GENERATION

Sequence T_nDP_nIN_TSL_R1

6.00E+02

—

5.00E+02

4.00E+02

3.00E+02

2.00E+02

1.00E+02

0.00E+00

0.00E+00

5.00E+04 1.00E+05 1.50E+05 2.00E+05
TIME, S

Figure 8B-40 — CDIII TSL Hydrogen Generation
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8B.5 — Class III Representative Sequence (T_nDP_nIN_nCHR_FR)

DRYWELL PRESSURE

Sequence: T_nDP_niN_nCHR_FR_R1

1.4E+06 ’ ‘
Suppression chamber vent opened
/ @306 hrs
1.2E+06 +—— 24 hours after onset of
core damage (25.4 hrs)
Pressure = 1.01MPa \ /
1.0E+06
& soe+05
u
4
2
% \
w
& 60E+05 V4

3.0E+05

4,0E+05 \
RPV failure followed by GDCS N —
2.0E+05 1 deluge actuation e ———————
ﬁ\
0.0E+00
0.0E+00 5.0E+04 10E+05 1.5E+05 2.0E+05 2.5E+05
TIME, S
Figure 8B-5a — CDIII FR Drywell Pressure
LOWER DRYWELL TEMPERATURE
Sequence. T_nDP_nIN_nCHR_FR_R1
906
801
70 \
X
i’
[4
E /
§ 60
i
a
=
w
S
50 1
L-WW Lt L
R e
s
400-—|—,
301

-4.0E+03 1.8E+04 4.0E+04

6.2E+04 8.4E+04 1.1E+05 1.3E+05
TIME, S

1 5E+05 1.7E+05

1.9E+05 2.2E+05

Figure 8B-5b — CDIII FR Lower Drywell Temperature
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DRYWELL WATER LEVELS

Sequence: T_nDP_nIN_nCHR_FR_R1
250

20.0

~— LOWER DW = GDCS POOL ~

15.0

LEVEL, M

10.0 -

5.0~

0.0 +r—r t - . i
0.00E+00 5.00E+04 1.00E+05 1.50E+05 2.00E+05 2.50E+05 3.00E+05
TIME, S

Figure 8B-5¢ — CDIII FR Drywell Water Levels

CORE POWER AND PCC HEAT REMOVAL

Sequence: T_nDP_nIN_nCHR_FR_R1
6.00E+07

5.00E+07

—+—DECAY HEAT —#- PCC HT REMOVAL

4.00E+07 -

w

3.00E+07 -

POWER,

2.00E+07

1.00E+07 +

0.00E+00
0.00E+00 5 00E+04 1.00E+05 1.50E+05 2 00E+05 2.50E+05 3.00E+05
TIME, S

Figure 8B-5d — CDIII FR Core Power and PCCS Heat Removal
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Level, m

Fractional Mass

Sequence T_nDP_nIN_nCHR_FR_R1
1.20E+00

NEDO-33201 Rev 2

Noble Gas Release Fraction

——Kr

1.00E+00

8.00E-01 ¢

6.00E-01 -

4.00E-01 -

2.00E-01 -

0.00E+00
00E+00 22E+04  4.4E+04

6.6E+04

8.8E+04

1.1E+05  1.3E+05 1.5E+05 18E+05 20E+05 22E+05 24E+05
Time, s

¥

Figure 8B-5¢ — CDIII FR Noble Gas Release Fraction

Sequence T_nDP_nIN_nCHR_FR_R1
9.00E-04

8.00E-04 ~

7.00E-04 -

6.00E-04 -

5.00E-04 -

Csl Release Fraction

4.00E-04

3.00E-04

2.00E-04 -

1.00E-04 -

TR

0.00E+00
00E+00  22E+04  4.4E+04

6.6E+04

8.8E+04

1.1E+05 1.3E+05 1.5E+05 18E+05 20E+05 22E+05 24E+05
Time, s

Figure 8B-5f — CDIII FR Csl Release Fraction
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Downward Penetration (CCI)
Sequence T_nDP_nIN_nCHR_FR_R1
0.40

035

—+—LWR DW —=-UPPR DW |

0.30

025
£
£ o020
a
015
0.10

0.05

f 4

0.00
0 21600 43200 64800 86400 108000 129600 151200 172800 194400 216000 237600 259200
Time, s

Figure 8B-5g — CDIII FR CCI Penetration

Core Temperature
Sequence T_nDP_nIN_nCHR_FR_R1
4500

4000 -

3500

——Peak Core Temp —— Avg Core Temp

8

g

Temperature, K

0.00E+00 5.00E+04 1.00E+05 1.50E+05 2.00E+05 2.50E+05 3.00E+05
Time, s

Figure 8B-5h — CDIII FR Core Temperature
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HEAT REMOVAL, W

LEVEL, M
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RPV WATER LEVELS

Sequence T_nDP_nIN_nCHR_FR_R1

25

20

15

10 -

===CORE ===LOWER PLENUM

O &
0.00E+00

5.00E+04 1.00E+05 1.50E+05 2.00E+05 2 50E+05
TIME, S

Figure 8B-5i — CDIII FR RPV Water Levels

IC HEAT REMOVAL

Sequence T_nDP_nIN_nCHR_FR_R1

1800000

1600000 -

1400000

1200000

1000000

3.00E+05

800000

600000

400000

200000

0
0.00E+00

5.00E+04 1.00E+05 1.50E+05 2.00E+05 2 50E+05
TIME, S

Figure 8B-5j — CDIII FR ICS Heat Removal
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TEMPERATURE, K

Temperature, K
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Sequence T_nDP_nIN_nCHR_FR_R1 DW GAS TEMPERATURE
600 ~

55

500 -+

—

451

¥l %

30 | i L : 4
-40E+03  18E+04  40E+04 62E+04 B84E+04  11E+05 13E+05 15E+05 17E+05  19E+05  22E+05  2.4E+05
TIME, S

Figure 8B-5k — CDIII FR Drywell Temperature

Water Temperatures
Sequence: T_nDP_nIN_nCHR_FR_R1

500.0 -

'3 I —o—Lower Drywell
| ~#-— Upper Suppression Pool
| -4~ Isolation Condenser Pool

4500

4000

350.0 -

26E+05

300.0 | | i ) i § l

250.0

N
=3
o
=}

1500 -

1000 -

500

00 - ; t t ' £
0.0E+00  22E+04  44E+04  66E+04 8.8E+04 1.1E+05 1.3E+05 1.5E+05 18E+05 20E+05  22E+05  24E+05
Time, s

Figure 8B-51 — CDIII FR Water Temperatures
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Wetwell Water Levels

Sequence T_nDP_nIN_nCHR_FR_R1
200 ~

18.0

16.0 -

140 -

12.0 -

| ~— Downcomer
—&— Upper Suppression Pool
&~ Suppression Pool Level M

Level, m

00
0.00E+00 5.00E+04 1.00E+05 1.50E+05
Time, s

2.00E+05 2.50E+05

Figure 8B-5m — CDIII FR Wetwell Water Levels

SRV Gas Flow vs Time

Sequence: T_nDP_nIN_nCHR_FR_R1
1.40E+03

3.00E+05

1.20E+03

1.00E+03

kgls

" 8.00E+02 |

6.00E+02

SRV Flow Rate,

4 00E+02 -

2.00E+02

et —

0.00E+00 1

0.00E+00 1.00E+03 2.00E+03 3.00E+03

4 00E+03 5.00E+03 6.00E+03

Time, s

Figure 8B-5n — CDIII FR SRV Flow Rate

7.00E+03




1.20E+03

1.00E+03

8.00E+02

DPV Flow Rate, kg/s

4.00E+02

2 00E+02

0.00E+00

600

500 +

400

H2 Mass, kg
w
o
o

200

0

6.00E+02

NEDO-33201 Rev 2

DPV Gas Flow Rate

Sequence T_nDP_nIN_nCHR_FR_R1

0.0E+00 6.0E+02 12E+03 1.8E+03 24E+03 30E+03 36E+03 42E+03 48E+03 54E+03 6.0E+03
Time, s

Figure 8B-50 — CDIII FR DPV Flow Rate

Hydrogen Generation

Sequence: T_nDP_nIN_nCHR_FR_R1

6.6E+03

7 2E+03

Time, s

Figure 8B-5p — CDIII FR Core Hydrogen Generation

8B-39
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Leak Rate, kg/s

Flow Rate, kg/s

NEDO-33201 Rev 2

DW Leak/Failure Flow Rate

Sequence T_nDP_nIN_nCHR_FR_R1

1.00E+00

9,00E-01

8,00E-01

7.00E-01

6.00E-01

5.00E-01

4 00E-01

3.00E-01

2.00E-01

1.00E-01

0.00E+00
0.00E+00

5.00E+04 1.00E+05 1.50E+05 2.00E+05 2 50E+05

Time, s

Figure 8B-5q — CDIII FR Drywell Leak/Failure Flow Rate

Wetwell Vent Flow Rate

Sequence. T_nDP_nIN_nCHR_FR_R1

3.00E+05

5 00E+01

4.50E+01

4.00E+01

3.50E+01

3.00E+01

2 50E+01

2.00E+01

N\

1.50E+01

N

1.00E+01

\\

—

5.00E+00

N

0.00E+00
0.0E+00

2.2E+04

43E+04 6.5E+04 86E+04 1.1E+05 1.3E+05 1.5E+05 1.7E+05 1.9E+05
Time, s

Figure 8B-5r — CDIII FR Wetwell Vent Flow Rate
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Csl Fraction

Fractional Mass

NEDO-33201 Rev 2

Csl Fract in SP
Sequence: T_nDP_nIN_nCHR_FR_R1
1.0 -

09 -

08

—+— Downcomer —#— Lower Supp Pool === Upper Supp Pool

07

06 -

0.5 4

04

03

02 -

|

0.1 F; T A
0.0

0.00E+00 5.00E+04 1.00E+05 1.50E+05 2.00E+05 2.50E+05
Time, s

Figure 8B-5s — CDIII FR Suppression Pool Csl Fraction

Csl Fraction in Upper Drywell
Sequence: T_nDP_nIN_nCHR_FR_R1
1.0 -

09 -

08 . ; —o— Lower Drywell —= Upper Drywell .

0.7 -

06

05

04 -

0.3

02 -

0.1

0.0 __,c:

0.00E+00 5.00E+04 1.00E+05 1.50E+05 2.00E+05 2.50E+05
Time, s

Figure 8B-5t — CDIII FR Drywell Csl Fraction
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WATER LEVEL, M

TEMPERATURE, K
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8B.6 — Class IV Representative Sequence (T_AT_nIN_TSL)

RPV WATER LEVELS
Sequence: T_AT_nIN_TSL_R1
25 -
—~ |=—CORE LVL (2 PHS) — SHROUD LVL (COL) =LWR PLENUM LVL
20
15
10
5 AA A
1\
A"
N
0 f |
0.0E+00 6.0E+02 1.2E+03 1.8E+03 2.4E+03 3.0E+03 36E+03
TIME, S
Figure 8B-6a — CDIV TSL RPV Water Levels
LOWER DRYWELL TEMPERATURE
Sequence: T_AT_nIN_TSL_R1
950
850
750 -
650
550
450
350 : . ;
0.00E+00 5. 00E+04 1.00E+05 1.50E+05 2 00E+05 2.50E+05 3.00E+05

TIME, S

Figure 8B-6b — CDIV TSL Lower Drywell Temperature
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LEVEL,M
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PCC POOL LEVEL

Sequence: T_AT_nIN_TSL_R1
6 -

[ i ) | i
0.00E+00 5 00E+04 1.00E+05 1.50E+05 2 00E+05 2 50E+05
TIME, S

Figure 8B-6¢ — CDIV TSL PCCS Pool Level
. DRYWELL WATER LEVELS

200

18.0 +

16.0

3.00E+05

14.0 —LWR DW LEVEL

~==GDCS POOL

UPR DW LEVEL

40

Pl

20 -

0.0
0.00E+00 5.00E+04 1.00E+05 1.50E+05 2.00E+05 2.50E+05
TIME, S

Figure 8B-6d — CDIV TSL Drywell Water Levels
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CORE POWER and PCC HEAT REMOVAL

Sequence: T_AT_nIN_TSL_R1
6.0E+07

=—=DECAY HEAT

== PCC HT REMOVAL

5.0E+07 \
4 0E+07 -

3.0E+07

POWER, W

2.0E+07

1.0E+07

0.0E+00 J s ' ! i
0.00E+00 5 00E+04 1.00E+05 1.50E+05 2.00E+05 2 50E+05 3.00E+05
TIME, S

Figure 8B-6e — CDIV TSL Core Power and PCCS Heat Removal

NOBLE GAS RELEASE FRACTION
Sequence: T_AT_nIN_TSL_R1

1.00E+00 -
9.00E-01

8.00E-01 ——Kr|

7.00E-01

6.00E-01

5.00E-01

4.00E-01

RELEASE FRACTION

3.00E-01

2.00E-01

1.00E-01

0.00E+00
0.00E+00 5.00E+04 1.00E+05 1.50E+05 2.00E+05 2.50E+05 3.00E+05
TIME, S

Figure 8B-6f — CDIV TSL Noble Gas Release Fraction




Fractional Mass

DEPTH, M

NEDO-33201 Rev 2

e T AT L Csl Release Fraction

1.0E+00 -

9.0E-01

8.0E-01

7.0E-01 -

6.0E-01

5.0E-01

4.0E-01

3.0E-01

20E-01 -

1.0E-01 -

0.0E+00
00E+00  22E+04 44E+04 66E+04  BBE+04 1.1E+05 1.3E+05 1.5E+05 18E+05 2.0E+05 22E+05 24E+05
Time, s

Figure 8B-6g — CDIV TSL Csl Release Fraction
DOWNWARD PENETRATION (CCl)

Sequence: T_AT_nIN_TSL_R1

0.10 -+

009+ —

008

007 -

|~—LWRDW -& UPRDW

o
8

i
=}
o

004

003 -

002 -

0.01

0.00

0 21600 43200 64800 86400 108000 129600 151200 172800 194400 216000 237600 259200

TIME, S

Figure 8B-6h — CDIV TSL CCI Downward Penetration
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CORE TEMPERATURE
Sequence: T_AT_nIN_TSL_R1
9000
8000 -
7000
= PEAK CORE TEMP = AVG CORE TEMP
6000 -
x
& 5000 -
2
g
E 4000
=
E
3000 -
2000 -
1000
] : : T ! 7 : ? : : :
0.00E+00 2.20E+04 440E+04 660E+04 8.80E+04 1.10E+05 1.32E+05 1.54E+05 1.76E+05 198E+05 2.20E+05 242E+05
TIME, S
Figure 8B-6i — CDIV TSL Core Temperature
Sequence: T_AT_niN_TSL_R1 RPV Water Levels
25 -
===Core ===Lower Plenum |
20
15
£
2
3
10
5
0
0.0E+00 2.2E+04 44E+04 6.6E+04 8 8E+04 1.1E+05 1.3E+05 1.5E+05 1.8E+05 2.0E+05 2 2E+05 2.4E+05
Time, s
Figure 8B-6j — CDIV TSL RPV Water Levels
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UPPER DRYWELL TEMPERATURE

Sequence: T_AT_nIN_TSL_R1
650 -~

600 -

550

o

Qo

o
5

TEMPERATURE, K
H
3

400

350

300 - i t t +
0.00E+00 5.00E+04 1.00E+05 1.50E+05 2.00E+05 2 50E+05 3.00E+05
TIME, S

Figure 8B-6k — CDIV TSL Upper Drywell Temperature

Water Temperatures
Sequence: T_AT_nIN_TSL_R1

500 -

450
400 i \v4
350

300

Temperature, K
N
o
o

200

== |_ower Drywell
150 . i | ~— Suppression Pool

~===|solation Condenser Pool

100

50

0
0.00E+00 5.00E+04 1.00E+05 1.50E+05 2.00E+05 2.50E+05 3.00E+05
Time, s

Figure 8B-61 — CDIV TSL Water Temperatures
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1.60E+03

1.40E+03

1.20E+03

1.00E+03

SRV FLOW RATE, KG/S

6.00E+02

4.00E+02

2.00E+02

0.00E+00

8.00E+02 -

NEDO-33201 Rev 2

SRV GAS FLOW vs TIME

Sequence: T_AT_nIN_TSL_R1

\

H

0.0

1.80E+03

1.60E+03

1.40E+03

1.20E+03

1.00E+03

8.00E+02

DPV FLOW RATE, KG/S

6.00E+02

4.00E+02

2.00E+02

0.00E+00

\

600.0

1200.0 1800.0 2400.0 3000.0 3600.0 4200.0 48000 5400.0
TIME, S

Figure 8B-6m — CDIV TSL SRV Flow Rate

DPV GAS FLOW RATE vs TIME

Sequence: T_AT_nIN_TSL_Rt

6000.0

6600.0

7200.0

\_

00

600.0

12000 1800.0 2400.0 3000.0 3600.0 4200.0 4800.0 5400.0
TIME, S

Figure 8B-6n — CDIV TSL DPV Flow Rate
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H2 MASS, KG

LEAK RATE, KG/S
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HYDROGEN GENERATION

Sequence: T_AT_nIN_TSL_R1

800

700

600

500

400

300

200 /
100

Q

0.00E+00

2.20E+04 4.40E+04 660E+04 B880E+04 1.10E+05 1.32E+05 1.54E+05 1.76E+05 1.98E+05 220E+05
TIME, S

Figure 8B-60 — CDIV TSL Core Hydrogen Generation

DW LEAK/FAIL FLOW
Sequence: T_AT_niN_TSL_R1

2.42E+05

1.00E+00

9.00E-01

8.00E-01

7 00E-01

6.00E-01

5.00E-01

4.00E-01

3.00E-01

2.00E-01

1.00E-01

0.00E+00

0.00E+00 5.00E+04 1.00E+05 1 50E+05 2.00E+05 2.50E+05

TIME, S

Figure 8B-6p — CDIV TSL Drywell Leak/Failure Flow Rate
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Csl Fraction
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WETWELL VENT FLOW RATE
Sequence: T_AT_nIN_TSL_R1

1.00E+00 ~

9.00E-01

8.00E-01

7.00E-01 +

6.00E-01

5.00E-01

4.00E-01

3.00E-01

2.00E-01

1.00E-01 -

0.00E+00
0.00E+00 5 00E+04 1.00E+05 1.50E+05 2.00E+05 2.50E+05
TIME, S

Figure 8B-6q — CDIV TSL Wetwell Vent Flow Rate

Sequence: T_AT_nIN_TSL_R1 Csl Fract in SP

09

== Downcomer

= ower Suppression Pool

08
== pper Suppression Pool

3.00E+05

07

06

05

04

0.3 -

02

01

i

00

0.00E+00 5.00E+04 1.00E+05 1.50E+05 2 00E+05 2.50E+05
Time, s

Figure 8B-6r — CDIV TSL Suppression Pool Csl Fraction
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Fractional Mass
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Csl Fraction in Upper DW

Sequence: T_AT_nIN_TSL_R1

1.0+

09 -

08 -

0.7 -

06 -

0.5

04

03 -

02+

—Lower Drywell — Upper Drywell

01 y
0:0:+%

0.00E+00

+ - : t
220E+04 4.40E+04 6.60E+04 8.80E+04 1.10E+05 1.32E+05
Time, s

154E+05 1.76E+05 1.98E+05 2.20E+05

Figure 8B-6s — CDIV TSL Drywell Csl Fraction
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PRESSURE, PA

POWER, M
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8B.7 — Class IV Representative Sequence (T_AT_nIN_nCHR_FR)

RPV PRESSURE

Sequence T_AT_nIN_nCHR_FR_R1

10000000

9000000

8000000

7000000 -

[
6000000

5000000

4000000 1

3000000 -

2000000

1000000 |
"] — K

0
0.00E+00 5.00E+04 1.00E+05 1.50E+05 2 00E+05 2 50E+05

TIME, S

Figure 8B-7a — CDIV FR RPYV Pressure

POWER

Sequence T_AT_nIN_nCHR_FR_R1

3.00E+0S

5.00E+09 -

4.50E+09

4.00E+09

3.50E+09

3.00E+09

2.50E+09

2 00E+09 -

1.50E+09 ‘\
1.00E+09

5 00E+08 \

0.00E+00

0.00E+00 5.00E+02 1 00E+03 1.50E+03 2.00E+03 2.50E+03 ’ 3.00E+03
TIME, S

Figure 8B-7b — CDIV FR Core Power Level
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TEMPERATURE, K

LEVEL, M
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LOWER DRYWELL TEMPERATURE

Sequence: T_AT_nIN_nCHR_FR_R1
900 -

800

700 -

D
(=]
o

500 -

400

300 , | » : : , ;
00E+00  22E+04  44E+04  66E+04  BBE+04  11E+05  13E+05  15E+05  18E+05 20E+05  22E+05  24E+05
TIME, S

1

Figure 8B-7¢ — CDIV FR Lower Drywell Temperature

DRYWELL WATER LEVELS

Sequence' T_AT_nIN_nCHR_FR_R1
250

200 |=—LOWER DW ——GDCS POOL

15.0 -

100 -

)

50 -

0.00E+00 5.00E+04 1.00E+05 1.50E+05 2.00E+05 2 50E+05
TIME, S

Figure 8B-7d — CDIV FR Drywell Water Levels
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CORE POWER AND PCC HEAT REMOVAL
Sequence T_AT_nIN_nCHR_FR_R1
6.00E+07 -
5.00E+07 - :
|——DECAY HEAT -# PCC HT REMOVAL

4.00E+07 -
2
o
g 3.00E+07 N
b4 \

2.00E+07

1.00E+07 -

0.00E+00

0.00E+00 500E+04 1.00E+05 1.50E+05 2.00E+05 2.50E+05 3.00E+05
TIME, S
Figure 8B-7¢ — CDIV FR Core Power and PCCS Heat Removal
Noble Gas Release Fraction
Sequence T_AT_nIN_nCHR_FR_R1
1.20E+00 -
|——Kr

1.00E+00 -

8.00E-01 -~
E
S 6.00E-01
3

4.00E-01 ~

2.00E-01

0.00E+00 i ; ‘ |

0.0E+00 22E+04 44E+04 66E+04 B88E+04 1.1E+05  1.3E+05 15E+05 1.8E+05 20E+05 22E+05 24E+05
Time, s
Figure 8B-7f — CDIV FR Noble Gas Release Fraction
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Csl Release Fraction
Sequence: T_AT_nIN_nCHR_FR_R1
9.00E-04 -

8.00E-04

7.00E-04

6.00E-04

5.00E-04 -

4.00E-04

Fractional Mass

3.00E-04 -

2.00E-04

1.00E-04 J

0.00E+00 1 ¥ + +
00E+00 22E+04 44E+04 66E+04 B8.8E+04 11E+05 1.3E+05 15E+05 18E+05 20E+05 22E+05  24E+05

Time, s

Figure 8B-7g — CDIV FR Csl Release Fraction

Downward Penetration (CCl)
Sequence' T_AT_nIN_nCHR_FR_R1
025 -

020 [—LWRDW =uUPPROW| |

0154

Depth, m

0.10

0.05 -

0.00

0 21600 43200 64800 86400 108000 129600 151200 172800 194400 216000 237600 259200
Time, s

Figure 8B-7h — CDIV FR Downward CCI Penetration
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Temperature, K

@
8

LEVEL, M

3500

3000

2500

N
o
o
o
—

1000

500 -

NEDO-33201 Rev 2

Core Temperature

Sequence' T_AT_nIN_nCHR_FR_R1

|=——Peak Core Temp — Avg Core Temp .

0
0.00E+00

28

20

T

5.00E+04 1.00E+05 1.50E+05 2.00E+05 2.50E+05
Time, s

Figure 8B-7i — CDIV FR Core Temperature

RPV WATER LEVELS

Sequence T_AT_nIN_nCHR_FR_R1

|====CORE === OWER PLENUM

3.00E+05

0

o

0.00E+00

N

5.00E+04 1.00E+05 1.50E+05 2 00E+05 2 50E+05
TIME, S

Figure 8B-7j — CDIV FR RPV Water Levels
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IC HEAT REMOVAL

Sequence T_AT_nIN_nCHR_FR_R1

1800000

1600000

1400000

1200000

1000000

800000

HEAT REMOVAL, W

600000

400000

200000

0

0.00E+00 5.00E+04 1.00E+05 1.50E+05 2.00E+05 2.50E+05 3.00E+05

TIME, S

Figure 8B-7k — CDIV FR ICS Heat Removal

Sequence: T_AT_niN_nGHR_FR_R1 DW GAS TEMPERATURE

800

800

700

600

TEMPERATURE, K

pad

500

400

300

0.0E+00

2.2E+04 4.4E+04 6.6E+04 8.8E+04 1.1E+05 1.3E+05 1.5E+05 1.8E+05 2.0E+05 2.2E+05 2.4E+05
TIME, §

Figure 8B-71 — CDIV FR Drywell Gas Temperature
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Water Temperatures

Sequence T_AT_nIN_nCHR_FR_R1

500.0

} —&— ower Drywell

4500

—#- Upper Suppression Pool |
—&— |solation Condenser Pool

Temperature, K
Z
o

00 ' ! i ;
0.0E+00  22E+04 44E+04  66E+04 8.8E+04 1.1E+05 1.3E+05 1.5E+05 18E+05  20E+05  22E+05 2 4E+05
Time, s

Figure 8B-7m — CDIV FR Water Temperatures
Wetwell Water Levels
Sequence T_nDP_nIN_nCHR_FR_R1

20.0

180

~——Downcomer

~&- Upper Suppression Pool
16.0

& Suppression Pool Level M

6.0

40

20 -

00 - t : ‘
0.00E+00 5.00E+04 1.00E+05 1.50E+05 2.00E+05 2.50E+05 3.00E+05
Time, s

Figure 8B-7n — CDIV FR Wetwell Water Levels
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SRV Gas Flow vs Time

Sequence: T_AT_nIN_nCHR_FR_R1

1.6E+03

1.4E+03

1.2E+03

1.0E+03 |-

8.0E+02 +-|-

SRV Flow Rate, kg/s

6.0E+02

4.0E+02

2.0E+02 - g

\

0.0E+00 :
0.0 600.0 12000 1800.0 2400.0 3000.0 3600.0 4200.0 4800.0 5400.0

Time, s

Figure 8B-70 — CDIV FR SRV Gas Flow Rate

DPV Gas Flow Rate
Sequence. T_AT_nIN_nCHR_FR_R1

6000.0

6600.0

7200.0

1.60E+03

1.40E+03

1.20E+03

1.00E+03

8.00E+02

DPV Flow Rate, kg/s

6 00E+02

4.00E+02

2.00E+02

0.00E+00 :
0.0E+00 6.0E+02 1.2E+03 18E+03 24E+03 30E+03 36E+03 4.2E+03 4.8E+03  54E+03

Time, s

Figure 8B-7p — CDIV FR DPV Gas Flow Rate
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Hydrogen Generation

Sequence: T_AT_nIN_nCHR_FR_R1

300

250

200

H2 Mass, kg
@
(=]

100

0

0.00E+00 2.20E+04 4.40E+04 6.60E+04 880E+04 1.10E+05 1.32E+05 1.54E+05 176E+05 1.98E+05 2.20E+05

Time, s

Figure 8B-7q — CDIV FR Core Hydrogen Generation

DW Leak/Failure Flow Rate

Sequence T_AT_nIN_nCHR_FR_R1

2.42E+05

1.00E+00

9.00E-01

8.00E-01

7.00E-01

6.00E-01

5.00E-01

Leak Rate, kg/s

4.00E-01

3.00E-01

2 00E-01

1.00E-01

0.00E+00
0 00E+00

5.00E+04 1.00E+05 1.50E+05 2.00E+05 2.50E+05
Time, s

Figure 8B-7r — CDIV FR Drywell Leak/Failure Flow Rate
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Wetwell Vent Flow Rate
Sequence: T_AT_nIN_nCHR_FR_R1
6.00E+01 -

5.00E+01

4.00E+01 -

kg/s

3.00E+01 -

Flow Rate,

2 00E+01 -

1.00E+01

f

0.00E+00 1 + +
00E+00 22E+04 43E+04 65E+04 B86E+04 1.1E+05 1.3E+05 15E+05 1.7E+05 19E+05 2.2E+05 24E+05 26E+05

Time, s

Figure 8B-7s — CDIV FR Wetwell Vent Flow Rate

Csl Fract in SP
Sequence: T_AT_nIN_nCHR_FR_R1

0.9 =

08 -

—&— Downcomer -#- Lower Supp Pool =+ Upper Supp Pool

07

06 -

05 -

Csl Fraction

04
03 -
02 -

o1 i i : i : ===T===

0.0 .
0.0E+00 2.2E+04 4.4E+04 6.6E+04 8.8E+04 1.1E+05 1.3E+05 1.5E+05 1.8E+05 2.0E+05 22E+05 24E+05

Time, s

Figure 8B-7t — CDIV FR Suppression Pool Csl Fraction

8B-61




Fractional Mass

FLOW RATE, KG/S
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Csl Fraction in Upper Drywell

Sequence. T_AT_niN_nCHR_FR_R1

09

08 ¢

0.7 -

06

—— Lower Drywell -

~=— Upper Drywell |

04

01
Ooy

0.00E+00 220E+04 440E+04 660E+04 880E+04 1.10E+05 1.32E+05 1.54E+05 1.76E+05 198E+05 220E+05 242E+05

1.80E+01

1.60E+01 -

1.40E+01

1.20E+01

1.00E+01

8.00E+00

Time, s

VB FLOW RATE

Figure 8B-7u — CDIV FR Upper Drywell Csl Fraction

6.00E+00

4.00E+00

2.00E+00

0.00E+00
0.00E+00

5.00E+04 1.00E+05 1.50E+05
TIME, S

2.00E+05

2 50E+05

Figure 8B-7v — CDIV FR Vacuum Breaker Flow Rate

8B-62

3.00E+05




NEDO-33201 Rev 2

Table 8B-1

Summary of Stresses and Strains (Deleted)

Table 8B-2
Summary of Pressure Capabilities of Various Components of the RCCV and the Drywell
Head (Deleted)
Table B.8-3

Probability of Failure Versus Pressure

(Median Pressure = 1.632 MPa gauge, B = .16) (Deleted)

Figure 8B-1. ANSYS Model (Deleted)
Figure 8B-2. Torispherical Head Buckling Test Data (Deleted)
Figure 8B-3. Torispherical Head Buckling Test Data Statistical Distribution (Deleted)
Figure 8B-4. Definition of Squeeze for Seals (Deleted)

Figure 8B-5. Cumulative Containment Failure Probability (Deleted)

8B-63




NEDO-33201 Rev 2

9 SOURCE TERMS
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9 SOURCE TERMS

As discussed in Sections 8 and 21, the containment response to a severe accident is depicted by
the end states of containment event trees. These end states become the “release categories™ that
are used to characterize potential source terms. The source terms will be used in the offsite
consequence analysis presented in Section 10.

Table 9-1 summarizes the ESBWR release categories and associated frequencies. As indicated
in the table, the release category “TSL”, which depicts an intact containment with only leakage
providing a source term, is the most likely release category. Other release categories have much
lower calculated frequencies. For conservatism, a truncation frequency was used to represent
some of these release categories. Specifically, if the calculated probability of the category was
less than 107", the truncation value of 10™'° was carried forward for the consequence evaluation.

The source term evaluation was performed with the MAAP computer code, which produces the
distribution of radionuclides released to the environment as a function of time. Each release
category is represented by one or two severe accident sequence that was selected and modeled to
represent the group of potential severe accidents that could be associated with that release
category. In some cases, both low pressure and high pressure classes were selected for the same
release category to represent broader and more thorough contribution of accident sequences. If
multi sequences were selected for a given release category, each sequence is weighted by its
sequence frequency contribution to the sequence class.

The selection is based on several factors, including the frequency of the various sequences that
lead to the end state and ensuring that the associated source term calculations are reasonably
bounding.

The selected sequence provides a conservative basis for the source term quantification. The
following sections describe the representative sequences and the bases for choosing them. As
indicated in the following sections, conservative assumptions were typically made to account for
analytical and phenomenological uncertainties. Table 9-1 includes the representative MAAP
sequences as well as the time of initial release, and cumulative release fractions ot noble gas and
Csl at 24 and 72 hours after onset of core damage. Tables 9-2 and 9-3 provide the radionuclide
release spectrum for 24 and 72 hours after onset of core damage, respectively.

Appendix 9A presents additional documentation on MAAP cases used for source term
calculations

9.1 BREAK OUTSIDE OF CONTAINMENT (BOC)

The release category “Break Outside-of-Containment™ represents sequences in which the RPV
communicates directly with the environment due to an unisolated piping break that connects the
RPV directly to an area outside of containment. From the Level 1 PRA, three outside-
containment break locations contributed to the core damage frequency: breaks in a feedwater
line, breaks in a Main Steam Line (MSL) and breaks in a RWCU/SDC line. The RWCU/SDC
break event tree includes both a mid-level connection to the RPV and a lower head drain line
connection. Although the largest contribution to outside-containment break is associated with
the feedwater line, selecting the RWCU/SDC pipe break is conservative because its lower

9-1
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elevation in the RPV results in a more rapid loss of coolant inventory. Both the mid-level
location and the lower drain line location were selected to represent the BOC release category.

Therefore, the representative sequences for this category is “BOCsd_nIN” and “BOCdr_nIN.
This are unisolated break outside of containment in the shutdown cooling piping followed by no
injection into the RPV. In these scenarios, the release begin at the onset of fuel damage and
proceeds directly to the environment.

The third BOC class, Main steam line breaks, are a full order of magnitude less likely than the
FDW breaks (Table 7.2-1). Also, MSL breaks are connected to the RPV at high elevation, and
as such do not result in as bounding a scenario as the RWCU/SDS lines.

9.2 CONTAINMENT BYPASS (BYP)

The release category “Bypass” represents those sequences in which containment isolation has not
occurred due to failure of the Containment Isolation System (CIS) function. Thus, there is a
direct path from the containment atmosphere to the environment when the severe accident is
initiated.

To determine the source term, a large diameter pipe opening was assumed from the time of
accident initiation. Sequences in which the RPV is depressurized generally result in an earlier
time to core uncovery than those involving failure to depressurize. As a result, the source term is
generated earlier and the containment radionuclide concentration is developed earlier because of
the path through the DPVs into containment. Both a low pressure sequence and high pressure
sequence are selected to represent a thorough cross-section of the sequences. Because of the
reliability of the deluge system (i.e., the probability of BYP with failed deluge is below the
truncation level), the representative sequences are modeled with deluge success and are termed
as “T_nIN BYP” and “T_nDP_nIN_BYP”. In these scenarios, the releases begin at the onset of
fuel damage and proceeds directly to the environment.

9.3 CORE-CONCRETE INTERACTION DRY (CCID)

The release category “Core-Concrete Interaction-Dry” applies to sequences in which the
containment fails due to core concrete interaction and the lower drywell debris bed is uncovered
i.e., the deluge function is unsuccessful.

In these sequences, the core-concrete interaction is not limited by water cooling the debris bed,
nor is the radionuclide release limited by the potential scrubbing action of an overlying water
pool. Sequences in which the RPV is not depressurized may result in earlier RPV failure, thus
initiating earlier CCI. To represent more accurate risk contribution, both a low pressure
sequence and a high pressure sequence were selected to represent the CCID source term
category. The sequences are termed as “T nIN nD CCID” and “T nDP_nIN nD_ CCID” to
indicate transients failure of injection and the deluge functions.
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9.4 CORE-CONCRETE INTERACTION-WET (CCIW)

The release category “Core-Concrete Interaction-Wet” applies to sequences in which the
containment fails due to core concrete interaction even though the lower drywell debris bed is
covered with water. In such sequences, the deluge system has functioned to cover the debris bed
with water, but the BIMAC is not successful in assuring debris bed cooling. The extent of water
penetration into the debris bed, independent of the BIMAC, and thus, the potential for debris bed
cooling, is subject to assumption. In the worst-case hypothetical condition, the debris bed is
impermeable by the overlying water pool and the extent of CCI could approach that of a dry
debris bed. To address this uncertainty associated with the debris bed coolability, the debris bed
was modeled as being impermeable, thus maximizing the core-concrete interaction that could
occur with an overlying water pool. Unlike the CCID release category, the overlying water pool
is present, which provides the potential for scrubbing of the radionuclides evolved from the
debris bed.

The representative sequences are termed as “T nIN_CCIW” and “T nDP_nIN_CCIW” and
differ from the representative CCID sequences only in that the deluge system functions.

9.5 DIRECT CONTAINMENT HEATING (DCH)

The release category “Direct Containment Heating™ applies to sequences in which the RPV fails
at high pressure and a significant DCH event occurs. From Section 21.3, catastrophic
containment failure due to DCH is physically unreasonable. Local damage to the liner in the
lower drywell will be studied as a sensitivity case in Section 11. As such no DCH sequence is
selected for the baseline case.

9.6 EX-VESSEL STEAM EXPLOSION (EVE)

The release category “Ex-vessel Steam Explosion™ applies to sequences in which the RPV fails
at low pressure and a significant steam explosion occurs. As indicated in Section 21.4,
containment leak tightness and failure of the BIMAC function is physically unreasonable for all
but 1% of the sequences contributing to the core damage frequency. A conservative approach
was used to develop the source term associated with an EVE, specifically:

e Liner damage was assumed to be significant enough to result in containment
depressurization, which occurs at the time of RPV failure,

¢ No credit was taken for mitigation of the release; i.e., liner damage was assumed to result
in direct communication with the environment, and

e Due to uncertainties about potential equipment damage and the distribution of water
through containment after the EVE, no credit is taken for a lower drywell water pool that
would minimize the source term.

The dominant Class I sequence, a transient with no injection and successful RPV
depressurization, provided the basis for this category. To address the preceding points, the
sequence was modeled with deluge failure and containment failure occurring at the time of RPV
failure. The representative sequence is termed “T _nIN nD EVE”.
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9.6.1 EVE (CCIW¥) (Deleted)

9.7 FILTERED RELEASE (FR)

The ESBWR design includes the potential to manually vent the containment from the
suppression chamber air space. This action may be implemented to limit the containment
pressure increase if containment heat removal fails or core-concrete interaction generates enough
non-condensables to overpressurize the containment. Venting the suppression chamber forces
the radionuclides through the suppression pool, which reduces the magnitude of the source term.

To represent the FR category, a sequence with failure to insert negative reactivity was
conservatively selected because such a sequence would pressurize containment more quickly
than the much more probable non-ATWS sequences. The sequence assumes RPV failure at low
pressure, consistent with the discussion in Section 8.2.1.1. Operator guidance regarding venting |
has not been developed, but it is assumed that venting would be delayed until containment
integrity is threatened. The analysis assumes that venting does not occur until the containment
pressure reaches 90% of the containment ultimate strength. No credit was given in the analysis
for closing the vent after reducing the containment pressure. The representative sequence is
termed “T-AT nIN _nCHR_FR™.

9.8 OVERPRESSURE-VACUUM BREAKER (OPVB)

The release category “OPVB” applies to sequences in which vacuum breaker failure has
occurred. Failure of vacuum breakers to close, or to be open in a pre-existing condition, results
in failure of the containment pressure suppression function, which in turn also fails containment
heat removal. Thus, such sequences would be expected to result in an earlier release than
overpressure sequences with failure of containment heat removal alone.

To represent more broad contribution of both high and low pressure sequences, two
representative sequences are selected for this category. The event trees illustrate that the OPVB
category is logically reached only if deluge/BIMAC function successfully. Thus, the sequences
termed as “T_nDP nIN_VB” and “T nIN_VB” are used to represent the OPVB release
category.

9.9 OVERPRESSURE- EARLY CONTAINMENT HEAT REMOVAL LOSS (OPW1)

The release category “OPWI1™ applies to sequences in which containment heat removal fails
within 24 hours after event initiation. A sequence with RPV failure at high pressure was selected
to represent this release category because RPV failure generally occurs earlier than if the vessel
were depressurized and the loss of containment heat removal failure probability is higher than for
low pressure sequences. Thus, the representative sequence becomes “T_nDP_nIN nCHR W1,
Containment heat removal is conservatively assumed to be unavailable for the duration of the
sequence.

9.10 OVERPRESSURE- LATE CONTAINMENT HEAT REMOVAL LOSS (OPW2)

The release category “OPW2™ applies to sequences in which containment heat removal fails after
the period covered by OPW1 (post-24 hours) and up to 72 hours after onset of core damage. In |
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such sequences, the passive PCCS system becomes unavailable after 24 hours due to failure to
connect to a supplemental water pool; FAPCS availability is also evaluated at this time. The
representative sequence is the same as that used for OPW1 except that containment heat removal
is terminated at 24 hours after event initiation, consistent with the PCCS design basis. The
representative sequence is termed “T_nDP_nIN nCHR_ W2”.

9.11 TECHNICAL SPECIFICATION LEAKAGE (TSL)

The category “Technical Specification Leakage™ applies to sequences in which the containment
is intact and the only release is due to the maximum leak rate allowed by Technical
Specifications. Sequence T_AT nIN TSL was selected as representative of this category
because the core damage time is relatively early for ATWS sequences. For additional
~ conservatism, the area of containment leakage corresponding to the maximum allowable
Technical Specification leak rate was doubled to produce the representative source term used for
this release category. The representative source term is termed “T-AT_nIN_TSL2x”.

9.12 SUMMARY

Potential release categories were defined in Sections 8 and 21. The source terms associated with
each release category were developed using MAAP simulations of a representative sequence.
Conservative assumptions were used in the selection and simulation of the representative
sequence. Table 9-1 summarizes the release category, representative sequence and the
cumulative release fractions for noble gases and Csl. Table 9-2 provides source terms for the
period 24 hours after onset of core damage. Table 9-3 provides source terms for the period 72
hours after onset of core damage. The source terms and associated release category frequencies
are used in the offsite consequence analysis described in Section 10.
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Table 9-1

Release Categories

NG
Release | ¢ Release | NG Release
. Fraction . . Csl Release
Total Release Time of Fraction 24 Fraction 72 .
Source | Release 24 hrs Fraction 72 hrs
MAAP CASE Frequency Plume hrs after onse hrs after
Term | Category after after onse of
(per year) Release (hr) of core onset of core
onset of core damage
damage damage
core
damage
1 BOCsd _nIN_R1 0.7 9.7E-01 7.0E-01 9.8E-01 7.0E-01
BOC — 1.47E-10
2 BOCdr nIN RI 0.6 2.4E-01 1.1E-01 2.6E-01 1.3E-01
3 T nIN_BYP_RI 0.7 9.5E-01 2.1E-01 9.7E-01 3.0E-01
BYP - - - 5.6E-11
4 T nDP nIN BYP RI 1.3 5.3E-01 3.3E-02 6.8E-01 3.5E-02
S cCID T nIN_nD _CCID RI 25.8 0.0 0.0 9.1E-01 6.2E-02
€
6 T nDP nIN nD CCID RI1 16.0 9.1E-01 6.7E-02 9.6E-01 3.5E-0!
7 T nIN_CCIW_RI 25.6 0.0 0.0 8.9E-01 1.6E-05
CCIw —— = 9.9E-11
8 T nDP nIN CCIW_RI 18.4 6.4E-01 1.2E-04 8.3E-01 1.1E-02
9 EVE T nIN_nD EVE RI 6.10E-10 74 8.3E-01 2.8E-02 8.3E-01 1.5E-01
10 FR T-AT _nIN nCHR FR_RI € 28.9 0.0E+0 0.0E+0 1.0E+00 6.1E-03
11 T nDP nIN_VB RI 13.8 4.3E-01 1.33E-04 9.6E-01 4.1E-03
OPVB — 6E-12
12 T nIN_VB R1 8.7 8.6E-01 5.0E-03 1.0E+00 1.5E-02
13 OPWI1 T nDP_nIN nCHR_ W1 RI € 342 0.0 0.0 1.0E+00 1.5E-02
14 OPW2 T nDP nIN nCHR W2 RI g 53.1 0.0E+0 0.0E+0 1.0E+00 1.5E-02
15 TSL T AT nIN_TSL2x RI 1.12E-08 0.5 2.7E-03 1.6E-04 2.7E-03 1.6E-04

€

Less than 1E-12
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Radionuclide Source Terms

Table 9-2

(Release Fraction 24 hours after onset of core damage)

Source

Term Xe/Kr Csl TeO; SrO MoQO; | CsOH BaO La,0; CeO; Sb Te, U0,

1 9.7E-01 7.0E-01 4.6E-01 1.3E-02 1.7E-01 3.6E-01 3.1 E-62 2.5E-04 1.2E-03 4.6E-01 6.4E-04 3.0E-06
2 2.4E-01 1.1E-01 1.2E-01 4.5E-04 1.6E-02 3.3E-02 2.0E-03 3.1E-05 1.4E-04 S.7E-02 1.1E-06 1.0E-06
3 9.5E-01 2.1E-01 1.3E-01 4.6E-03 6.2E-02 1.0E-01 1.3E-02 1.8E-04 8.5E-04 1.9E-01 5.1E-04 5.5E-06
4 5.3E-01 3.3E-02 2.0E-03 4.1E-02 2.3E-02 1.2E-02 4.0E-02 4.1E-02 4.1E-02 7.2E-02 3.6E-04 3.4E-06
5 0.0E+00 | 0.0E+00 | 0.0E+00 | 0.0E+00 | 0.0E+00 | 0.0E+00 | 0.0E+00 | 0.0E+00 | 0.0E+00 | 0.0E+00 | 0.0E+00 | 0.0E+00
6 9.1E-01 6.7E-02 5.0E-02 7.8E-07 3.4E-07 2.4E-02 7.2E-06 3.6E-07 4.7E-07 7.1E-02 1.0E-07 1.8E-07
7 0.0E+00 | 0.0E+00 | 0.0E+00 | 0.0E+00 | 0.0E+00 | 0.0E+00 | 0.0E+00 | 0.0E+00 | 0.0E+00 | 0.0E+00 | 0.0E+00 | 0.0E+00
8 6.4E-01 1.2E-04 1.9E-05 2.6E-06 2.1E-06 5.0E-05 2.7E-06 2.5E-06 2.5E-06 1.6E-04 2.4E-07 8.4E-10
9 8.3E-01 2.8E-02 7.0E-02 1.7E-03 6.5E-05 1.3E-01 7.2E-04 4.9E-05 6.6E-04 1.9E-01 4.9E-04 3.3E-06
10 0.0E+00 | 0.0E+00 | 0.0E+00 | 0.0E+00 | 0.0E+00 | 0.0E+00 | 0.0E+00 | 0.0E+00 | 0.0E+00 | 0.0E+00 | 0.0E+00 | 0.0E+00
11 4.3E-01 1.3E-04 2.0E-05 1.9E-06 1.6E-06 9.0E-05 2.0E-06 1.8E-06 1.8E-06 1.3E-04 3.6E-06 1.7E-10
12 8.6E-01 5.0E-03 8.6E-05 1.2E-05 2.3E-06 1.2E-03 6.1E-06 1.2E-06 8.7E-06 2.2E-02 3.8E-05 8.1E-08
13 0.0E+00 | 0.0E+00 | 0.0E+00 | O0.0E+00 | 0.0E+00 | 0.0E+00 | 0.0E+00 | 0.0E+00 | 0.0E+00 | 0.0E+00 | 0.0E+00 | 0.0E+00
14 0.0E+00 | 0.0E+00 | 0.0E+00 | 0.0E+00 | 0.0E+00 | 0.0E+00 | 0.0E+00 | 0.0E+00 | 0.0E+00 | 0.0E+00 | 0.0E+00 | 0.0E+00
15 2.7E-03 1.6E-04 9.9E-05 2.6E-06 6.2E-05 5.9E-05 1.3E-05 1.1E-07 3.7E-07 1.6E-04 7.5E-10 3.3E-10
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Radionuclide Source Terms

Table 9-3

(Release Fraction 72 hours after onset of core damage)

pare¢ ) Xe/Kr | Csl | TeO; | SrO | MoO; | CsOH | BaO | La;0; | CeO: | Sb | Te; | UO,
1 9.8E-01 7.0E-01 4.6E-01 1.3E-02 1.7E-01 3.7E-01 3.1E-02 | 2.5E-04 1.2E-03 5.0E-01 6.5E-04 3.0E-06
2 2.6E-01 1.3E-01 1.2E-01 4.5E-04 1.6E-02 3.6E-02 | 2.0E-03 3.1E-05 1.4E-04 6.0E-02 1.3E-06 1.0E-06
3 9.7E-01 3.0E-01 1.3E-01 4.6E-03 6.2E-02 1.2E-01 1.3E-02 1.8E-04 8.5E-04 3.1E-01 5.1E-04 5.5E-06
4 6.8E-01 3.5E-02 6.1E-03 | 4.1E-02 23E-02 | 2.5E-02 | 4.0E-02 | 4.1E-02 4.1E-02 7.5E-02 3.8E-04 3.4E-06
5 9.1E-01 6.2E-02 7.6E-02 1.1E-07 | 3.2E-07 1.4E-01 4.0E-06 | 6.9E-09 1.3E-08 3.7E-02 | 2.7E-07 3.6E-08
6 9.6E-01 3.5E-01 7.7E-02 8.1E-07 | 4.0E-07 | 6.2E-02 1.1E-05 3.6E-07 | 4.7E-07 1.4E-01 1.3E-07 | 2.0E-07
7 8.9E-01 1.6E-05 7.8E-07 | 3.3E-08 2.1E-07 | 2.8E-05 1.3E-07 | 2.2E-09 1.2E-08 3 .5é-02 7.6E-07 5.0E-10
8 8.3E-01 1.1E-02 1.LIE-02 | 2.7E-06 | 22E-06 | 2.8E-02 | 2.8E-06 | 2.6E-06 2.6E-06 8.1E-03 4.7E-07 1.2E-09
9 8.3E-01 1.5E-01 1.5E-01 1.7E-03 6.5E-05 2.3E-01 7.5E-04 | 4.9E-05 6.6E-04 2.8E-01 4.9E-04 3.4E-06
10 1.0E+00 | 6.1E-03 2.6E-04 | 7.1E-09 3.3E-08 | 4.0E-03 3.5E-08 5.1E-10 2.2E-09 1.6E-01 2.3E-05 1.5E-11
11 9.6E-01 4.1E-03 7.0E-03 7.5E-06 1.6E-06 1.1IE-02 [ 4.9E-06 1.8E-06 1.9E-06 6.1E-02 1.8E-05 2.5E-10
12 1.0E+00 | 1.5E-02 1.9E-03 1.2E-05 2.3E-06 6.8E-03 6.1E-06 1.2E-06 8.7E-06 3.3E-01 4.6E-05 8.1E-08
13 9.9E-01 3.7E-04 9.9E-04 5.6E-08 9.3E-08 8.9E-03 7.1E-08 5.4E-08 5.4E-08 3.0E-03 1.6E-07 5.7E-13
14 9.7E-01 8.5E-05 3.7E-05 1.1E-08 7.2E-09 7.6E-04 1.1E-08 1.0E-08 1.0E-08 5.1E-03 7.4E-08 3.2E-13
15 2.7E-03 1.6E-04 9.9E-05 2.6E-06 | 6.2E-05 5.9E-05 1.3E-05 1.1E-07 3.7E-07 1.7E-04 7.6E-10 3.3E-10
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9A REPRESENTATIVE SEQUENCES

The representative sequences analyzed during the source term calculation are shown in this
appendix. Each release category has one or two release categories, as discussed in Section 9.0.
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9A.1 BOC (Mid-Level RWCU Line) Representative Sequence (BOCsd_nIN_R1)

RPV PRESSURE
Sequence: BOCSD_NIN_R1
8000000
7000000
6000000
PR 5000000
ES
suU
RE
}, 4000000
3000000
2000000
1000000
0 LL—‘
0.00E+00 5.00E+04 1.00E+05 1.50E+05 2.00E+05 2.50E+05 3.00E+0!
TIME,
.
Figure 9A-1a - BOCsd_nIN_R1 RPV Pressure
RPV WATER LEVELS
Sequence: BOCSD_NIN_R1
25
===CORE ===_OWER PLENUM ~—SHROUD
20
|
|
15
=
B
[} b\
ol
10
’ N\
\\
0 ; ; :
0.00E+00 5.00E+04 1.00E+05 1.50E+05 2.00E+05 2 50E+05 3.00E+0
TIME, S

Figure 9A-1b - BOCsd_nIN_R1 RPV Water Levels
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LEVEL, M

Temperature, K
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Sequence BOCSD_NIN_R1 Gars Tamparatire

3500

3000 P

2500 | i L ~— Peak Core Temp ——Avg Core Temp

g

8

0.00E+00 5.00E+04 1.00E+05 1.50E+05 2.00E+05 2 50E+05 3.00E+0
Time, s

Figure 9A-1c - BOCsd_nIN_R1 Core Temperature

DRYWELL WATER LEVELS

Sequence BOCSD_NIN_R1
250 4

20.0

| = LOWER DW —GDCS POOL i

15.0

10.0

)

50

0.0 "—’_—J

0.00E+00 5.00E+04 1.00E+05 1.50E+05 2.00E+05 2.50E+05 3.00E+
TIME, S

Figure 9A-1d - BOCsd_nIN_R1 Drywell Water Levels
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CORE POWER AND PCC HEAT REMOVAL
Sequence BOCSD_NIN_R1
6.00E+07

5.00E+07
——DECAY HEAT -# PCC HT REMOVAL

4.00E+07

w

3.00E+07 7

POWER,

2.00E+07 ||

1.00E+07

0.00E+00 e i
0.00E+00 5.00E+04 1.00E+05 1.50E+05 2.00E+05 2.50E+05 3.00E+0:
TIME, S

Figure 9A-1e - BOCsd_nIN_R1 Core Power and PCC Heat Removal

SRV Gas Flow vs Time

Sequence BOCSD_NIN_R1
2.00E+02 ~

1.80E+02 A

1.60E+02

1.40E+02

1.20E+02

1.00E+02

SRV Flow Rate, kg/s

8.00E+01 -

6.00E+01 -

4.00E+01 -

2 00E+01 -

0.00E+00 . -/I/\
0.00E+00 1.00E+03 2.00E+03 3.00E+03 4.00E+03 5.00E+03 6.00E+03 7 00E+03
Time, s

Figure 9A-1f - BOCsd_nIN_R1 SRV Gas Low vs. Time
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DPV Gas Flow Rate

Sequence BOCSD_NIN_R1

1.60E+02

1.40E+02

1.20E+02
1.00E+02 4

8.00E+01 /\\
6.00E+01 / \

4.00E+01 / \\
2.00E+01 \w
/ "\

0.00E+00
0.0E+00  6.0E+02 1.2E+03 1.8E+03  24E+03 3.0E+03 36E+03 4.2E+03 48E+03 54E+03 60E+03 66E+03 7.2E+0

Time, s

Figure 9A-1g - BOCsd_nIN_R1 DPV Gas Flow Rate

DRYWELL PRESSURE

DPV Flow Rate, kg/s

Sequence BOCSD_NIN_R1

350000 -

300000 —

250000 4+—

R TN
Y 200000 V

150000 -|— | \

100000 —

PA

PRESSURE

50000 +—

0
0.00E+00 5.00E+04 1.00E+05 1.50E+05 2.00E+05 2.50E+05 3 00E+
TIME, S

Figure 9A-1h - BOCsd_nIN_R1 Drywell Pressure
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TEMPERATURE, K
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LOWER DRYWELL TEMPERATURE

Sequence: BOCSD_NIN_R1

900
800
700
600
500 ,\ -
400 l/
300
0.0E+00 2.2E+04 4 4E+04 6.6E+04 8.8E+04 1.1E+05 1.3E+05 1.5E+05 1.8E+05 2.0E+05 2.2E+05 2.4E+05
TIME, §
Figure 9A-1i - BOCsd_nIN_R1 Lower Drywell Temperature
DW GAS TEMPERATURE
Sequence BOCSD_NIN_R1
900
800
700
x
uw
[
=
>
§ 600
w
o
=
=
500
400 &t{ !
300
0.0E+00 2.2E+04 4.4E+04 6.6E+04 8.8E+04 1 1E+05 1.3E+05 1.5E+05 18E+05 2.0E+05 2.2E+05 2.4E+05

TIME, S

Figure 9A-1j - BOCsd_nIN_R1 DW Gas Temperature
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Level, m

Fractional Mass
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Noble Gas Release Fraction

Sequence BOCSD_NIN_R1

1.20E+00

1.00E+00 ——

—

8.00E-01

6.00E-01

4.00E-01

2.00E-01

0.00E+00 J

0.0E+00 22E+04 4.4E+04 6.6E+04 8.8E+04 1.1E+05 1.3E+05 1.5E+05 1.8E+05 2.0E+05 2.2E+05 2.4E+05
Time, s

Figure 9A-1k - BOCsd_nIN_R1 Noble Gas Release Fraction

Csl Release Fraction
Sequence: BOCSD_NIN_R1

8.00E-01

7 00E-01 —*

6.00E-01

5.00E-01

4.00E-01

3.00E-01 }

2.00E-01 -

1.00E-01

4

0.00E+00 T
0.0E+00 22E+04 4.4E+04 66E+04 88E+04 1.1E+05 1.3E+05 1.5E+05 18E+05 2.0E+05 22E+05 24E+05

Time, s

Figure 9A-11 - BOCsd_nIN_R1 Csl Release Fraction
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Sequence: BOCSD_NIN_R1 Downward Penetration (CCl)

0.40 -

0.35

—o—LWR DW —&- UPPR DW

0.30 -

0.25 -

Depth, m

0.15

0.10

0 21600 43200 64800 86400 108000 129600 151200 172800 194400 216000 237600 259200
Time, s

Figure 9A-1m - BOCsd_nIN_R1 Downward Penetration (CCI)

IC HEAT REMOVAL
Sequence: BOCSD_NIN_R1
1800000

1600000
1400000

1200000

w

1000000

800000

HEAT REMOVAL,

600000

400000

200000

0.00E+00 5.00E+04 1.00E+05 1.50E+05 2.00E+05 2.50E+05 3.00E+
TIME, S

Figure 9A-1m - BOCsd_nIN_R1 IC Heat Removal
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Temperature, K

Level,m
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Sequence: BOCSD_NIN_R1

500.0

450.0

Water Temperatures

400.0

350.0

WS

|

—&— Lower Drywell
—#-— Upper Suppression Pool
—&— Isolation Condenser Pool

300.0

N
o
o
o

2000

150.0

100.0

50.0

0.0
0.0E+00

t

2.2E+04 4.4E+04 6.6E+04 8.8E+04

1.1E+05 1.3E+05
Time, s

1.5E+05

1.8E+05

2.0E+05 2.2E+05

Figure 9A-10 - BOCsd_nIN_R1 Water Temperatures

Sequence: BOCSD_NIN_R1

200 4

18.0

Wetwell Water Levels

—e—Downcomer

—#— Upper Suppression Pool

14.0

12.0

10.0

8.0

6.0

4.0

#— Suppression Pool Level M

2.4E+05

2.0

0.0
0.00E+00

5.00E+04 1.00E+05

1.50E+05
Time, s

2.00E+05

2.50E+05

Figure 9A-1p - BOCsd_nIN_R1 Wetwell Water Levels
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Leak Rate, kg/s

NEDO-33201 Rev 2

Hydrogen Generation

Sequence. BOCSD_NIN_R1

350

300 1

250

H2 Mass, kg
N
o
o

150

100

50

0

0.00E+00 2.20E+04 4.40E+04 660E+04 B8.80E+04 1.10E+05 1.32E+05 1.54E+05 1.76E+05 1.98E+05 2.20E+05 2 42E+05

Time, s

Figure 9A-1q - BOCsd_nIN_R1 Hydrogen Generation

DW Leak/Failure Flow Rate

Sequence BOCSD_NIN_R1

1.20E-03 —

1.00E-03 -

8.00E-04

il

L~

6 00E-04

4.00E-04 - \
2.00E-04 \
‘Lﬁ-—#— ol N

0.00E+00 &—
0.00E+00 5.00E+04 1.00E+05 1.50E+05 2.00E+05 2.50E+05 3.00E+

Time, s

Figure 9A-1r - BOCsd_nIN_R1 DW Leak/Failure Flow Rate
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Csl Fraction

Sequence: BOCSD_NIN_R1

1.00E+00 -

NEDO-33201 Rev 2

Wetwell Vent Flow Rate

9.00E-01

8.00E-01 -

7.00E-01

6.00E-01 -

5.00E-01

Flow Rate, kg/s

4.00E-01

3.00E-01 -

2.00E-01 -

1.00E-01

0.00E+00
00E+00  22E+04 43E+04 6.5E+04

8.6E+04 1.1E+05 1.3E+05
Time, s

15E+05  1.7E+05

19E+05  22E+05

Figure 9A-1s - BOCsd_nIN_R1 Wetwell Vent Flow Rate

Sequence BOCSD_NIN_R1

1.0+

09 -

Csl Fract in SP

24E+05  26E+0

08

07~

06 -

—e— Downcomer —#- Lower Supp Pool —— Upper Supp Pool |

05

04

03

02

0.1 -

0.0 sl
0.00E+00 5.00E+04 1.00E+05

1.50E+05
Time, s

2.00E+05

2.50E+05

Figure 9A-1t- BOCsd_nIN_R1 Csl Fract in SP

9A-20
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Fractional Mass

FLOW RATE, KG/S

NEDO-33201 Rev 2

Csl Fraction in Upper Drywell
Sequence: BOCSD_NIN_R1

1.0

09

08 : | —o— Lower Drywell —#— Upper Drywell

0.7 ¢

06 -

o
5]

04 -

03 -

0.2

0.1

O

0.00E+00 5.00E+04 1.00E+05 1.50E+05 2.00E+05 2.50E+05
Time, s

Figure 9A-1u - BOCsd_nIN_R1 Csl Fraction in Upper Drywell

VB FLOW RATE

Sequence: BOCSD_NIN_R1
3.00E+00 -~

3.00E+0

2.50E+00

2.00E+00

1.50E+00

1.00E+00 -

5.00E-01 +

DI WS Y i

0.00E+00 j
0.00E+00 5.00E+04 1.00E+05 1.50E+05 2.00E+05 2.50E+05

TIME, S

Figure 9A-1v - BOCsd_nIN_R1 VB Flow Rate
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LEVEL, M

NEDO-33201 Rev 2

9A.2 BOC (Low-Level RWCU Line)
Representative Sequence BOCdr_nIN_R1

RPV PRESSURE

Sequence BOCDR_NIN_R1

10000000

PRESSURE, PA

25

20

0

9000000

8000000

7000000

6000000

5000000 A

4000000

3000000

2000000

1000000 -

—-f

0

0.00E+00

5.00E+04 1.00E+05 1.50E+05 2.00E+05 2 50E+05
TIME, S

Figure 9A-2a - BOCdr_nIN_R1 RPV Pressure

RPV WATER LEVELS

Sequence: BOCDR_NIN_R1

====CORE ===LOWER PLENUM —— SHROUD

\

t

\

\

0.00E+00

5.00E+04 1.00E+05 1.50E+05 2.00E+05 2 50E+05
TIME, S

Figure 9A-2b - BOCdr_nIN_R1 RPV Water Levels

9A-22
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LEVEL, M

Temperature, K
N
8
o

NEDO-33201 Rev 2

Core Temperature
Sequence: BOCDR_NIN_R1

4500

4000 -
3500
- Peak Core Temp = Avg Core Temp ]

3000 -

2500 -

1500 -

1000

500

0 + e
0.00E+00 5.00E+04 1.00E+05 1.50E+05 2.00E+05 2.50E+05 3.00E+0
Time, s
Figure 9A-2¢ - BOCdr_nIN_R1 Core Temperature
DRYWELL WATER LEVELS
Sequence BOCDR_NIN_R1

250
Dl — LOWER DW =——GDCS POOL |
15.0 -
100 -

50
00 =~ : t 4 1
0.00E+00 5.00E+04 1.00E+05 1.50E+05 2.00E+05 2.50E+05 3.00E+0

TIME, S

Figure 9A-2d - BOCdr_nIN_R1 Drywell Water Levels
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CORE POWER AND PCC HEAT REMOVAL
Sequence: BOCDR_NIN_R1

6.00E+07

5.00E+07 ]
—+—DECAY HEAT ~&- PCC HT REMOVAL

4.00E+07

3.00E+07

2.00E+07 ﬂ +

1.00E+07

0.00E+00 --J | ‘

0.00E+00 5.00E+04 1.00E+05 1.50E+05 2.00E+05 2 50E+05 3.00E+
TIME, S

Figure9A-2e - BOCdr_nIN_R1 Core Power and PCC Heat Removal

POWER, W

SRV Gas Flow vs Time
Sequence BOCDR_NIN_R1

3.50E+02

3.00E+02 A

2.50E+02

2.00E+02

1.50E+02

SRV Flow Rate, kg/s

1.00E+02

5.00E+01

0.00E+00 4 -
0.00E+00 1.00E+03 2.00E+03 3.00E+03 4.00E+03 5.00E+03 6.00E+03 7.00E+03

Time, s

Figure 9A-2f - BOCdr_nIN_R1 SRV Gas Flow vs. Time
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DPV Flow Rate, kg/s

PRESSURE, PA

NEDO-33201 Rev 2

DPV Gas Flow Rate

Sequence. BOCDR_NIN_R1

1.80E+02 -

1.60E+02 | [\
1.40E+02

|

1 20E+02 -

1.00E+02

6.00E+01

4.00E+01

|
|
|
|

\

\

N

2.00E+01 J
0.00E+00

0.0E+00  6.0E+02 1.2E+03 1.8E+03  2.4E+03  3.0E+03 36E+03 42E+03 4.8E+03 5.4E+03 6.0E+03 6.6E+03

7.2E+
Time, s
Figure 9A-2g - BOCdr_nIN_R1 DPV Gas Flow Rate
DRYWELL PRESSURE
Sequence BOCDR_NIN_R1
450000
. W‘ w
350000 —[§—
300000 +—— }
250000 g— J
200000 k
150000
100000 -
50000 +
ol |
0.00E+00 5.00E+04 1.00E+05 1.50E+05 2.00E+05 2.50E+05 3.00E+0
TIME, S

Figure 9A-2h - BOCdr_nIN_R1 Drywell Pressure
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TEMPERATURE, K

TEMPERATURE, K

NEDO-33201 Rev 2

LOWER DRYWELL TEMPERATURE

Sequence: BOCDR_NIN_R1

900

800

700

600

wwf“w‘v"‘"’ v v VAT

500 ¥

400

300
0.0E+00 2.2E+04 4.4E+04 6.6E+04 8.8E+04 1 1E+05 1.3E+05 1.5E+05 1.8E+05 2.0E+05 2.2E+05 2.4E+05

TIME, S

Figure 9A-2i - BOCdr_nIN_R1 Lower Drywell Temperature

DW GAS TEMPERATURE

Sequence: BOCDR_NIN_R1

650

600

[2.]
[=]
=]

B
o
o

400

350

300 + t + t + t + +
0.0E+00 2.2E+04 4 4E+04 6.6E+04 8 8E+04 1.1E+05 1.3E+05 1.5E+05 1.8E+05 2.0E+05 2.2E+05 2.4E+05

TIME, S

Figure 9A-2j - BOCdr_nIN_R1 DW Gas Temperature
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Level, m

Fractional Mass

NEDO-33201 Rev 2

Noble Gas Release Fraction

Sequence BOCDR_NIN_R1

3.00E-01

——Kr

2.50E-01

2.00E-01

1.50E-01

1 00E-01 {——

5.00E-02

0.00E+00
0.0E+00

22E+04

Figure 9A-2k - BOCdr_nIN_R1 Noble Gas Release Fraction

44E+04 66E+04 B8.8E+04 1.1E+05 1.3E+05 1.5E+05 18E+05 20E+05 22E+05 2.4E+05

Time, s

Csl Release Fraction

Sequence BOCDR_NIN_R1

1 60E-01

1.40E-01

1.20£-01

1.00E-01

8 00€-02

6.00E-02 f

4.00E-02

2.00E-02

0.00E+00
0.0E+00

2.2E+04

4 4E+04 6.6E+04 8.8E+04 11E+05 1.3E+05 1.5E+05 18E+05 2.0E+05 2.2E+05
Time, 8

Figure 9A-21 - BOCdr_nIN_R1 Csl Release Fraction
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Sequence’ BOCDR_NIN_R1 Downward Penetration (CCl)

040

035

——LWR DW -&- UPPR DW

0.30

0.25 -

£
£ o020
8

015

0.10 -

0.05 -

0.00
0 21600 43200 64800 86400 108000 129600 151200 172800 194400 216000 237600 259201

Time, s

Figure 9A-2m - BOCdr_nIN_R1 Downward Penetration

IC HEAT REMOVAL
Sequence BOCDR_NIN_R1
1800000

1600000
1400000

1200000

:

800000

HEAT REMOVAL, W

600000

400000

0.00E+00 5.00E+04 1.00E+05 1.50E+05 2.00E+05 2.50E+05 3.00E+0
TIME, S

Figure 9A-2n - BOCdr_nIN_R1 IC Heat Removal
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Water Temperatures
Sequence BOCDR_NIN_R1
500.0 |
!
- J —o— Lower Drywell
~#- Upper Suppression Pool

- |solation Condenser Pool

400.0

350.0

300.0

2500 -

Temperature, K

200.0

150.0

100.0

50.0 - i

00 - ; i i ;
0.0E+00 22E+04 4.4E+04 6.6E+04 8.8E+04 1.1E+05 1.3E+05 1.5E+05 1.8E+05 2.0E+05 2.2E+05 2.4E+05
Time, s

Figure 9A-20- BOCdr_nIN_R1 Water Temperatures

Wetwell Water Levels
Sequence BOCDR_NIN_R1
200
18.0
—&—Downcomer
# - Upper Suppression Pool
16.0 +— ~&~ Suppression Pool Level M s
140
12.0
E
E 10.0
3
8.0 -
40 t 4
20
00
0.00E+00 5 00E+04 1.00E+05 1.50E+05 2 00E+05 2.50E+05 3.00E+0
Time, s

Figure 9A-2p - BOCdr_nIN_R1 Wetwell Water Levels
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H2 Mass, kg

Leak Rate, kg/s

NEDO-33201 Rev 2

Hydrogen Generation

Sequence: BOCOR_NIN_R1

180

160

120

-
(=]
=1

80

60

40

20

0
0.00E+00 2 20E+04

440E+04 6.60E+04 8BOE+04 1.10E+05 1.32E+05 154E+05 1.76E+05 1.98E+05 220E+05 2.42E+05
Time, s

Figure 9A-2q - BOCdr_nIN_R1 Hydrogen Generation

DW Leak/Failure Flow Rate

Sequence BOCDR_NIN_R1

1.00E+00

9.00E-01

8.00E-01

7.00E-01

6.00E-01

5.00E-01

4.00E-01

3 00E-01

2.00E-01

1.00E-01

0.00E+00
0.00E+00

5.00E+04 1.00E+05 1.50E+05 2.00E+05 2.50E+05
Time, s

Figure 9A-2r - BOCdr_nIN_R1 DW Leak/Failure Flow Rate
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Flow Rate, kg/s

Csl Fraction

NEDO-33201 Rev 2

Wetwell Vent Flow Rate

Sequence. BOCDR_NIN_R1

1.00E+00

9.00E-01

8.00E-01

7.00E-01

6.00E-01

5.00E-01

4 00E-01

3.00E-01

2.00E-01

1.00E-01

0.00E+00

0.0E+00 1.3E+05 2.4E+05

Time, s

Figure 9A-2s - BOCdr_nIN_R1 Wetwell Vent Flow Rate

Csl Fractin SP

22E+04  43E+04 B65E+04 B6E+04  1.1E+05 15E+05 1.7E+05 1.9E+05 22E+05

Sequence: BOCDR_NIN_R1

10 -

0.9 -

08

26E+0

—+—Downcomer —#— Lower Supp Pool - Upper Supp Pool

07 -

06 -

05 -

04 -

03 -

02

0.1

0.0 e e R sl
0.00E+00 5.00E+04 1.00E+05 1.50E+05 2.00E+05 2.50E+05

Time, s

Figure 9A-2t - BOCdr_nIN_R1 Csl Fract in SP

3.00E+0
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Csl Fraction in Upper Drywell

Sequence BOCDR_NIN_R1

1.0

0.9 4

08 - : . | ——Lower Drywell —=— Upper Drywell {

07

06 -

0.5 4

Fractional Mass

04 -

03 -

02

01 -

0.0 :
0.00E+00 5.00E+04 1.00E+05 1.50E+05 2.00E+05 2 50E+05

Time, s

Figure 9A-2u - BOCdr_nIN_R1 Csl Fraction in Upper Drywell

VB FLOW RATE

Sequence: BOCDR_NIN_R1
3.00E+00

2 50E+00

2.00E+00

3.00E+0

1.50E+00

FLOW RATE, KG/S

1.00E+00

5.00E-01

0.00E+00 1 l I l

0.00E+00 5 00E+04 1.00E+05 1.50E+05 2.00E+05 2.50E+05
TIME, S

Figure 9A-2v - BOCdr_nIN_R1 VB Flow Rate
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PRESSURE, PA
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9A.3 Bypass Representative Sequence
Low Pressure (T_nIN_BYP_R1)

RPV PRESSURE
Sequence T_nIN_BYP_R1
8000000
7000000
6000000
5000000
4000000
3000000
2000000
1000000 [
0 i b ) + + ¥
0.00E+00 5.00E+04 1.00E+05 1.50E+05 2.00E+05 2.50E+05 3.00E+0
TIME, S
Figure 9A-3a - T nIN_BYP_R1 RPV Pressure
RPV WATER LEVELS
Sequence T_nIN_BYP_R1
25
e CORE === LOWER PLENUM -~ SHROUD
20
15
=
o
w
>
w
-
10
5 -\
1 m\
0
0.00E+00 5.00E+04 1.00E+05 1.50E+05 2.00E+05 2.50E+05 3.00E+0

TIME, 8

Figure 9A-3b - T _nIN_BYP_R1 RPV Water Levels
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Core Temperature
Sequence: T_nIN_BYP_R1

3500

.

2500 ! ~Peak Core Temp — Avg Core Temp

8
8

Temperature, K
I
o
o

1000

500

0.00E+00 5.00E+04 1.00E+05 1.50E+05 2.00E+05 2 50E+05 3.00E+0
Time, s

Figure 9A-3c¢ - T_nIN_BYP_RI1 Core Temperature

DRYWELL WATER LEVELS

Sequence T_nIN_BYP_R1
250

20.0

——LOWER DW —GDCS POOL

15.0 [\m

LEVEL, M

10.0

50

00 .
0.00E+00 5 00E+04 1.00E+05 1.50E+05 2.00E+05 2.50E+05 3.00E+0
TIME, S

Figure 9A-3d - T_nIN_BYP_R1 Drywell Water Levels
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CORE POWER AND PCC HEAT REMOVAL

Sequence: T_nIN_BYP_R1

6 00E+07
5.00E+07
—+—DECAY HEAT - PCC HT REMOVAL
4.00E+07
3.00E+07 “~

=
4
3
g \
2 .00E+07
1.00E+07
B
- it BT o
0.00E+00 R
0.00E+00 5.00E+04 1.00E+05 1.50E+05 2 00E+05 2.50E+05 3.00E+0
TIME, S
Figure 9A-3e - T_nIN_BYP_RI1 Core Power and PCC Heat Removal
SRV Gas Flow vs Time
Sequence T_nIN_BYP_R1
3.00E+02
2.50E+02
2.00E+02
4
°
-
g
g 1.50E+02
2
w
>
o
n
1.00E+02
5.00E+01
0.00E+00 F——- > e -+
0.00E+00 1.00E+03 2.00E+03 3.00E+03 4.00E+03 5.00E+03 6.00E+03 7.00E+03

Time, s

Figure 9A-3f - T_nIN_BYP_R1 SRV Gas Flow vs Time
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DPV Gas Flow Rate

Sequence: T_nIN_BYP_R1

2.50E+02

2 00E+02

1.50E+02 f\

DPV Flow Rate, kg/s

1 00E+02

5.00E+01 \“—‘\J

0 00E+00 f —
0.0E+00  6.0E+02 1.2E+03 1.8E+03  24E+03  3.0E+03 3.6E+03 4.2E+03 4BE+03 54E+03 6.0E+03 66E+03  7.2E+0
Time, s
Figure 9A-3g - T_nIN_BYP_R1 DPV Gas Flow Rate
DRYWELL PRESSURE
Sequence. T_nIN_BYP_R1
250000
200000
150000 .
o
o
u
[
2
n
(7]
a a
100000 | Yt e Eaacoces b B L.l
50000
0
0.00E+00 5.00E+04 1.00E+05 1.50E+05 2.00E+05 2.50E+05 3 00E+0

TIME, §

Figure 9A-3h - T_nIN_BYP_R1 Drywell Pressure
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TEMPERATURE, K
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LOWER DRYWELL TEMPERATURE

Sequence T_nIN_BYP_R1

900 —

800 7

700 -

TEMPERATURE, K
o
<1
S
T —

400_d/ _ — M\-Wwﬂ

300 J*
0.0E+00 2.2E+04 4.4E+04 6.6E+04 8.8E+04 1.1E+05 1.3E+05 16E+05 1.8E+05 2.0E+05 22E+05 24E+05

TIME, S

Figure 9A-3i - T_nIN_BYP_RI1 Lower Drywell Temperature

DW GAS TEMPERATURE

Sequence. T_nIN_BYP_R1

1000

900

800

700

600

500

400 1

300
0.0E+00 22E+04 4.4E+04 6.6E+04 8 8E+04 1.1E+05 1.3E+05 1.5E+05 1.8E+05 2.0E+05 22E+05 2.4E+05

TIME, S

Figure 9A-3j - T_nIN_BYP_R1 DW Gas Temperature
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Noble Gas Release Fraction

Sequence T_nIN_BYP_R1

1.20E+00

[k

1.00E+00 A

8.00E-01 ——

6.00E-01 1

Level, m

4.00E-01

2.00E-01

0.00E+00 @F——

0.0E+00 2.2E+04 44E+04 66E+04 B88E+04 1.1E+05 1.3E+05 15E+05 1.8E+05 20E+05 22E+05 24E+05

Time, s
Figure 9A-3k - T_nIN_BYP_RI1 Noble Gas Release Fraction

Csl Release Fraction

Sequence T_nIN_BYP_R1

3.50E-07 <

3.00E-01

2.50E-01

2.00E-01

Fractional Mass

1 50E-01

1.00E-01 -—

5.00E-02

0.00E+00
0.0E+00

2.2E+04  44E+04 66E+04 B8E+04  1.1E+05 13E+05 1.5E+05 1.8E+05 20E+05 22E+05  2.4E+05
Time, s

Figure 9A-31- T_nIN_BYP_RI1 CsI Release Fraction
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Depth, m
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Sequence T_niN_BYP_R1 Downward Penetration (CCl)

0.40

035 -

—+—LWR DW & UPPR DW

0.30

0.256 -

0.15

0.10 -

0.05

0.00

0 21600 43200 64800 86400 108000 129600 151200 172800 194400 216000 237600 259201
Time, s

Figure 9A-3m — T_nIN_BYP_R1 Downward Penetration

IC HEAT REMOVAL
Sequence: T_nIN_BYP_R1
1800000 -

1600000

1400000

1200000

w

1000000

800000

HEAT REMOVAL,

600000

400000

200000

0
0.00E+00 5.00E+04 1.00E+05 1.50E+05 2.00E+05 2.50E+05 3.00E+0

TIME, S

Figure 9A-3n — T _nIN_BYP_R1 IC Heat Removal
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Water Temperatures

Sequence: T_nIN_BYP_R1

|

~—&— Lower Drywell

450.0

400.0 -

- Upper Suppression Pool

—&— Isolation Condenser Pool

A
LA
350.0 t -

500.0
|
|
|

300.0 1

Temperature, K
N
n
o
o

2000 -
150.0 -
1000 -
50.0
00 ' . ! ! ! : !
0.0E+00  22E+04  4.4E+04  66E+04  88E+04  1.1E+05  13E+05  15E+05  18E+05 20E+05  2.2E+05  2.4E+05
Time, s
Figure 9A-30 — T_nIN_BYP_R1 Water Temperature
Wetwell Water Levels
Sequence T_nIN_BYP_R1
200
18.0
—e— Downcomer
~—#— Upper Suppression Pool
16.0 -4 Suppression Pool Level M
14.0
12.0 1
E
3 100
b
8.0
*? ;ﬁrﬂ"'a?-
40 + LY
20
0.0
0.00E+00 5.00E+04 1.00E+05 1.50E+05 2.00E+05 2 50E+05 3.00E+0
Time, s

Figure 9A-3p — T_nIN_BYP_R1 Wetwell Water Levels
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H2 Mass, kg

Sequence T_nIN_BYP_R1

NEDO-33201 Rev 2

Hydrogen Generation

350

300

250

n
(=1
o

o
o

100

50

0

0.00E+00  2.20E+04

4.40E+04

6 60E+04

8.80E+04

1.10E+05

1.32E+05
Time, s

1.54E+05

1.76E+05

1 98E+05

2.20E+05

Figure 9A-3q — T_nIN_BYP_R1 Hydrogen Generation

Sequence T_niN_BYP_R1

DW Leak/Failure Flow Rate

2.42E+05

6.00E+01

5.00E+01

4.00E+01

3 00E+01

Leak Rate, kg/s

2.00E+01 5‘

1.00E+01 N 1
LJ ~ )
0.00E+00 ¢~ W’ =
0.00E+00 5.00E+04 1.00E+05 1.50E+05 2.00E+05 2.50E+05 3.00E+0
-1 00E+01
Time, 8

Figure 9A-3r — T _nIN_BYP_R1 DW Leak/Failure Flow Rate
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Wetwell Vent Flow Rate

Sequence: T_nIN_BYP_R1

1.00E+00 -

9.00E-01

8.00E-01 -

7.00E-01

6.00E-01 -

5.00E-01

Flow Rate, kg/s

4.00E-01 -

3.00E-01 -~

2.00E-01

1.00E-01

0.00E+00
0.0E+00  22E+04  43E+04 65E+04 86E+04 1.1E+05 1.3E+05 15E+05 1.7E+05 19E+05 22E+05  24E+05

Time, s
Figure 9A-3s — T_nIN_BYP_R1 Wetwell Vent Flow Rate

Csl Fract in SP

Sequence: T_nIN_BYP_R1

1.0 -

09

26E+0

0.8

—e— Downcomer —#- Lower Supp Pool e Upper Supp Pool

0.7 -

06 -

0.5

Csl Fraction

04 -

03 -

0.2 4 e

0.1

. M

0.00E+00 5.00E+04 1.00E+05 1.50E+05 2.00E+05 2.50E+05
Time, s

Figure 9A-3t — T _nIN_BYP_RI1 Csl Fract in SP

9A-42

3.00E+0:



NEDO-33201 Rev 2

Csl Fraction in Upper Drywell

Sequence: T_nIN_BYP_R1

1.0

09 -

08 ; | 3 . —e—Lower Drywell —=— Upper Drywell |

0.7

06 -

0.5

Fractional Mass

04 -9

0.3 -

02 —

01

er- —8—a g

00 ; | !
0.00E+00 5.00E+04 1.00E+05 1.50E+05 2.00E+05 2.50E+05 3.00E+0.

Time, s
Figure 9A-3u — T_nIN_BYP_R1 Csl Fraction in Upper Drywell

VB FLOW RATE
Sequence: T_nIN_BYP_R1
7.00E+00 -~

6.00E+00

5.00E+00 ~

4.00E+00

KG/S

3.00E+00

FLOW RATE

2.00E+00 -

1.00E+00

0.00E+00 hmﬂb 4

0.00E+00 5.00E+04 1.00E+05 1.50E+05 2.00E+05 2.50E+05 3.00E+0
TIME, S

Figure 9A-3v — T _nIN_BYP_R1 VB Flow Rate
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PRESSURE, PA
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9A.4 Bypass RS (High Pressure) T_nDP_nIN_BYP_RI1

RPV PRESSURE
Sequence T_nDP_nIN_BYP_R1
10000000
9000000
8000000
7000000
6000000
5000000
4000000
3000000
2000000
1000000
0 :
0.00E+00 5.00E+04 1.00E+05 1.50E+05 2 00E+05 2 50E+05 3.00E+0
TIME, S
Figure 9A-4a - T_nDP_nIN_BYP_R1 RPV Pressure
RPV WATER LEVELS
Sequence T_nDP_nIN_BYP_R1
25 -
===CORE ===LOWER PLENUM ~— SHROUD
20
15
=
ol
=
]
-
10
5
G R S
0 i ) e S
0.00E+00 5.00E+04 1.00E+05 1.50E+05 2.00E+05 2.50E+05 3.00E+0
TIME, S

Figure 9A-4b - T_nDP_

nIN_BYP_R1 RPV Water Levels
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Core Temperature
Sequence. T_nDP_nIN_BYP_R1

3500

3000 ’

n
[=3
(=]
o

Temperature, K

1000

= Peak Core Temp = Avg Core Temp

0.00E+00 5.00E+04 1.00E+05 1.50E+05
Time, s

2.00E+05 2.50E+05

Figure 9A-4c - T_nDP_nIN_BYP_R1 Core Temperature

DRYWELL WATER LEVELS

Sequence: T_nDP_nIN_BYP_R1

25.0 4

200

3.00E+0

15.0 4

LEVEL, M

100

50

{— LOWER DW — GDCS POOL ~—— UPPER DW |

00 +
0.00E+00 5 00E+04 1.00E+05 1.50E+05

TIME, S

2 00E+05 2.50E+05

Figure 9A-4d - T_nDP_nIN_BYP_RI1 Drywell Water Levels
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CORE POWER AND PCC HEAT REMOVAL
Sequence T_nDP_niN_BYP_R1

6.00E+07
5.00E+07

—+—DECAY HEAT - PCC HT REMOVAL

4 00E+07

o ‘\
L]

POWER, W
/,

2 00E+07 *

1.00E+07

0.00E+00
0.00E+00 5.00E+04 1.00E+05 1.50E+05 2.00E+05 2 50E+05 3.00E+0

TIME, S

Figure 9A-4e - T_nDP_nIN_BYP_R1 Core Power and PCC Heat Removal

SRV Gas Flow vs Time

Sequence: T_nDP_nIN_BYP_R1
1.40E+03

1.20E+03

1.00E+03

kgls

8.00E+02

6.00E+02

SRV Flow Rate.

4.00E+02

2.00E+02

0.00E+00 >_J i ; ; e, o L_,
0.00E+00 1.00E+03 2.00E+03 3.00E+03 4.00E+03 5.00E+03 6.00E+03 7.00E+03
Time, s

Figure 9A-4f - T_nDP_nIN_BYP_R1 SRV Gas Flow vs. Time
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DPV Flow Rate, kg/s

PA

PRESSURE,

NEDO-33201 Rev 2

DPV Gas Flow Rate

Sequence T_nDP_nIN_BYP_R1

1.20E+03

1 00E+03 -

8.00E+02

6.00E+02

4.00E+02

2.00E+02 1

l

0.00E+00
0.0E+00

6.0E+02 1.2E+03 1.8E+03  2.4E+03 30E+03  3.6E+03

Time, s

4.2E+03

4 8E+03

6.0E+03

Figure 9A-4g - T_nDP_nIN_BYP_R1 DPV Gas Flow Rate

DRYWELL PRESSURE

Sequence T_nDP_nIN_BYP_R1

6.6E+03

7.2E+0

900000 WM

800000

700000

600000 -

500000

400000 -

300000

200000 -

100000

0+
0.00E+00

5.00E+04 1.00E+05 1.50E+05
TIME, §

2 00E+05

2.50E+05

Figure 9A-4h - T_nDP_nIN_BYP_RI1 Drywell Pressure
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TEMPERATURE, K

TEMPERATURE, K

NEDO-33201 Rev 2

LOWER DRYWELL TEMPERATURE

Sequence T_nDP_nIN_BYP_R1

900

800

700

600

500 I

400 Lo |

300 -+
0.0E+00 2.2E+04 4.4E+04 6.6E+04 8.8E+04 1 1E+05 1.3E+05 1.5E+05 1.8E+05 2.0E+05 2.2E+05

TIME, S

Figure 9A-4i - T_nDP_nIN_BYP_RI1 Lower Drywell Temperature

DW GAS TEMPERATURE

Sequence. T_nDP_nIN_BYP_R1
700

2.4E+05

650

600

550

W
o
(=3

B
o
o

400

350

4

300

0.0E+00 2.2E+04 4.4E+04 6.6E+04 8.8E+04 1.1E+05 1.3E+05 1.5E+05 1.8E+05 2.0E+05 2.2E+05
TIME, §

Figure 9A-4j - T_nDP_nIN_BYP_R1 DW Gas Temperature
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Level,m

Fractiona! Mass

8.00E-01

7.00E-01

6.00E-01

5.00E-01

4.00E-01

3.00E-01

2.00E-01

1.00E-01 ~

0.00E+00

0.0E+00

4.00E-02

3.50E-02

3.00E-02

2.50E-02

2.00E-02

1.50E-02

1.00E-02 -

5.00E-03

0.00E+00

NEDO-3320! Rev 2

Noble Gas Release Fraction

Sequence: T_nDP_nIN_BYP_R1

==y

Figure 9A-4k - T_nDP_nIN_BYP_R1 Noble Gas Release Fraction

22E+04 44E+04 66E+04 B.BE+04 11E+05  1.3E+05 1.5E+05

Time, s

Csl Release Fraction

Sequence. T_nDP_nIN_BYP_R1

1.8E+05

2.0E+05  2.2E+05

2.4E+05

0.0E+00 22E+04 4.4E+04 66E+04 B88E+04 1.1E+05 1.3E+05 1.5E+05

Time, s

1.8E+05

2.0E+05

22E+05 24E+05

Figure 9A-41 - T_nDP_nIN_BYP_R1 Csl Release Fraction
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£ 020

HEAT REMOVAL, W

NEDO-33201 Rev 2

Sequence: T_nDP_niN_BYP_R1 Downward Penetration (CCl)

0.40

0.35

——LWR DW - UPPR DW

0.30

0.25

0.15

0.10

0.05

0.00 i % ! +
0 21600 43200 64800 86400 108000 129600 151200 172800 194400 216000 237600
Time, s

Figure 9A-4m - T_nDP_nIN_BYP_R1 Downward Penetration (CCI)

IC HEAT REMOVAL

t t t

Sequence: T_nDP_nIN_BYP_R1
1800000 -

1600000

259201

1400000

1200000

1000000

800000

600000

400000

200000

0
0.00E+00 5.00E+04 1.00E+05 1.50E+05 2.00E+05 2.50E+05

TIME, S

Figure 9A-4n - T_nDP_nIN_BYP_R1 IC Heat Removal
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200

16.0

140

120

100

Level, m

8.0

NEDO-33201 Rev 2

Water Temperatures
Sequence: T_nDP_nIN_BYP_R1
5000 i
—&— Lower Drywell
4500 - Upper Suppression Pool | o
i - —or— Isolation Condenser Pool

400.0 | ’ R ———E———

350.0 |

300.0
X
g 4
2
§ 2500
e

200.0

150.0

100.0

50.0

00 ! ! ; . :
00E+00  22E+04  4.4E+04 66E+04  B8BE+04  1.1E+05  13E+05 15E+05 18E+05 20E+05 22E+05  24E+05
Time, s
Figure 9A-40 - T_nDP_nIN_BYP_RI1 IC Water Temperatures
Wetwell Water Levels

Sequence: T_nDP_nIN_BYP_R1

—&— Downcomer

—#— Upper Suppression Pool

~&— Suppression Pool LevelM T ——

60 pvw

40 :

20

00 i | . b

0.00E+00 5.00E+04 1.00E+05 1.50E+05 2.00E+05 2506405 3.00E+0

Time, s

Figure 9A-4p - T_nDP_nIN_BYP_R1 Wetwell Water Levels
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Hydrogen Generation

Sequence. T_nDP_nIN_BYP_R1

600

500 ?__“iﬁﬁ—

400

H2 Mass, kg
w
(=]
o

200
100
0
0.00E+00 220E+04 4.40E+04 660E+04 B.80E+04 1.10E+05 1.32E+05 1.54E+05 1.76E+05 1.98E+05 2.20E+05 2.42E+05
Time, s
Figure 9A-4q - T_nDP_nIN_BYP_R1 Hydrogen Generation
DW Leak/Failure Flow Rate
Sequence: T_nDP_nIN_BYP_R1

2.50E+01 ~

2.00E+01

1.50E+01
o
B
-
[
s
4
-
g
. t

1.00E+01

5.00E+00 I

0.00E+00

0.00E+00 5.00E+04 1.00E+05 1.50E+05 2.00E+05 2.50E+05 3.00E+0

Time, s

Figure 9A-4r - T_nDP_nIN_BYP_R1 DW Leak/Failure Flow Rate
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Flow Rate, kg/s

Csl Fraction

NEDO-33201 Rev 2

Wetwell Vent Flow Rate

Sequence: T_nDP_nIN_BYP_R1

1.00E+00 -

9.00E-01

8.00E-01

7.00E-01

6.00E-01 ~

5.00E-01

4 00E-01

3.00E-01 ~

2 00E-01

1.00E-01

0.00E+00
0OE+00  22E+04 43E+04 65E+04 86E+04 11E+05 13E+05 15E+05 17E+05 19E+05 2.2E+05 24E+05

Time, s

Figure 9A-4s - T_nDP_nIN_BYP_R1 Wetwell Vent Flow Rate

Csl Fract in SP

Sequence. T_nDP_nIN_BYP_R1

09 -

26E+0

08

—&— Downcomer —#- Lower Supp Pool ~#~ Upper Supp Pool

07 -

06 -

0.5

04

03 -

02

°"".}==——_-_—_—___'—-——- e —

0.0
0.00E+00 5.00E+04 1.00E+05 1.50E+05 2.00E+05 2.50E+05

Time, s

Figure 9A-4t - T_nDP_nIN_BYP_RI CsI Fract in SP
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Csl Fraction in Upper Drywell

Sequence: T_nDP_nIN_BYP_R1

10 -

09

08 - . —e— Lower Drywell —s— Upper Drywell

07 -

06 -

05 -

Fractional Mass

04 -

03 -

02

01

0.0 f

0.00E+00 5.00E+04 1.00E+05 1.50E+05 2 00E+05 2.50E+05 3.00E+0.
Time, s

Figure 9A-4u - T nDP_nIN_BYP_RI1 Csl Fraction in Upper Drywell

VB FLOW RATE

Sequence T_nDP_nIN_BYP_R1
1.60E+01 ~

1.40E+01

1.20E+01 -

1.00E+01 -

8.00E+00

FLOW RATE, KG/S

6.00E+00

4.00E+00 -

2.00E+00 -

0.00E+00 l. aed .
0.00E+00 5.00E+04 1.00E+05 1.50E+05 2 00E+05 2.50E+05 3.00E+0
TIME, S

Figure 9A-4v - T_nDP_nIN_BYP_RI1 VB Flow Rate
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9A.5 Core Concrete Interaction (Dry) - High Pressure T_nIN_nD_CCID_R1

RPV PRESSURE
Sequence T_nIN_nD_CCID_R1
10000000
9000000
8000000
7000000
6000000
<
o
g
2 5000000
n
w
o
o
4000000
3000000
2000000
1000000
0 Bt 4 » .
0.00E+00 5.00E+04 1.00E+05 1.50E+05 2.00E+05 2.50E+05 3.00E+0
TIME, S
Figure 9A-5a - T_nIN_nD_CCID_R1 RPV Pressure
RPV WATER LEVELS
Sequence: T_nIN_nD_CCID_R1
25 -
== CORE ==LOWER PLENUM ——SHROUD
20
15
=
g
2
=
10
5
0
0.00E+00 5.00E+04 1.00E+05 1.50E+05 2.00E+05 2.50E+05 3.00E+

TIME, S

Figure 9A-5b - T_nIN_nD_CCID_R1 RPV Water Levels
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Sequence T_nIN_nD_CCID_R1

9000

8000 -

g

Temperature, K
8

3000

2000

Ol

NEDO-33201 Rev 2

Core Temperature

——Peak Core Temp == Avg Core Temp

0 B¢
0.00E+00 5.00E+04

1.00E+05

1.50E+05 2.00E+05 2.50E+05
Time, s

Figure 9A-5¢ - T_nIN_nD_CCID_R1 Core Temperature

DRYWELL WATER LEVELS

Sequence T_nIN_nD_CCID_R1
250

200 -

150

LEVEL, M
=)
o

—LOWER DW —GDCS POOL

50 -

ST G
00

0.00E+00 5.00E+04

-5.0

1.00E+05

1.50E+05 2.00E+05 2 50E+05

TIME, S

Figure 9A-5d - T_nIN_nD_CCID_R1 Drywell Water Levels
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POWER, W

SRV Flow Rate, kg/s

NEDO-33201 Rev 2

CORE POWER AND PCC HEAT REMOVAL
Sequence: T_nIN_nD_CCID_R1

6.00E+07

5.00E+07 t
——DECAY HEAT —=- PCC HT REMOVAL

4.00E+07

3.00E+07 \

2.00E+07 *

1.00E+07

0.00E+00 .
0.00E+00 5.00E+04 1.00E+05 1.50E+05 2.00E+05 2.50E+05 3.00E+0

TIME, S

Figure 9A-5¢ - T_nIN_nD_CCID_R1 Core Power and PCCS Heat Removal

SRV Gas Flow vs Time
Sequence: T_nIN_nD_CCID_R1
9.00E+02

8.00E+02
7.00E+02

6.00E+02

5.00E+02 \

4.00E+02
3.00E+02
2.00E+02

1.00E+02 *n \ \
0.00E+00 \ .~ \ \\ e .

0.00E+00 1.00E+03 2.00E+03 3.00E+03 4.00E+03 5.00E+03 6.00E+03 7.00E+03
Time, s

Figure 9A-5f - T_nIN_nD_CCID_R1 SRV Gas Flow vs Time
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DPV Gas Flow Rate

Sequence T_nIN_nD_CCID_R1

3.00E+02

2.50E+02

2.00E+02

1.50E+02 [\ N

DPV Flow Rate, kg/s

1 00E+02

5.00E401 \\_/.__
0 00E+00 — - —,—4-—

0.0E+00  6.0E+02 1.2E+03 1.8E+03 24E+03  30E+03 36E+03 4.2E+03 4.8E+03 54E+03 6.0E+03 66E+03  72E+0

Time, s
Figure 9A-5g - T nIN_nD_CCID_R1 DPV Gas Flow Rate
DRYWELL PRESSURE
Sequence T_nIN_nD_CCID_R1

1400000

1200000 /

1000000
£ 8ooooo
uf
[4
2
[72]
8
& 600000

400000 l

200000 \

N
0
0.00E+00 5.00E+04 1 00E+05 1.50E+05 2.00E+05 2.50E+05 3 00E+0
TIME, §

Figure 9A-5h - T_nIN_nD_CCID_R1 Drywell Pressure
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Sequence: T_nIN_nD_CCID_R1

NEDO-33201 Rev 2

LOWER DRYWELL TEMPERATURE

1200

1100

1000

/;,,/

800

800

TEMPERATURE, K

600

500

400

J)

300
0.0E+00

2.2E+04

4.4E+04

6.6E+04

8.8E+04

1.1E+05 1.3E+05 1.5E+05 1.8E+05 2.0E+05 2.2E+05

TIME, S

2.4E+05

Figure 9A-5i - T_nIN_nD_CCID_R1 Lower Drywell Temperature

Sequence: T_nIN_nD_CCID_R1

DW GAS TEMPERATURE

700

650

600

S&!"'\v\

(5
o
(=3

TEMPERATURE, K
93
=3
=3

'S
[
o

400

350

4

300
0.0E+00

2.2E+04

4.4E+04

6.6E+04

8.8E+04

1.1E+05 1.3E+05 1.5E+05 1.8E+05 2.0E+05 2 2E+05

TIME, S

2.4E+05

Figure 9A-5j - T_nIN_nD_CCID_R1 DW Gas Temperature
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Csl Release Fraction

Sequence: T_niN_nD_CCID_R1

7.00E-02

6.00E-02

5.00E-02

4.00E-02

Fractional Mass

3.00E-02

2.00E-02

1.00E-02

0.00E+00 T % )
00E+00  22E+04  44E+04 66E+04 8.8E+04 1.1E+05 1.3E+05 1.5E+05 18E+05 20E+05 22E+05  24E+05

Time, s
Figure 9A-51 - T_nIN_nD_CCID_R1 Csl Release Fraction

Sequence: T_niN_nD_CCID_R1 Downward Penetration (CCl)

450

4.00

—+—LWR DW —=- UPPR DW

3.50

3.00

250

Depth, m

2.00
/

150 -
1.00 /
0.50

0.00

0 21600 43200 64800 86400 108000 129600 151200 172800 194400 216000 237600 259201
Time, s

Figure 9A-5m - T_nIN_nD_CCID_R1 Downward Penetration
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IC HEAT REMOVAL
Sequence: T_nIN_nD_CCID_R1
1800000 -

1600000

1400000

1200000

1000000

800000

HEAT REMOVAL, W

600000 -

400000

200000

0
0.00E+00 5.00E+04 1.00E+05 1.50E+05 2.00E+05 2.50E+05 3.00E+0
TIME, S

Figure 9A-5n - T_nIN_nD_CCID_R1 ICS Heat Removal

Water Temperatures
Sequence: T_nIN_nD_CCID_R1

500.0 ; T | |

4500 T ’ —&—Lower Drywell ‘

{ ~#-- Upper Suppression Pool

400.0
4 N, ..l_._|...¢_-_~m
350.0 - ¥ T I +

—&— Isolation Condenser Pool

<]

o

o
S

Temperature, K
N
wn
o
o

2000 -

150.0 -

100.0 -

500 - : . 4

00 e ! . ‘ ! |
00E+00  22E+04  44E+04  6.6E+04  88E+04  1.1E+05  1.3E+05  1.5E+05 18E+05 20E+05  22E+05  24E+05
Time, s

Figure 9A-50 - T_nIN_nD_CCID_R1 Water Temperatures
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Level, m

Leak Rate, kg/s

NEDO-33201 Rev 2

Wetwell Water Levels

Sequence T_nIN_nD_CCID_R1

20.0 -

18.0

16.0

—&— Downcomer

—&— Upper Suppression Pool

14.0

120 -

100

8.0

60 M W—-‘r

'S Pool Level M

40 ¢ 3

¥ o
20

00 -
0.00E+00

A

| |
5.00E+04 1.00E+05 1.50E+05 2 00E+05 2.50E+05
Time, s

Figure 9A-5p - T_nIN_nD_CCID_R1 Wetwell Water Levels

DW Leak/Failure Flow Rate

Sequence: T_nIN_nD_CCID_R1

2.00E+01

3.00E+0

1.80E+01

1.60E+01

1.40E+01

1.20E+01 4

1.00E+01

8.00E+00

6.00E+00

4 00E+00

2.00E+00

0.00E+00

s o

Sy

0.00E+00

5.00E+04 1.00E+05 1.50E+05 2.00E+05 2.50E+05
Time, s

Figure 9A-5r - T_nIN_nD_CCID_R1 DW Leak/Failure Flow Rate
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Flow Rate, kg/s

Csl Fraction

NEDO-33201 Rev 2

Wetwell Vent Flow Rate

Sequence T_nIN_nD_CCID_R1

1.00E+00

9.00E-01

8.00E-01

7.00E-01

6.00E-01

5.00E-01

4.00E-01

3.00E-01

2.00E-01

1.00E-01

0.00E+00
00E+00 22E+04 43E+04 65E+04 B86E+04 11E+05 13E+05 15E+05 17E+05 19E+05 22E+05 24E+05

Time, s
Figure 9A-5s - T_nIN_nD_CCID_R1 Wetwell Vent Flow Rate
Csl Fractin SP

Sequence: T_nIN_nD_CCID_R1

1.0 -

09 -

26E+0

08

—e— Downcomer —#— Lower Supp Pool =& Upper Supp Pool

07 -

06 -

05 -

04 -

03 -

02 -

0.1

o W

0.00E+00 5.00E+04 1.00E+05 1.50E+05 2.00E+05 2.50E+05
Time, s

Figure 9A-5t - T_nIN_nD_CCID_R1 Csl Fract in SP
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Fractional Mass

FLOW RATE, KG/S

NEDO-33201 Rev 2

Csl Fraction in Upper Drywell

Sequence: T_nIN_nD_CCID_R1

10

09 -

08

0.7 ~

06 -

0.5:4

04

03 -

—a— Lower Drywell —=— Upper Drywell

5.00E+04

1.00E+05

2.00E+05

2 50E+05

3.00E+0

O:OOE-I'OO 1.50E+05
Time, s
Figure 9A-5u - T_nIN_nD_CCID_R1 Csl Fraction in Upper Drywell
VB FLOW RATE
Sequence: T_nIN_nD_CCID_R1

8.00E+00

7 00E+00

6.00E+00

5.00E+00

4.00E+00

3.00E+00

2.00E+00

1.00E+00

0.00E+00 -+ T

0.00E+00 5.00E+04 1.00E+05 1.50E+05 2.00E+05 2.50E+05 3.00E+0
TIME, S

Figure 9A-5v - T_nIN_nD_CCID_R1 VB Flow Rate
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Level, m
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Hydrogen Generation

Sequence. T_niN_nD_CCID_R1

450

400 /
350

H2 Mass, kg

100

50

0
0.00E+00

2.20E+04 4.40E+04 660E+04 8.80E+04 1.10E+05 1.32E+05 1.54E+05 1.76E+05 1.98E+05 2.20E+05 242E+05

Time, s

Figure 9A-5w - T_nIN_nD_CCID_R1 Hydrogen Generation

Noble Gas Release Fraction

Sequence. T_nDP_niN_nD_CCID_R1

1.20E+00

1.00E+00

8.00E-01

6.00E-01

4.00E-01

2.00E-01

0.00E+00
0.0E+00

22E+04 44E+04 66E+04 B.BE+04 1.1E+05

1.3E+05
Time, s

1.5E+05

1.8E+05

2.0E+05

2.2E+05

2.4E+05

Figure 9A-5x - T_nIN_nD_CCID_R1 Noble Gas Release Fraction
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9A.6 Core Concrete Interaction (Dry) — High Pressure T_nDP_nIN_nD_CCID_R1

RPV PRESSURE

Sequence: T_nDP_nIN_nD_CCID_R1

10000000

9