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1 INTRODUCTION

The occurrence of a significant earthquake in close proximity to the coast is sometimes
accompanied by a tsunami event. EERT-12-021 (External Hazard Screening Assessment)
found that the combination of an earthquake generating a tsunami could also induce
additional on-site hazards such as chemical spills, explosions, and fires [1].

This report assesses the robustness of Koeberg Nuclear Power Station (KNPS) to cope
with an earthquake and subsequent tsunami and the simultaneous occurrence of a
chemical spill, explosion, and fire event as stated in EERT-12-023-RPT (On-site Induced
Hazards). Conservative analysis is used in the safety re-assessment. The implementation
of several proposals made in EERT-11-013 (External Events Safety Re-assessment
Interim Report) is simulated to illustrate the ability of the plant to shut down safely
following a combination event. Proposed modifications are discussed in § 3 (Proposed
Modifications). The combination study comprises the events described below.

1.1 EARTHQUAKE

EERT-11-015 (Seismic Hazard Report) assessed the robustness of the KNPS design to
maintain its safety functions when challenged by a seismic hazard beyond the design
basis [2]. The study enveloped geological hazards such as submarine landslides,
liquefaction, and subsidence/upliftment. Potential cliff edges were identified where small
deviations in plant behaviour could give rise to severe plant damages.

The nuclear safety related structures at KNPS are constructed on a common foundation
referred to as the aseismic raft. The main function of the seismic raft is to decrease
horizontal ground motion experienced by the nuclear safety related equipment. The
KNPS seismic design basis is based on an earthquake, with an epicentre of 8 km at the
postulated Milnerton-Hangklip fault zone that measures 7 on the Richter scale. The
Dames and Moore method predicted that a safe shutdown earthquake is defined as 0.3 g
zero-period horizontal acceleration and 0.2 g zero-period vertical acceleration.

The seismic hazard report includes several functional requirements diagrams for different
magnitude seismic events. This method exposed potential vulnerabilities of structures,
systems, and components (SSCs) during normal operating conditions due to a seismic
event. The seismic event is used as the basis of this combination assessment using the
functional requirements diagrams as explained in EERT-11-014 (Minimal Needs to
Prevent and Mitigate Fuel Melt). The diagram indicating seismic failures is augmented
with additional failures as described below.

1.2 TSUNAMI

EERT-11-016 (Tsunami Hazard Report) assessed the robustness of the facility’s design
to maintain its safety functions in the event of flooding as a result of a tsunami [3].

The tsunami assessment comprises three sections. The potential sources of a tsunami at
KNPS were investigated first together with the risk posed by each of the initiating events.
Secondly, the robustness of KNPS to mitigate a design-basis as well as a beyond-design-
basis tsunami was evaluated for different levels of flooding. Potential vulnerabilities were
highlighted and associated cliff edge effects identified. Finally, proposals were presented
to increase the plant’s robustness against tsunamis.

eert-12-024-rpt rev 3 - earthquake and tsunami with induced events.docx -1-
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This study assumes the simultaneous occurrence of an earthquake and tsunami event as
this is believed to be the most enveloping scenario. The so-called lag time between the
earthquake and tsunami event is ignored to ensure the proposals made in this study are
robust against extreme events.

There is currently no tsunami early warning system installed at Koeberg to provide an
indication on possible tsunami formation following an earthquake event.

CM 1: It is proposed that Koeberg develop a tsunami early warning system to provide
accurate early indication on possible tsunami formation following an earthquake event.
Furthermore, it is proposed to develop a locally calibrated tsunami hazard assessment
model/methodology.

The tsunami assessment used a similar method, i.e. a functional requirements diagram,
as used in the earthquake assessment to identify potential failure of SSCs. The failures
documented in the original tsunami study are used to augment the functional
requirements diagram of the earthquake assessment in order to generate a combined
earthquake and tsunami functional requirements diagram.

1.3 CHEMICAL SPILL

EERT-11-025 (Chemical Spill Hazard Report) assessed the risk of chemical spills to
KNPS. The assessment concluded that the risk of chemical spills is limited to personnel
safety [4]. Chemical spills do not have a direct consequence to nuclear safety.

This combination study compounds the chemical spills with an earthquake and induced
tsunami event, as the earthquake and subsequent tsunami may result in damage to on-
site chemical storage tanks (envelopes mobile chemical tankers). Although chemical
spills do not cause additional damage to SSCs, failure of chemical tanks is presented as
specified in EERT-12-023-RPT to indicate potential danger to plant operators due to the
presence of toxic gases. The functional requirements diagram does not contain any
chemical storage sources and as a result, these potential failures, due to the occurrence
of an earthquake and subsequent tsunami, will be briefly discussed in the text.

1.4 EXPLOSION

EERT-11-019 Rev 1 (Explosion Hazard Report) assessed the risk of explosions to KNPS
from both on- and off-site sources. The study concluded that the locations of potential
explosive sources outside of the access control point 2 are far enough to not induce a risk
to nuclear safety [5].

All the potential on-site explosive sources documented in the explosion hazard report
were analysed in EERT-12-023-RPT as on-site induced hazards [10]. The findings of this
report are used to derive additional failures of SSCs which could possibly be induced by
an earthquake and/or tsunami event. The earthquake and tsunami functional
requirements diagram is augmented with the potential failures as a result of an explosion
initiated by either an earthquake, tsunami, or fire event (nho mechanism was found
whereby a chemical spill could initiate an explosion).
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1.5 FIRE

EERT-11-018 (Fire Hazard Report) analysed the risk of fires to KNPS. The safety re-
assessment showed that KNPS is sufficiently capable of detecting and mitigating an on-
site fire [6].

This study considers the combination of an earthquake and subsequent tsunami inducing
a fire on SSCs. EERT-12-023-RPT identified on-site induced fires as a result of an
initiating event such as an earthquake, a tsunami, or an explosion (no mechanism was
found whereby the chemicals used at KNPS could result in a fire). Failures of SSCs as a
result of an initiating fire event are shown in the functional requirements diagram.

eert-12-024-rpt rev 3 - earthquake and tsunami with induced events.docx -3-
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2

METHODOLOGY

Earthquakes, being geological events, cannot be prevented. The methodology followed in
this combination study is that of identifying vulnerabilities during normal plant operating
conditions due to a combination of external events and presenting applicable proposals to
mitigate those events. This method ensures that core and spent fuel pool (SFP) cooling is
continuously maintained and containment integrity is not compromised.

The safety re-assessment completed in EERT-11-015 (Seismic Hazard Report) is the
cornerstone of the combination study, as this is the initiating event. Therefore, this study
is used as the basis for the combination study. The functional requirements diagram
generated in EERT-11-015 (Seismic Hazard Report) is augmented with the functional
requirements diagram populated in EERT-11-016 (Tsunami Hazard Report) as the
majority of failures are caused by these two events. The methodology of combining two
safety re-assessments is discussed in § 2.1 (Functional Requirements Diagram
Methodology).

Various combinations of magnitudes can be assessed. The study performed in EERT-11-
015 (Seismic Hazard Report) found that a definite cliff edge (in terms of equipment
failure) occurred between a 0.3 g and a 0.4 g earthquake. Table 1 illustrates the expected
failures (includes SSC failure due to a supporting system) following seismic events of
various magnitudes. The cells highlighted in grey illustrate the point where increased
equipment loss is experienced due to the seismic magnitude increasing from design-
basis to beyond-design-basis.

Table 1:
Potential failures identified during seismic events
Seismic Magnitude Number of failures expected
0.2g 6 potential failures identified
0.3g 2 additional potential failures identified
049 61 additional potential failures identified
05g 4 additional potential failures identified
06g 23 additional potential failures identified

Seismic walkdowns for equipment inside the unit 2 containment building were completed
during outage 219. In addition, seismic walkdowns for unit 1 were subsequently
completed during outage 120. The findings from the unit 2 walkdowns were incorporated
into this report using the functional requirement diagram. Any discrepancies, in terms of
additional equipment failure, found during the unit 1 seismic walkdowns will be briefly
discussed.

The terrace level of KNPS is constructed 8 m above the mean sea level (MSL). Minimal
damage to safety equipment is expected for a tsunami wave up to 8 m above MSL. The
majority of water-caused damage occurs when the site is inundated up to a water level of
3.8 m above the terrace level (11.8 m MSL). By increasing the water level up to 6 m
above the terrace level (14 m MSL) the only additional significant failure is the station
batteries. By further increasing the water level up to 7 m (15 m MSL) above the terrace
level, results in the failure of the SBO diesel generators. Water levels beyond the 7 m
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terrace level (> 15 m tsunami) will cause failure of the electrical switchboards. The
assumption is made that any SSC underneath the water surface will be unavailable. This
assumption envelopes damage caused by water-borne debris and will therefore not be
discussed further. The impact energy from a tsunami wave on buildings and SSCs was
not considered in the tsunami hazard report, and is therefore not considered in this
combination assessment.

CM 2: It is proposed that EERT-11-016 (Tsunami Hazard Report) be revised to include
the potential damage to plant buildings and SSCs as a result of the impact energy from
the tsunami waves.

The detailed combination of assessments, which includes functional requirements
diagrams, is only performed for a tsunami wave height below the 0 m terrace level and a
tsunami wave height less than 3.8 m above the terrace level (indicated in grey in Table 2)
as this is where the significant cliff edges (regarding equipment loss) occur. Additional
assessments were performed for a tsunami with wave height exceeding 3.8 m above the
terrace level although this is limited to a brief discussion.

Table 2:
Tsunami combination evaluation

Tsunami Height
(above/below SSC failure Cumulative SSC failure
terrace level)

>7m Electrical switchboards JPS connection

Most pumps on 0 m terrace

SER and SED tanks

Station and unit transformers

All five EDGs

30V,48V, 125V, 230 V batteries
supply to monitoring equipment.
Station black-out diesel generators

6mto<7m Station black-out diesel generators JPS connection

Most pumps on 0 m terrace

SER and SED tanks

Station and unit transformers

All five EDGs

30V,48V, 125V, 230 V batteries
supply to monitoring equipment

3.8mto<6m 30V,48V, 125V, 230 V dc batteries supply to | JPS connection

monitoring equipment Most pumps on 0 m terrace
SER and SED tanks

Station and unit transformers
All five EDGs

Omto<3.8m All pumps on the 0 m terrace level (excludes JPS connection
reactor building)

SER and SED tanks

Station and unit transformers
All five EDGs

—4mto0Om JPS connection -

—-8mto-4m - -

Based on the analysis above, the following combinations of seismic and tsunami
magnitudes for unit 1 and 2 were assessed in detail using a functional requirements
diagram comparison:
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e Design basis earthquake (0.3 g) inducing a tsunami wave up to the 0 m terrace level;

e Design basis earthquake (0.3 g) inducing a tsunami wave up to 3.8 m above the
terrace level;

e Beyond-design-basis earthquake (0.4 g) inducing a tsunami wave up to the Om
terrace level;

e Beyond-design-basis earthquake (0.4 g) inducing a tsunami wave up to 3.8 m above
the terrace level,

e Beyond-design-basis earthquake (0.5 g) inducing a tsunami wave up to the Om
terrace level;

e Beyond-design-basis earthquake (0.5 g) inducing a tsunami wave up to 3.8 m above
the terrace level;

e Beyond-design-basis earthquake (0.6 g) inducing a tsunami wave up to the Om
terrace level;

e Beyond-design-basis earthquake (0.6 g) inducing a tsunami wave up to 3.8 m above
the terrace level.

A common functional requirements diagram to represent both units 1 and 2 is completed
for the combinations mentioned above. Failure of equipment identified is applicable to
both units unless stated otherwise.

The on-site induced failures from chemical spills, explosions, and fires as documented in
EERT-12-023-RPT are then presented to derive a comprehensive list of potential SSCs
failure for this combination of events. The seismic and tsunami functional requirements
diagram is augmented with these additional on-site induced failures (limited to fires and
explosion as no mechanism could be found whereby a chemical spill could cause failure
of SSCs).

As this document is identifying additional failures due to the combination of events, only
additional proposals or amendments, where necessary, are made to the previous
proposals in order to ensure continuous core and SFP cooling and maintaining
containment integrity.

FUNCTIONAL REQUIREMENTS DIAGRAM METHODOLOGY

The functional requirements diagram is a summary of all the essential systems and sub-
systems that could be used to prevent and mitigate the effects of core melt, in line with
the existing relevant incident and accident procedures and severe accident management
guidelines. The functionality of the functional requirements diagram is comprehensively
discussed and explained in EERT-11-014 (Minimal Needs to Prevent and Mitigate Fuel
Melt) [7]. The functional requirements diagram uses unique colour coding to indicate the
availability of different systems. Green illustrates that the system is functional following an
event, red refers to a system being unavailable, and pink indicates a system s
unavailable due to an on-site induced failure. Where a system is unavailable due to an
initial event (either earthquake, tsunami, or both) together with an on-site induced hazard
(explosion, fire, or both), the initial event always takes preference and is indicated in red.
Orange colour coding is used to illustrate that a system is not available due to the loss of
a supporting system. Grey colour coding illustrates the system was not assessed
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(specific for seismic resilience) and subsequently no credit is taken for that system.
Finally, yellow colour coding indicates the availability of a system; however the expected
operational lifetime is less than 24 hours.

In EERT-11-015 (Seismic Hazard Report) and EERT-11-016 (Tsunami Hazard Report)
the plant’s ability to survive a single event was assessed using a functional requirements
diagram.

A combined functional requirements diagram is completed for an earthquake inducing a
tsunami. As previously mentioned, the seismic hazard report is used as the basis for the
earthquake and induced tsunami assessment. The functional requirements diagram for
the seismic event is augmented with additional failures caused by a tsunami event.

Different cell patterns were used to differentiate between the failure-causing event and
the event that has no influence on the failure of a system. The cell patterns can be
interpreted as follows:

e horizontal line pattern —tsunami event is the cause for failure of a system or
components;

e vertical line pattern —seismic event is the cause for failure of a system or
component;

e no line pattern — both tsunami and earthquake events contribute to the failure of a
system or component.

The combinations involving a tsunami wave height exceeding 3.8 m above the terrace
level are assessed on a case-by-case basis as it was found that failure of additional
systems above this point is limited. Functional requirements diagrams are not completed
for these assessments and are only briefly discussed.

eert-12-024-rpt rev 3 - earthquake and tsunami with induced events.docx -7-
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3 PROPOSED MODIFICATIONS

Several vulnerabilities were documented in EERT-11-013 Rev.1 (External Events Safety
Re-assessment Interim Report), which lead to numerous proposals being made for the
mitigation of external events. To ensure the safe removal of decay heat while maintaining
the integrity of the SFP, these proposals were prioritised for maximum benefit. The
proposed modifications which are seismically qualified to 0.5 g are described below.

Shutdown seals

Installation of shutdown seals on the primary pump shafts ensures the primary
system inventory is not lost due to loss of seal cooling. With the shutdown seal
installed, there will be negligible inventory loss from the RCP system, and therefore
additional make-up is not required, as reflected in the functional requirements
diagrams.

Installation of an additional auxiliary feedwater system (on each unit)

It is proposed to install an additional hardened auxiliary feedwater system
independent of ac power, to supply core cooling should all other pumps fail. This will
provide sufficient core cooling to ensure that fuel integrity is not compromised.

SEP tank and hardened line upgrade

The SEP potable water tank was found to be a reliable, alternative source of cooling
water for KNPS plant reactor and SFP in the event of loss of cooling water supply
through existing plant systems due to an extreme event. It is envisaged that the
current SEP tanks will need to be replaced with hardened tanks and piping that can
withstand a seismic loading of at least 0.5 g.

In order to ensure the SEP water is reliably delivered to the plant, it is proposed to
install a hardened SEP pipe system to supply SEP water to the plant. A header with
several connection points will be fitted to the end of the pipe to allow diesel-driven
pumps to connect.

Portable emergency equipment (PEE)

The procurement of several PEE diesel-driven pumps is proposed. These pumps,
supplied by the hardened SEP line, will be used to supply the following:

*+  ASG tank make-up or direct to ASG 003 PO suction at 60 m/h;
*  EAS spray piping at 370 m?/h;

* SFP make-up line at 20 m3/h;

* PTR tank make-up line at 60 m3/h; and

*  RCV charge flow piping at 60 m>/h.

Hardened instrumentation

In order to ensure continuous monitoring of essential SSC, it is proposed to install
hardened instrumentation for the following:

*  core exit temperature indication;

*  steam generator pressure indication;

eert-12-024-rpt rev 3 - earthquake and tsunami with induced events.docx -8-
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*  steam generator level indication;
*  containment pressure indication; and
*  SFP level indication.

e Mobile diesel generators

During a complete loss of off-site power, KNPS will require a reliable power source
to ensure safe shutdown is maintained. The procurement of mobile diesel-driven
generators is proposed to ensure critical equipment remains supplied. These mobile
units will be connected into pre-installed connection points supplying the LHA and
LHB switchboards.

The proposed modifications mentioned above are indicated on the functional
requirements diagram, using a blue colour coding to illustrate the plant's ability to
maintain SFP cooling and containment integrity.

eert-12-024-rpt rev 3 - earthquake and tsunami with induced events.docx -9-
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4.1

4.2

421

SEISMIC / TSUNAMI HAZARD ASSESSMENT

INTRODUCTION

KNPS, being situated close to the coast, could be vulnerable to tsunamis caused by
amongst others, an earthquake (envelopes submarine slumping). This section discusses
the combination of an earthquake inducing a tsunami event. Furthermore, the potential
on-site induced failures as a result of either the earthquake and/or tsunami are discussed.
The functional requirements diagrams for the seismic and tsunami assessments are
combined and any additional potential failures from on-site induced hazards are shown.

The combined functional requirements diagram is completed for the eight combinations
stated in § 2 (Methodology). The combination assessments are constructively discussed,
that is, as the magnitude of the seismic and tsunami hazard is increased, only additional
potential failures are highlighted.

The functional requirements diagram is also updated with the proposals made in §3
(Proposed Modifications). The success path to ensure critical plant functions is
discussed.

DESIGN BASIS (0.3 G) EARTHQUAKE INDUCING A
TSUNAMI WAVE UP TO THE 0 M TERRACE LEVEL

KNPS is robust against a tsunami wave of up to 8 m above MSL. As a result, minimal
damage to SSCs can be expected in the event of a tsunami wave up to 8 m following a
0.3 g earthquake. The functional requirements diagram, which provides a graphical
summary of all the essential systems affected during a combined event, is illustrated in
Table 5 in Appendix 1.

Potential Failure Identification

Damage to plant equipment is mostly caused by the occurrence of the seismic event.
Critical components that could fail include:

e SEP tank and associated piping (failure at 0.2 g earthquake due to slope collapse);
e JPS piping connection (cracked suction and rusted discharge);

e  Electrical cabinet drawers left unsecured; and

e REA water and SER tanks.

The potential failure of equipment following a tsunami wave with a height of less than 8 m
is limited to the JPS pump connection point which is located next to the SEC pump
house.

The power transformers and 6.6 kV non-essential switchboards were not assessed
during the seismic margin assessment and as a result no credit is taken for the
functionality of the equipment. The assumption is made that this combined event will
result in a loss of off-site power. The functionality of the SER pumps, which are supplied
by 380 V ac non-essential switchboards, will be lost as these switchboards are energised
by the 6.6 kV non-essential switchboards.
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4.2.2

EERT-12-023-RPT identifies additional on-site hazards (such as fire, explosion, and
chemical release) that could also be initiated by off-site external hazards (and
combinations), which could cause additional damage that must be considered [10].

The only credible additional compounding damage that is initiated by a design basis
earthquake (0.3 g) is the possible failure of an ammonia tank in the demineralisation plant
and a fire and/or explosion at the hydrogen storage facility. It is possible that a
fire/explosion in the hydrogen storage facility could also damage the SEP tank (could also
be caused by the earthquake) and the turbine hall.

CM 3: It is proposed that the seismically hardened SEP tank and associated pipework be
robust against any overpressure generated by an explosion due to its proximity to the
hydrogen storage facility, which could be vulnerable in the event of a seismic activity. An
alternative solution would be the relocation of the hydrogen storage facility to a remote
area not surrounded by critical equipment.

Damage to the SEP tank could lead to a flooding event at the south-side EDGs; however
this is unlikely [9]. Due to the inherent uncertainty, a conservative approach is taken by
making the assumption that the EDGs are not available following such a flooding event.

CM 4: It is proposed that a seismically qualified barrier be erected in front of the south-
side EDGs to protect these EDGs from possible water ingress in the event of an SEP
tank rupture.

No credit is taken for any equipment inside the turbine hall and therefore any potential
damage does not lead to any additional consequences.

The rupture of the ammonia tank at the demineralisation plant, could impact
implementation of mitigation strategies, and necessary provision to either eliminate or
deal with the consequences in the event of a seismic and tsunami combination event
must be made.

CM 5: It is proposed that any preventative (such as tank strengthening) and/or mitigation
strategies (such as protective clothing) to deal with a potential chemical release be robust
against the sequential occurrence of an earthquake and a tsunami.

The CRF piping, which is not seismically designed, situated in the basement of the
turbine hall below the normal seawater level, could potentially flood parts of this building
in the event of seismic activity as a result of a pipe rupture. However, this does not result
in additional failures as no credit is taken for any equipment inside the turbine hall.

As previously mentioned, the functional requirements diagram illustrating the critical
equipment functionality following an earthquake, tsunami and on-site induced hazards is
shown in Table 5 in Appendix 1.

Proposal Implementation

§ 3 (Proposed Modifications) lists proposed modifications under consideration at KNPS.
The functional requirements diagram generated in § 4.2 (Design Basis (0.3 g) Earthquake
inducing a Tsunami Wave up to the 0 m Terrace Level) indicates the potential failure of
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4.3

431

equipment in the event of a postulated 0.3 g earthquake inducing a tsunami wave with
maximum height of 8 m. Furthermore, the potential failure of on-site equipment due to on-
site hazards induced by the combined event (earthquake and tsunami) is also indicated.

The magnitude of the combined event is within the design basis of KNPS and therefore
as expected, the majority of the conventional systems are still functional. In this case, the
proposed modification serves a redundant purpose. By implementing the proposals as
set out in § 3 (Proposed Modifications), the following functional requirement could be
maintained following the event described:

e Essential indications such as core exit temperature, SG level, SG pressure,
containment pressure, and SFP level.

The implementation of the proposed modifications is graphically shown in the functional
requirements diagram Table 6 in Appendix 1.

DESIGN BASIS (0.3 G) EARTHQUAKE INDUCING A
TSUNAMI WAVE UP TO 3.8 M ABOVE THE TERRACE
LEVEL

Table 3 indicates the effect on the essential systems and critical functions if the site is
inundated up to 3.8 m above the terrace level following a 0.3 g earthquake.

Potential Failure Identification

The functionality of many SSCs will be lost primarily due to a tsunami causing a flooding
hazard as most pumps and the EDGs are located either at or below the 0 m level. The
potential damage caused by a 0.3 g earthquake hazard was discussed in the previous
section and therefore only additional failures due to a tsunami hazard are discussed:

e Loss of primary system make-up due to the failure of the RCV, emergency seal
supply, RIS and EAS pumps;

CM 6: It is proposed that a connection point, robust against earthquakes and tsunamis,
be installed on the RCV charging line to allow connection of a permanent/portable pump
fo directly inject borated water into the RCP system (refer to EERT-11-026 (Loss of Off-
Site Power Report) [11]). This will provide an emergency make-up path for the injection of
borated water into the primary system to ensure sub criticality if other conventional
means of injection are not available.

e Additional pumps situated outside the reactor building below a height of 3.8 m above
the terrace level. Pumps that were assessed to potentially fail include the JPP, REA
water and boron, SEC, JPS, RRI, PTR and ASG pumps;

e In addition to the SEP tank, the SED tanks located on 0 m terrace level were
estimated to be unavailable when inundated up to a height of 3.8 m above terrace
level;

e The station and unit transformers would become inoperable as these units are
located on the O m terrace level. However, this does not result in any additional
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failures as the original assumption of an immediate loss of off-site power following an
earthquake event envelopes the failure of this equipment;

e The EDGs, located on the 0 m terrace level, are used to supply the station with
power in the event of a loss of off-site power. Intake louvres are installed at the front
of the EDG buildings to ensure filtered air is supplied to the EDGs for the combustion
process. These louvres offer no resistance to water ingress. Therefore, once water
moves over the 0 m terrace level, the EDGs will not be available as the fuel transfer
pumps are likely to be flooded.

EERT-12-023-RPT showed that it is possible to experience additional damage as a result
of water rapidly moving over the 0 m terrace level [10]. The kinetic energy embedded in
the tsunami wave could cause damage to the hydrogen storage facility which could
propagate into a fire and/or explosion. The explosion could cause damage to the SEP
tank (refer to proposal CM 3) and the turbine hall (could also be vulnerable to a generator
explosion due to the seismic event) which are located close by. However, damage to the
SEP tank is enveloped by the seismic event and the flooding hazard posed by the SEP
tank is enveloped by the tsunami wave. No credit is taken for equipment inside the
turbine hall which is required for safe shutdown of the plant.

In addition, it is credible that the tsunami wave could cause damage to the ammonia
tanks located on the 0 m level next to the demineralisation plant and result in a chemical
release. However, the failure of the ammonia tanks is enveloped by the initiating event
(earthquake) and they are therefore not considered for the tsunami event (refer to
proposal CM 5).

Apart from those failures documented in the individual seismic and tsunami combination,
no additional on-site failures were found. The functional requirements diagram indicating
the estimated failure of safe shutdown equipment is shown in Table 3.
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Table 3:

Functional requirements diagram for a design basis (0.3 g) earthquake
inducing a tsunami wave up to 3.8 m above the terrace level (no modifications)

Required Function

SSCs that provide Functional Requirement

Prevention

Functional . " .
. Sub-Function Methods to fulfil Functional Req. (SSCs) Sub-SSC
Requirement
Control Rods c-s1 | Control Rod CRDMs FL-ASS |CNTL-ROD| CRDM
C-L42 sggz‘)’mm (direct or REARCVIRCP REA/B-TNK | REAB-PO REA-RCV
Normal ch: from PTR REV:PO
CeLag | o malehargng from PTRIRCVIRCP PTR-RCV RCV-CL
C1. Sub-Criticality
Boron Injection CiLa4 | Charding using Emergency) pogecs o rep PTR-TNK RCP
Seal Injection
PTR-ESS ESS-PO
C-L33 | Emergency Seal Injection | ESS/ESS-SIRCP ESS-SI
CL11 | Accumulators ACC/RCP ACC ACC-RCP
) . . RCP RCP RCP L | safety
RCP System C-21 | RCP Integrity RCP RCP s | Vosont |Pressunsert| PORVS' | yanece
C2. Primary System SG C-122 SG Integrity SG SGs!
Integrif i
arity (R;)/?Syslem Integrity( o3 | RRA Integrity RCP*/RRA*/RCP* RCP* | RRASL* | RRAPO* | RRAHx | RRADL* | RRA-SV* |
?;ﬁ System Isolation| " ;| Rra isolation RCP* RCP* | RRASL | RRADL
CL81 | Normal Seal Injection REARCVIRCP REAB-TNK | REAB-PO REA-RCV
Normal Seal Injection. RCV-PO.{ - RCV-SI
C3.ROFSeal €132 | PTR Seal Injection PTRIRCVIRCP PTR-RCV RCP
injection
= = PTR-TNK
In;’;ce('iif‘"cy o2 €33+ Emergency Seal Injection | ESS/RCP PTR-ESS ESS-PO | ESS-SI
C-L42 ?5:\‘:‘)’”""" (direct or REARCVIRCP REAB-TNK | REAB-PO
REA-RCV
RCV Normal charging| C-L4g | \omal charging from REA| - oo 2 ovirep REAW-TNK| REAW-PO RCV-PO
water system
N | Charging f RCV-CL
Cag | pymne Ghering from PTRIRCVIRCP PTR-RCV
ESS Charging " Charging using ESS Y
njection (LowFiow) |- C=>* | (6m3ihn) ESS/ESS-CLIRCP
eSSl c P PTR-ESS ESS-PO
calinjection { .y a3, Emergency Sealnjection | poqe s syrcp PTR-TNK ESS-S|
(Low Flow) (6m3/hr) —
;:.kPe:ln;ary System | | is!- Direct . C-L45 | HHSI Direct Injection PTRIRCVIBIT/RCP PTR-RCV RCV-PO | RCV-HSI
LHSI - Direct in. C-L46.| LHSI Direct Injection PTRIRISIRCP PTR-RIS
RIS-PO
LHSI- Recirculation | C-L47 | LHSIRecirculation SMPIRISIRCP SMP-RIS
o RIS-LSI
s SMP/EAS/EAS-
o EAS Back-uptoRIS | C-L48 | EAS Back-uptoRIS CNT-SMP | SMP-EAS | EAS-PO | EASRIS | RIS-PO*
S 4PORISIRCP
s EAS 004 Back-up o SMP/EAS/EAS-
C-L49"| EAS Back-up to RIS SMP-EAS | EAS-PO* | EAS4PO | RIS-PO*
.g RIS ackeup to RIS/RIS/RCP
3 PIR GravityFeed | 61 | PTR Gravity Feed PTRIRIS/RCP PTR-TNK PTR-RIS RIS-PO* | RIS-LSI RCP
e (SD - Head Off)
C-L50 | GCTa Steam Dump SGIWPIGCTa GCTa-STM
SG Steam Dump SGs WP-GCT
G454 | GCToSteam Dump. SGAMRIGCTe- GCTe-STM| CEXTNK | cEXRO
C-L52 | Turbine Driven ASG Pump | ASGIASGUSG ASG-TIPO | ASG-T/SS ASG-TIFL
ASG-TNK ASG-SGIFL
SG Feedwater C-L53"| Motor Driven ASG Pumps | ASG/ASGM/SG ASG-MPO ASG-MFL sGs
G454 | AREMainFoed- CEXARAISG- GEXTNK | GEXPO | ABR-HX: | APARO | AHP-HX: |ARE-SGHFL
C5. Core Cooling CL55 | SER Make-up to ASG SER/ASG SER-PO
P pTVvR—, SER-TNK SER-ASG
Cis6 | fon SVYNRKEIPO | sERiASG (gravity) SER-BV
G Lomt ASG-TNK
ong term C-L57 | JPP Make-up to ASG JPPIJPD/ASG JPP-TNK JPP-PO | JPD-ASG
Feedwater Supply
C-L58 | JPS Make-up to ASG SEP/JPSIJPDIASG JPS-PO | JPD-ASG
SEP-TNK | SEP-JPPIS
C-L59 | SEP Make-up to JPP SEP/UPP JPP-TNK
F;ﬁcme Cooling 1 ¢.160-| RRA Cooling RCPIRRARCP RCP* RRASL | RRAPO | RRAHx | RRA-DL | RRA-SV | RCP*
Containment Isolation|  B-1 Containment Building B-CNT
Direct Core Injection *See C4. Primary System Make-up
Containment Spray - EAS §
L1 | Dot iostion PTRIEAS/CNT PTR-TNK | PTR-EAS EAS-PO
CLep | Contaimment Spray - EAS | gy ipeagionT CNT-SMP | SMP-EAS | EAS-PO | EASHx | EAS-SPR | CONT
c Recirculation
Pressure Control i -
: 63| Containment Spray JPP | jop g ionT JPP-TNK | JPP-PO | JPP-JPC | JPC-EAS
C6. Containment Emergency Back-up
Integrit
arity C-L64 | Containment Venting
Hydrogen Reduction | C-L65 Hydrogen PARS ETY (PARS) PARs
S Gren Rt G-L62 | Turbine Driven ASG Pump | ASGIASGUSG ASG-TIPO | ASG-TISS ASG-TIFL
reep Rupiure ASG-TNK ASG-SGFL|  SGs
Prevention
C-L53 | Motor Driven ASG Pumps | ASG/ASGM/SG ASG-MPO ASG-MFL
BasematMetttwol | ) g5 | Reacior it Flooding
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Table 3:

Functional requirements diagram for a design basis (0.3 g) earthquake
inducing a tsunami wave up to 3.8 m above the terrace level (no modifications)

Required Function SSCs that provide Functional Requirement
Functional . . .
N Sub-Function Methods to fulfil Functional Req. (SSCs) Sub-SSC
Requirement
Core Exit cn Co_re E_xl( Temperature RICXGMT LN
Temperature Indication
Pressuriser Level
RCP Level CR2 | | dioation RCPx0oMN LN
Reactor Level
Indication €2 | RS
RCP pressure C-3 | RCP Pressure Indication RCPxooMP LN
RRA Pressure C-5 | RRAPressure Indication RRAcMP LN
SG Level C-I6 | SGWR Level Indication ARExoMN LN
L
8 SG Pressure C-I7 | SGPressure Indication WPxoMP LN
-
o o ASG Tank Level C-18-| ASG Tank Level Indication ASGO02LN
= .
o L
Indication
3 Diesel Tank Level g | Diesel TankLevel LHboxLN
e Indications
Containment G.po | Containment WR Pressurel —— —
Pressure Indication
Containment Containment Radiation KRT022-
Radiation G217 Levels 23MA e | )
Containment Sump RISXxxSL
8 C-122 Containment Sump Level EASXxSL [LCA/B]
N C-123 Basemat Thermo-couples KSBxxMT
Thermocouples
Containment Sump c51
Temperature
Containment
Hydrogen Sampling | €92
?eactor Pit c53
‘emperature
SFP Pool S-S1 | SFP Pool Integrity SFP SFP-PL B-SFP
S1. SFP Integrity PTR 1/2 PO s-81 Elzr?:;’rma‘ SFP Cooling | sep\prRISFP PTR-SL | PTR-PO* | PTRHX" | PTRDL |PTR-SPHN
SFP-PL SFP-PL
PTR 6 PO $-S2 | PTR 3rd Train Integrity SFP\PTR3\SFP PTR3-SL | PTR3-PO* [ PTR3-HX* | PTR3-DL [PTR3-SPHN
PTR 1/2 PO S-L1.| PTR Normal Cooling SFP\PTR\SFP PTRSL [ PTR-PO.| PTR-HX PTR-DL
$2. SFP Cooling SFP-PL SFP-PL
PTR 6 PO S-L2 | PTR 3rd Train Cooling SFP\PTR3\SFP PTR3-SL | PTR3-PO [ PTR3-HX PTR3-DL
SFP Steam Release | S-L3 | Open Vent Doors SFPVD
8 S:4| SED Make-up SED/SFP SED-TNK SED-PO SED-SFP
o S3. Bulk Boiling .
° IRPIEEREESy S5 | JPP Make-up JPP/JPDISFP JPP-TNK JPP-PO SFP-PL
S Make-up
2 JPD-SFP
- S-L6 | JPS Make-up SEP/JPS/SFP SEP-TNK | SEP-JPP/S | JPS-PO
8
‘g. SFP Level S | SFP Level Indication PTRx0otMN ILNj] | [SAR-ACC]
SFP Temperature s | SFP Temperature PTRxoaMT 1LN]
Indication
Fuel Rack .-
Temperature
$4. Indication SIAPEEED s
Concentration
SFP Building o
Pressure
SFP Hydrogen S
Concentration
SFP Building
Humidity el
V-LO1 flzz‘whke'“p foSeismic | jppyppaLT JPP-TNK JPP-PO | JPP-JPD
Flooding of Seismi JPS Make-up to Seismi 11
s VA. Seismic Vault | [ 20AMIOISESME ) yygp | P8 NRKEWPIOSESMIE | sepypg/ppmT SEP-JPPIS | JPS-PO | UPS-UPD VLT
S SEP Gravity Feed t i
> VO3 | ool ey eedte SEP/JPDALT SEP-LT
© ismic Vault
E Seismic Vault o
@ Temperature Nt
> —
& V.2 Indication Seismic Vault Water vi2
Level
Seismic Vault i3
Pressure
> 2 | p1.caskintegrity ?;f": RemainLeak f '5/s1 | caskintegrity CASK CASK*
[]
(=] ir cooli
O | p2.caskcooling | C7sKATcooing D-L1 | CaskCooling Cask buiding and A Flow | | BLLLW | CASKAR
B1. Containment B1 Containment Building B-CNT Building Hatch l Penetration I Airlocks |
B2.NAB B2 | Nuclear Auxiliary Building B-NAB
B3. Electrical Building B3 Electrical Building B-ELE
7]
o B4. Diesel buildings B4 Unit Diesel Building B-DSL
c
k-] B5. SBO Diesel Building B5 SBO Diesel Building B-SBO
5 B6. SEC pump-house B6 SEC Pumphouse Building B-SEC
B7. Turbine Hall B7 | Turbine Hall B-TUR
B8. LLW Building B8 Low Level Waste Building B-LLW
B9.ECC B9 | Emergency Control Centre B-ECC
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Table 3:
Functional requirements diagram for a design basis (0.3 g) earthquake
inducing a tsunami wave up to 3.8 m above the terrace level (no modifications)

Required Function SSCs that provide Functional Requirement
Functional : . .
. Sub-Function Methods to fulfil Functional Req. (SSCs) Sub-SSC
Requirement
E-1 400 KV LHA Supply 400KV/LHA 400KV GEN-TRX UNT-TRX | LGA-SWB
LGB-SWB
LHA Switchboard E-2 | 132KV LHASupply 132KVILHA 132KV STN-TRX LGE/F-SWB
Supply LHASWB | fcal [LBA
[LHA] E-3 | LHP DieselLHASupply | LHP/ILHA LHP-DSL LHP-LHA
= AEEY E-4 | LHS Diesel LHASupply | LHS/LHA LHS-DSL LHS-LHC LHC-SWB | LHC-LHA
Switchboard Supply E-5 | 400KV LHB Supply 400KV/LHB 400KV | GEN-TRX | UNT-TRX | LGD-SWB
LGC-SWB
LHB Switchboard E-6 | 132KVLHB Supply 132KVILHB 132KV STN-TRX LGE/F-SWB
Supply LHB-sWB | By 1LB8]
[LHB] E7 | LHQ Diesel LHB Supply | LHQ/LHB LHQ-DSL LHQ-LHB
E-8 | LHS DieselLHB Supply | LHSILHB LHS-DSL LHS-LHC LHC-SWB | LHC-LHB
. LLY SBO Diesel
S Supply E-10 | LLY Switchboard Supply | LLS\LLXLLY LLSDSL | LLX-SWB | LLXLLY | LLY-SWB
Supply ILLY]
E-21 | LCASwitchboard-LHA | LCALLILHA [LHA] LLAE-SWB
LCARD
LCA 48V Switchboard|
S E-22 | LCASwitchboard-LLS | LCALLY [LLY] LCASWB
3,48V E-23 | LCA Switchboard - Battery | LCABAT LCABAT
ST S E-24 | LCB Switchboard-LHB | LCBILLILHB [LHB] |LLB\D-SWB
LcB 48V LCB-RD
Switchboard Supply | E-25 | LCB Switchboard -LLS | LCBILLY [LLy] LCB-SWB
[LCB]
g E-26 | LCB Switchboard - Battery | LCB\BAT LCB-BAT
3
3 E-31 | LBASwitchboard-LHA | LBALLILHA [LHA] | LLCE-SWB
s LBA 125V LBA-RD
© Switchboard Supply | E-32 | LBASwitchboard-LLS | LBALLY [LLy] LBA-SWB
[LBA]
§ HLFEY E-33 | LBASwitchboard- Battery | LBABAT LBABAT
=] Switchboard Supply E-34 | LBB Switchboard - LHA LBB\LLALHB [LHB] |LLE\D-SWE
”n LBB 125V LBB-RD
r Switchboard Supply | E-35 | LBB Switchboard-LLS | LBBILLY [LLY] LBB-SWB
2 [LBB]
..3 E-36 | LBB Switchboard - Battery | LBB\BAT LBB-BAT
@
b E-41 | SIPIDirty Supply from LHA| LNAILLC/LHA LLC-sWB LNA-RD
[LHA]
LNA 220V Essential | E-42 f:;' Clean Supply from | | \at BC/LLALHA LLA-SWB
d LBC-RD LNA-SWB
[LNA] E-43 | SIPISupplyfrom LSS LNALLBCILLY [LLY] LBC-SWB
E-44 | SIPIBattery Supply LNAILBC/BAT LBC-BAT
E-45 f::'s" Dirty Supply from 1 g1 1 p/LHB LLD-sWB LNB-RD
[LHB]
LNB 220V Essential | E-46 f::'s" Clean Supplyfrom | -\ N BD/LLBILHB LLB-SWB
i d LBD-RD LNB-SWB
[LNB] E-47 | SIPIISupply from LSS LNB/LBDILLY [LLY] LBD-SWB
ES. Essential E-48 | SIP llBatiery Supply LNB/LBD/BAT LBD-BAT
Switchboard Supply Eag | SPNOTYSWRTOM o oA LLC-swB LNC-RD
[LHA)
LNC 220V Essental | E-50 | S IMClean Supplyfom 1 nenen aia LLA-SWB
i LBE-RD LNC-SWB
[LNC] E-51 | SIPIlSupplyfromLSS | LNCALBELLY [LLy] LBE-SWB
E-52 | SIP llBattery Supply LNC/LBE/BAT LBE-BAT
g3 | SO VO SwRom oy onke LLD-SWB LND-RD
[LHB]
LND 220V Essental [ E-54 | SF Clean Supply from | | Ny BF/LLB/LHB LLB-SWB
i d LBF-RD LND-SWB
[LND] E-55 | SIPIVSupplyfrom LSS | LNDLBF/LLY [LLY] LBF-SWB
E-56 | SIP IV Battery Supply LND/LBF/BAT LBF-BAT
SEC Train ACooling | U-1 | SEC Train A Cooling SEA'SEC-AISEA SEC-A-RS | SEC-A-DS | SEC-APO | RRFAHX
X 5 [Sea] [Sea]
U1. Essential
£ Cooli::e“ a SEC Train B Cooling [ U-2 | SEC Train B Cooling SEA'SEC-BISEA SEC-B-RS | SEC-B-DS | SEC-B-PO | RREB-HX
7}
]
8 Alternative Heatsink U3 Alternative Heatsink
:"1:, RRITrain ACooling | U-11 | RRITrainACooling SEC/RRFAHXA HXA | RREAPO | [RREAHX]
x]
g G RRITrain B Cooling | U-12 | RRITrain B Cooling SEC/RRI-B/HXA HXB | RREB-PO | [RRLB-HX]
- Cooling RRI Commons cooling
g RIS U3 | e SEC/RRIFAHXC 1! RRFAPO | [RRFA-HX]
@esliey U-14 | RRICommons cooling SEC/RRIB/HXC RRIB-PO | [RRFB-HX]
(Train B)
Functionality Lost Tsunami event results in damage
Functionality lost due to On-Site Induced Hazard I I I I I Seismic event results in damage
Functionality Lost by Failure of Support System
Functionality Retained but limited to less than 24
hours operation.
Functionality Retained
Proposed Plant Changes
Functionality Not Credited or does not Exist

Note * indicates integrity not active function

Note [XXX] indicates as system support dependency
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43.2

Proposal Implementation

§ 3 (Proposed Modifications) lists proposed modifications under consideration for
implementation at KNPS. The functional requirements diagram generated in §4.3
(Design Basis (0.3 g) Earthquake inducing a Tsunami Wave up to 3.8 m above the
Terrace Level) indicates the potential failure of equipment in the event of a postulated
0.3 g earthquake inducing a tsunami wave with maximum height of 11.8 m (3.8 m above
the terrace level). Furthermore, the potential failure of on-site equipment due to on-site
hazards induced by the combined event (earthquake and tsunami), is also indicated.

By implementing the proposals as set out in § 3 (Proposed Modifications), the following
functional requirements could be maintained following the event described:

RCP seal injection

By installing the shutdown seals, the water inventory inside the primary system can
be maintained to ensure the functionality of primary system seal injection is not
required.

Core cooling

The installation of a hardened SEP tank and associated piping to provide cooling
water to the core following a seismic event together with the installation of a fourth
ASG pump would ensure the core cooling functionality is not lost.

Containment integrity

The installation of the hardened SEP tank and associated piping will provide water to
a portable pump connected to the EAS spray system. This pump will inject water into
the EAS sprays. High-temperature steam will condense into water and subsequently
reduce the pressure inside the containment.

Essential indication

Hardened instrumentation to indicate core exit temperature, SG level, SG pressure,
containment pressure, and SFP level will be installed.

SFP bulk boiling

The installation of the hardened SEP tank and associated piping will provide water to
a portable pump connected to the SFP. In the event that no cooling is available, the
SFP water will be allowed to boil and make-up will be provided from the SEP tank.

Essential 6.6 kV switchboard supply

It is proposed to procure mobile diesel generators to supply power to the plant
following a combined event. The mobile EDGs will be connected to the LHA and
LHB switchboards to supply power to available equipment.

The implementation of the proposed modifications is graphically shown in the functional
requirements diagram in Table 4.
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inducing a tsunami wave up to 3.8 m above the terrace level with proposed modifications implemented

Table 4:

Functional requirements diagram for a design basis (0.3 g) earthquake

Required Function

SSCs that provide Functional Requirement

Prevention

Functional . " .
. Sub-Function Methods to fulfil Functional Req. (SSCs) Sub-SSC
Requirement
Control Rods c-81 | Control Rod CRDMs FL-ASS |CNTL-ROD| CRDM
claz | REA :I‘)"a”"” (drector | pEARCVIRCP REAB-TNK | REAB-PO REA-RCV
- RCV-PO
C-L44 Zirk’"a‘ charging from PTR| o pcvircp PTR-RCV ROV-CL
C1. Sub-Criticality on
Boron Injection C-L34 arging using Emergency) eqq e o o1 RCP PTR-TNK RCP
Seal Injection
PTR-ESS ESS-PO
C-L33 | Emergency Seal Injection | ESS/ESS-SIRCP ESS-SI
C-L11 | Accumulators ACCIRCP ACC ACC-RCP
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inducing a tsunami wave up to 3.8 m above the terrace level with proposed modifications implemented

Table 4:

Functional requirements diagram for a design basis (0.3 g) earthquake

Required Function SSCs that provide Functional Requirement
Functional . . .
. Sub-Function Methods to fulfil Functional Req. (SSCs) Sub-SSC
Requirement
Core Exit c Core Exit Temperature RICKoMT LN
Temperature Indication
RCP Level cp | PressuriserLevel RCPxxxMN LN
Indication
Reactor Level e | mam
Indication
RCP pressure c-B3 RCP Pressure Indication RCPxxxMP [LNi]
RRA Pressure C-5 | RRAPressure Indication RRAXKMP LN}
SG Level C6 | SGWR Level Indication ARExMN (LN
e
8 SG Pressure C-7 | SG Pressure Indication VWPxoMP LN}
=
o c7 ASG Tank Level Cc-I8 ASG Tank Level Indication ASGO002LN
- g
o S
Indication
3 Diesel Tank Level g | Diesel TankLevel LHixoLN
& Indications
Containment c.pg | Containment WR Pressure ETYsoxMP [LNi]
Pressure Indication
Containment Containment Radiation KRT022-
Radiation G2 Levels 23MA S 5V
Containment Sump RISxxxSL
. C-122 Containment Sump Level EASXxSL [LCA/B]
BaseMat
L C-123 | Basemat Thermo-couples KSBxooMT
Containment Sump C-51
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Containment
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?eactor Pit c53
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-
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Table 4:

Functional requirements diagram for a design basis (0.3 g) earthquake

inducing a tsunami wave up to 3.8 m above the terrace level with proposed modifications implemented

Required Function SSCs that provide Functional Requirement
Functional . " .
. Sub-Function Methods to fulfil Functional Req. (SSCs) Sub-SSC
Requirement
E-1 | 400KV LHASupply 400KVILHA 400KV | GEN-TRX | UNT-TRX | LGA-SWB
LGB-SWB
E2 | 132KVLHASupply 132KVILHA 132KV STN-TRX LGE/F-SWB
LHA
Supply E3 | LHP Diesel LHASupply | LHP/LHA LHP-DSL LHP-LHA LHA-SWB | [LCA] [LBA]
[LHA]
E<4 | LHS Diesel LHASupply | LHS/LHA LHS-DSL LHS-LHC ‘ LHC-SWB | LHC-LHA
= HEEY E-60 | MBLDieselLHASupply | MBL-DSLILHA MBL-DSL MBL-DSL-CON
Switchboard Supply E-5 | 400KV LHB Supply 400KV/LHB 400KV | GEN-TRX | UNT-TRX | LGD-SWB
LGC-SWB
E-6 | 132KVLHB Supply 132KVILHB 132KV STN-TRX LGEIF-SWB
LHB
Supply E7 | LHQ Diesel LHB Supply | LHQILHB LHQ-DSL LHQ-LHB LHB-SWB | [LCB] [LBB]
[LHB]
E8 | LHS DieselLHB Supply | LHS/LHB LHS-DSL LHS-LHC ‘ LHC-SWB | LHC-LHB
E-61 | MBLDiesel LHB Supply | MBL-DSLILHB MBL-DSL MBL-DSL-CON
! LLY SBO Diesel
S e Supply E-10 | LLY Switchboard Supply | LLS\LLX\LLY LLS-DSL | LLX-SWB | LLXLLY | LLY-SWB
Supply
[LLY]
E-21 | LCASwichboard-LHA | LCALLALHA [LHA] LLAE-SWB
LCA 48V Switchboard FCERD
Sorply ILCA E-22 | LCASwichboard-LLS | LCALLY [LLy] LCA-SWB
ey E-23 | LCASwitchboard - Battery | LCABAT LCA-BAT
Switchboard Supply E-24 | LCB Switchboard - LHB LCB\LLALHB [LHB] |LLE\D-SWE
LCB 48V LCB-RD
£ Switchboard Supply [ E-25 | LCB Switchboard-LLS | LCBWLLY [LLY] LCB-SWB
K] [LCB]
3 E-26 | LCB Switchboard - Battery | LCB\BAT LCB-BAT
n
+ E-31 | LBASwitchboard-LHA | LBALLILHA [LHA] | LLC\E-SWB
o LBA 125V LBA-RD
b4 Switchboard Supply | E-32 | LBASwitchboard-LLS | LBALLY [LLY] LBA-SWB
o [LBA]
a E4125V. E-33 | LBASwitchboard - Battery | LBABAT LBA-BAT
© ST S E-34 | LBB Swichboard-LHA | LBBILLALHB [LHB] |LLB\D-SWB
o LBB 125V LBB-RD
= Switchboard Supply | E-35 | LBB Switchboard-LLS | LBBILLY [LLy] LBB-SWB
8 [LBB]
m E-36 LBB Switchboard - Battery [ LBB\BAT LBB-BAT
E-41 | SIPIDirty Supply from LHA| LNALLC/LHA LLC-SWB LNA-RD
[LHA]
LNA220V Essential [ g2 | SP IO SURY oM 1 sy gori A LLA-SWB
i LBC-RD LNA-SWB
[LNA] E-43 | SIPISupply from LSS LNALBCILLY [LLY] LBC-SWB
E-44 | SIPIBattery Supply LNAILBC/BAT LBC-BAT
g5 | SOOI SWRVOM gy Dire LLD-sWB LNB-RD
[LHB]
LNB 220V Essential | E-46 SLTB" Clean Supplyfrom |\ N BD/LLB/LHB LLB-SWB
d LBD-RD LNB-SWB
[LNB] E-47 | SIP IISupply from LSS LNB/LBDILLY [LLY] LBD-SWB
ES. Essential E-48 | SIPllBattery Supply LNB/LBD/BAT LBD-BAT
Switchboard Supply E-49 ﬂ;‘” Dirty Supply from LNC/LLC/LHA LLC-SWB LNC-RD
[LHA]
LNC 220V Essental [ E-50 | D I'Clean Suppyfrom 1 ne pen aLHA LLA-SWB
i d LBE-RD LNC-SWB
[LNC] E-51 | SIPIlSupplyfromLSS | LNCILBE/LLY [LLY] LBE-SWB
E-52 | SIP lliBattery Supply LNC/LBE/BAT LBE-BAT
Es3 | SO VO SwRom oy onke LLD-SWB LND-RD
[LHB]
LND 220V Essental | E-54 | S VClean SUpom | nongrniaike LLB-SWB
d LBF-RD LND-SWB
[LND] E-55 | SIPIVSupplyfrom LSS | LNDABF/LLY [LLY] LBF-SWB
E-56 | SIPIVBattery Supply LND/LBF/BAT LBF-BAT
SEC TrainACooling [ U-1 | SEC Train A Cooling SEA/SEC-A'SEA SEC-ARS | SEC-ADS | SEC-A-PO | RRFAHX
x ) [Sea] [Seal
U1. Essential
£ Cool‘:ze" a SEC Train B Cooling [ U-2 | SEC Train B Cooling SEA'SEC-BISEA SEC-B-RS | SEC-B-DS | SEC-B-PO | RREB-HX
[
]
8 Alternative Heatsink U3 Alternative Heatsink
:5 RRITrain ACooling [ U-11 | RRITrain ACooling SEC/RRFAHXA HX-A | RRFAPO.| [RRIA-HX]
2
g G RRITrain B Cooling [ U-12 | RRITrain B Cooling SEC/RRFB/HXA HXB | RREB-PO | [RRIB-HX]
- Cooling RRI Commons cooling
g T w13 | e SEC/RRIFAHXC 1! RRFA-PO | [RRFAHX]
Coolng U-14 | RRICommons cooling SEC/RRIB/HXC RRKB-PO | [RRKB-HX]
(Train B)
Functionality Lost Tsunami event results in damage
Functionality lost due to On-Site Induced Hazard I I I I I Seismic event results in damage
Functionality Lost by Failure of Support System
Functionality Retained but limited to less than 24
hours operation.
Functionality Retained
Proposed Plant Changes
Functionality Not Credited or does not Exist
Note * indicates integrity not active function
Note [XXX] indicates as system support dependency
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4.4 BEYOND-DESIGN-BASIS (0.4 G) EARTHQUAKE INDUCING
A TSUNAMI WAVE UP TO THE 0 M TERRACE LEVEL

A beyond-design-basis assessment is performed by increasing the seismic loading
experienced by SSCs to a 0.4 g earthquake causing a tsunami wave up to 8 m above
MSL (below the 0 m terrace level).

441 Potential Failure Identification

As expected, failure of equipment is predominantly caused by the seismic event as most
of the equipment can only be inundated once water moves over the 0 m level.

Tsunami-induced failures are limited to the JPS water connection point located next to
the SEC pump house and were discussed earlier.

The cumulative potential failure of critical equipment as a result of a 0.4 g earthquake
includes [11]:

Possible failure of fuel assemblies and control rods;

Possible failure of the unit 2 pipework connecting the accumulator and RCP system.
During the unit 1 seismic walkdown it was found that these components have a
conservative deterministic failure margin (CDFM) capacity in excess of 0.5 g PGA,;

Potential failure of the unit 2 pipework connecting the RCV and Safety Injection
system due to a collapsed support. Unit 1 pipework was found to be robust;

Possible failure of the unit 2 pipework between the RCV and High Head Safety
Injection system due to a loose support. Unit 1 pipework was found to be robust;

Multiple electrical cabinets were assessed in the seismic walkdowns and were found
to be vulnerable during a beyond-design-basis earthquake. Minor problems include
unsecured racked-out 6.6 kV breakers, interaction with surrounding equipment
(primarily hanging lamps), and taut connecting cables. Electrical systems affected
include LHC, LLA, LLB, LLC, LLD, LLE, LLI, and LLJ switchboards;

The REA boron and PTR tanks were assessed to be vulnerable to failure beyond
0.3g;

The REA water pump and RIS and EAS isolation piping are vulnerable; these
vulnerabilities must be resolved before credit can be taken for their integrity beyond
0.3g;

Unit 1 VVP-GCT (pipework from main steam supply system to steam dump system)
found to be vulnerable to a 0.4 g earthquake due to poor support;

EAS mini-flow line was found to be not robustly supported. The seismic walkdown
revealed that the line is not robust against a 0.4 g earthquake;

The exhaust stacks for the five EDGs have limited allowable displacement. This is
primarily due to the movement of both the turbine hall and the aseismic raft.
Additionally, the glass level column of the fuel tanks, oil tanks and the water circuit
header tanks for the five EDGs were assessed and found to be vulnerable during a
beyond-design-basis seismic event;
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4.4.2

e The PTR third train heat exchanger was assessed to be vulnerable to a beyond-
design-basis earthquake. This is primarily due to the RRI feed-pipe to PTR 004 RF
which is long and not adequately supported. This could result in considerable strain
being induced on the heat exchanger;

e Containment penetrations on unit 2 were found to be vulnerable for an earthquake
beyond 0.4 g due to several cable tray lids not being tied down and/or resting on
cables. Unit 1 containment penetrations were found to be robust; and

e The Emergency Control Centre (ECC) was found to be vulnerable to a beyond-
design-basis earthquake. However, this is limited to the superterranean structure.
According to the seismic walkdown experts, the lower level of the ECC, where the
technical support team will be stationed, will still be operable.

EERT-12-023-RPT found that it is possible to incur additional damage as a result of a
0.4 g seismic activity. No additional on-site damage is expected as a result of a tsunami
wave up to the 0 m terrace level [10].

The hydrogen storage facility and turbine alternator are regarded as potential
fire/lexplosion sources in the event of an earthquake due to the presence of hydrogen
gas. The fire/explosion of the hydrogen storage facility, which could cause damage to the
SEP tank (refer to proposal CM 3) and turbine hall, does not result in additional failures
as the SEP tank is expected to be unavailable due to the seismic event. The potential
flooding risk posed by the SEP tank to the south-side EDGs could result in their
unavailability, however, this is unlikely as it is estimated that this system has already
failed due to the seismic event (refer to proposal CM 4). No credit is taken for equipment
inside the turbine hall and the fire/explosion of the turbine alternator will predominantly
cause damage to equipment inside this building. Furthermore, it is possible that the
power transformers could be damaged from either the hydrogen storage facility or turbine
alternator explosion or the initiating seismic event. However, an immediate loss of off-site
power is assumed and the unavailability of this equipment does not cause additional
consequences.

It is possible for the seismic activity to cause damage to the ammonia tanks situated close
to the demineralisation plant. Although this will not result in any additional failures, it could
hamper corrective actions by plant personnel in the event of an accident by virtue of the site
being uninhabitable as a result of the chemical release (refer to proposal CM 5).

The CRF piping situated in the basement of the turbine hall could potentially flood parts of
this building in the event of seismic activity. However, this does not result in additional
failures as no credit is taken for any equipment inside the turbine hall.

The functional requirements diagram indicating the potential failure of equipment in the
event of an earthquake, tsunami, and on-site induced failures is shown in Table 7 in
Appendix 1.

Proposal Implementation

§ 3 (Proposed Modifications) lists proposed modifications under consideration for
implementation at KNPS. The functional requirements diagram generated in §4.4
(Beyond-Design-Basis (0.4 g) Earthquake inducing a Tsunami Wave up to the Om
Terrace Level) indicates the potential failure of equipment in the event of a postulated
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4.5

0.4 g earthquake inducing a tsunami wave with maximum height not higher than 8 m
(below the 0 m terrace level). Furthermore, the potential failure of on-site equipment due
to on-site hazards induced by the combined event (earthquake and tsunami) is also
indicated.

By implementing the proposals as set out in § 3 (Proposed Modifications), the following
functional requirements could be maintained following the event described:

e RCP seal injection

By installing the shutdown seals, the water inventory inside the primary system can
be maintained to ensure the functionality of primary system seal injection is not
required.

e Core cooling

The installation of a hardened SEP tank and associated piping to provide cooling
water to the core following a seismic event together with the installation of a fourth
ASG pump would ensure the core cooling functionality is not lost.

e  Containment integrity

The installation of the hardened SEP tank and associated piping will provide water to
a portable pump connected to the EAS spray system. This pump will inject water into
the EAS sprays. High-temperature steam will condense into water and subsequently
reduce the pressure inside the containment.

. Essential indication

Hardened instrumentation to indicate core exit temperature, SG level, SG pressure,
containment pressure, and SFP level, will be installed.

e  SFP bulk boiling

The installation of the hardened SEP tank and associated piping will provide water to
a portable pump connected to the SFP. Should no cooling be available, the SFP
water will be allowed to boil and make-up will be provided from the SEP tank.

e Essential 6.6 kV switchboard supply

It is proposed to procure mobile diesel generators to supply power to the plant
following a combined event. The mobile EDGs will be connected to the LHA and
LHB switchboards to supply power to available equipment.

The implementation of the proposed modifications is graphically shown in the functional
requirements diagram in Table 8 in Appendix 1.

BEYOND-DESIGN-BASIS (0.4 G) EARTHQUAKE INDUCING
A TSUNAMI WAVE UP TO 3.8 M ABOVE THE TERRACE
LEVEL

An assessment was completed on the plant’s robustness following a 0.4 g earthquake
causing a tsunami wave up to 3.8 m above the terrace level. The functional requirements
diagram is illustrated in Table 9 in Appendix 1. The water from the tsunami will project
over the 0 m terrace level and inundate the plant up to the 3.8 m level above the terrace
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level. The assessment does not include a tsunami wave in excess of 11.8 m (3.8 m
above the terrace level).

Potential Failure Identification

Damage to plant equipment is caused by both the seismic and subsequent tsunami
event. § 4.4 (Beyond-Design-Basis (0.4 g) Earthquake inducing a Tsunami Wave up to
the O m Terrace Level) assessed the damage caused to equipment experiencing a
combined event of a 0.4 g earthquake causing a tsunami up to 8 m. The failure of plant
equipment as a result of a seismic event was discussed and therefore, the seismic
damage caused by this combination will not be discussed as this is similar to that of § 4.4
(Beyond-Design-Basis (0.4 g) Earthquake inducing a Tsunami Wave up to the Om
Terrace Level).

§ 4.3 (Design Basis (0.3 g) Earthquake inducing a Tsunami Wave up to 3.8 m above the
Terrace Level) discussed the damage caused to equipment from a tsunami wave with a
height of up to 3.8 m above the terrace level. Tsunami damage simulated in this
combination would be similar and is also not discussed.

EERT-12-023-RPT found that it is possible to incur additional damage as a result of a
0.4 g seismic activity and tsunami wave up to the 3.8 m above the terrace level [10].

The hydrogen storage facility is vulnerable to seismic activity and a tsunami wave due to
the presence of hydrogen gas in the system. Furthermore, the turbine alternator could be
vulnerable to seismic activity for similar reasons. Oxygen ingress into the system could
result in a fire and/or explosion. The fire/explosion of the hydrogen storage facility, which
could cause damage to the SEP tank (refer to proposal CM 4) and turbine hall (could also
be damaged in the seismic event), however this does not result in additional failures as
the SEP tank is estimated to be unavailable due to the seismic event. The flooding risk
posed by the SEP tank is not considered as the assumption is made that this quantity of
water is enveloped by the water from the tsunami wave. No credit is taken for equipment
inside the turbine hall and the fire/explosion of the turbine alternator will predominantly
cause damage to equipment inside this building. Furthermore, it is possible that the
power transformers could be damaged from either the hydrogen storage facility or turbine
alternator explosion or the initiating seismic event. However, an immediate loss of off-site
power is assumed following a seismic event and the unavailability of this equipment has
no additional consequences.

It is possible for seismic activity to cause damage to the ammonia tanks situated close to
the demineralisation plant. Although this will not result in any additional failures, it could
hamper corrective actions by plant personnel in the event of an accident by virtue of the
site being uninhabitable as a result of the chemical release (refer to proposal CM 5).

The potential seismically-induced CRF pipe rupture resulting in a flooding event in the
turbine hall basement is not considered as the assumption is made that the quantity of
water is enveloped by the extent of tsunami water.

The failure of the equipment as a result the seismic, tsunami, and on-site induced
hazards is graphically shown in the functional requirements diagrams in Table 9 in
Appendix 1.
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Proposal Implementation

§ 3 (Proposed Modifications) lists proposed modifications under consideration for
implementation at KNPS. The functional requirements diagram generated in §4.5
(Beyond-Design-Basis (0.4 g) Earthquake inducing a Tsunami Wave up to 3.8 m above
the Terrace Level) indicates the potential failure of equipment in the event of a postulated
0.4 g earthquake inducing a tsunami wave above the terrace level up to a level of 3.8 m.
Furthermore, the potential failure of on-site equipment due to on-site hazards induced by
the combined event (earthquake and tsunami) is also indicated.

By implementing the proposals as set out in § 3 (Proposed Modifications), the following
functional requirements could be maintained following the event described:

RCP seal injection

By installing the shutdown seals, the water inventory inside the primary system can
be maintained to ensure the functionality of primary system seal injection is not
required.

Core cooling

The installation of a hardened SEP tank and associated piping to provide cooling
water to the core following a seismic event together with the installation of a fourth
ASG pump would ensure the core cooling functionality is not lost.

Containment integrity

The installation of the hardened SEP tank and associated piping will provide water to
a portable pump connected to the EAS spray system. This pump will inject water into
the EAS sprays. High-temperature steam will condense into water and subsequently
reduce the pressure inside containment.

Essential indication

Hardened instrumentation to indicate core exit temperature, SG level, SG pressure,
containment pressure, and SFP level will be installed.

SFP bulk boiling

The installation of the hardened SEP tank and associated piping will provide water to
a portable pump connected to the SFP. Should no cooling be available, the SFP
water will be allowed to boil and make-up will be provided from the SEP tank.

Essential 6.6 kV switchboard supply

It is proposed to procure mobile diesel generators to supply power to the plant
following a combined event. The mobile EDGs will be connected to the LHA and
LHB switchboards to supply power to available equipment.

The implementation of the proposed modifications is graphically shown in the functional
requirements diagram in Table 10 in Appendix 1.
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4.6.1

BEYOND-DESIGN-BASIS (0.5 G) EARTHQUAKE INDUCING
A TSUNAMI WAVE UP TO THE 0 M TERRACE LEVEL

This assessment analyses the plant’s robustness following a 0.5 g earthquake causing a
tsunami wave up to the 0 m terrace level.

Potential Failure Identification

As previously mentioned, most KNPS equipment is not vulnerable to a tsunami with a
maximum wave height of 8 m (0 m terrace level). The water will not breach the terrace
level and will not pose a flooding risk to the plant. With the occurrence of an 8 m tsunami,
damage is limited to the JPS pump connection point, which is located next to the SEC
pump house.

Damage to the plant is predominantly caused by the 0.5 g seismic activity. § 4.4 (Beyond-
Design-Basis (0.4 g) Earthquake inducing a Tsunami Wave up to the 0 m Terrace Level)
describe the cumulative estimated damage as a result of a 0.4 g earthquake. Increasing
the magnitude of seismic activity to 0.5 g, the following could result:

e Failure of the JPP tank at 0.49 g;
e  Failure of unit 2 RRA suction line due to an unrestrained cable junction box;

e  Failure of unit 2 low head safety injection pipework into reactor coolant system due
to possible interaction between the outlet valves RIS 001, 002, and 003 VP and the
electrical control box;

. Potential failure of unit 2 containment radiation KRT 003 AR due to exposed wiring;
and

e  Failure of the EDG, SEC, and turbine hall buildings.

EERT-12-023-RPT found that it is possible to incur additional damage as a result of a
0.5 g seismic activity and tsunami wave up to the 0 m terrace level [10].

The hydrogen storage facility and turbine alternator are potential fire/explosion sources in
the event of an earthquake due to the presence of hydrogen gas. A rupture in the system
could lead to oxygen ingress which could result in a fire/explosion. The fire/explosion of
the hydrogen storage facility, which could cause damage to the SEP tank (refer to
proposal CM 3) and turbine hall (could also be damaged by seismic activity), does not
result in additional failures as the SEP tank is expected to be unavailable due to the
seismic event. The flooding risk posed by the SEP tank to the south-side EDGs does not
result in their being unavailable as the EDG buildings were assessed and found to be
vulnerable to a 0.5 g seismic activity. No credit is taken for equipment inside the turbine
hall and the fire/explosion of the turbine alternator will predominantly cause damage to
equipment inside this building. Furthermore, it is possible that the power transformers
could be damaged from either the overpressure created by the explosion of the hydrogen
storage facility or turbine alternator or the initiating seismic event. However, an immediate
loss of off-site power is assumed and the unavailability of this equipment has no
additional consequences.

The SBO diesel generators were assessed and found to be vulnerable to fire following a
0.5 g earthquake. However, these systems were not analysed during the seismic margin
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assessment and hence no credit is taken for their availability. The fire at the SBO diesel
generators will not spread to affect any other critical systems; therefore, the potential fire
at the SBO diesel generators does not result in additional consequences.

It is possible for the seismic activity to cause damage to the ammonia tanks situated close
to the demineralisation plant. Although this will not result in any additional failures, it could
hamper corrective actions by plant personnel in the event of an accident by virtue of the site
being uninhabitable as a result of the chemical release (refer to proposal CM 5).

The CRF piping, situated in the basement of the turbine hall, could potentially flood parts
of this building in the event of seismic activity. However, this does not result in additional
failures as no credit is taken for any equipment inside the turbine hall. The RIS / EAS,
RRI/ SEC, and RCV piping is vulnerable to shearing as a result of seismic activity, which
could lead to the internal flooding of equipment. An RIS / EAS pipe rupture could cause
the inventory of the PTR tank (if still intact following an earthquake event) to flood the
basement of the fuel building. In extreme cases, this water can flood above the 0 m level
causing the PTR pumps to be unavailable. This however, does not result in any further
consequences as the pumps are only required if the PTR tank and water inventory is still
available. Internal flooding as a result of an RRI/ SEC pipe rupture would result in the
unavailability of the RRA, PTR, and EAS heat exchangers and the EAS and RRI pumps
as these systems are cooled by the RRI system. Flooding inside the RRI/ SEC rooms
would not yield additional failure of critical equipment. Flooding due to an RCV pipe
rupture could cause water ingress into the RCV pump itself and the emergency seal
supply pump (ESS), however, the RCV pumps were assessed and found to be vulnerable
to the earthquake event and the ESS pump was not assessed and hence, no credit is
taken for its availability [9].

The functional requirements diagram showing the estimated failures as a result of a
combined seismic and tsunami with on-site induced failures is illustrated in Table 11 in
Appendix 1.

Proposal Implementation

§ 3 (Proposed Modifications) lists proposed modifications under consideration for
implementation at KNPS. The functional requirements diagram generated in §4.6
(Beyond-Design-Basis (0.5 g) Earthquake inducing a Tsunami Wave up to the Om
Terrace Level) indicates the potential failure of equipment in the event of a postulated
0.5 g earthquake inducing a tsunami wave not higher than the 0 m terrace level.
Furthermore, the potential failure of on-site equipment due to on-site hazards induced by
the combined event (earthquake and tsunami) is also indicated.

By implementing the proposals as set out in § 3 (Proposed Modifications), the following
functional requirements could be maintained following the event described:

e RCP seal injection

By installing the shutdown seals, the water inventory inside the primary system can
be maintained to ensure the functionality of primary system seal injection is not
required.
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e  Core cooling

The installation of a hardened SEP tank and associated piping to provide cooling
water to the core following a seismic event together with the installation of a fourth
ASG pump would ensure the core cooling functionality is not lost.

e  Containment integrity

The installation of the hardened SEP tank and associated piping will provide water to
a portable pump connected to the EAS spray system. This pump will inject water into
the EAS sprays. High-temperature steam will condense into water and subsequently
reduce the pressure inside the containment.

. Essential indication

Hardened instrumentation to indicate core exit temperature, SG level, SG pressure,
containment pressure, and SFP level will be installed.

e  SFP bulk boiling

The installation of the hardened SEP tank and associated piping will provide water to
a portable pump connected to the SFP. In the event that no cooling is available, the
SFP water will be allowed to boil and make-up will be provided from the SEP tank.

e Essential 6.6 kV switchboard supply

It is proposed to procure mobile diesel generators to supply power to the plant
following a combined event. The mobile EDGs will be connected to the LHA and
LHB switchboards to supply power to available equipment.

The implementation of the proposed modifications is graphically shown in the functional
requirements diagram in Table 12 in Appendix 1.

BEYOND-DESIGN-BASIS (0.5 G) EARTHQUAKE INDUCING
A TSUNAMI WAVE UP TO 3.8 M ABOVE THE TERRACE
LEVEL

This assessment analyses the plant’s robustness following a 0.5 g earthquake causing a
tsunami wave that moves over the terrace level up to 3.8 m.

Potential Failure Identification

Damage to the plant is caused by both the seismic and subsequent tsunami events. § 4.6
(Beyond-Design-Basis (0.5 g) Earthquake inducing a Tsunami Wave up to the Om
Terrace Level) assessed the damage caused to equipment experiencing a combined
event of a 0.5 g earthquake and a tsunami wave up to 8 m (0 m terrace level). Seismic
damage to plant equipment is similar to that discussed in § 4.6 (Beyond-Design-Basis
(0.5 g) Earthquake inducing a Tsunami Wave up to the O m Terrace Level) and is
therefore not discussed again.

§ 4.3 (Design Basis (0.3 g) Earthquake inducing a Tsunami Wave up to 3.8 m above the
Terrace Level) discussed damage to equipment caused by a tsunami wave with a height
of up to 3.8 m above the terrace level. Tsunami damage simulated in this combination is
similar and is therefore not discussed. The combined functional requirements diagram for
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a 0.5 g earthquake inducing a tsunami wave up to 3.8 m above the terrace level is shown
in Table 13 in Appendix 1.

EERT-12-023-RPT found that it is possible to experience additional damage as a result of
a 0.5 g seismic event and tsunami wave of up to 3.8 m above the terrace level [10].

The hydrogen storage facility could potentially be vulnerable to fire/explosion in the event
of a 0.5 g earthquake and/or tsunami wave. Both initiating events could rupture pipework,
which could result in oxygen ingress leading to a fire and/or an explosion due to a
hydrogen/oxygen mixture. The turbine alternator is also vulnerable to a seismic event,
which could lead to a fire/explosion event. The fire/explosion of the hydrogen storage
facility, which could cause damage to the SEP tank (refer to proposal CM 3) and the
turbine hall, which could also be damaged by alternator explosion, does not result in
additional failures as the SEP tank is estimated to be damaged in the seismic event. The
flooding risk posed by the SEP tank to the south-side EDG does not result in any further
consequences as the assumption is made that the SEP tank water quantity is enveloped
by that of the tsunami wave. No credit is taken for equipment inside the turbine hall and
the fire/explosion of the turbine alternator will predominantly cause damage to equipment
inside this building. Furthermore, it is possible that the power transformers could be
damaged from the turbine alternator or hydrogen storage facility explosion, tsunami
wave, or seismic activity. However, an immediate loss of off-site power is assumed and
the unavailability of this equipment does not cause additional consequences.

The SBO diesel generators were assessed and found to be vulnerable to fire following a
0.5 g earthquake. However, these systems were not analysed during the seismic margin
assessment and hence no credit is taken for their availability. The potential fire at the
SBO diesel generators would not propagate to any critical equipment and therefore, it
does not result in additional consequences.

It is possible for the seismic activity or subsequent tsunami wave to cause damage to the
ammonia tanks situated close to the demineralisation plant. Although this will not result in
any additional failures, it could hamper corrective actions by plant personnel in the event
of an accident by virtue of the site being uninhabitable as a result of the chemical release
(refer to proposal CM 5).

The CRF piping situated in the basement of the turbine hall below the normal seawater
level could potentially flood parts of this building in the event of seismic activity. However,
the potential internal flooding hazard posed by the CRF system is not considered, as the
assumption is made that the water from the tsunami wave will envelope the water from
the CRF rupture. Furthermore, no credit is taken for any equipment inside the turbine hall.
The RIS/ EAS, RRI/SEC, and RCV piping is vulnerable to shearing as a result of the
seismic activity; however, this is not considered as it is assumed that the water released
from these systems would be enveloped by the tsunami wave.

No additional on-site induced failures were found and failure of systems is therefore
limited to the damage caused by the seismic activity and subsequent tsunami. The
functional requirements diagram indicating the estimated damage to plant equipment as a
result of the earthquake, tsunami and on-site induced hazards is shown in Table 13 in
Appendix 1.
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Proposal Implementation

§ 3 (Proposed Modifications) lists proposed modifications under consideration for
implementation at KNPS. The functional requirements diagram generated in §4.7
(Beyond-Design-Basis (0.5 g) Earthquake inducing a Tsunami Wave up to 3.8 m above
the Terrace Level) indicates the potential failure of equipment in the event of a postulated
0.5 g earthquake inducing a tsunami wave up to a height of 3.8 m above the terrace level.
Furthermore, the potential failure of on-site equipment due to on-site hazards induced by
the combined event (earthquake and tsunami) is also indicated.

By implementing the proposals as set out in § 3 (Proposed Modifications), the following
functional requirements could be maintained following the event described.

RCP seal injection

By installing the shutdown seals, the water inventory inside the primary system can
be maintained to ensure that the functionality of primary system seal injection is not
required.

Core cooling

The installation of a hardened SEP tank and associated piping to provide cooling
water to the core following a seismic event together with the installation of a fourth
ASG pump would ensure that the core cooling functionality is not lost.

Containment integrity

The installation of the hardened SEP tank and associated piping will provide water to
a portable pump connected to the EAS spray system. This pump will inject water into
the EAS sprays. High-temperature steam will condense into water and subsequently
reduce the pressure inside the containment.

Essential indication

Hardened instrumentation to indicate core exit temperature, SG level, SG pressure,
containment pressure, and SFP level will be installed.

SFP bulk boiling

The installation of the hardened SEP tank and associated piping will provide water to
a portable pump connected to the SFP. In the event that no cooling is available, the
SFP water will be allowed to boil and make-up will be provided from the SEP tank.

Essential 6.6 kV switchboard supply

It is proposed to procure mobile diesel generators to supply power to the plant
following a combined event. The mobile EDGs will be connected to the LHA and
LHB switchboards to supply power to available equipment.

The implementation of the proposed modifications is graphically shown in the functional
requirements diagram in Table 14 in Appendix 1.
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4.8.1

BEYOND-DESIGN-BASIS (0.6 G) EARTHQUAKE INDUCING
A TSUNAMI WAVE UP TO THE 0 M TERRACE LEVEL

This assessment analyses the plant’s robustness following a 0.6 g earthquake causing a
tsunami wave up to the 0 m terrace level.

Potential Failure Identification

As previously mentioned, most KNPS equipment is not vulnerable to a tsunami with a
maximum wave height of 8 m (up to the 0 m terrace level). The water will not move over
the terrace level and pose no flooding risk to the plant. With the occurrence of an 8 m
tsunami, damage is limited to the JPS pump connection point, which is located next to the
SEC pump house.

Damage to the plant is predominantly caused by the 0.6 g seismic activity. § 4.2 (Design
Basis (0.3 g) Earthquake inducing a Tsunami Wave up to the 0 m Terrace Level), § 4.4
(Beyond-Design-Basis (0.4 g) Earthquake inducing a Tsunami Wave up to the Om
Terrace Level), and § 4.6 (Beyond-Design-Basis (0.5 g) Earthquake inducing a Tsunami
Wave up to the 0 m Terrace Level) describe the cumulative estimated damage as a result
of 0.3 g, 0.4 g, and 0.5 g earthquakes respectively. Increasing the magnitude of seismic
activity to 0.6 g could yield the following additional failures:

o the JPP-, and REA boron pumps;

the residual heat removal system safety valves;
o the RCP system integrity (vessel, pumps, and pressuriser);
o steam generators including all relevant valves, flanges and fittings;

e the containment sump functionality. This includes filters and piping inside the
containment for sump water collection for supply to low-head safety injection and
containment spray systems;

o  ASG tank, due to compression buckling of the tank wall at 0.55 g;
e the KRT monitors located on the + 20 m level inside the containment building;
e in-core temperature indication (RIC);
e containment airlocks integrity could be vulnerable; and
e the following switchboards:
* 6.6 kV train A essential switchboard (LHA);
x 220V train A essential switchboard (LNA);
* 48V train B relaying supply switchboard (LCB);
* 220V train A switchboard (LBC and LBD);
* 220 V train B switchboard (LBE and LBF).

EERT-12-023-RPT found that it is possible to incur additional damage as a result of a
0.6 g seismic event and tsunami wave up to the 0 m terrace level [10].
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The hydrogen storage facility and the turbine alternator are regarded as potential
fire/lexplosion sources in the event of an earthquake due to the presence of hydrogen
gas. The fire/explosion of the hydrogen storage facility, which could cause damage to the
SEP tank (refer to proposal CM 3) and turbine hall, does not result in additional failures
as the SEP tank is expected to be vulnerable to the seismic event. The unlikely flooding
risk posed by the SEP tank to the south-side EDGs does not result in their potential
unavailability as it is estimated that these systems have failed already due to the seismic
event. No credit is taken for equipment inside the turbine hall and the fire/explosion of the
turbine alternator will predominantly cause damage to equipment inside this building.
Furthermore, it is possible that the power transformers could be damaged from either the
overpressure generated by the hydrogen storage facility or turbine alternator explosion or
the initiating seismic event. However, an immediate loss of off-site power is assumed and
the unavailability of this equipment does not have additional consequences.

The SBO and EDG diesel generators were assessed and found to be vulnerable to fire
following a 0.6 g earthquake. However, the SBO diesel generators were not analysed
during the seismic margin assessment and hence no credit is taken for their availability.
The EDGs were found not to be robust against a 0.6 g earthquake and would have failed
already due to the seismic event. The potential fire inside the SBOs and EDGs is not
likely to propagate to areas outside the building and does not pose a risk to surrounding
equipment. Therefore, the potential fire at the SBO and EDG diesel generators does not
result in additional consequences.

It is likely that the seismic activity would cause damage to the ammonia tanks situated close
to the demineralisation plant. Although this will not result in any additional failures, it could
hamper corrective actions by plant personnel in the event of an accident by virtue of the site
being uninhabitable as a result of the chemical release (refer to proposal CM 5).

The CRF piping situated in the basement of the turbine hall is likely to rupture during a
0.6 g earthquake, which could potentially flood parts of this building. However, this does
not result in additional failures as no credit is taken for any equipment inside the turbine
hall. The RIS/ EAS, RRI/ SEC, and RCV piping is vulnerable to shearing as a result of
seismic activity which could lead to the internal flooding of equipment. Flooding due to an
RCYV pipe rupture could cause water ingress into the RCV pump itself and the ESS pump,
however the RCV pumps were assessed and found to be vulnerable to the earthquake
event; the ESS pump was not assessed and hence no credit is taken for its availability.
Therefore, this does not result in further consequences. The RIS / EAS pipe rupture could
cause the inventory of the PTR tank to flood the basement of the fuel building. In extreme
cases, this water can flood above the O0m level causing the PTR pumps to be
unavailable. This however, does not result in any further consequences as the PTR tank
is only qualified up to a 0.3 g earthquake and it is likely that the water inventory would be
lost. In this case, the PTR pumps would not be required. Internal flooding as a result of an
RRI / SEC pipe rupture could result in the unavailability of the RRA, PTR, and EAS heat
exchangers and the EAS and RRI pumps as these systems are cooled by RRI. Flooding
inside the RRI/ SEC rooms would not yield additional failure of critical equipment. The
ASG tanks are likely to fail in the event of a 0.6 g earthquake. The consequence of the
unit 2 ASG tank failure is limited to the loss of the tank’s water inventory. This is because
the tank is situated inside its own building and poses no risk to surrounding equipment.
The consequence of the unit 1 ASG tank failure is the flooding of adjacent rooms
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containing the ASG motor and steam-driven pumps. This would result in the unavailability
of these pumps [9].

The functional requirements diagram showing the combined seismic and tsunami with on-
site induced failures is illustrated in Table 15 in Appendix 1.

Proposal Implementation

The functional requirements diagram for the implementation of the proposed modification
is not performed as the proposals are only qualified up to a 0.5 g earthquake. Although
the modifications are likely to be robust beyond 0.5 g, it is currently not possible to
quantify this.

BEYOND-DESIGN-BASIS (0.6 G) EARTHQUAKE INDUCING
A TSUNAMI WAVE UP TO 3.8 M ABOVE THE TERRACE
LEVEL

This assessment analyses the plant’s robustness following a 0.6 g earthquake causing a
tsunami wave that moves over the terrace level up to 3.8 m.

Potential Failure Identification

Damage to the plant is caused by both the seismic and subsequent tsunami events. § 4.8
(Beyond-Design-Basis (0.6 g) Earthquake inducing a Tsunami Wave up to the Om
Terrace Level) assessed the damage caused to equipment experiencing a combined
event of a 0.6 g earthquake causing a tsunami up to 8 m. Seismic damage to the plant in
this assessment is similar as highlighted in § 4.8 (Beyond-Design-Basis (0.6 g)
Earthquake inducing a Tsunami Wave up to the 0 m Terrace Level) and therefore is not
discussed again.

§ 4.3 (Design Basis (0.3 g) Earthquake inducing a Tsunami Wave up to 3.8 m above the
Terrace Level) discussed damage caused to equipment from a tsunami wave with a
height of up to 3.8 m above the terrace level. Tsunami damage simulated in this
combination would be similar and is therefore not discussed. The combined functional
requirements diagram for a 0.6 g earthquake inducing a tsunami wave up to 3.8 m above
the terrace level is shown in Table 16 in Appendix 1.

EERT-12-023-RPT found that it is possible to experience additional damage as a result of a
0.6 g seismic activity and tsunami wave up to 11.8 m (3.8 m above the terrace level) [10].

The hydrogen storage facility could potentially be vulnerable to fire/explosion in the event
of a 0.6 g earthquake and tsunami wave. Both initiating events could rupture pipework,
which could result in oxygen ingress leading to a fire and/or explosive hydrogen/oxygen
mixture. The turbine alternator is also vulnerable to a seismic event, which could lead to a
fire/lexplosion event. The fire/explosion of the hydrogen storage facility, which could
cause damage to the SEP tank (refer to proposal CM 3) and turbine hall, does not result
in additional consequences as the SEP tank is estimated to be unavailable due to the
seismic event. The flooding risk posed by the SEP tank to the south-side EDGs does not
result in any further consequences as it is believed that the SEP tank water quantity is
enveloped by that of the tsunami wave. No credit is taken for equipment inside the turbine
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hall and the fire/explosion of the turbine alternator will predominantly cause damage to
equipment inside this building. Furthermore, it is possible that the power transformers
could be damaged from either the turbine alternator or hydrogen storage facility
explosion, initiating seismic event or subsequent tsunami. However, an immediate loss of
off-site power is assumed and the unavailability of this equipment does not have
additional consequences.

The SBO and EDG diesel generators were assessed and found to be vulnerable to fire
following a 0.6 g earthquake. However, the SBO diesel generators were not analysed
during the seismic margin assessment and hence no credit is taken for their availability.
The EDGs are not robust against a 0.6 g earthquake, and it is estimated that they would
have failed already due to the seismic event. The potential fire inside the EDGs and
SBOs is not likely to propagate to areas outside the building and does not pose a risk to
surrounding equipment. Therefore, the potential fire at the SBO and EDG diesel
generators does not result in additional consequences.

It is possible for the seismic activity or subsequent tsunami wave to cause damage to the
ammonia tanks situated close to the demineralisation plant. Although this will not result in
any additional failures, it could hamper corrective actions by plant personnel in the event
of an accident by virtue of the site being uninhabitable as a result of the chemical release
(refer to proposal CM 5).

The CRF piping situated in the basement of the turbine hall below the normal seawater
level could potentially flood parts of this building in the event of seismic activity. However,
this water is not considered, as the assumption is made that the water from the tsunami
wave will envelop the water from the CRF rupture. Furthermore, no credit is taken for any
equipment inside the turbine hall. The RIS /EAS, RRI/SEC, and RCV piping and the
ASG tank are vulnerable as a result of the seismic activity; however this is not considered
as the water released from these systems would be enveloped by the tsunami event.

No additional on-site induced failures were found and failure of systems is therefore
limited to the damage caused by the seismic activity and subsequent tsunami. The
functional requirements diagram for a 0.6 g seismic event inducing a tsunami wave up to
a 3.8 m level above the terrace level is shown in Table 16 in Appendix 1.

Proposal Implementation

The functional requirements diagram for the implementation of the proposed modification
was not performed as the proposals are only qualified up to a 0.5 g earthquake. Although
the modifications are likely to be robust beyond the 0.5 g point, it is currently not possible
to quantify this.

FLOODING HAZARDS IN EXCESS OF THE 3.8 M TERRACE
LEVEL

In the event of an earthquake inducing a tsunami wave greater than 11.8 m (3.8 m above
the 0 m terrace level), it is estimated that additional systems would be unavailable. The
functional requirements diagrams are not illustrated and additional failures are only
discussed.
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Increasing the water height that inundates the site area up to a level of 14 m (6 m above
the 0 m terrace level) results in the flooding of the battery rooms on the 3.8 m level
(11.8 m above MSL). This will cause failure of the station batteries and yield any battery-
powered equipment such as the essential instrumentation for monitoring purposes
unavailable, highlighting the need for a robust, hardened indication system as proposed.

By increasing the tsunami wave height up to 15 m (7 m above the terrace level) the only
additional failure is the station black-out (SBO) diesel generators. The SBO diesel
generators were installed as a back-up system to supply two functions; charging of the
station batteries, and supplying power to an emergency seal injection pump. Failure of
the SBO diesel generators yields no additional system failures as the station batteries
(3.8 m level) and emergency seal injection pump (0 m terrace level) are located below the
level of the SBO diesel generators (14 m above MSL). These systems would already be
unavailable as they are submerged in water and therefore no additional failures were
found.

Flooding levels exceeding 15 m above MSL (7 m above the terrace level) will result in the
failure of the station’s electrical switchboards. In this event, total reliance on the external
mobile pumps would be required [8].
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5 CONCLUSION

The occurrence of an earthquake with subsequent tsunami at KNPS is unlikely. However,
if such an event had to occur; it is plausible that the earthquake and/or tsunami could
induce events such as chemical spills, explosions, and fire. This study completed an
assessment on the combination of these events.

This assessment is comprehensive for seismic activity up to 0.6 g for both unit 1 and 2.

The most equipment failures would occur due to the occurrence of an earthquake and/or
tsunami. The risks and mitigations were documented in EERT-11-015 (Seismic Hazard
Report) and EERT-11-016 (Tsunami Hazard Report).

This assessment assumes the installation of the following modifications as detailed in § 3:
e shutdown seals;

e installation of an additional auxiliary feedwater system (on each unit);

e hardened SEP tank and associated piping;

e portable emergency equipment (PEE);

e hardened instrumentation; and

e mobile diesel generators and connection points.

The functional requirements diagram highlighted the plant’s ability to ensure core and SFP
cooling and to maintain containment integrity. With the installation of the modifications
proposed in this report, Koeberg should maintain critical functional requirements required to
survive a beyond-design-basis earthquake with a subsequent tsunami event. In addition,
Koeberg will also be able to survive the occurrence of on-site failures due to
seismic/tsunami induced on-site hazards (explosion, fire, and chemical spill).

The only significant additional damage and failures found are:

e An explosion at the hydrogen storage facility could result in a loss of integrity of the
SEP tank and associated piping. If this is combined with station black-out conditions,
which could be caused by an earthquake and induced tsunami, such an explosion
would affect the proposed mitigative strategy of using the SEP tank as an ultimate
water source.

¢ In the event that the explosion of the hydrogen storage facility causes damage to the
SEP tank, the water inventory of this tank could pose a flooding risk to the south-side
EDGs. The diesel transfer pumps are located at the lowest point in the diesel
building and are vulnerable to water ingress.

e  The possible vulnerability of the ammonia tanks could hamper the implementation of
mitigative strategies to prevent or mitigate core melt.

e Internal flooding from the ASG tanks and RRI/ SEC piping could result in additional
failure of equipment.

Other induced failures such as fires or explosions in the turbine hall, unit and generator
transformer fires, and flooding by CRF do not lead to additional failure as the loss of off-
site power and the loss of ultimate heat sink have already been identified. Based on the
results derived in this assessment, additional proposals are made in the following section.
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6 PROPOSALS

The combination assessment completed in this report yielded the following proposals to
increase the robustness of the plant against external events such as earthquakes and
tsunamis:

e |t is proposed that Koeberg develop a tsunami early warning system to provide
accurate early indication on possible tsunami formation following an earthquake
event;

e It is proposed to develop a locally calibrated tsunami hazard assessment
model/methodology;

e |tis proposed that EERT-11-016 (Tsunami Hazard Report) be revised to include the
potential damage to plant buildings and SSCs as a result of the impact energy from
the tsunami waves;

e It is proposed that the seismically hardened SEP tank and associated pipework be
robust against any overpressure generated by an explosion due to its proximity to
the hydrogen storage facility, which could be vulnerable in the event of a seismic
activity. An alternative solution would be the relocation of the hydrogen storage
facility to a remote area not surrounded by critical equipment;

e ltis proposed that a seismically qualified barrier be erected in front of the south-side
EDGs to protect these EDGs from possible water ingress in the event of an SEP
tank rupture; and

e It is proposed that any preventative measures (such as tank strengthening) and/or
mitigation strategies (such as protective clothing) to deal with a potential chemical
release be robust against the sequential occurrence of an earthquake and tsunami.
An alternative solution would be to investigate the use of alternative non-toxic
chemicals to replace the existing ammonia on site.

e Itis proposed that a connection point, robust against earthquakes and tsunamis, be
installed on the RCV charging line to allow connection of a permanent/portable pump
to directly inject borated water into the RCP system (refer to EERT-11-026 (Loss of
Off-Site Power Report) [11]). This will provide an emergency make-up path for the
injection of borated water into the primary system to ensure sub criticality if other
conventional means of injection is not available.
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APPENDIX 1:
FUNCTIONAL REQUIREMENTS DIAGRAMS
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Table 5:

Functional requirements diagram for a design basis earthquake (0.3 g)
inducing a tsunami wave up to the 0 m terrace level (no modifications)

Required Function

SSCs that provide Functional Requirement

Prevention

Functional . " .
N Sub-Function Methods to fulfil Functional Req. (SSCs) Sub-SSC
Requirement
Control Rods c-s1 | Control Rod CRDMs FL-ASS |CNTL-ROD| CRDM
C-L42 sfrg Z‘;’a""" (direct or REARCVIRCP REAB-TNK | REAB-PO REARCV
Normal charging from PTR Rev-Po
CLag | ool enargng flom PTR/IRCVIRCP PTR-RCV RCV-CL
C1. Sub-Criticality -
Boron Injection L34 | Charding using Emergency) poqecs o rep PTR-TNK RCP
Seal Injection
PTR-ESS ESS-PO
C-L33 | Emergency Seal Ijection | ESS/ESS-SIRCP ESS-SI
C-L11 | Accumulators ACC/RCP ACC ACC-RCP
RCP System C21 | RCP ntegrity RCP* RCP* RCP ReP RCP | Porver | Safety.
Pumps’ Vessel Pressuriser’ Valves’
C2. Primary System SG C-122 SG Integrity SG’ SGs'
Integrif i
arity ::stEﬁ System ntegrity | ¢ o3 | RRA Integrity RCP*/RRA"/RCP* RCP* | RRASL* | RRAPO* | RRAHX* | RRA-DL* | RRA-SV* |
?S'f;; System lsolation| ;| RrA ksolation RCP* RCP* RRASL | RRADL
C-L31 | Normal Seal Injection REARCVIRCP REAB-TNK | REAB-PO REARCV
Normal Seal Injection RCV-PO | RCV-SI
©3.RCP Seal C-L32 | PTR Seal Injection PTRIRCVIRCP PTR-RCV RCP
injection
= B PTR-TNK
In;gz;gﬁ"cy cal C-L33 | Emergency Seal Injection | ESS/RCP PTR-ESS ESS-PO | ESS-SI
C-L42 sfr’; 2‘)"3“’" (direct or REARCVIRCP REAB-TNK | REAB-PO
Normal ch: from REA| REARCY
RCV Normal charging| C-L43 | horm@ enarding from REARCV/RCP REAW-TNK| REAW-PO RCV-PO
water system
harging i RCV-CL
cLas N?g‘a' Charging from PTR/IRCVIRCP PTR-RCV
ESS Charging Charging using ESS
njection (LowFilow) | &34 | (emaih) ESS/ESS-CL/IRCP
B . P PTR-ESS ESS-PO
ealinjection | (| g3 | Emergency Seallnjection | poqpqs syrcp PTR-TNK ESS-SI
(Low Flow) (6m3/hr) —
;:.kl::ln:ry System | s Direct . C-L45 | HHSI Direct Injection PTRIRCVIBIT/RCP PTR-RCV RCV-PO | RCV-HSI
LHSI - Direct Inj. C-L46 | LHSI Direct Injection PTRIRIS/RCP PTR-RIS
RIS-PO
LHSI - Recirculation | C-L47 | LHSIRecirculation SMP/RIS/RCP SMP-RIS
2 SMP/EAS/EAS. RSt
<] EAS Back-uptoRIS | C-L48 | EAS Back-up to RIS APOIRISIRCP g CNT-SMP | SMP-EAS EAS-PO EAS-RIS RIS-PO*
o
s EAS 004 Back-up to SMP/EAS/EAS-
C-L49 | EAS Back-up to RIS SMP-EAS | EAS-PO* | EAS-4PO | RIS-PO*
,g RIS ack-up to RIS/RIS/RCP
3 PTR GravityFeed | 161 | PTR Gravity Feed PTRIRIS*/RCP PTR-TNK PTR-RIS RIS-PO* | RIS-LSI RCP
x (SD - Head Off)
C-L50 | GCTa Steam Dump SGMWPIGCTa GCTa-STM
SG Steam Dump SGs WP-GCT
G5t | GCToSteam-Dump T GCTo-STM | CEXTNK | GEX-RO
C-L52 | Turbine Driven ASG Pump | ASGIASGUSG ASG-TIPO | ASG-T/SS ASG-T/FL
ASG-TNK ASG-SGIFL
SG Feedwater C-L53 | Motor Driven ASG Pumps | ASG/ASGM/SG ASG-MPO ASG-MFL SGs
G54 | AREMainFeed- CEXARPASG- CEXTNK | GEXPO | ABRHX. | APARC | AHP-HX. |ARE-SGIRL
C5. Core Cooling C-L55 | SER Make-up to ASG SERIASG SER-PO
Ty SER-TNK SER-ASG
CL56 | ase gravity Make-up to SERJ/ASG (gravity) SER-BV
6 Lot ASG-TNK
ong term . ¥ -
Fovawater Supply | G157 | JPP Make-upto ASG JPPIUPDIASG JPP-TNK JPP-PO | JPD-ASG
C-L58 | JPS Make-up 10 ASG SEPIPSIPDIASG JPS-PO | JPD-ASG
SEP-TNK | SEP-JPPIS
C-L59 | SEP Make-up to JPP SEP/IPP JPP-TNK
FSTJ;; Core Cooling | 165 | RRA Cooling RCP/IRRAIRCP RCP* RRASL | RRAPO | RRAHx | RRA-DL | RRA-SV | RCP*
Containment Isolation| ~ B-1 Containment Building B-CNT
Direct Core Injection *See C4. Primary System Make-up
CiLet | Containment Spray-EAS | proengionT PTR-TNK | PTR-EAS EAS-PO
Direct Injection
CLep | Contanment Spray-EAS | gy ag/oNT CNT-SMP | SMP-EAS | EASPO | EASHx | EAS-SPR | CONT
c Recirculation
Pressure Control i -
; CLga | Containment Spray PP | jppp i oy JPP-TNK | JPP-PO | JPP-JPC | JPC-EAS
C6. Containment Emergency Back-up
Integri
arity C-L64 | Containment Venting
Hydrogen Reduction | C-L65 | Hydrogen PARS ETY (PARS) PARS
C-L52 | Turbine Driven ASG Pump | ASGIASGUSG ASG-TIPO | ASG-T/SS ASG-T/FL
SG Creep Rupture
Prevention ASG-TNK ASG-SGIFL|  SGs
C-L53 | Motor Driven ASG Pumps | ASGIASGM/SG ASG-MPO ASG-MFL
Basemat Melt-thro | - o5 | Reactor Pit Flooding
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Table 5:

Functional requirements diagram for a design basis earthquake (0.3 g)
inducing a tsunami wave up to the 0 m terrace level (no modifications)

Required Function SSCs that provide Functional Requirement
Functional . " .
. Sub-Function Methods to fulfil Functional Req. (SSCs) Sub-SSC
Requirement
Core Exit cn Co‘re Exit Temperature RICKOMT LN
Temperature Indication
RCP Level cp | ProssuriserLevel RCPxoMN ILN]
Indication
Regler Level C-24 RVLIS
Indication
RCP pressure C-3 | RCP Pressure Indication RCPxoMP [LNi]
RRAPressure C-5 | RRAPressure Indication RRAOMP [LNi]
SG Level C-I6 | SGWR Level indication ARExoMN [LNi]
<
8 SG Pressure C7 | SGPressure Indication WPxxMP LN
S
o - ASG Tank Level C-B || ASG Tank Level Indication ASGO02LN
- g
5] o
Indication i
3 Diesel Tank Level Clp | Diese Tank Level LHixooN
& ndications
Containment C.pg | Containment WR Pressurel s -
Pressure Indication
Containment Containment Radiation KRTO22-
Radiation e Levels 23MA CIEBLLR =y
Containment Sump: RISwoxSL
Lol C-122 | Containment Sump Level 20w | [Leam]
BaseMat
S8 C-123 | Basemat Thermo-couples KSBxooMT
Containment Sump c51
Temperature
Containment
Hydrogen Sampiing | C1%2
Reactor Pit c-53
Temperature
SFP Pool S-81 | SFP Pool Integrity SFP SFP-PL | B-SFP
S1. SFP Integrity PTR 1/2 PO s-s1 ::“Tezr"\srma' SFP Cooling | qrp\prRISFP PTR-SL | PTR-PO* | PTRHX" | PTR-DL |PTR-SPHN
SFP-PL SFP-PL
PTR 6 PO $-S2 | PTR 3rd Train Integrity SFP\PTRASFP PTR3-SL | PTR3-PO* | PTR3-HX* | PTR3-DL [PTR3-SPHN
PTR 1/2PO SL1 | PTR Normal Cooling SFP\PTR\SFP PTR-SL | PTR-PO | PTR-HX PTR-DL
$§2. SFP Cooling SFP-PL SFP-PL
PTR 6 PO SL2 | PTR 3rd Train Cooling SFP\PTR3SFP PTR3-SL | PTR3-PO | PTR3-HX PTR3-DL
SFP Steam Release S-L3 Open Vent Doors SFP-VD
8 S4 | SED Make-up SEDISFP SED-TNK SED-PO SED-SFP
[-% $3. Bulk Boiling .
° IIIEE =1 S5 | JPP Make-up JPP/JPDISFP JPP-TNK JPP-PO SFP-PL
S Make-up
Z JPD-SFP
- S-L6 | JPS Make-up SEPIJPS/SFP SEP-TNK | SEP-JPP/S| JPS-PO
8
‘g. SFP Level S | SFP Level Indication PTRxxXMN LN | [SAR-ACC]
SFP Temperature s2 f’FF Temperature PTRxooMT ILN]
ndication
Fuel Rack s
Temperature
$4. Indication SRl s
Concentration
SFP Building o
Pressure
SFP Hydrogen S
Concentration 3
SFP Building
Humidity S
V-LO1 f/:meake'“p toSeismic | jppyppaLT JPP-TNK JPP-PO | JPP-JPD
Flooding of Seismi JPS Make-up to S 1 1
= V1. Seismic Vault | [ FHINOOTSESMIE ) . gp | T8 MAKEUPIOSERME - sepypsipoLT SEP-JPP/S| JPS-PO | JPS-JPD WLT
o pr——— SEP-TNK
> V-L03 ravity Feed to SEPIPDALT SEP-VLT
o Seismic Vault
E Seismic Vault "
n Temperature
@ e
3 e Seismic Vault Water |\
Level
Seismic Vault
Pressure ©e
> £ | 1. cask Integrity %:f: Remainleak | ' gy | Caskintegrity CASK CASK*
]
(=]} i
O | p2.caskcooling Cask Arr cooling D-L1 | Cask Cooling Cask building and Air Flow | B-LLW | CASK-AR
maintained
B1. Containment B1 Containment Building B-CNT Building Hatch ‘ Penetration |  Airlocks |
B2.NAB B2 | Nuclear Auxiliary Building B-NAB
B3. Electrical Building B3 Electrical Building B-ELE
0
fe)) B4. Diesel buildings B4 Unit Diesel Building B-DSL
c
° B5. SBO Diesel Building B5 | SBO Diesel Buiding B-SBO
a B6. SEC pump-house B6 | SEC Pumphouse Building B-SEC
B7. Turbine Hall B7 | Turbine Hall B-TUR
B8. LLW Building B8 | Low Level Waste Building B-LLW
B9.ECC B9 | Emergency Control Centre B-ECC
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Table 5:

Functional requirements diagram for a design basis earthquake (0.3 g)
inducing a tsunami wave up to the 0 m terrace level (no modifications)

Required Function SSCs that provide Functional Requirement
Functional . " .
. Sub-Function Methods to fulfil Functional Req. (SSCs) Sub-SSC
Requirement
E-1 | 400KV LHA Supply 400KVILHA 400KV | GEN-TRX | UNT-TRX | LGA-SWB
LGB-SWB
LHA Switchboard E-2 | 132KVLHASupply 132KVILHA 132KV STN-TRX LGE/F-SWB
Supply LHASWB | oA [LBA]
[LHA] E3 | LHP Diesel LHASupply | LHP/LHA LHP-DSL LHP-LHA
= ey - LHS Diesel LHA Supply | LHS/LHA - LHS-LHC LHC-SWB | LHC-LHA
Sl Sy E-5 | 400KV LHB Supply 400KV/LHB 400KV | GEN-TRX | UNT-TRX | LGD-SWB
LGC-SWB
LHB Switchboard E-6 | 132KVLHB Supply 132KVILHB 132KV STN-TRX LGE/F-SWB
Supply LHB-SWB | fcBy 1LBB]
[LHB] E7 | LHQ Diesel LHB Supply | LHQILHB LHQ-DSL LHQ-LHB
LHS Diesel LHB Supply | LHSILHB l LHS-LHC LHC-SWB | LHC-LHB
. LLY SBO Diesel
S Supply E-10 | LLY Switchboard Supply | LLS\LLXLLY LLS-DSL | LLXSWB | LLXLLY | LLY-SWB
Supply
[LLY]
E-21 | LCASwitchboard-LHA | LCALLILHA [LHA] LLAE-SWB
) LCARD
LCA 48V Switchboard|
S T E-22 | LCASwitchboard-LLS | LCALLY [LLY] LCASWB
E3.48V E-23 | LCA Switchboard - Battery | LCABAT LCA-BAT
SERRCatSuRDlY E-24 | LCBSwitchboard-LHB | LCBILLILHB [LHB] |LLB\D-SWB
LcB 48V LCBRD
Switchboard Supply | E-25 | LCB Switchboard -LLS | LCBILLY [LLy] LCB-SWB
[LCB]
€ E-26 | LCB Switchboard - Battery | LCB\BAT LCB-BAT
[}
8
(l>" E-31 | LBA Switchboard - LHA LBALLLILHA [LHA] | LLC\E-SWB
Fy LBA 125V LBA-RD
+ Switchboard Supply | E-32 | LBASwitchboard-LLS | LBALLY [LLY] LBA-SWB
[LBA]
g E-33 | LBASwitchboard- Battery | LBABAT LBA-BAT
S | E4125V
3 S E-34 | LBB Swichboard-LHA | LBBILLALHB [LHB] |LLB\D-SWB
«n LBB 125V LBB-RD
® Switchboard Supply | E-35 | LBB Switchboard-LLS | LBBILLY [LLY] LBB-SWB
2 [LBB]
.3 E-36 | LBB Switchboard - Battery | LBBIBAT LBB-BAT
@
P E-41 | SIPIDirty Supply from LHA| LNAILLC/LHA LLC-sWB LNA-RD
[LHA]
LNA220VEssential [ E42 | S ICan SUR oM 1 sy gori A LLA-SWB
i LBCRD LNA-SWB
[LNA] E-43 | SIPISupplyfrom LSS LNALBCILLY [LLY] LBC-SWB
E-44 | SIPIBattery Supply LNAILBC/BAT LBC-BAT
E-45 f"_:]B" Dirty Supply from 1 g1 1 pjLHB LLD-sWB LNB-RD
[LHB]
LNB 220V Essential | E-46 EEB" Clean Supply from |\ N BD/LLBILHB LLB-SWB
i d LBD-RD LNB-SWB
[LNB] E-47 | SIPIISupply from LSS LNB/LBDILLY [LLY] LBD-SWB
ES. Essential E-48 | SIP llBatiery Supply LNB/LBD/BAT LBD-BAT
Switchboard Supply Eag | SPNOTYSwRTom o oA LLC-SWB LNC-RD
[LHA]
LNC 220V Essental [ E-50 | S I'Clean Supplom 1 nenen aia LLA-SWB
i LBE-RD LNC-SWB
[LNC] E-51 | SIPIiSupplyfromLSS | LNCILBE/LLY [LLY] LBE-SWB
E-52 | SIP llBattery Supply LNC/LBE/BAT LBE-BAT
E-53 EEB'V Dirty Supply from | oy oy HB LLD-sWB LND-RD
[LHB]
LND 220V Essential | E-54 s'pB'V Clean Supply from | | Ny BF/LLB/LHB LLB-SWB
i d LBF-RD LND-SWB
[LND] E-55 | SIPIVSupplyfrom LSS | LNDLBFILLY [LLY] LBF-SWB
E-56 | SIPIVBattery Supply LND/LBF/BAT LBF-BAT
SEC Train A Cooling | U-1 | SEC Train A Cooling SEA'SEC-A'SEA SEC-A-RS | SEC-A-DS | SEC-APO | RRIAHX
=< U1. Essential (gl [Sea]
£ Sebind SEC Train B Cooling | U-2 | SEC Train B Cooling SEA'SEC-BISEA SEC-B-RS | SEC-B-DS | SEC-B-PO | RRIB-HX
7}
§ Alternative Heatsink | U-3 | Alterative Heatsink
ﬁ RRITrain ACooling | U-11 | RRITrain A Cooling SEC/RRIFAHXA HXA | RREAPO | [RREAHX]
2
g &l RRITrain B Cooling | U-12 | RRITrain B Cooling SEC/RRFB/HXA HXB | RRB-PO | [RRFB-HX]
- Cooling 1 RRICommons cooling 5 y o
£ LI . uts | Torw SEC/RRIFAHXC e RRFAPO | [RRFA-HX]
Choling U-14 | RRICommons cooling SEC/RRFB/HXC RRFB-PO | [RRFB-HX]
(Train B)
Functionality Lost Tsunami event resuls in damage
Functionality lost due to On-Site Induced Hazard I I I I I Seismic event results in damage
Functionality Lost by Failure of Support System
Functionality Retained but imited to less than 24
hours operation.
Functionality Retained
Proposed Plant Changes
Functionality Not Credited or does not Exist
Note * indicates integrity not active function
Note [XXX] indicates as system support dependency
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Table 6:

Functional requirements diagram for a design basis earthquake (0.3 g)
inducing a tsunami wave up to the 0 m terrace level with proposed modifications implemented

Required Function

SSCs that provide Functional Requirement

Prevention

Functional . " .
N Sub-Function Methods to fulfil Functional Req. (SSCs) Sub-SSC
Requirement
Control Rods c-s1 | Control Rod CRDMs FL-ASS |CNTL-ROD| CRDM
c-La2 ﬁiﬁ :?’a"(’” (drector | REARCVIRCP REA/B-TNK | REAB-PO REARCV
Normal charging from PTR Rev-ko
CiLag | pomalcharging fiom PTRIRCVIRCP PTR-RCV RCV-CL
C1. Sub-Criticality Pr—"
Boron Injection c-L34 arging using EMErGency|  ess/ess-CLIRCP PTR-TNK RCP
Seal Injection
PTR-ESS ESS-PO
C-L33 | Emergency Seal Injection | ESS/ESS-SIRCP Ess-sl
C-L11 | Accumulators ACCIRCP ACC ACC-RCP
. . RCP RCP RCP .| safety
RCP System C21 | RCP Integrity RCP RCP Pumpe | Vosser |Prossuriserr| PORYS | Sl
y | . .
o2ip imary Syatarm| s C22 | SGintegrity sG SGs
Integrif i
arity (RST;;SWE'" Integrityl o p3 | RRA Integrity RCP*/RRA/RCP* RCP* | RRASL* | RRAPO* | RRAHX* | RRADL* | RRA-SV* |
FST)’;S"S‘E’“ solation| ¢ py | RRA Isolation RCP* RCP* | RRASL | RRADL
C-L31 | Normal Seal Injection REARCVIRCP REA/B-TNK | REAB-PO REA-RCV
Normal Seal Injection RCV-PO RCV-sI
C-L32 | PTR Seal Injection PTRIRCVIRCP PTR-RCV
ﬁ‘?e;i: Seel = = PTR-TNK RCP
In;;‘:;gf‘”w . C-L33 | Emergency Seal Injection | ESS/RCP PTR-ESS ESS-PO | ESS-SI
Shutdown Seal C-25 | Emergency Shutdown Seal| RCP SD-Seal
c-L42 Sfrﬁ :?’a'm (drector | REARCVIRCP REAB-TNK | REAB-PO
Normal charging from REA REARCY
RCV Normal charging| C-L43 | Norma charding from REARCVIRCP REAW-TNK| REAW-PO RCV-PO
water system
T —" RCV-CL
CLad | prp - rangiem PTRIRCVIRCP PTR-RCV
ESS Charging Charging using ESS
Injection (Low Flow) EF* (6m3/hr) ESS/ESS-CLRCP
ECae i - po— PTR-ESS ESS-PO
eal injection mergency Seal Injection g I
A oL | o ESS/ESS-SURCP PTR-TNK ESS-SI o
4. Pri
;aker::ary System | s Direct . C-L45 | HHSI Direct Injection PTRIRCV/BIT/RCP PTR-RCV RCV-PO | RCV-HSI
LHSI - Direct . C-L46 | LHSIDirect Injection PTR/RIS/RCP PTR-RIS
RIS-PO
LHSI - Recirculaion | C-L47 | LHSIRecirculation SMP/RISIRCP SMP-RIS
SMP/EAS/EAS. RSl
g EAS Back-upto RIS | C-L48 | EAS Back-uptoRIS POIRSIROP CNT-SWP | SMP-EAS | EASPO | EAS-RIS | RIS-PO*
o EAS 004 Back-up 0 | ] SMP/EAS/EAS- § o i} o
s = C-L49 | EAS Back-uptoRIS RISRISRP SMP-EAS | EAS-PO* | EAS-4PO | RIS-PO
= PTR Gravity Feed ) . ' . |
8 e C-L61 | PTR Gravity Feed PTRIRIS"RCP PTR-TNK PTR-RIS RIS-PO* | RIS-LSI RCP
i}
[v4 C-L50 | GCTa Steam Dump SGMP/GCTa GCTa-STM
SG Steam Dump ses | we-acT
CA5t | GCToSteam-Dump T GCTe-STM| CEXTNK | GEXPO
C-L52 | Turbine Driven ASG Pump | ASG/ASGUSG ASG-TIPO | ASG-TISS ASG-TIFL
ASG-TNK ASG-SGIFL
SG Feedwater C-L53 | Motor Driven ASG Pumps | ASG/ASGM/SG ASG-MPO ASG-MFL SGs
C454 | AREMainFeed- CEXARPNSG- CEXTNK | CEXPO | ABRHX. | APARC | AHP-HX. |ARE-SGIRL
C-L55 | SER Make-up to ASG SERIASG SER-PO
C5. Core Cooling SER o p SER-TNK SER-ASG
CL56 | 5o gravity Make-up to SERJ/ASG (gravity) SER-BV
ASG-TNK
C-L57 | JPP Make-up to ASG JPPIUPDIASG JPP-TNK JPP-PO | JPD-ASG
SG Long term
Feedwater Supply
C-L8 | JPS Make-up to ASG SEP/JPS/JPDIASG JPSPO | JPD-ASG
SEP-TNK | SEP-JPPIS
C-L69 | SEP Make-up to JPP SEP/JPP JPP-TNK
C-L67 | 4th SG Injection SEP/ASGXISG SEP-TNK | ASG-4PO
gg}cm Cooling | 60 | RRA Cooling RCP/RRARCP RCP* RRASL | RRA-PO ‘ RRA-Hx | RRA-DL | RRA-SV | RCP*
Containment Isolation|  B-1 Containment Building B-CNT
Direct Core Injection *See C4. Primary System Make-up
Containment Spray - EAS ;
CL61 | Droct mjoction PTRIEAS/CNT PTR-TNK | PTR-EAS EAS-PO
G- | Comainment Spray-EAS | gy e asionT ONT-SMP | SWP-EAS | EAS-PO | EAS-Hx
Recirculation
Containment Containment Spray -JPP EASSPR | CONT
ontanmen CiLea | Zonanmen Spray - JPP/EAS/CNT JPP-TNK | JPP-PO | JPP-JPC | JPC-EAS
Pressure Control Emergency Back-up
C6. Containment
Imeg:‘; inmen C-L68 | EAS Emergency Backup | SEP/EASXICNT SEP-TNK | SEP-EAS PEE-PO
C-L64 | Containment Venting
Hydrogen Reduction | C-L65 | Hydrogen PARS ETY (PARS) PARs
6 Creen Runt C-L52 | Turbine Driven ASG Pump | ASGIASGYSG ASG-TIPO | ASG-T/SS ASG-TIFL
R A ASG-TNK ASG-SGIFL|  SGs
C-L53 | Motor Driven ASG Pumps | ASG/ASGMISG ASGMPO ASG-MFL
Basemat Meltthro | | 65 | Reactor it Flooding
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Table 6:

Functional requirements diagram for a design basis earthquake (0.3 g)
inducing a tsunami wave up to the 0 m terrace level with proposed modifications implemented

Required Function SSCs that provide Functional Requirement
Functional . " :
Requirement Sub-Function Methods to fulfil Functional Req. (SSCs) Sub-SSC
Core Exit Core Exit Temperature
Temperature e Indication RIC oM™ [N
RCP Level cp | ProssuriserLevel RCPxoMN ILN]
Indication
Reactor Level
Indication e || RS
RCP pressure Cc-3 RCP Pressure Indication RCPxxxMP [LNi]
RRAPressure C-5 | RRAPressure Indication RRAxXMP LN
SG Level C-I6 | SGWR Level indication ARExxMN LN
<
8 SG Pressure C-I7 | SGPressure Indication WPxoMP LN
13
S & ASG Tank Level C-18 | ASG Tank Level Indication ASGO02LN
o M
Indication i
3 Diesel Tank Level g | Diesel Tank Level LHixoLN
& Indications
g;r;t;sall:\rr:em C-20 ﬁz;l::‘r;r:ent WR Pressure| ETY: P LNj
Containment Containment Radiation KRT022-
Radiation C21 | Levels 23MA WEACILS| | (2R
Containment Sump ! RISxSL
e, 2] C-122 Containment Sump Level EASXxSL [LCAB]
?ﬁ:ﬁrﬁéouples C-23 | Basemat Thermo-couples KSBxooMT
Containment Sump
Temperature 51
Containment
Hydrogen Sampling 52
Reactor Pit
Temperature G153
SFP Pool S-S1 | SFP Pool Integrity SFP SFP-PL B-SFP
S1. SFP Integrity PTR 1/2 PO s-s1 E{ez::;’""a' SFP Cooling | gp\prRISFP PTR-SL | PTR-PO* | PTRHX* | PTR-DL |PTR-SPHN
SFP-PL SFP-PL
PTR 6 PO $-52 | PTR 3rd Train Integrity SFP\PTRISFP PTR3-SL | PTR3-PO* | PTR3-HX" | PTR3-DL |PTR3-SPHN
PTR 112 PO S-L1 | PTR Normal Cooling SFP\PTR\SFP PTRSL | PTRPO | PTR-HX PTR-DL
$2. SFP Cooling SFP-PL SFP-PL
PTR 6 PO S-L2 | PTR 3rd Train Cooling SFP\PTRISFP PTR3-SL | PTR3-PO | PTR3-HX PTR3-DL
SFP Steam Release | S-L3 | Open Vent Doors SFP-VD
5 S-14 | SED Make-up SED/SFP SED-TNK SED-PO SED-SFP
o
-8 $3. Bulk Boiling SFp S5 | JPP Make-up JPPIJPD/SFP JPP-TNK JPP-PO
] JPD-SFP | SFP-PL
2 Make-up
z S-L6 | JPS Make-up SEP/JPS/SFP SEP-TNK | SEP-JPP/S| JPS-PO
-
s S-L7 | SEP Make-up SEP/SFPx SEP-TNK | SEP/SFPx PEE-PO
o
”n SFP Level S | SFP Level Indication PTRyooMN [LN] | [SAR-ACC]
SFP Temperature
SFP Temperature SR |\ ication PTRwooMT LN
Fuel Rack
Temperature S8
i SFP Boron
S4. Indication e S-14
SFP Building
Pressure S
SFP Hydrogen S
Concentration
SFP Building
Humidity &
V-LO1 \J/:EnMake'“" toSeismic | jppypppLT JPP-TNK JPP-PO | JPP-JPD
JPD-VLT
g V1. Seismic Vault \F,':‘j:""g of Seismic | /o \J,Zj(""ake'“p toSeismic | sppyps/POALT SEP-JPP/S| JPS-PO | JPS-UPD VLT
T = SEP-TNK
> Vi3 | SEP GravityFeedto SEP/JPDLT SEP-LT
[2) Seismic Vault
‘e Seismic Vault
g Temperature A
o -
» V.2 Indication Seismic Vault Water vi2
Level
Seismic Vault
Pressure A
> £ | b1.casklntegrity %:f": R MBSl Cask integrity CASK CASK®
7]
o ® ey
O | p2 caskcooling ﬁ?:t;';:dm""g D-L1 | Cask Cooling Cask building and Air Flow | B-LLW | CASK-AR
B1. Containment B1 | Containment Building B-CNT | Building Hatch ‘ Penetration |  Airlocks |
B2.NAB B2 | Nuclear Auxiliary Building B-NAB
B3. Electrical Building B3 | Electrical Building B-ELE
7]
=) B4. Diesel buildings B4 Unit Diesel Building B-DSL
c
el B5. SBO Diesel Building B5 SBO Diesel Building B-SBO
‘3 B6. SEC pump-house B6 SEC Pumphouse Building B-SEC
B7. Turbine Hall B7 Turbine Hall B-TUR
B8. LLW Building B8 | Low Level Waste Building B-LLW
B9.ECC B9 | Emergency Control Centre B-ECC
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Table 6:

Functional requirements diagram for a design basis earthquake (0.3 g)
inducing a tsunami wave up to the 0 m terrace level with proposed modifications implemented

Required Function SSCs that provide Functional Requirement
Functional . " :
. Sub-Function Methods to fulfil Functional Req. (SSCs) Sub-SSC
Requirement
E-1 | 400KV LHASupply 400KVILHA 400KV | GEN-TRX | UNT-TRX | LGA-SWB
LGB-SWB
E-2 | 132KVLHASupply 132KVILHA 132KV STN-TRX LGE/F-SWB
LHA
Supply E3 | LHP DieselLHASupply | LHP/LHA LHP-DSL LHP-LHA LHA-SWB | [LCA] [LBA]
[LHA]
- LHS Diesel LHA Supply | LHS/LHA - LHS-LHC [ LHC-SWB | LHC-LHA
= ey E-60 | MBLDieselLHASupply | MBL-DSULHA MBL-DSL MBL-DSL-CON
Sl Sy E-5 | 400KV LHB Supply 400KV/LHB 400KV | GEN-TRX | UNT-TRX | LGD-SWB
LGC-SWB
E-6 | 132KVLHB Supply 132KVILHB 132KV STN-TRX LGE/F-SWB
LHB
Supply E7 | LHQ DieselLHB Supply | LHQILHB LHQ-DSL LHQ-LHB LHB-SWB | [LCB] [LBB]
[LHB]
- LHS Diesel LHB Supply | LHS/LHB - LHS-LHC ‘ LHC-SWB | LHC-LHB
E-61 | MBLDieselLHB Supply | MBL-DSLILHB MBL-DSL MBL-DSL-CON
’ LLY SBO Diesel
w1y Supply E-10 | LLY Switchboard Supply | LLSILLXLLY LLSDSL | LLX-SWB | LLXLLY | LLY-SWB
Supply ILLY]
E-21 | LCASwichboard-LHA | LCALLALHA [LHA] LLAE-SWB
) LCARD
LCA 48V Switchboard
e E-22 | LCASwichboard-LLS | LCALLY [LLY] LCA-SWB
3,48V E-23 | LCASwitchboard - Battery | LCABAT LCA-BAT
STl S E-24 | LCB Switchboard-LHB | LCBILLILHB [LHB] |LLB\D»SWB
LCB 48V LCB-RD
1 Switchboard Supply [ E-25 | LCB Switchboard-LLS | LCB\LLY [LLY] LCB-SWB
K] [LCB]
3 E-26 | LCB Switchboard - Battery | LCB\BAT LCB-BAT
(7]
b E-31 | LBASwitchboard-LHA | LBALLILHA [LHA] | LLC\E-SWB
5 LBA 125V LBA-RD
a Switchboard Supply [ E-32 | LBASwitchboard-LLS | LBALLY [LLY] LBASWB
o [LBA]
‘,5) E4.125V E-33 LBA Switchboard - Battery | LBA\BAT LBA-BAT
i Switchboard Supply E-34 | LBB Switchboard-LHA | LBB\LLALHB [LHB] | LLB\D-SWB
o LBB 125V LBB-RD
..3 Switchboard Supply [ E-35 | LBB Switchboard-LLS | LBBLLY [LLY] LBB-SWB
[LBB]
u% E-36 | LBB Switchboard - Battery | LBB\BAT LBB-BAT
E-41 | SIPIDirty Supply from LHA| LNALLC/LHA LLC-SWB LNA-RD
[LHA]
LNA220V Essential | E-42 S:: A' Clean Supply from |\ \at BC/LLALHA LLA-SWB
i d LBC-RD LNA-SWB
[LNA] E-43 | SIPISupply from LSS LNALBCILLY [LLY] LBC-SWB
E-44 | SIPIBattery Supply LNAILBC/BAT LBC-BAT
E-45 E'EB" Dirty Supply from LNB/LLD/LHB LLD-SWB LNB-RD
[LHB]
LNB 220V Essential | E4 | S Ol SWRV oM 1\ \g g BB LLB-SWB
i LBD-RD LNB-SWB
[LNB] E-47 | SIP IlSupply from LSS LNB/LBDILLY [LLY] LBD-SWB
ES. Essential E-48 | SIP llBattery Supply LNB/LBD/BAT LBD-BAT
Switchboard Supply E-49 f"_;‘” Dirty Supply from |\ oA LLC-sWB LNC-RD
[LHA]
LNC 220V Essential | E-50 f"_‘:"‘ Clean Supply from | | N/ BE/LLALHA LLA-SWB
LBE-RD LNC-SWB
[LNC] E-51 | SIP Il Supply from LSS LNC/LBE/LLY [LLY] LBE-SWB
E-52 | SIP Il Battery Supply LNC/LBE/BAT LBE-BAT
E-53 EEB‘V Dirty Supply from | oy oL HB LLD-SWB LND-RD
[LHB]
LND 220V Essential | E-54 'LS":B'V Clean Supply from | | oy BF/LLB/LHE LLB-SWB
i LBF-RD LND-SWB
[LND] E-55 | SIPIVSupplyfromLSS | LNDLBFILLY [LLY] LBF-SWB
E-56 | SIPIVBattery Supply LND/LBF/BAT LBF-BAT
SEC Train A Cooling | U-1 | SEC Train A Cooling SEAISEC-AISEA SEC-ARS | SEC-ADS | SEC-A-PO | RREAHX
< U1. Essential [Sea] Sea]
£ Gebing SEC TrainB Cooling [ U-2 | SEC Train B Cooling SEASEC-BISEA SEC-B-RS | SEC-B-DS | SEC-B-PO | RRKB-HX
[
‘g Alternative Heatsink | U-3 | Alternative Heatsink
i RRITrain ACooling [ U-11 | RRITrain ACooling SEC/RRFAHXA HX-A | RRFAPO | [RRFA-HX]
o
E a4 RRITrain B Cooling [ U-12 | RRITrain B Cooling SEC/RRHB/HXA HXB | RRHB-PO | [RRFB-HX]
= Cooling | RRI Commons cooling ) ’
E B . UB | T SEC/RRFAHXC e RRA-PO | [RRFAHX]
Ch3n U4 | RRICommons cooling SEC/RRIB/HXC RRIB-PO | [RRFB-HX]
(Train B)
Functionality Lost Tsunami event results in damage
Functionality lost due to On-Site Induced Hazard I I I I I Seismic event results in damage
Functionality Lost by Failure of Support System
Functionality Retained but imited (o less than 24
hours operation.
Functionality Retained
Proposed Plant Changes
Functionality Not Credited or does not Exist
Note * indicates integrity not active function
Note [XXX] indicates as system support dependency
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Table 7:

Functional requirements diagram for a beyond-design-basis earthquake (0.4 g)
inducing a tsunami wave up to the 0 m terrace level (no modifications)

Required Function

SSCs that provide Functional Requirement

Prevention

Functional . " .
. Sub-Function Methods to fulfil Functional Req. (SSCs) Sub-SSC
Requirement
Control Rods C-s1 | Control Rod CRDMs FL-ASS |CNTL-ROD| CRDM
C-L42 ﬁiﬁ :?’a"(’” (drector | REARCVIRCP REAB-TNK | REAB-PO REARCV
Normal charging from PTR &
CLag | o T enarang fom PTRIRCVIRCP PTR-RCV RCV-CL
C1. Sub-Criticality py— o E
Boron Injection. C-L34 | Charding using Emergencyl poqpos o rep PTR-TNK RCP
Seal Injection
PTR-ESS ESS-PO
C-L33 | Emergency Seal Injection | ESS/ESS-SIRCP ESS-SI
C-L11 | Accumulators ACCIRCP ACC ACC-RCP
) . . RCP. RCP. RCP. .| satey
RCP System c21 | RCP Integrity RCP RCP Pumps | Vessel |Pressuiserr| PORYS | Ve
C2. Primary System SG C-122 SG Integrity SG’ SGs’
Integrif i
arity (RS'E‘; System Intedtity)| ' o3 | RRA Integrity RCP*/RRA‘/RCP* RCP* | RRASL* | RRAPO* | RRAH¢ | RRADL* | RRA-SV* |
(RS'E‘; System lsolation| [y | Rra isolation RCP* RCP* RRA-SL | RRADL
C-L31 | Normal Seal Injection REARCVIRCP REAB-TNK | REAB-PO REARCV
Normal Seal Injection RCV-PO | RCV-SI
S C132 | PTR Seal Injection PTRIRCVIRCP PTR-RCV. RCP
injection
= o PTR-TNK
In;;‘j;gﬁ““ . C-L33 | Emergency Seal Injection | ESS/RCP PTR-ESS ESSPO | ESS-SI
C-L42 sfrﬁ :?’a"o” (direct or REARRCVIRCP REAB-TNK | REAB-PO
Normal charging from REA REARCY
RCV Normal charging| C-L43 | o charging from REARCV/RCP REAW-TNK| REAW-PO RCV-PO
water system
- RCV-CL
C-Laa g?ﬂ:a' Charging from PTR/RCV/RCP PTR-RCV
ESS Charging Charging using ESS
njection (LowFlow) | €34 | (6m3rhr) ESS/ESS-CLIRCP
B . P PTR-ESS ESS-PO
eal injection C-L33 mergency Seal Injection ESS/ESS-SIRCP PTR-TNK £SS-SI
(LowFlow) (6m3/hr) rcp
C4. Primary System
iy Y SYSteM | Lisi- Direct Inj C-L45 | HHSI Direct Injection PTRIRCVIBITIRCP PTR-RCV RCV-PO | RCV-HSI
LHSI - Direct Inj. C-L46 | LHSI Direct Injection PTRIRISIRCP PTR-RIS
RIS-PO
LHSI- Recirculation [ C-L47 | LHSIRecirculation SMPIRISIRCP SMP-RIS
o RIS-LSI
2 SMP/EAS/EAS-
o EAS Back-uptoRIS [ C-L48 | EAS Back-up to RIS CNT-SMP | SMP-EAS | EAS-PO | EASRIS [ RIS-PO*
o 4POIRISIRCP
= EAS 004 Back-up to SMP/EAS/EAS-
C-L49 | EAS Back-up to RIS SMP-EAS | EAS-PO* | EAS-4PO | RIS-PO*
.g RIS ack-up to RIS/RIS/RCP
3 PTR Gravity Feed | o\ 61 | pTR Gravity Feed PTRIRIS/RCP PTR-TNK PTR-RIS RIS:PO* | RIS-LSI RCP
e (SD - Head Off)
C-L50 | GCTa Steam Dump SGMWPIGCTa GCTa-STM
SG Steam Dump SGs WP-GCT
CLb% | GCTo-Steam-Dump T GCTo-STM| CEXTNK | CEX-RO
C-L52 | Turbine Driven ASG Pump | ASGIASGUSG ASG-TIPO | ASG-T/SS ASG-T/FL
ASG-TNK ASG-SGIFL
SG Feedwater C-L53 | Motor Driven ASG Pumps | ASGIASGM/SG ASG-MPO ASG-MFL SGs
CLb4 | AREMainFood- CEXAPNSG- CEXTNK | CEXPO | ABR-HX- | APAPO | AHR-HX- |ARE-SGHL
C5. Core Cooling C-L55 | SER Make-up to ASG SER/ASG SER-PO
v Y SER-TNK SER-ASG
CL56 | 5o gravity Make-up to SERJ/ASG (gravity) SER-BV
6 Longt ASG-TNK
ong term C-L57 | JPP Make-up to ASG JPP/PDIASG JPP-TNK JPP-PO | JPD-ASG
Feedwater Supply
C-L58 | JPS Make-up to ASG SEPIJPS/JPDIASG JPS-PO | JPD-ASG
SEP-TNK | SEP-JPP/S
C-L59 | SEP Make-up to JPP SEPIPP JPP-TNK
g’g‘;cm Coolind | ‘¢ 69 | RRA Cooling RCP/RRAIRCP RCP* | RRASL | RRAPO | RRAHx | RRA-DL | RRA-SV | RCP*
Containment Isolation|  B-1 Containment Building B-CNT
Direct Core Injection *See C4. Primary System Make-up
CiLgy | Containment Spray-BAS | oo e asionT PTR-TNK | PTR-EAS EAS-PO
Direct Injection
CiLpp | Containment Spray-EAS | gy peagionT CNT-SMP | SMP-EAS | EASPO | EASHx | EAS'SPR | CONT
Containment Recirculation
Pressure Control i -
: CLga | Contaimment Spray JPP | ooy ng ot JPP-TNK | JPP-PO | JPP-JPC | JPC-EAS
C6. Containment Emergency Back-up
Integrif
arity C-L64 | Containment Venting
Hydrogen Reduction | C-L65 | Hydrogen PARS ETY (PARS) PARs
AL C-L52 | Turbine Driven ASG Pump | ASGIASGUSG ASG-TIPO | ASG-TISS ASG-TIFL
B ASG-TNK ASGSGIFL|  SGs
C-L53 | Motor Driven ASG Pumps | ASGIASGM/SG ASG-MPO ASG-MFL
Basemat Mellthro | | 65 | Reactor it Flooding
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Table 7:

Functional requirements diagram for a beyond-design-basis earthquake (0.4 g)
inducing a tsunami wave up to the 0 m terrace level (no modifications)

Required Function SSCs that provide Functional Requirement
Functional . " .
. Sub-Function Methods to fulfil Functional Req. (SSCs) Sub-SSC
Requirement
Core Exit Core Exit Temperature
Temperature s Indication RIC oM™ [N
RCP Level cp | ProssuriserLevel RCPxoMN ILN]
Indication
Re?m?r Level C-24 RVLIS
Indication
RCP pressure Cc-13 RCP Pressure Indication RCPxxxMP [LNi]
RRAPressure C-5 | RRAPressure Indication RRAoMP (LN
SG Level C-6 | SGWR Level indication ARExxMN LN
2
8 SG Pressure c-i7 SG Pressure Indication WPxxMP [LNi]
13
) & ASG Tank Level C-18 | ASG Tank Level Indication ASGO02LN
< 4
o o
Indication i
3 Diesel Tank Level Gl | DreselTank Level LHixLN
& ndications
Containment C-120 Containment WR Pressure| ETYx0oMP N
Pressure Indication
Containment Containment Radiation KRT022-
Radiation Cg Levels 23MA (IEILLR &
Containment Sump RISxxSL
el C-122 | Containment Sump Level 0w | [LcaB]
BaseMat
b C-23 | Basemat Thermo-couples KSBxooMT
Containment Sump c51
Temperature
Containment
Hydrogen Sampiing | C1%2
Reactor Pit c53
‘Temperature
SFP Pool S-S1 | SFP Pool Integrity SFP SFP-PL | B-SFP
S1. SFP Integrity PTR 1/2 PO s-s1 ﬁg;::s’ma' SFP Cooling | qep\prRISFP PTR-SL | PTRPO* | PTRHX" | PTR-DL |PTR-SPHN
SFP-PL SFP-PL
PTR6 PO $-S2 | PTR 3rd Train Integrity SFP\PTRASFP PTR3-SL | PTR3-PO* | PTR3-HX® | PTR3-DL |PTR3-SPHN
PTR 1/2PO S1 | PTR Normal Cooling SFP\PTR\SFP PTR-SL | PTRPO | PTR-HX PTR-DL
$2. SFP Cooling SFP-PL SFP-PL
PTR6 PO S12 | PTR 3rd Train Cooling SFP\PTR3ISFP PTR3-SL | PTR3-PO | PTR3-HX PTR3-DL
SFP Steam Release S-L3 Open Vent Doors SFP-VD
8 S4 | SED Make-up SED/SFP SED-TNK SED-PO SED-SFP
o $3. Bulk Boiling srPE
@ mergency S5 | JPP Make-up JPPIJPDISFP JPP-TNK JPP-PO SFP-PL
S Make-up
2 JPD-SFP
- S-L6 | JPS Make-up SEPIJPS/SFP SEP-TNK | SEP-JPP/S| JPS-PO
8
J‘,‘ SFP Level S | SFP Level Indication PTRxooMN [LN] | [SAR-ACC]
SFP Temperature s ‘SFP Temperature PTRxoMT LN]
ndication
Fuel Rack s
Temperature
$4. Indication ARl s
Concentration
SFP Building o
Pressure
SFP Hydrogen 05
Concentration 8
SFP Building
Humidity S
V-LO1 f/:E(Make'“p toSeismic | jppyppaLT JPP-TNK JPP-PO | JPP-JPD
Flooding of Sei JPS Make-up to Seismi 1
= V1. Seismic Vault | [, SO OTSESME |y gp | IPE MAKEUPIOSERME - sepypspDALT SEP-JPP/S| JPS-PO | JPS-UPD iy
S SEP Gravity Feed t il
> VA0S | o SEPIPDALT SEP-VLT
o eismic Vault
£ Seismic Vault -
) Temperature
2 e
3 VAT Seismic Vault Water |\
Level
Seismic Vault
Pressure s
> £ | 1. cask Integrity (T:;f"“ RemanLeak S| Fplsq | Cask integrity CASK CASK*®
7]
[= 1] ir cooli
O | b2 caskcooling Cask Arr cooling D-L1 | Cask Cooling Cask building and Air Flow | B-LLW | CASK-AR
maintained
BA1. Containment B1 | Containment Building B-CNT | Building Hatch | Penetration | Airlocks |
B2.NAB B2 Nuclear Auxiliary Building B-NAB
B3. Electrical Building B3 Electrical Building B-ELE
»
o B4. Diesel buildings B4 Unit Diesel Building B-DSL
c
- B5. SBO Diesel Building B5 | SBO Diesel Building B-SBO
a B6. SEC pump-house B6 | SEC Pumphouse Building B-SEC
B7. Turbine Hall B7 Turbine Hall B-TUR
B8. LLW Building B8 | Low Level Waste Building B-LLW
B9.ECC B9 | Emergency Control Centre B-ECC
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Table 7:
Functional requirements diagram for a beyond-design-basis earthquake (0.4 g)
inducing a tsunami wave up to the 0 m terrace level (no modifications)

Required Function SSCs that provide Functional Requirement
Functional . " .
Requirement Sub-Function Methods to fulfil Functional Req. (SSCs) Sub-SSC
E-1 | 400KV LHASupply 400KVILHA 400KV | | GEN-TRX | UNT-TRX | LGA-SWB
LGB-SWB
LHA Switchboard E-2 | 132KVLHASupply 132KVILHA 132KV STN-TRX LGE/F-SWB
Supply LHA-SWB | [LCA] [LBA]
[LHA] E-3 | LHP DieselLHASupply | LHP/LHA LHP-DSL LHP-LHA
= 45 E4 | LHSDieselLHASupply | LHS/LHA LHS-DSL LHS-LHC LHC-SWB | LHC-LHA
PR E-5 | 400KV LHB Supply 400KV/LHB 400KV | GEN-TRX | UNT-TRX | LGD-SWB
LGC-SWB
LHB Switchboard E-6 | 132KVLHB Supply 132KVILHB 132KV STN-TRX LGE/F-SWB
Supply LHB-SWB | [LcB] 1LBB]
[LHB] E-7 | LHQ DieselLHB Supply | LHQILHB LHQ-DSL LHQ-LHB
E-8 | LHS DieselLHB Supply | LHS/LHB LHS-DSL LHS-LHC LHC-SWB | LHC-LHB
’ LLY SBO Diesel
gi'pilayo Dle=el Supply E-10 | LLY Switchboard Supply | LLSILLXLLY LLSDSL | LLX-SWB | LLXLLY | LLY-SWB
[LLY]
E-21 | LCASwichboard-LHA | LCALLALHA [LHA] LLAE-SWB
LCARD
LCA 48V Switchboard|
B E-22 | LCASwichboard-LLS | LCALLY [LLY] LCA'SWB
2L E-23 | LCASwitchboard - Battery | LCABAT LCA-BAT
SRR S SRRl E-24 | LCB Switchboard-LHB | LCBILLILHB [LHB] | LLB\D-SWB
LCB 48V LCB-RD
Switchboard Supply [ E-25 | LCB Switchboard-LLS | LCBILLY [LLY] LCB-SWB
[LCB]
E E-26 LCB Switchboard - Battery [ LCB\BAT LCB-BAT
2
3 E-31 | LBASwitchboard-LHA | LBALLILHA [LHA] | LLC\E-SWB
I3 LBA 125V LBA-RD
£ Switchboard Supply | E-32 | LBASwitchboard-LLS | LBALLY [LLY] LBASWB
[LBA]
3 E4. 125V, E-33 | LBASwitchboard - Battery | LBABAT LBA-BAT
o |
‘3 Switchboard Supply E:34 | LBB Switchboard-LHA | LBB\LLALHB [LHB] | LLB\D-SWB
LBB 125V LBB-RD
§ Switchboard Supply [ E-35 | LBB Switchboard-LLS | LBBILLY [LLY] LBB:SWB
o 1LBB]
.3 E-36 | LBB Switchboard - Battery | LBB\BAT LBB-BAT
@
o E-41 | SIPIDirty Supply from LHA| LNALLC/LHA LLC-SWB LNA-RD
[LHA
LNA 220V Essential | E-42 s:: A‘ Clean Supply from | | \at BC/LLALHA LLASWB
i LBC-RD LNA-SWB
[LNA] E-43 | SIPISupply from LSS LNALBCILLY [LLY] LBC-SWB
E-44 | SIPIBattery Supply LNAILBC/BAT LBC-BAT
E45 | SENDTYSwRTOm g iDiHe LLD-SWB LNB-RD
[LHB]
LNB 220V Essental || £ | SO0 SWRVOM 1 \ggpisiie LLB-SWB
i LBD-RD LNB-SWB
[LNB] E-47 | SIP Il Supply from LSS LNB/LBDILLY [LLY] LBD-SWB
ES. Essential E-48 | SIP llBattery Supply LNB/LBD/BAT LBD-BAT
Switchboard Supply E-49 3': A‘” Dirty Supply from LNC/LLG/LHA LLC-SWB LNC-RD
[LHA
LNC 220V Essential | E-50 f:f A‘” Clean Supply from | | no/BE/LLALHA LLA-SWB
i LBE-RD LNC-SWB
[LNC] E-51 | SIP Il Supply from LSS LNC/LBE/LLY [LLY] LBE-SWB
E-52 | SIP llBattery Supply LNG/LBE/BAT LBE-BAT
Es3 | SEVOMYSweom o ionke LLD-sWB LND-RD
[LHB]
LND 220V Essental | E-s4 | S IV Clean SWRYOm 1 Nongrn g LLB-SWB
i LBF-RD LND-SWB
[LND] E-55 | SIPIVSupplyfromLSS | LNDILBF/LLY [LLY] LBF-SWB
E-56 | SIPIVBattery Supply LND/LBF/BAT LBF-BAT
SEC Train A Cooling [ U-1 | SEC Train A Cooling SEA/SEC-A'SEA SEC-ARS | SEC-ADS | SEC-A-PO | RREAHX
X 5 [Sea] [Sea]
U1. Essential
£ cOoIi:ZE" g SEC TrainB Cooling [ U2 | SEC Train B Cooling SEA'SEC-BISEA SEC-B-RS | SEC-B-DS | SEC-B-PO | RREB-HX
7]
]
g Alternative Heatsink U3 Alternative Heatsink
i RRITrain ACooling [ U-11 | RRITrain ACooling SEC/RRFAHXA HX-A | RRFAPO | [RRFA-HX]
2
g ol RRITrain B Cooling [ U-12 | RRITrain B Cooling SEC/RRHB/HXA HXB | RRFB-PO | [RRFB-HX]
- Cooling RRI Commons cooling
g AL uB | Tonm SEC/RRFAHXC 1! RRFA-PO | [RRFAHX]
Cholng U4 :?'f;iggmr‘s cooling SEC/RRHB/HXC RRIB-PO | [RRFB-HX]
Functionality Lost Tsunami event results in damage
Functionality lost due to On-Site Induced Hazard I I I I I Seismic event results in damage
Functionality Lost by Failure of Support System
Functionality Retained but imited (o less than 24
hours operation.
Functionality Retained
Proposed Plant Changes
Functionality Not Credited or does not Exist

Note * indicates integrity not active function

Note [XXX] indicates as system support dependency

eert-12-024-rpt rev 3 - earthquake and tsunami with induced events.docx -48-



® Eskom

Table 8:

Functional requirements diagram for a beyond-design-basis earthquake (0.4 g)
inducing a tsunami wave up to the 0 m terrace level with proposed modifications implemented

Required Function

8SCs that provide Functional Requirement

Prevention

Functional . " .
. Sub-Function Methods to fulfil Functional Req. (SSCs) Sub-SSC
Requirement
Control Rods c-s1 | Control Rod CRDMs FL-ASS |CNTL-ROD| CRDM
c-L42 sfrg :‘)’"’""" (direct or REAIRCVIRCP REAB-TNK | REAB-PO REA-RCV
- RCV-PO
C-L44 ‘Na‘:'lma' charging from PTR | o RcviRcP PTR-RCV RCV-CL
C1. Sub-Criticality Chargi ing E
Boron Injection C-L34 arging using EMErgency| e ess.CLURCP PTR-TNK RCP
Seal Injection
PTR-ESS ESS-PO
C-L33 | Emergency Seal Injection | ESS/ESS-SIRCP ESS-Sl
C-L11 | Accumulators ACC/RCP ACC ACC-RCP
) . . RCP. RCP. RCP .| safety
RCP System C-121 RCP Integrity RCP RCP Pumps* Vessel* |Pressuriser* PORVs | Valves*
C2. Primary System | 5C C22 | SG integrity sG SGs
Integrif i
arity (RSFg;SVS‘e’" Integrity| "o 3 | RRAIntegrity RCP*/RRA/RCP* RCP* | RRASL* | RRAPO* | RRAHx* | RRA-DL* | RRA-SV* |
g%‘;sys'e'" solationf ¢ o4 | RRAIsolation RCP* RCP* RRASL | RRADL
C-L31 | Normal Seal Injection REARCVIRCP REAB-TNK | REAB-PO REARCV
Normal Seal Injection RCV-PO | RCV-SI
! jecti 3 PTR-RCV RCP
C3.RCP Seal C-L32 PTR Seal Injection PTR/RCV/RCI
injection E Seal PR T
In;;‘s;gimy o C-L33 | Emergency Seal Injection | ESS/RCP PTR-ESS ESS-PO | ESS-sI
Shutdown Seal C25 | Emergency Shutdown Seal| RCP SD-Seal
C-L42 S\:Erﬁ 2‘)”3"“” (direct or REARCVIRCP REAB-TNK | REAB-PO
N I ch: fi REA| RS
RCV Normal charging| C-L43 | orma charging from REARCV/RCP REAW-TNK| REAW-PO RCV-PO
water system
RCV-CL
C-L44 g#‘;a' Charging from PTRIRCVIRCP PTR-RCV
ESS Charging Charging using ESS
Injection (LowFlow) | S3% | (6m3/hr) ESS/ESS-CLIRCP
B . P PTR-ESS ESS-PO
ealinjection | (o) g3 | =mergency Seallnjection | pgq/Ess SIRCP PTR-TNK ESS-S|
(Low Flow) (6m3/hr) rcp
C4. Primary System
b Y SYSteM | Lisi- Direct Inj C-L45 | HHSI Direct Injection PTRIRCVIBITIRCP PTR-RCV RCV-PO | RCV-HSI
LHSI - Direct Inj. C-L46 | LHSI Direct Injection PTRIRISIRCP PTR-RIS
RIS-PO
LHSI- Recirculation | C-L47 | LHSIRecirculation SMPIRISIRCP SMP-RIS
SMP/EAS/EAS RISLSI
g EAS Back-uptoRIS | C-L48 | EAS Back-uptoRIS PORSROD CNT-SMP | SMP-EAS | EASPO | EASRIS | RIS-PO
o EAS 004 Back-up (o SMP/EAS/EAS- | .
= 25 C-L49 | EAS Back-uptoRIS RISRISRGP SMP-EAS | EAS-PO* | EAS4PO | RIS-PO
- PTR Gravity Feed N " 4
© (80 koad (o) C-L61 | PTR Gravity Feed PTRIRIS/RCP PTR-TNK PTR-RIS RIS.PO* | RIS-LSI RCP
o
x C-L50 | GCTa Steam Dump SGMWPIGCTa GCTa-STM
SG Steam Dump SGs WP-GCT
C454 | GCToSteam Dump SGAMRIGETe GCTo-STM| CEXTNK | GEXPO
C-L52 | Turbine Driven ASG Pump | ASGIASGUSG ASG-TIPO | ASG-TISS ASG-TIFL
ASG-TNK ASG-SGIFL
SG Feedwater C-L53 | Motor Driven ASG Pumps | ASGIASGM/SG ASG-MPO ASG-MFL SGs
C454 | AREMainFeed- CEXARASG- CEXTNK | CEXPO | ABRHX: | APARO | AHP-HX: |ARE-SGIFL
C-L55 | SER Make-up to ASG SER/ASG SER-PO
C5. Core Cooling SER o ok p SER-TNK SER-ASG
CL56 | agq Y MEKEHPIO  SERIASG (gravity) SER-BV
ASG-TNK
C-L57 | JPP Make-up 0 ASG JPPIJPDIASG JPP-TNK JPP-PO | UPD-ASG
SG Long term
Feedwater Supply
C-L58 | JPS Make-p to ASG SEP/PSIJPD/ASG JPS-PO | JPD-ASG
SEP-TNK | SEP-JPPIS
C-L59 | SEP Make-up to JPP SEP/IPP JPP-TNK
C-L67 | 4th SG Injection SEP/ASGXSG SEP-TNK | ASG-4PO
g’;‘;cm Cooling 1.1 60 | RRA Cooling RCP/RRARCP RCP* RRASL | RRA-PO ’ RRA-Hx | RRA-DL | RRA-SV | RCP*
Containment Isolation| B-1 | Containment Building B-CNT
Direct Core Injection *See C4. Primary System Make-up
gy | Containment Spray-EAS | pryeasionT PTR-TNK | PTR-EAS EAS-PO
Direct Injection
CLgp | Containment Spray-EAS | gy ag/onT CNT-SWP | SMP-EAS | EASPO | EAS-Hx
Recirculation
contai PR e—— EAS-SPR | CONT
ontainment C-Lgg | Containment Spray - JPP/EAS/CNT JPP-TNK | JPP-PO | JPP-JPC | JPC-EAS
Pressure Control Emergency Back-up
C6. Containment
° C-L68 | EAS Emergency Backup | SEP/EASX/CNT SEP-TNK | SEP-EAS PEE-PO
Integrity
C-L64 | Containment Venting
Hydrogen Reduction | C-L65 | Hydrogen PARS ETY (PARS) PARs
C-L52 | Turbine Driven ASG Pump | ASGIASGUSG ASG-TIPO | ASG-TISS ASG-T/FL
SG Creep Rupture
o ASG-TNK ASG-SGFL|  sGs
C-L53 | Motor Driven ASG Pumps | ASGIASGM/SG ASG-MPO ASG-MFL
BasematMelt:tro | ) o5 | Reactor Pit Fiooding
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Table 8:

Functional requirements diagram for a beyond-design-basis earthquake (0.4 g)
inducing a tsunami wave up to the 0 m terrace level with proposed modifications implemented

Required Function SSCs that provide Functional Requirement
Functional . " :
Requirement Sub-Function Methods to fulfil Functional Req. (SSCs) Sub-SSC
Core Exit Core Exit Temperature
Temperature e Indication RIC oM™ [N}
RCP Level cp | ProssuriserLevel RCPxoMN ILN]
Indication
Reactor Level
Indication S| s
RCP pressure Cc-I3 RCP Pressure Indication RCPxxxMP [LNi]
RRAPressure C-5 | RRAPressure Indication RRAxXMP LN
SG Level C-I6 | SGWR Level indication ARExxMN LN
<
8 SG Pressure C-I7 | SGPressure Indication WPxoMP LN
13
S & ASG Tank Level C-18 | ASG Tank Level Indication ASGO02LN
o M
Indication i
3 Diesel Tank Level Gl | Prese TankLevel LHixLN
& ndications
g;r;t;sall:\rr:em C-20 ﬁz;l::‘r;r:ent WR Pressure| ETY: P LN
Containment Containment Radiation KRT022-
Radiation G2 | Levels 23MA KRTo01AR [
Containment Sump ! RISxSL
e, 2] C-122 Containment Sump Level EASXxSL [LCAB]
?ﬁ:ﬁrﬁéouples C-23 | Basemat Thermo-couples KSBxooMT
Containment Sump
Temperature 51
Containment
Hydrogen Sampling 52
Reactor Pit
Temperature G153
SFP Pool S-S1 | SFP Pool Integrity SFP SFP-PL B-SFP
S1. SFP Integrity PTR 1/2 PO s-s1 E{ez::;’""a' SFP Cooling | gp\prRISFP PTR-SL | PTR-PO* | PTRHX* | PTR-DL |PTR-SPHN
SFP-PL SFP-PL
PTR6 PO $-S2 | PTR 3rd Train Integrity SFP\PTRISFP PTR3-SL | PTR3-PO* | PTR3-HX' | PTR3-DL |PTR3-SPHN
PTR 1/2 PO S:L1 | PTR Normal Cooling SFP\PTR\SFP PTRSL | PTR-PO | PTR-HX PTR-DL
$2. SFP Cooling SFP-PL SFP-PL
PTR 6 PO S-L2 | PTR 3rd Train Cooling SFP\PTRISFP PTR3-SL | PTR3-PO | PTR3-HX PTR3-DL
SFP Steam Release | S-L3 | Open Vent Doors SFP-VD
5 S-14 | SED Make-up SED/SFP SED-TNK SED-PO SED-SFP
o
-8 $3. Bulk Boiling _— S5 | JPP Make-up JPPIJPD/SFP JPP-TNK JPP-PO
@ JPD-SFP | SFP-PL
2 Make-up
z S-L6 | JPS Make-up SEP/JPS/SFP SEP-TNK | SEP-JPP/S | JPS-PO
-
s S-L7 | SEP Make-up SEP/SFPx SEP-TNK | SEP/SFPx PEE-PO
o
”n SFP Level S | SFP Level Indication PTRyooMN [LN] | [SAR-ACC]
SFP Temperature
SFP Temperature SR |\ ication PTRwooMT LN
Fuel Rack
Temperature S8
i SFP Boron
S4. Indication e S-14
SFP Building
Pressure S
SFP Hydrogen S
Concentration
SFP Building
Humidity &
V-LO1 \J/:EnMake'“" toSeismic | jppypppLT JPP-TNK JPP-PO | JPP-JPD
JPD-VLT
g V1. Seismic Vault \F,':‘j:""g of Seismic | /o \J,Zj(""ake'“p toSeismic | sppyps/POALT SEP-JPP/S| JPS-PO | JPS-UPD VLT
g SEP Gravity Feed t SEPTNK
> 2 ravity Feed to !
o VALO3 | S it SEP/JPDNLT SEP-VLT
‘e Seismic Vault
g Temperature A
o -
» V.2 Indication Seismic Vault Water vi2
Level
Seismic Vault
Pressure A
> £ | b1.casklntegrity %:f": R MBSl Cask integrity CASK CASK®
7]
o ® ey
O | p2 caskcooling ﬁ?:t;';:dm""g D-L1 | Cask Cooling Cask building and Air Flow | B-LLW | CASK-AR
B1. Containment B1 | Containment Building B-CNT | Building Hatch | Penetration | Airlocks |
B2.NAB B2 | Nuclear Auxiliary Building B-NAB
B3. Electrical Building B3 | Electrical Building B-ELE
7]
=) B4. Diesel buildings B4 Unit Diesel Building B-DSL
c
el B5. SBO Diesel Building B5 SBO Diesel Building B-SBO
‘3 B6. SEC pump-house B6 SEC Pumphouse Building B-SEC
B7. Turbine Hall B7 Turbine Hall B-TUR
B8. LLW Building B8 | Low Level Waste Building B-LLW
B9.ECC B9 | Emergency Control Centre B-ECC
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Table 8:

Functional requirements diagram for a beyond-design-basis earthquake (0.4 g)
inducing a tsunami wave up to the 0 m terrace level with proposed modifications implemented

Required Function SSCs that provide Functional Requirement
Functional . " .
. Sub-Function Methods to fulfil Functional Req. (SSCs) Sub-SSC
Requirement
E-1 | 400KV LHA Supply 400KVILHA 400KV | GEN-TRX | UNT-TRX | LGA-SWB
LGB-SWB
E-2 | 132KVLHASupply 132KVILHA 132KV STN-TRX LGE/F-SWB
LHA
Supply E-3 | LHP DieselLHASupply | LHPILHA LHP-DSL LHP-LHA LHASWB | [LCA] [LBA
[LHA]
E-4 | LHSDieselLHASupply | LHS/LHA LHS-DSL LHS-LHC | LHC-SWB | LHC-LHA
E1. Essential 6.6kV
: Supely E-60 | MBL DieselLHASupply | MBL-DSLILHA MBL-DSL MBL-DSL-CON
E-5 | 400KV LHB Supply 400KVILHB 400KV | GEN-TRX | UNT-TRX | LGD-SWB
LGC-SWB
E-6 | 132KVLHB Supply 132KVILHB 132KV STN-TRX LGE/F-SWB
LHB
Supply E-7 | LHQ DieselLHB Supply | LHQ/LHB LHQ-DSL LHQ-LHB LHB-SWB | [LCB] [LBB]
[LHB]
E-8 | LHS DieselLHB Supply | LHS/LHB LHS-DSL LHS-LHC | LHC-sWB | LHC-LHB
E-61 | MBL DieselLHB Supply | MBL-DSLILHB MBL-DSL MBL-DSL-CON
’ LLY SBO Diesel
S Supply E-10 | LLY Switchboard Supply | LLS\LLXLLY LLS-DSL | LLX-SWB | LLXLLY | LLY-SWB
Supply ILLY]
E-21 | LCASwichboard-LHA | LCALLALHA [LHA] LLAE-SWB
LCARD
LCA48V Switchboard|
B E-22 | LCASwitchboard-LLS | LCALLY [LLY] LCA'SWB
L1 E-23 | LCASwitchboard - Battery | LCABAT LCABAT
SwitchBaard Stpply E24 | LCB Switchboard-LHB | LCB\LLALHB [LHB] |LLB\D-SWB
LCB 48V LCB-RD
£ Switchboard Supply | E-25 | LCB Switchboard -LLS | LCBWLLY ILLY] LCB-SWB
K] [LCB]
|3 E-26 | LCB Switchboard - Battery | LCB\BAT LCB-BAT
(2]
s E-31 | LBASwitchboard-LHA | LBALLILHA [LHA] | LLC\E-SWB
5 LBA 125V LBARD
8 Switchboard Supply | E-32 | LBASwitchboard-LLS | LBALLY [LLY] LBA-SWB
o [LBA]
a a8 E-33 | LBASwitchboard- Battery | LBABAT LBABAT
© SR SUPE E-34 | LBB Swichboard-LHA | LBBILLALHB [LHB] |LLE\D-SWB
o LBB 125V LBB-RD
,3 Switchboard Supply | E-35 | LBB Switchboard-LLS | LBBILLY [LLY] LBB-SWB
[LBB]
ﬁ E-36 LBB Switchboard - Battery | LBB\BAT LBB-BAT
E-41 | SIPIDirty Supply from LHA| LNAILLC/LHA LLC-SWB LNARD
[LHA]
LNA220VEssential || 42 || 5P IO SR Om 1y goriaia LLA-SWB
i LBCRD LNA-SWB
[LNA] E-43 | SIPISupplyfrom LSS LNALLBCILLY ILLY] LBC-SWB
E-44 | SIPIBattery Supply LNAILBC/BAT LBC-BAT
E-45 f"_‘PB" Dirty Supply from INBILLD/LHB LLD-sWB LNB-RD
[LHB]
LNB 220V Essential | E-46 S'PB" Clean Supply from | | g\ BD/LLBILHB LLB-SWB
i LBD-RD LNB-SWB
[LNB] E-47 | SIPlISupply from LSS LNB/LBDILLY ILLY] LBD-SWB
ES. Essential E-48 | SIP IlBatiery Supply LNB/LBD/BAT LBD-BAT
Switchboard Supply E-49 ff A‘” Dirty Supply from LNC/LLC/LHA LLC-SWB LNC-RD
[LHA]
LNC 220V Essental [ E-50 || S I'Clean SUplom 1 nenen LaHa LLA-SWB
i LBE-RD LNC-SWB
[LNC] E-51 | SIPIiSupplyfromLSS | LNG/LBELLY [LLY] LBE-SWB
E-52 | SIP ll Battery Supply LNC/LBE/BAT LBE-BAT
Es3 | SEVOMYSwefom oy ionke LLD-SWB LND-RD
[LHB]
LND 220V Essental | Es4 | SF N Clean Supply from | | Nyt BF/LLB/LHB LLB-SWB
i LBF-RD LND-SWB
[LND] E-55 | SIPIVSupplyfrom LSS | LNDLBFILLY ILLY] LBF-SWB
E-5 | SIP IV Battery Supply LND/LBF/BAT LBF-BAT
SEC Train A Cooling | U-1 | SEC Train A Cooling SEA/SEC-AISEA SEC-A-RS | SEC-A-DS | SEC-APO | RRIAHX
™ ’ [Sea] [Sea]
U1. Essential
£ Cooli:;e“ g SEC TrainB Cooling | U-2 | SEC Train B Cooling SEA'SEC-BISEA SEC-B-RS | SEC-B-DS | SEC-B-PO | RREB-HX
7}
8
g Alternative Heatsink U3 Alternative Heatsink
:‘5 RRITrain ACooling | U-11 | RRITrain A Cooling SEC/RRI-AHXA HXA | RREAPO | [RREAHX]
2
g ad RRITrain B Cooling | U-12 | RRITrain B Cooling SEC/RRFBIHXA HXB | RRHB-PO | [RRFB-HX]
- Cooling RRI Commons cooling
=] RRICommons UB | (frainA) SEC/RRIAHXC 1y RRFA-PO | [RRFAHX]
Codling U4 | RRICommons cooing | secppigxc RRIB-PO | [RRHB-HX]
(Train B)
Functionality Lost Tsunami event results in damage
Functionality lost due to On-Site Induced Hazard I I I I I Seismic event results in damage
Functionality Lost by Failure of Support System
Functionality Retained but limited to less than 24
hours operation.
Functionality Retained
Proposed Plant Changes
Functionality Not Credited or does not Exist
Note * indicates integrity not active function
Note [XXX] indicates as system support dependency
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Table 9:

Functional requirements diagram for a beyond-design-basis earthquake (0.4 g)
inducing a tsunami wave up to 3.8 m above the terrace level (no modifications)

Required Function

SSCs that provide Functional Requirement

Prevention

Functional . " .
. Sub-Function Methods to fulfil Functional Req. (SSCs) Sub-SSC
Requirement
Control Rods C-s1 | Control Rod CRDMs FL-ASS |CNTL-ROD| CRDM
c-L42 ﬁiﬁ :?’a"(’” (drector | REARCVIRCP REAB-TNK | REAB-PO REARCV
Normal charging from PTR RCV:PO
CLag | o enarang fiom PTRIRCVIRCP PTR-RCV RCV-CL
C1. Sub-Criticality Fr—"
Boron Injection C-L3g | Charding using Emergencyl poqpos o rep PTR-TNK RCP
Seal Injection
PTR-ESS ESS-PO
C-L33 | Emergency Seal Injection | ESS/ESS-SIRCP ESS-SI
C-L11 | Accumulators ACCIRCP ACC ACC-RCP
) . . RCP. RCP. RCP .| satey
RCP System c21 | RCP Integrity RCP RCP Pumpst | Vessdr |Pressuserr| PORYS | Ve
C2. Primary System SG C-122 SG Integrity SG’ SGs’
Integrif i
grity (RS'E‘;SVS‘G"‘ gty "o 3 | RRAIntegrity RCP*/RRA‘/RCP* RCP* | RRASL* | RRAPO* | RRAH¢ | RRADL* | RRA-SV* |
(RSFE‘; System lsolation| ' ;| Rra isolation RCP* RCP* RRA-SL | RRADL
C-L31 | Normal Seal Injection REARCVIRCP REAB-TNK | REAB-PO REARCV
Normal Seal Injection RCV-PO| RCV-SI
SHITET] C132 | PTR Seal Injection PTRIRCVIRCP PTR-RCV RCP
injection
= = PTR-TNK
In;:;'igimy eal C-L33 | Emergency Seal Injection | ESS/RCP PTR-ESS ESS-PO | ESS-SI
C-L42 ﬁ;ﬁ :?’a"o” (direct or REARRCVIRCP REAB-TNK | REABB-PO
Normal charging from REA REARCY
RCV Normal charging| C-L43 | \orm@ charging from REARCVIRCP REAW-TNK| REAW-PO RCV-PO.
water system
- RCV-CL
C-L44 g?ﬂ:a' Charging from PTR/RCV/RCP PTR-RCV
ESS Charging Charging using ESS
njection (LowFiow) | €34 | (6m3ihr) ESS/ESS-CLIRCP
oS Seal o . P PTR-ESS ESS-PO
ealinjection | 5 ) 33 | Emergency Seal Injection | qqpgq gyrCP PTR-TNK ESS-SI
(Low Flow) (6m3ihr) rcp
C4. Primary System
e /e HHSI - Direct Inj. C-L45 | HHSI Direct Ijection PTRIRCVIBITIRCP PTR-RCV RCV-PO | RCV-HSI
LHSI - Direct Inj. C-L46 | LHSI Direct Injection PTRIRISIRCP PTR-RIS
RIS-PO
LHSI - Recirculation | C-L47 | LHSIRecirculation SMPIRISIRCP SMP-RIS
o RIS-LSI
g SMP/EAS/EAS-
o EAS Back-up oRIS [ C-L48 | EAS Back-up toRIS CNT-SMP | SMP-EAS | EAS-PO | EASRIS | RIS-PO*
S 4POIRISIRCP
= EAS 004 Back-up to SMP/EAS/EAS-
C-L49 | EAS Back-up to RIS SMP-EAS | EAS-PO* | EAS-4PO | RIS-PO*
.g RIS ack-up to RIS/RIS/RCP
3 PR GravityFeed | ) 54 | bR Gravity Feed PTRIRIS*/RCP PTR-TNK PTR-RIS RIS-PO* | RIS-LSI RCP
e (SD - Head Off)
C-L50 | GCTa Steam Dump SGMWPIGCTa GCTa-STM
SG Steam Dump SGs WP-GCT
C454 | GGToSteam Dump T GGCTe-STM| GEXTNK | GEXRO
C-L52 | Turbine Driven ASG Pump | ASGIASGUSG ASG-TIPO | ASG-TISS ASG-T/FL
ASG-TNK ASG-SGIFL
SG Feedwater C-L53 | Motor Driven ASG Pumps | ASGIASGM/SG ASG-MPO ASG-MFL SGs
C454 | AREMainFoed- CEXARPASG- CEXTNK | CEXPO | ABPHX- | APARO | AHP-HX. |ARE-SGIRL
C5. Core Cooling C-L55 | SER Make-up to ASG SERIASG SER-PO
= Y SER-TNK SER-ASG
CL56 | 5o gravity Make-up to SERJ/ASG (gravity) SER-BV
<6 Lot ASG-TNK
ong term C-L57 | JPP Make-up to ASG JPP/PDIASG JPP-TNK JPP-PO | JPD-ASG
Feedwater Supply
C-L58 | JPS Make-up to ASG SEPIJPS/JPDIASG JPS-PO | JPD-ASG
SEP-TNK | SEP-JPP/S
C-L59 | SEP Make-up to JPP SEPIPP JPP-TNK
fs'g;c‘”e Cooling | =160 | RRA Cooling RCP/RRAIRCP RCP* RRASL | RRA-PO | RRA-Hx | RRA-DL | RRA-SV | RCP*
Containment Isolation|  B-1 Containment Building B-CNT
Direct Core Injection *See C4. Primary System Make-up
CiLgy | Containment Spray-BAS | prpeasionT PTR-TNK | PTR-EAS EAS-PO
Direct Injection
CLep | Containment Spray-EAS | gy ipeagionT CNT-SMP | SMP-EAS | EASPO | EASHx | EAS-SPR | CONT
C Recirculation
Pressure Control i -
: Clga | Contaimment Spray JPP | - ooy n ot JPP-TNK | JPP-PO | JPP-JPC | JPC-EAS
C6. Containment Emergency Back-up
Integrif
arity C-L64 | Containment Venting
Hydrogen Reduction | C-L65 | Hydrogen PARS ETY (PARS) PARs
6 Green Runt C-L52 | Turbine Driven ASG Pump | ASGIASGUSG ASG-TIPO | ASG-T/SS ASG-TIFL
IED RO ASG-TNK ASGSGIFL|  SGs
Prevention
C-L53 | Motor Driven ASG Pumps | ASG/ASGM/SG ASG-MPO ASG-MFL
Basemat Mellthro | ¢ 65 | Reactor Pit Flooding
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Table 9:

Functional requirements diagram for a beyond-design-basis earthquake (0.4 g)
inducing a tsunami wave up to 3.8 m above the terrace level (no modifications)

Required Function SSCs that provide Functional Requirement
Functional . " .
. Sub-Function Methods to fulfil Functional Req. (SSCs) Sub-SSC
Requirement
Core Exit Core Exit Temperature
Temperature s Indication RIC oM™ [N
RCP Level cp | ProssuriserLevel RCPxoMN ILN]
Indication
Re?m?r Level C-24 RVLIS
Indication
RCP pressure Cc-13 RCP Pressure Indication RCPxxxMP [LNi]
RRAPressure C-5 | RRAPressure Indication RRAxxMP (LN
SG Level C-6 | SGWR Level indication ARExxMN LN
2
8 SG Pressure c-i7 SG Pressure Indication WPxxMP [LNi]
13
) & ASG Tank Level C-18| ASG Tank Level Indication ASGO02LN
< g
o A
Indication i
3 Diesel Tank Level Gl | Diesel Tank Level LHixoLN
& ndications
Containment C-120 Containment WR Pressure| ETYx0oMP N
Pressure Indication
Containment Containment Radiation KRT022-
Radiation Cg Levels 23MA (IEILLR &
Containment Sump RISxxSL
el C-122 | Containment Sump Level 0w | [LcaB]
BaseMat
b C-23 | Basemat Thermo-couples KSBxooxMT
Containment Sump c51
Temperature
Containment
Hydrogen Sampiing | C1%2
Reactor Pit c53
‘Temperature
SFP Pool S-S1 | SFP Pool Integrity SFP SFP-PL | B-SFP
$1. SFP Integrity PTR 1/2 PO s-s1 ﬁg;::s’ma' SFP Cooling | qep\prRISFP PTR-SL | PTRPO* | PTRHX" | PTR-DL |PTR-SPHN
SFP-PL SFP-PL
PTR6 PO $-S2 | PTR 3rd Train Integrity SFP\PTRASFP PTR3-SL | PTR3-PO* | PTR3-HX® | PTR3-DL |PTR3-SPHN
PTR1/2PO S-L1| PTR Normal Cooling SFP\PTR\SFP PTR-SL | PTR-PO..| PTR-HX PTR-DL
$2. SFP Cooling SFP-PL SFP-PL
PTR 6 PO S-12 | PTR 3rd Train Cooling SFP\PTR3ISFP PTR3-SL | PTR3-PO | PTR3-HX PTR3-DL
SFP Steam Release S-L3 Open Vent Doors SFP-VD
8 S-14 | SED Make-up SED/SFP SED-TNK SED-PO SED-SFP
o $3. Bulk Boiling srPE
@ mergency S5 | JPP Make-up JPPIJPDISFP JPP-TNK JPP-PO SFP-PL
S Make-up
2 JPD-SFP
- S-L6 | JPS Make-up SEPIJPS/SFP SEP-TNK | SEP-JPP/S| JPS-PO
8
J‘,‘ SFP Level S | SFP Level Indication PTRxooMN [LN] | [SAR-ACC]
SFP Temperature s.p | SFPTemperature PTRxooMT LN]
Indication
Fuel Rack s
Temperature
$4. Indication ARl s
Concentration
SFP Building o
Pressure
SFP Hydrogen 05
Concentration 8
SFP Building
Humidity S
V-LO1 f/:E(Make'“p toSeismic | jppyppaLT JPP-TNK JPP-PO | JPP-JPD
Flooding of Sei JPS Make-up to Seismi 1 1
= V1. Seismic Vault | [, SO OTSESME |y gp | IPE MAKEUPIOSERME - sepypspDALT SEP-JPP/S| JPS-PO | JPS-UPD WLT
S SEP Gravity Feed t il
> VA0S | o SEPIPDALT SEP-VLT
o eismic Vault
£ Seismic Vault -
) Temperature
2 e
3 VAT Seismic Vault Water |\
Level
Seismic Vault
Pressure s
> £ | 1. cask Integrity (T:;f"“ RemanLeak S| Fplsq | Cask integrity CASK CASK*®
7]
[= 1] ir cooli
O | b2 caskcooling Cask Arr cooling D-L1 | Cask Cooling Cask building and Air Flow | B-LLW | CASK-AR
maintained
BA1. Containment B1 | Containment Building B-CNT | Building Hatch | Penetration | Airlocks |
B2.NAB B2 Nuclear Auxiliary Building B-NAB
B3. Electrical Building B3 Electrical Building B-ELE
»
o B4. Diesel buildings B4 Unit Diesel Building B-DSL
c
- B5. SBO Diesel Building B5 | SBO Diesel Building B-SBO
a B6. SEC pump-house B6 | SEC Pumphouse Building B-SEC
B7. Turbine Hall B7 Turbine Hall B-TUR
B8. LLW Building B8 | Low Level Waste Building B-LLW
B9.ECC B9 | Emergency Control Centre B-ECC
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Table 9:
Functional requirements diagram for a beyond-design-basis earthquake (0.4 g)
inducing a tsunami wave up to 3.8 m above the terrace level (no modifications)

Required Function SSCs that provide Functional Requirement
Functional . " :
. Sub-Function Methods to fulfil Functional Req. (SSCs) Sub-SSC
Requirement
E-1 | 400KV LHASupply 400KVILHA 400KV | GEN-TRX | UNT-TRX | LGA-SWB
LGB-SWB
LHA Switchboard E2 | 132KVLHASupply 132KVILHA 132KV STN-TRX LGE/F-SWB
Supply LHA-SWB | [LCA] [LBA]
[LHA] E3 | LHP DieselLHASupply | LHP/LHA LHP-DSL LHP-LHA
= AGEY E4 | LHSDieselLHASupply | LHS/LHA LHS-DSL LHS-LHC LHC-SWB | LHC-LHA
Sl Sy E-5 | 400KV LHB Supply 400KV/LHB 400KV | GEN-TRX | UNT-TRX | LGD-SWB
LGC-SWB
LHB Switchboard E6 | 132KVLHB Supply 132KVILHB 132KV STN-TRX LGE/F-SWB
Supply LHB-SWB | [LCB] 1LBB]
[LHB] E7 | LHQ Diesel LHB Supply | LHQ/LHB LHQ-DSL LHQ-LHB
E-8 | LHS DieselLHB Supply | LHS/LHB LHS-DSL LHS-LHC LHC-SWB | LHC-LHB
. LLY SBO Diesel
T Supply E-10 | LLY Switchboard Supply | LLSILLXLLY LLSDSL | LLX-SWB | LLXLLY | LLY-SWB
Supply ILLY]
E-21 | LCASwichboard-LHA | LCALLALHA [LHA] LLAE-SWB
LCARD
LCA48V
S e E-22 | LCASwichboard-LLS | LCALLY [LLY] LCA'SWB
E3.48V E-23 | LCASwitchboard - Battery | LCABAT LCABAT
SRR S E-24 | LCB Switchboard-LHB | LCBILLILHB [LHB] |LLB\D-SWB
LCB 48V LCB-RD
Switchboard Supply [ E-25 | LCB Switchboard-LLS | LCBILLY [LLY] LCB-SWB
[LCB]
E E-26 | LCB Switchboard - Battery | LCB\BAT LCB-BAT
2
g E-31 | LBA Switchboard - LHA LBA\LLILHA [LHA] | LLC\E-SWB
I3 LBA 125V LBA-RD
+ Switchboard Supply [ E-32 | LBA Switchboard - LLS LBALLY [LLY] LBASWB
[LBA]
g E-33 | LBASwitchboard - Battery | LBABAT LBA-BAT
E4.125V
2 Switchboard Supply
=1 E-34 | LBB Swichboard-LHA | LBBILLALHB [LHB] | LLB\D-SWB
«n LBB 125V LBB-RD
© Switchboard Supply [ E-35 | LBB Switchboard-LLS | LBBILLY [LLY] LBB:SWB
2 [LBB]
.3 E-36 | LBB Switchboard - Battery | LBB\BAT LBB-BAT
)
o E-41 | SIPIDirty Supply from LHA| LNALLC/LHA LLC-SWB LNA-RD
[LHA]
LNA220VEssential [ E4 | SP 'O SURom 1 aygori A LLASWB
i LBC-RD LNA-SWB
[LNA] E-43 | SIPISupply from LSS LNALBC/LLY [LLY] LBC-SWB
E-44 | SIPIBattery Supply LNALLBC/BAT LBC-BAT
g5 | SOy Sueplyfom LNB/LLD/LHB LLD-SWB LNB-RD
[LHB]
LNB 220V Essential | E45 | o Clean Supply from || g\ BD/LLBILHB LLB-SWB
i LBD-RD LNB-SWB
[LNB] E-47 | SIP Il Supply from LSS LNB/LBD/LLY [LLY] LBD-SWB
ES. Essential E-48 | SIPllBattery Supply LNB/LBD/BAT LBD-BAT
Switchboard Supply E-49 S'f A‘” Dirty Supply from LNC/LLC/LHA LLC-SWB LNC-RD
[LHA]
LNC 220V Essental [ E50 | S 'Ol SR oM Ne g LaLHA LLA-SWB
i LBE-RD LNC-SWB
[LNC] E-51 SIP Il Supply from LSS LNC/LBE/LLY [LLY] LBE-SWB
E-52 | SIP Il Battery Supply LNC/LBE/BAT LBE-BAT
Es3 | SEVOMYSweom o ionke LLD-SWB LND-RD
[LHB]
LND 220V Essental [ E-54 | S VOl SURYOM 1 Nongrn ek LLB-SWB
i LBF-RD LND-SWB
[LND] E-55 | SIPIVSupplyfromLSS | LNDILBF/LLY [LLY] LBF-SWB
E-56 | SIPIVBattery Supply LND/LBF/BAT LBF-BAT
SEC TrainACooling [ U-1 | SEC Train A Cooling SEA/SEC-A'SEA SEC-ARS. | SEC-A-DS.| SEC-A-PO.| RREAHX
= U1. Essential [Sea] [Sea]
£ Cooling SEC Train B Cooling [ U-2 | SEC Train B Cooling SEA'SEC-BISEA SEC-B-RS | SEC-B-DS | SEC-B-PO | RRKB-HX
]
2
g Alternative Heatsink U3 Alternative Heatsink
ﬁ RRITrain ACooling [ U-11 | RRITrain ACooling SEC/RRFAHXA HX-A | RRFAPO | [RRFA-HX]
2
g e RRITrainB Cooling | U-12 | RRITrain B Cooling SEC/RRIB/HXA HX-8 | RRFB-PO | [RRFB-HX]
= Cooling RRI Commons cooling " ™
g s U3 | T SEC/RRFAHXC 1! RRFA-PO_| [RRFAHX]
olng U-14 | RRICommons cooling SEC/RRHB/HXC RRIB-PO | [RRIB-HX]
(Train B)
Functionality Lost Tsunami event results in damage
Functionality lost due to On-Site Induced Hazard I I I I I Seismic event results in damage
Functionality Lost by Failure of Support System
Functionality Retained but imited (o less than 24
hours operation.
Functionality Retained
Proposed Plant Changes
Functionality Not Credited or does not Exist
Note * indicates integrity not active function
Note [XXX] indicates as system support dependency
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Table 10:
Functional requirements diagram for a beyond-design-basis earthquake (0.4 g)
inducing a tsunami wave up to 3.8 m above the terrace level with proposed modifications implemented

Required Function SSCs that provide Functional Requirement
Functional . " .
. Sub-Function Methods to fulfil Functional Req. (SSCs) Sub-SSC
Requirement
Control Rods C-s1 | Control Rod CRDMs FL-ASS |CNTL-ROD| CRDM
cLa2 Sfrg :?’am” (drector | REARCVIRCP REAB-TNK | REAB-PO REARCV
Normal charging from PTR Rev-o
Cag | omelcharangiom PTRIRCVIRCP PTR-RCV RCV-CL.
C1. Sub-Criticality Fr—"
Boron Injection c-L34 arging using EMErGencyl  ess/ess-CLIRCP PTR-TNK RCP
Seal Injection
PTR-ESS ESS-PO
C-L33 | Emergency Seal Ijection | ESS/ESS-SIRCP ESS-SI
C-L11 | Accumulators ACCIRCP AcC ACC-RCP
. . RCP RCP RCP .| satety
RCP System C21 | RCP Integrity RCP RCP Pumpe | Vosser |Prossariserr| PORYS | Voo
y \ . .
o2\Primary Syatam||ASS C22 | SGintegrity SG SGs
Integrif i
arity Fs'f;;sys'em Intedrity| "3 | RRA Integrity RCP*/RRA/RCP* RCP* | RRASL* | RRAPO* | RRAHx* | RRADL* | RRA-SV* |
:?S'E‘;S"Stem Solation ¢ py | RrA Isolation RCP* RCP* | RRASL | RRADL
C-L31 | Normal Seal Ijection REARCVIRCP REAB-TNK | REAB-PO REA-RCV
Normal Seal Injection RCV-PO RCV-sI
C-L32 | PTR Seal Injection PTRIRCVIRCP PTR-RCV
I(:;egf’: Seel = = PTR-TNK RCP
In;:{igz“w cal C-L33 | Emergency Seal Injection | ESS/RCP PTR-ESS ESS-PO | ESS-SI
Shutdown Seal C-25 | Emergency Shutdown Seal| RCP SD-Seal
cL42 Sfrﬁ :?’a""” (drector | REARCVIRCP REAB-TNK | REAB-PO
Normal charging from REA REARCY
RCV Normal charging| C-L43 | o charging from REARCVIRCP REAW-TNK| REAW-PO RCV-PO
water system
T —" RCV-CL
Clag | pomra Ehargmorom PTRIRCVIRCP PTR-RCV
ESS Charging Charging using ESS
Injection (Low Flow) G (6m3/hr) ESS/ESS-CLRCP
ESS Seal injc E Seal Inject PTRESS ESS:-PO
eal injection mergency Seal Injection | i
e o | e ESS/ESS-SURCP PTR-TNK ESS-SI o
4. Pri
;aker::ary System | s Direct . C-L45 | HHSIDirect Injection PTRIRCV/BIT/RCP PTR-RCV. RCV-PO.| RCV-HSI
LHSI - Direct Ij. C-L46 | LHSI Direct Injection PTRIRIS/RCP PTR-RIS
RIS-PO
LHSI - Recirculation | C-L47 | LHSIRecirculation SMPIRISIRCP SMP-RIS
SMP/EAS/EAS. R]
g EAS Back-upoRIS | C-L48 | EAS Back-uptoRIS POIRSIROP CNT-SWP | SVP-EAS | EASPO | EAS-RIS | RIS-PO*
o EAS 004 Back-upto | .. . SMP/EAS/EAS- i} x i |
s = C-L49 | EAS Back-up to RIS RISRISROP SMP-EAS | EAS-PO* | EAS-4PO | RIS-PO
2 PTR Gravity Feed ) . X . ¥
8 e C-L61 | PTR Gravity Feed PTRIRIS"RCP PTR-TNK PTR-RIS RIS-PO* | RIS-LSI RCP
i}
[v4 C-L50 | GCTa Steam Dump SGMP/GCTa GCTa-STM
SG Steam Dump ses | weacT
G5t | GCTo Steam-Dump T GCTe-STM| CEXTNK | GEXPO
C-L52 | Turbine Driven ASG Pump | ASGIASGUSG ASG-TIPO | ASG-TISS ASG-T/FL
ASG-TNK ASG-SGIFL
SG Feedwater C-L53 | Motor Driven ASG Pumps | ASGIASGM/SG ASG-MPO ASG-MFL SGs
C454 | AREMainFeed- CEXARPASG- CEXTNK | CEXPO | ABRHX. | APARC | AHP-HX. |ARE-SGIRL
C-L55 | SER Make-up to ASG SERIASG SER-PO
C5. Core Cooling SER Vo p SER-TNK SER-ASG
CL56 | ase gravity Make-up to SERJ/ASG (gravity) SER-BV
ASG-TNK
C-L57 | JPP Make-up to ASG JPPIUPDIASG JPP-TNK JPP-PO | JPD-ASG
SG Long term
Feedwater Supply
C-L58 | JPS Make-up 10 ASG SEP/JPSIJPDIASG SEP-TNK JPS-PO | JPD-ASG
SEP-JPP/S
C-L59 | SEP Make-up to JPP SEPIPP JPP-TNK
C-L67 | 4th SG Ijection SEP/ASGXISG SEP-TNK | ASG-4PO
:?SRD‘;C"'e Cooling | 160 | RRA Cooling RCP/RRARCP RCP* RRASL | RRA-PO ‘ RRA-Hx | RRA-DL | RRA-SV | RCP*
Containment Isolation|  B-1 Containment Building B-CNT
Direct Core Injection *See C4. Primary System Make-up
Containment Spray - EAS ;
CL61 | gt oo PTRIEAS/CNT PTR-TNK | PTR-EAS EAS-PO
e | Somanment Spray-BAS | syp/easicNT CONT-SMP | SWP-EAS | EASPO | EAS-Hx
eciroulation
) - EASSPR | CONT
Containment CiLes | Containment Spray PP | op e sgionT JPP-TNK | JPP-PO_| JPP-JPC | JPC-EAS
Pressure Control Emergency Back-up
€6. Containment C-L68 | EAS Emergency Backup | SEP/EASXCNT SEP-TNK | SEP-EAS PEE-PO
Integrity
C-L64 | Containment Venting
Hydrogen Reduction | C-L65 | Hydrogen PARS ETY (PARS) PARs
6 Creen Rupts C-L52 | Turbine Driven ASG Pump | ASGIASGUSG ASG-TIPO | ASG-T/SS ASG-TIFL
A ASG-TNK ASGSGIFL|  SGs
C-L53 | Motor Driven ASG Pumps | ASGIASGMISG ASG-MPO ASG-MFL
Basemat Melt-thro —
e ——— C-L66 | Reactor Pit Flooding
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inducing a tsunami wave up to 3.8 m above the terrace level with proposed modifications implemented

Table 10:

Functional requirements diagram for a beyond-design-basis earthquake (0.4 g)

Required Function

SSCs that provide Functional Requirement

Functional . " .
. Sub-Function Methods to fulfil Functional Req. (SSCs) Sub-SSC
Requirement
Core Exit Core Exit Temperature ;
Temperature e Indication RIC oM™ [N}
RCP Level c2 rm‘ss””ser Level RCPxoMN ILN]
ndication
IRegc(Qr Level C-4 RVLIS
indication
RCP pressure Cc-3 RCP Pressure Indication RCPxxxMP [LNi]
RRAPressure C-5 | RRAPressure Indication RRAoxMP LN
SG Level C-I6 | SGWR Level indication ARExxMN LN
e
8 SG Pressure C-I7 | SGPressure Indication WPxoMP LN
£
S & ASG Tank Level C-18| ASG Tank Level Indication ASGO02LN
© -
3 Diesel Tank Level g | Diesel Tank Lovel LHixoolN
& Indications
gontalnmen( C-20 Containment WR Pressure| ETY; P LN
ressure Indication oot
Containment Containment Radiation KRT022-
Radiation G2 | Levels 23MA KRTo01AR (e
Containment Sump ) RISXxSL
.2 C-122 Containment Sump Level EASXxSL [LCAB]
Nl C-23 | Basemat Thermo-couples KSBxooMT
Thermocouples
Containment Sump
Temperature 51
Containment
Hydrogen Sampling 52
.l?eac(or Pit c53
‘emperature
SFP Pool S-S1 | SFP Pool Integrity SFP SFP-PL B-SFP
$1. SFP Integrity PTR 1/2 PO s-s1 E{ez:“:;’""a' SFP Cooling | gp\prRIFP PTR-SL | PTR-PO* | PTRHX* | PTR-DL |PTR-SPHN
SFP-PL SFP-PL
PTR6 PO §-S2 | PTR 3rd Train Integrity SFP\PTRISFP PTR3-SL | PTR3-PO* | PTR3-HX' | PTR3-DL |PTR3-SPHN
PTR 1/2 PO S-L1.| PTR Normal Cooling SFP\PTR\SFP PTR-SL | PTR-PO.| PTR-HX PTR-DL
$2. SFP Cooling SFP-PL SFP-PL
PTR 6 PO S-L2 | PTR 3rd Train Cooling SFP\PTRASFP PTR3-SL | PTR3-PO | PTR3-HX PTR3-DL
SFP Steam Release | S-L3 | Open Vent Doors SFP-VD
5 S-14 | SED Make-up SED/SFP SED-TNK SED-PO SED-SFP
o
o $3. Bulk Boiling — S-L5 | JPP Make-up JPPIJPD/SFP JPP-TNK JPP-PO
@ e JPD-SFP | SFP-PL
u:: S-L6 | JPS Make-up SEP/JPS/SFP SEP-TNK | SEP-JPP/S| JPS-PO
-
S S-L7 | SEP Make-up SEP/SFPx SEP-TNK | SEP/SFPx PEE-PO
o
”n SFP Level S | SFP Level Indication PTRyooMN [LNj] | [SAR-ACC]
SFP Temperature
SFP Temperature SR2 | |\ ication PTRxxMT LN
Fuel Rack
Temperature S8
Lt SFP Boron
S4. Indication e S-14
gFP Building S5
ressure
SFP Hydrogen
; s6
Concentration
SFP Building
Humidity &
V-LO1 ﬂ/:;lMake'“p foSeismic | jppypppLT JPP-TNK JPP-PO | JPP-JPD
Flooding of Seismi PS Make-up to S JPD-VLT
§ VA. Seismic Vault [ o 20n9 OTSESTIE ) v 6 f/au‘(Ma CUPToSEISMC | sEp/PSIPDALT SEP-JPP/S| JPS-PO | JPS-UPD VLT
T - SEP-TNK
> Vg3 | SEP GravityFeedto SEP/JPDLT SEP-LT
[} Seismic Vault
‘s Seismic Vault
g Temperature VA
] ——
»n V.2 Indication Seismic Vault Water vi2
Level
§elsmlc Vault i3
ressure
> £ | p1.casklntegrity %:f‘"‘ ETE R MBSl Cask integrity CASK CASK®
7]
o ® oy
QO | p2 caskcooling Ay D-L1 | Cask Cooling Cask building and Air Flow | B-LLW | CASK-AR
maintained
B1. Containment B1 | Containment Building B-CNT | Building Hatch ‘ Penetration | Airlocks |
B2.NAB B2 | Nuclear Auxiliary Building B-NAB
B3. Electrical Building B3 | Electrical Building B-ELE
7]
o)) B4. Diesel buildings B4 Unit Diesel Building B-DSL
c
el B5. SBO Diesel Building B5 SBO Diesel Building B-SBO
3 B6. SEC pump-house B6 SEC Pumphouse Building B-SEC
B7. Turbine Hall B7 Turbine Hall B-TUR
B8. LLW Building B8 | Low Level Waste Building B-LLW
B9.ECC B9 | Emergency Control Centre B-ECC
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Table 10:
Functional requirements diagram for a beyond-design-basis earthquake (0.4 g)
inducing a tsunami wave up to 3.8 m above the terrace level with proposed modifications implemented

Required Function SSCs that provide Functional Requirement
Functional . " .
. Sub-Function Methods to fulfil Functional Req. (SSCs) Sub-SSC
Requirement
E-1 | 400KV LHASupply 400KVILHA 400KV | GEN-TRX | UNT-TRX | LGA-SWB
LGB-SWB
E2 | 132KVLHASupply 132KVILHA 132KV STN-TRX LGE/F-SWB
LHA
Supply E3 | LHP DieselLHASupply | LHP/LHA LHP-DSL LHP-LHA LHA-SWB | [LCA] [LBA]
[LHA]
E4 | LHSDieselLHASupply | LHS/LHA LHS-DSL LHS-LHC | LHC-SWB | LHC-LHA
= G E-60 | MBL Diesel LHASupply | MBL-DSLILHA MBL-DSL MBL-DSL-CON
Sl Sy E-5 | 400KV LHB Supply 400KV/LHB 400KV | GEN-TRX | UNT-TRX | LGD-SWB
LGC-SWB
E-6 | 132KVLHB Supply 132KVILHB 132KV STN-TRX LGE/F-SWB
LHB
Supply E7 | LHQ Diesel LHB Supply | LHQILHB LHQ-DSL LHQ-LHB LHB-SWB | [LCB] [LBB]
[LHB]
E-8 | LHS DieselLHB Supply | LHS/LHB LHS-DSL LHS-LHC | LHC-SWB | LHC-LHB
E-61 | MBLDieselLHB Supply | MBL-DSLILHB MBL-DSL MBL-DSL-CON
. LLY SBO Diesel
S Supply E-10 | LLY Switchboard Supply | LLSWLLXLLY LLSDSL | LLX-SWB | LLXLLY | LLY-SWB
Supply ILLY]
E-21 | LCASwichboard-LHA | LCALLALHA [LHA] LLAE-SWB
LCARD
LCA48V Switchboard|
B E-22 | LCASwichboard-LLS | LCALLY [LLY] LCA'SWB
2. E-23 | LCASwitchboard - Battery | LCABAT LCA-BAT
SRS i B B E-24 | LCB Switchboard-LHB | LCBILLILHB [LHB] |LLB\D-SWB
LCB 48V LCB-RD
£ Switchboard Supply [ E-25 | LCB Switchboard-LLS | LCBILLY ILLY] LCB-SWB
K] [LCB]
|3 E-26 | LCB Switchboard - Battery | LCB\BAT LCB-BAT
(2]
b E-31 | LBASwichboard-LHA | LBALLILHA [LHA] |LLC\E-SWB
5 LBA 125V LBA-RD
8 Switchboard Supply | E-32 | LBASwichboard-LLS | LBALLY [LLY] LBA-SWB
o [LBA]
a a8 E-33 | LBASwitchboard- Battery | LBABAT LBA-BAT
T Switchboard Supply E-34 | LBBSwitchboard-LHA | LBB\LLALHB [LHB] | LLB\D-SWB.
o LBB 125V LBB-RD
.3 Switchboard Supply [ E-35 | LBB Switchboard-LLS | LBBILLY [LLY] LBB-SWB
[LBB]
@
i E-36 | LBB Switchboard - Battery | LBB\BAT LBB-BAT
E-41 | SIPIDirty Supply from LHA| LNA/LLC/LHA LLC-SWB LNA-RD
[LHA]
LNA 220V Essential | E-42 s";' Clean Supply from | | \at BC/LLAILHA LLA-SWB
i LBC-RD LNA-SWB
[LNA] E-43 | SIPISupply from LSS LNALBCILLY ILLY] LBC-SWB
E-44 | SIPIBattery Supply LNAILBC/BAT LBC-BAT
E-45 frB" Dirty Supply from LNB/LLD/LHB LLD-SWB LNB-RD
[LHB]
LNB 220V Essential | E-46 SEB" Clean Supply from || e\ BD/LLBILHB LLB-SWB
i LBD-RD LNB-SWB
[LNB] E-47 | SIP Il Supply from LSS LNB/LBDILLY [LLY] LBD-SWB
E5. Essential E-48 | SIP Il Battery Supply LNB/LBD/BAT LBD-BAT
Switchboard Supply g9 | SPNOMYSwRTom | Nerca LLC-sWB LNC-RD
[LHA]
LNC 220V Essental [ E-50 || 5P I'Cloan SWRom 1 ncnpen iaka LLA-SWB
i LBE-RD LNC-SWB
[LNC] E-51 | SIPliSupplyfromLSS | LNCLBE/LLY [LLY] LBE-SWB
E-52 | SIP i Battery Supply LNC/LBE/BAT LBE-BAT
E-53 EEB'V Dirty Supply from | oy oL HB LLD-sWB LND-RD
[LHB]
LND 220V Essential | E-54 f"_‘PB'V Clean Supply from | | Ny BF/LLB/LHB LLB-SWB
i d LBF-RD LND-SWB
[LND] E-55 | SIPIVSupplyfromLSS | LNDILBFILLY [LLY] LBF-SWB
E-56 | SIPIVBattery Supply LND/LBF/BAT LBF-BAT
SEC TrainACooling [ U1 | SEC Train A Cooling SEA'SEC-A'SEA SEC-ARS | SEC-ADS | SEC-APO | RREAHX
=< U1. Essential ey Seal
£ Cooling SEC Train B Cooling [ U-2 | SEC Train B Cooling SEA'SEC-BISEA SEC-B-RS | SEC-B-DS | SEC-B-PO | RRKB-HX
]
2
g Alternative Heatsink U3 Alternative Heatsink
% RRITrain ACooling [ U-11 | RRITrain ACooling SEC/RRFAHXA HX-A | RRFAPO._| [RRFA-HX]
2
g G RRITrain B Cooling [ U-12 | RRITrain B Cooling SEC/RRHB/HXA HX-B | RRHB-PO | [RRFB-HX]
= Cooling ’ RRI Commons cooling " o o
g RS U3 | ey SEC/RRHFAHXC 1! RRFA-PO | [RRFAHX]
Cooing U-14 | RRICommons cooling SEC/RRHB/HXC RRIB-PO | [RREB-HX]
(Train B)
Functionality Lost Tsunami event resuifs in damage
Functionality lost due to On-Site Induced Hazard I I I I I Seismic event results in damage
Functionality Lost by Failure of Support System
Funclionality Retained but imited to less than 24
hours operation.
Functionality Retained
Proposed Plant Changes
Functionality Not Credited or does not Exist

Note * indicates integrity not active function

Note [XXX] indicates as system support dependency
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Table 11:

Functional requirements diagram for a beyond-design-basis earthquake (0.5 g)
inducing a tsunami wave up to the 0 m terrace level (no modifications)

Required Function

SSCs that provide Functional Requirement

Prevention

Functional . " .
) Sub-Function Methods to fulfil Functional Req. (SSCs) Sub-SSC
Requirement
Control Rods C-s1 | Control Rod CRDMs FL-ASS |CNTL-ROD| CRDM
c-L42 s;g:?ramn (drector | REARCVIRCP REAB-TNK | REAB-PO REARCV
Normal charging from PTR T
CLag | oo T enargng fom PTR/IRCVIRCP PTR-RCV RCV-CL
C1. Sub-Criticality on P
Boron Injection c-L34 arging USIng EMEIGENcy|  ess/ess-CLIRCP PTR-TNK RCP
Seal Injection
PTR-ESS £SS-PO
C-L33 | Emergency Seal Ijection | ESS/ESS-SIRCP ESS-SI
C-L11 | Accumulators ACCIRCP ACC ACC-RCP
RCP System C21 | RCP Integrity RCP* RCP* RCP ReP RCP | Porvsr | Safey.
Pumps® | Vessel* |Pressuriser Valves
c2. Primary System | 5° C22 | SG integrity sG SGs
Integrif i
arity FSRD’; System Integtity| ' 3 | RRA Integrity RCP*/RRA"/RCP* RCP* | RRASL* | RRAPO* | RRAHX* | RRADL* | RRA-SV* |
Fs%’? System lsolation| [ ;| Rra isolation RCP* RCP* RRA-SL | RRADL
C-L31 | Normal Seal Injection REARCVIRCP REAB-TNK | REABB-PO REARCV
Normal Seal Injection RCV-PO | RCV-SI
S C-L32 | PTR Seal Injection PTRIRCVIRCP PTR-RCV RCP
injection
= o PTR-TNK
In;;‘s;gi"cy eal C-L33 | Emergency Seal Injection | ESS/RCP PTR-ESS ESS-PO | ESS-sI
c-L42 sfrg :‘;’a"“" (direct or REARCVIRCP REAB-TNK | REAB-PO
Normal charging from REA REARCY
RCV Normal charging| C-L43 | orm@ charging from REARCV/IRCP REAW-TNK| REAW-PO RCV-PO
water system
- RCV-CL
C-La4 g?’g‘a' Charging from PTR/IRCVIRCP PTR-RCV
ESS Charging Charging using ESS
Injection (LowFlow) | S3% | (6m3/hr) ESS/ESS-CLIRCP
B . P PTR-ESS ESS-PO
ealinjection | g3 | Emergency Seallnjection | poqpqs gyrcp PTR-TNK ESS-SI
(Low Flow) (6m3/hr) rcp
;:'k::::ary System || o1 Direct Inj. C-L45 | HHSI Direct Injection PTRIRCVIBITIRCP PTR-RCV RCV-PO | RCV:HSI
LHSI - Direct Inj. C-L46 | LHSI Direct Injection PTRIRISIRCP PTR-RIS
RIS-PO
LHSI- Recirculation | C-L47 | LHSIRecirculation SMPIRISIRCP SMPRIS
o RIS-LSI
SMP/EAS/EAS-
o EAS Back-Up 10RIS [ C-L48 | EAS Back-up to RIS CNT-SMP | SMP-EAS | EAS-PO | EAS-RIS | RIS-PO*
S 4PORISIRCP
= EAS 004 Back-up (o SMP/EAS/EAS-
C-L49 | EAS Back-up to RIS SMP-EAS | EAS-PO* | EAS-4PO | RIS-PO"
.g RIS ackeup fo RIS/RIS/RCP
3 PTR Gravity Feed | o, 54 | pTR Gravity Feed PTRIRISY/RCP PTR-TNK PTR-RIS RIS.PO* | RIS-LSI RCP
S (SD - Head Off)
C-L50 | GCTa Steam Dump SGMWPIGCTa GCTa-STM
SG Steam Dump SGs WP-GCT
G454 | GGToSteam Dump T GGTe-STM| GEXTNK | GEXRO
C-L52 | Turbine Driven ASG Pump | ASGIASGHSG ASG-TIPO | ASG-TISS ASG-T/FL
ASG-TNK ASG-SGIFL
SG Feedwater C-L53 | Motor Driven ASG Pumps | ASGIASGM/SG ASG-MPO ASG-MFL SGs
G54 | AREMainFeed CEXAPASG- CEXTNK | CEXPO | ABPHX. | APARO | AHP-HX- |ARE-SGIRL
C5. Core Cooling C-L55 | SER Make-up to ASG SERIASG SER-PO
Ty SER-TNK SER-ASG
CL56 | ase gravity Make-up to SERJ/ASG (gravity) SER-BV
oL ASG-TNK
onajieery C-L57 | JPP Make-up to ASG JPPIJPDIASG JPP-TNK JPP-PO | JPD-ASG
Feedwater Supply
C-L58 | JPS Make-up to ASG SEPIPSIPDIASG JPS-PO | JPD-ASG
SEP-TNK | SEP-JPP/S
C-L59 | SEP Make-up to JPP SEPIPP JPP-TNK
FSRD’:C“ Cooling | "¢ 60 | RRA Cooling RCP/RRARCP RCP* RRASL | RRA-PO RRA-DL | RRA-SV | RCP*
Containment Isolation|  B-1 Containment Building B-CNT
Direct Core Injection *See C4. Primary System Make-up
Containment Spray - EAS |
L6t | o estion PTR/EAS/ONT PTR-TNK | PTR-EAS EAS-PO
CLgp | Contamment Spray-EAS | gy ag/oNT CNT-SMP | SMP-EAS | EASPO EAS-SPR | CONT
c Recirculation
Pressure Control i -
; CLga | Containment Spray PP | jope i oy JPP-TNK | PP-PO | JPP-UPC | JPCEAS
C6. Containment Emergency Back-up
Integrif
arity C-L64 | Containment Venting
Hydrogen Reduction | C-L65 | Hydrogen PARS ETY (PARS) PARs
AL C-L52 | Turbine Driven ASG Pump | ASGIASGHSG ASG-TIPO | ASG-TISS ASG-T/FL
o ASG-TNK ASGSGIFL|  SGs
C-L53 | Motor Driven ASG Pumps | ASGIASGM/SG ASG-MPO ASG-MFL
Basemat Melt-thro | - o5 | Reactor Pit Flooding
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Table 11:
Functional requirements diagram for a beyond-design-basis earthquake (0.5 g)

inducing a tsunami wave up to the 0 m terrace level (no modifications)

Required Function SSCs that provide Functional Requirement
Functional . " .
. Sub-Function Methods to fulfil Functional Req. (SSCs) Sub-SSC
Requirement
Core Exit Core Exit Temperature
Temperature N Indication RIC oM™ [N
RCP Level c2 r@ssu”ser Level RCPxoMN ILN]
ndication
Reactor Level c24 | RVLIS
Indication
RCP pressure Cc-B3 RCP Pressure Indication RCPxxxMP [LNi]
RRAPressure C-5 | RRAPressure Indication RRAoxMP [LN]
SG Level C-6 || SGWR Level Indication ARExoMN LN
e
8 SG Pressure C-7 || SG Pressure Indication WPxoMP [LN]
S
) o ASG Tank Level C-8 || ASG Tank Level Indication ASGO02LN
< .
© |
Indication i
3 Diesel Tank Level g | Diose TankLevel LHixodN
& ndications
Containment C-120 antammem WR Pressure| ETYx00MP LN
Pressure Indication
Containment Containment Radiation KRT022-
Radiation I Levels 23MA bRIEBALR &1
Containment Sump RISoxSL
bl C-122 | Containment Sump Level A [Leam]
BaseMat
Thermocouples C-123 | Basemat Thermo-couples KSBxooxMT
$onta|nmen( Sump c51
‘emperature
Containment
Hydrogen Sampiing | C1%2
Reactor Pit c-53
Temperature
SFP Pool S-S1 | SFP Pool Integrity SFP SFP-PL | B-SFP
$1. SFP Integrity PTR 1/2 PO s-51 ﬁ;zr"\(‘;’rma' SFP Cooling | sepiprRISFP PTRSL | PTR-PO* | PTR-HX* | PTR-DL |PTR-SPHN
SFP-PL SFP-PL
PTR6 PO $-S2 | PTR 3rd Train Integrity SFP\PTRASFP PTR3-SL | PTR3-PO* | PTR3-HX* | PTR3-DL [PTR3-SPHN
PTR 1/2PO S11 | PTR Normal Cooling SFP\PTR\SFP PTR-SL | PTR-PO PTR-DL
$2. SFP Cooling SFP-PL SFP-PL
PTR6 PO $12 | PTR 3rd Train Cooling SFP\PTR3\SFP PTR3-SL | PTR3-PO | PTR3-HX PTR3-DL
SFP Steam Release S-L3 Open Vent Doors SFP-VD
8 S4 | SED Make-up SED/SFP SED-TNK SED-PO SED-SFP
o $3. Bulk Boiling srPE
@ mergency S5 | JPP Make-up JPPIJPD/SFP JPP-TNK JPP-PO SFP-PL
S Make-up
2 JPD-SFP
- S-L6 | JPS Make-up SEP/IJPS/SFP SEP-TNK | SEP-JPP/S| JPS-PO
8
‘g. SFP Level S | SFP Level Indication PTRx0oMN [LN] | [SAR-ACC]
SFP Temperature s.p | SFPTemperature PTRyooMT ILN]
Indication
Fuel Rack s
Temperature
$4. Indication Saplk el s
Concentration
SFP Building o
Pressure
SFP Hydrogen e
Concentration g
SFP Building
Humidity &l
V-LO1 f/:fm’v'ake'“p toSeismic | jppyppaLT JPP-TNK JPP-PO | JPP-JPD
Flooding of Seismi JPS Make-up to S 1 1
= V1. Seismic Vault | [ SHINO OTSESMIE | . gp | I8 MAKEUPIOSERME - sepypspoLT SEP-JPP/S| JPS-PO | UPS-UPD WLT
S SEP Gravity Feed t i
> V-L03 raviy Feed o SEPIPDALT SEP-VLT
o Seismic Vault
£ Seismic Vault -
n Temperature
e TP
3 . Seismic Vault Water | -\
Level
Seismic Vault
Pressure s
> £ | 1. casklntegrity %:f: Remainleak | 'p gy | Caskintegrity CASK CASK*
7]
o®c i
O | p2. caskcooling Cask Arr cooling D-L1 | Cask Cooling Cask building and Air Flow | B-LLW | CASK-AR
maintained
B1. Containment B1 Containment Building B-CNT Building Hatch ‘ Penetration |  Airlocks |
B2.NAB B2 Nuclear Auxiliary Building B-NAB
B3. Electrical Building B3 Electrical Building B-ELE
7]
o B4. Diesel buildings B4 Unit Diesel Building B-DSL
c
k-] B5. SBO Diesel Building BS SBO Diesel Building B-SBO
a B6. SEC pump-house B6 | SEC Pumphouse Building B-SEC
B7. Turbine Hall B7 Turbine Hall B-TUR
B8. LLW Building B8 | Low Level Waste Building B-LLW
B9.ECC B9 | Emergency Control Centre B-ECC
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Table 11:
Functional requirements diagram for a beyond-design-basis earthquake (0.5 g)
inducing a tsunami wave up to the 0 m terrace level (no modifications)

Required Function SSCs that provide Functional Requirement
Functional : . :
. Sub-Function Methods to fulfil Functional Req. (SSCs) Sub-SSC
Requirement
E-1 | 400KV LHASupply 400KVILHA 400KV | GEN-TRX | UNT-TRX | LGA-SWB
LGB-SWB
LHA Switchboard E-2 | 132KVLHASupply 132KVILHA 132KV STN-TRX LGE/F-SWB
Supply LHA-SWB | [LCA] [LBA]
[LHA] E-3 | LHP Diesel LHASupply | LHPILHA LHP-DSL LHP-LHA
a3 o B E-4 | LHSDieselLHASupply | LHS/LHA LHS-DSL LHS-LHC LHC-SWB | LHC-LHA
PR E-5 | 400KV LHB Supply 400KV/LHB 400KV | GEN-TRX | UNT-TRX | LGD-SWB
LGC-SWB
LHB Switchboard E-6 | 132KVLHB Supply 132KVILHB 132KV STN-TRX LGE/F-SWB
Supply LHB-SWB | [LcB] 1LBB]
[LHB] E-7 | LHQ Diesel LHB Supply | LHQILHB LHQ-DSL LHQ-LHB
E-8 | LHS DieselLHB Supply | LHS/LHB LHS-DSL LHS-LHC LHC-SWB | LHC-LHB
. LLY SBO Diesel
S Supply E-10 | LLY Switchboard Supply | LLSILLXLLY LLSDSL | LLX-SWB | LLXLLY | LLY-SWB
Supply ILLY]
E-21 | LCASwichboard-LHA | LCALLALHA [LHA] LLAE-SWB
LCARD
LCA 48V Switchboard
B E-22 | LCASwichboard-LLS | LCALLY [LLY] LCA'SWB
S E-23 | LCASwitchboard - Battery | LCABAT LCA-BAT
SRR SRp Y E-24 | LCB Switchboard-LHB | LCBILLILHB [LHB] |LLB\D-SWB
LCB 48V LCB-RD
Switchboard Supply [ E-25 | LCB Switchboard-LLS | LCBILLY [LLY] LCB-SWB
[LCB]
g E-26 | LCB Switchboard - Battery | LCB\BAT LCB-BAT
2
(I>7' E-31 LBA Switchboard - LHA LBA\LLILHA [LHA] | LLC\E-SWB
I3 LBA 125V LBARD
+ Switchboard Supply [ E-32 | LBASwitchboard-LLS | LBALLY [LLY] LBASWB
[LBA]
g E-33 | LBASwitchboard - Battery | LBABAT LBA-BAT
E4.125V
2 Switchboard Supply
> E-34 | LBB Swichboard-LHA | LBB\LLALHB [LHB] | LLB\D-SWB
«n LBB 125V LBB-RD
© Switchboard Supply [ E-35 | LBB Switchboard-LLS | LBBILLY [LLY] LBB-SWB
2 [LBB]
.3 E-36 | LBB Switchboard - Battery | LBB\BAT LBB-BAT
)
P E-41 | SIPIDirty Supply from LHA| LNALLC/LHA LLC-SWB LNA-RD
[LHA
LNA 220V Essential | E-42 EEA' Clean Supply from | | \a BC/LLALHA LLASWB
i LBC-RD LNA-SWB
[LNA] E-43 | SIPISupplyfrom LSS LNALBC/LLY [LLY] LBC-SWB
E-44 | SIPIBattery Supply LNAILBC/BAT LBC-BAT
Eds | SENDTYSWwROm g iDiHe LLD-SWB LNB-RD
[LHB]
LNB 220V Essentl || £ (| S IOl SRV Om 1 \gigoiBiHe LLB-SWB
i LBD-RD LNB-SWB
[LNB] E-47 | SIP Il Supply from LSS LNB/LBDILLY [LLY] LBD-SWB
ES. Essential E-48 | SIP llBattery Supply LNB/LBD/BAT LBD-BAT
Switchboard Supply E-49 ﬂ;‘” Dirty Supply from LNC/LLG/LHA LLC-SWB LNC-RD
[LHA
LNC 220V Essential | E-50 fl;:\"' Clean Supply from | | Nc/LBE/LLALHA LLA-SWB
i LBE-RD LNC-SWB
[LNC] E-51 | SIP Il Supply from LSS LNC/LBE/LLY [LLY] LBE-SWB
E-52 | SIP Il Battery Supply LNG/LBE/BAT LBE-BAT
Es3 | DB VO SwRom oy onke LLD-sWB LND-RD
[LHB]
LND 220V Essental [ E-s4 | SP IV Clean SURYom | Nongrniaie LLB-SWB
i LBF-RD LND-SWB
[LND] E-55 | SIPIVSupplyfrom LSS | LNDILBF/LLY [LLY] LBF-SWB
E-56 | SIPIVBattery Supply LND/LBF/BAT LBF-BAT
SEC Train A Cooling [ U-1 | SEC Train A Cooling SEA/SEC-A'SEA SEC-ARS | SEC-ADS | SEC-APO | RREAHX
x ’ [Sea] [Seal
U1. Essential
£ Cooli::e“ g SEC TrainB Cooling [ U-2 | SEC Train B Cooling SEA'SEC-BISEA SEC-B-RS | SEC-B-DS | SEC-B-PO | RREB-HX
[
2
g Alternative Heatsink U-3 Alternative Heatsink
:::, RRITrain ACooling [ U-11 | RRITrain A Cooling SEC/RRFAHXA HX-A | RRFAPO | [RREA-HX]
2
g a4 RRITrain B Cooling [ U-12 | RRITrain B Cooling SEC/RRFB/HXA HXB | RRFB-PO | [RRFB-HX]
- Cooling RRI Commons cooling
g AL uB | T SEC/RRFAHXC 1! RRFA-PO | [RRFAHX]
Codling U4 | RRICommons coding | secppigxc RRIB-PO | [RRIB-HX]
(Train B)
Functionality Lost Tsunami event results in damage
Functionality lost due to On-Site Induced Hazard I I I I I Seismic event results in damage
Functionality Lost by Failure of Support System
Functionality Retained but imited (o less than 24
hours operation.
Functionality Retained
Proposed Plant Changes
Functionality Not Credited or does not Exist
Note * indicates integrity not active function
Note [XXX] indicates as system support dependency
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Table 12:

Functional requirements diagram for a beyond-design-basis (0.5 g) earthquake
inducing a tsunami wave up to the 0 m terrace level with proposed modifications implemented

Required Function

SSCs that provide Functional Requirement

Prevention

Functional . " .
N Sub-Function Methods to fulfil Functional Req. (SSCs) Sub-SSC
Requirement
Control Rods C-s1 | Control Rod CRDMs FL-ASS |CNTL-ROD| CRDM
C-L42 ﬁiﬁ :?’a"(’” (drector | REARCVIRCP REAB-TNK | REAB-PO REARCV
Normal charging from PTR e
Cigq | pomelcharangrom PTRIRCVIRCP PTR-RCV RCV-CL
C1. Sub-Criticality Pr—"
Boron Injection c-L34 arging using EMErGency|  ess/ess-CLIRCP PTR-TNK RCP
Seal Injection
PTR-ESS ESS-PO
C-L33 | Emergency Seal Injection | ESS/ESS-SIRCP Ess-sl
C-L11 | Accumulators ACCIRCP AcC ACC-RCP
. . RCP RCP RCP .| safety
RCP System C21 | RCP Integrity RCP RCP Pumpe | Vosser |Prossuriserr| PORYS | Sl
y | . .
o2ip imary Syatarm||As C22 | SGintegrity sG SGs
Integrif i
arity :?s'g; System Integrity| 3 | RRA integrity RCP*/RRA/RCP* RCP* | RRASL* | RRAPO* | RRAHx* | RRADL* | RRA-SV* |
fs'g‘)‘sys‘em Solation| | ¢ pg | RRA Isolation RCP* RCP* | RRASL | RRADL
C-L31 | Normal Seal Injection REARCVIRCP REAB-TNK | REAB-PO REA-RCV
Normal Seal Injection RCV-PO RCV-SI
| iocti PTR-RCV RCP
3. RCP Seal C-L32 | PTR Seal Injection PTRIRCVIRCP
injection E Seal PR TRK
In;;‘:;gf‘”w . C-L33 | Emergency Seal Injection | ESS/RCP PTR-ESS ESS-PO | ESS-SI
Shutdown Seal C-25 | Emergency Shutdown Seal| RCP SD-Seal
cL42 Sfrﬁ :?’a'm (drector | REARCVIRCP REAB-TNK | REAB-PO
Normal charging from REA REARCY
RCV Normal charging| C-L43 | o charging from REARCVIRCP REAW-TNK| REAW-PO RCV-PO
water system
T —" RCV-CL
Clgg | poore Chergmotrom PTRIRCVIRCP PTR-RCV
ESS Charging ] Charging using ESS -
Injection (Low Flow) EF* (6m3/hr) ESS/ESS-CLRCP
ECae i - po— PTR-ESS ESS-PO
eal injection mergency Seal Injection | I
A oL | o ESS/ESS-SURCP PTR-TNK Ess-sl o
4. Pri
;aker::ary System | 1S Direct I, C-L45 | HHSIDirect Injection PTRIRCV/BIT/RCP PTR-RCV RCV-PO | RCV:HSI
LHSI - Direct . C-L46 | LHSI Direct Injection PTR/RIS/RCP PTR-RIS
RIS-PO
LHSI- Recirculation | C-L47 | LHSIRecirculation SMPIRISIRCP SMPRIS
SMP/EAS/EAS. RSl
g EAS Back-Up1oRIS | C-L48 | EAS Back-uptoRIS POIRSIROP CNT-SWP | SMP-EAS | EASPO | EAS-RIS | RIS-PO*
o EAS 004 Back-upto | | o, ] SMP/EAS/EAS- § x | |
s o C-L49 | EAS Back-upto RIS RISRISRP SMP-EAS | EAS-PO* | EAS-4PO | RIS-PO’
= PTR Gravity Feed ) . ' . |
8 N C-L61 | PTR Gravity Feed PTRIRIS"RCP PTR-TNK PTR-RIS RIS-PO* | RIS-LSI RCP
i}
[v4 C-L50 | GCTa Steam Dump SGMP/GCTa GCTa-STM
SG Steam Dump ses | we-acT
CA5t | GCToSteam-Dump T GCTe-STM| CEXTNK | GEXPO
C-L52 | Turbine Driven ASG Pump | ASG/ASGUSG ASG-TIPO | ASG-TISS ASG-TIFL
ASG-TNK ASG-SGIFL
SG Feedwater C-L53 | Motor Driven ASG Pumps | ASGIASGM/SG ASG-MPO ASG-MFL SGs
C454 | AREMainFeed- CEXARPNSG- CEXTNK | CEXPO | ABRHX. | APARC | AHP-HX. |ARE-SGIRL
C-L55 | SER Make-up to ASG SERIASG SER-PO
C5. Core Cooling SER o p SER-TNK SER-ASG
CL56 | 5o gravity Make-up to SERJ/ASG (gravity) SER-BV
ASG-TNK
C-L57 | JPP Make-up to ASG JPPIUPDIASG JPP-TNK JPP-PO | JPD-ASG
SG Long term
Feedwater Supply
C-L58 | JPS Make-up 1o ASG SEP/JPS/JPDIASG JPSPO | UPD-ASG
SEP-TNK | SEP-JPPIS
C-L59 | SEP Make-up to JPP SEPIPP JPP-TNK
C-L67 | 4th SG Injection SEP/ASGXISG SEP-TNK | ASG-4PO
g%’;‘cme Cooling | "¢ 60 | RRA Cooling RCP/RRARCP RCP* RRASL | RRA-PO - RRADL | RRA-SV | RCP*
Containment Isolation|  B-1 Containment Building B-CNT
Direct Core Injection *See C4. Primary System Make-up
Containment Spray - EAS 1
CL61 | Dot moaton PTRIEAS/CNT PTR-TNK | PTR-EAS EAS-PO
i | Somanment Spray-EAS | syp/easicNT CNT-SMP | SuP-EAS | EAS-PO
eciroulation
contaimment P ——— EAS-SPR | CONT
ontanmen Cilgg | Containment Spray - JPP/EAS/CNT JPP-TNK | wPP-PO | WPP-JPC | JPCEAS
Pressure Control Emergency Back-up
ﬁ‘f;::i’t;“'"me"‘ C-L68 | EAS Emergency Backup | SEP/EASXCNT SEP-TNK | SEP-EAS PEE-PO
C-L64 | Containment Venting
Hydrogen Reduction | C-L65 | Hydrogen PARS ETY (PARS) PARs
ALY C-L52 | Turbine Driven ASG Pump | ASGIASGUSG ASG-TIPO | ASG-TISS ASG-TIFL
B ASG-TNK ASG-SGIFL|  SGs
C-L53 | Motor Driven ASG Pumps | ASG/ASGM/SG ASGMPO ASG-MFL
Basemat Meltthro | | 65 | Reactor it Flooding
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Table 12:

Functional requirements diagram for a beyond-design-basis (0.5 g) earthquake
inducing a tsunami wave up to the 0 m terrace level with proposed modifications implemented

Required Function SSCs that provide Functional Requirement
Functional . " :
Requirement Sub-Function Methods to fulfil Functional Req. (SSCs) Sub-SSC
Core Exit Core Exit Temperature
Temperature e Indication RIC oM™ [N}
RCP Level c2 rm‘ss””ser Level RCPxoMN ILN]
ndication
Reactor Level
Indication S| s
RCP pressure Cc-I3 RCP Pressure Indication RCPxxxMP [LNi]
RRAPressure C-5 | RRAPressure Indication RRAxXMP LN
SG Level C-I6 | SGWR Level indication ARExxMN LN
<
8 SG Pressure C-I7 | SGPressure Indication WPxoMP LN
13
S & ASG Tank Level C-18 | ASG Tank Level Indication ASGO02LN
o M
Indication i
3 Diesel Tank Level cig | Diesel Tank Level LHixLN
& Indications
g;r;t;sall:\rr:em C-20 ﬁz;l::‘r;r:ent WR Pressure| ETY: P LN
Containment Containment Radiation KRT022-
Radiation G2 | Levels 23MA KRTo01AR [
Containment Sump ! RISxSL
e, 2] C-122 Containment Sump Level EASXxSL [LCAB]
?ﬁ:ﬁrﬁéouples C-23 | Basemat Thermo-couples KSBxooMT
Containment Sump
Temperature 51
Containment
Hydrogen Sampling 52
Reactor Pit
Temperature G153
SFP Pool S-S1 | SFP Pool Integrity SFP SFP-PL B-SFP
$1. SFP Integrity PTR 1/2 PO s-51 E{ez::;’""a' SFP Cooling | gepprriSFR PTRSL | PTR-PO* | PTR-HX* | PTR-DL |PTR-SPHN
SFP-PL SFP-PL
PTR6 PO $-S2 | PTR 3rd Train Integrity SFP\PTRISFP PTR3-SL | PTR3-PO* | PTR3-HX' | PTR3-DL |PTR3-SPHN
PTR 1/2 PO S:L1 | PTR Normal Cooling SFP\PTR\SFP PTR-SL | PTR-PO PTR-DL
$2. SFP Cooling SFP-PL SFP-PL
PTR 6 PO S-L2 | PTR 3rd Train Cooling SFP\PTRISFP PTR3-SL | PTR3-PO | PTR3-HX PTR3-DL
SFP Steam Release | S-L3 | Open Vent Doors SFP-VD
5 S-14 | SED Make-up SED/SFP SED-TNK SED-PO SED-SFP
o
-8 $3. Bulk Boiling _— S5 | JPP Make-up JPPIJPD/SFP JPP-TNK JPP-PO
@ JPD-SFP | SFP-PL
2 Make-up
z S-L6 | JPS Make-up SEP/JPS/SFP SEP-TNK | SEP-JPP/S | JPS-PO
-
s S-L7 | SEP Make-up SEP/SFPx SEP-TNK | SEP/SFPx PEE-PO
o
”n SFP Level S | SFP Level Indication PTRyooMN [LN] | [SAR-ACC]
SFP Temperature
SFP Temperature SR |\ ication PTRwooMT LN
Fuel Rack
Temperature S8
i SFP Boron
S4. Indication e S-14
SFP Building
Pressure S
SFP Hydrogen S
Concentration
SFP Building
Humidity &
V-LO1 \J/:EnMake'“" toSeismic | jppypppLT JPP-TNK JPP-PO | JPP-JPD
JPD-VLT
g V1. Seismic Vault \F,':‘j:""g of Seismic | /o \J,Zj(""ake'“p toSeismic | sppyps/POALT SEP-JPP/S| JPS-PO | JPS-UPD VLT
g SEP Gravity Feed t SEPTNK
> 2 ravity Feed to !
o VALO3 | S it SEP/JPDNLT SEP-VLT
‘e Seismic Vault
g Temperature A
o -
» V.2 Indication Seismic Vault Water vi2
Level
Seismic Vault
Pressure A
> £ | b1.casklntegrity %:f": R MBSl Cask integrity CASK CASK®
7]
o ® ey
O | p2 caskcooling ﬁ?:t;';:dm""g D-L1 | Cask Cooling Cask building and Air Flow | B-LLW | CASK-AR
B1. Containment B1 | Containment Building B-CNT | Building Hatch | Penetration | Airlocks |
B2.NAB B2 | Nuclear Auxiliary Building B-NAB
B3. Electrical Building B3 | Electrical Building B-ELE
7]
=) B4. Diesel buildings B4 Unit Diesel Building B-DSL
c
el B5. SBO Diesel Building B5 SBO Diesel Building B-SBO
‘3 B6. SEC pump-house B6 SEC Pumphouse Building B-SEC
B7. Turbine Hall B7 Turbine Hall B-TUR
B8. LLW Building B8 | Low Level Waste Building B-LLW
B9.ECC B9 | Emergency Control Centre B-ECC
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Table 12:
Functional requirements diagram for a beyond-design-basis (0.5 g) earthquake
inducing a tsunami wave up to the 0 m terrace level with proposed modifications implemented

Required Function SSCs that provide Functional Requirement
Functional . " .
. Sub-Function Methods to fulfil Functional Req. (SSCs) Sub-SSC
Requirement
E-1 | 400KV LHA Supply 400KVILHA 400KV | GEN-TRX | UNT-TRX | LGA-SWB
LGB-SWB
E-2 | 132KVLHASupply 132KVILHA 132KV STN-TRX LGE/F-SWB
LHA
Supply E-3 | LHP DieselLHASupply | LHPILHA LHP-DSL LHP-LHA LHASWB | [LCA] [LBA
[LHA]
E-4 | LHSDieselLHASupply | LHS/LHA LHS-DSL LHS-LHC | LHC-SWB | LHC-LHA
= G E-60 | MBLDiesel LHASupply | MBL-DSULHA MBL-DSL MBL-DSL-CON
SRCHECSICS PPl E-5 | 400KVLHB Supply 400KVILHB 400KV | GEN-TRX | UNT-TRX | LGD-SWB
LGC-SWB
E-6 | 132KVLHB Supply 132KVILHB 132KV STN-TRX LGE/F-SWB
LHB
Supply E-7 | LHQ DieselLHB Supply | LHQ/LHB LHQ-DSL LHQ-LHB LHB-SWB | [LCB] [LBB]
[LHB]
E-8 | LHS DieselLHB Supply | LHS/LHB LHS-DSL LHS-LHC | LHC-sWB | LHC-LHB
E-61 | MBL DieselLHB Supply | MBL-DSLILHB MBL-DSL MBL-DSL-CON
’ LLY SBO Diesel
S Supply E-10 | LLY Switchboard Supply | LLS\LLXLLY LLS-DSL | LLX-SWB | LLXLLY | LLY-SWB
Supply ILLY]
E-21 | LCASwitchboard-LHA | LCALLILHA [LHA] LLAE-SWB
LCARD
LCA48V Switchboard|
B E-22 | LCASwitchboard-LLS | LCALLY [LLY] LCA-SWB
A= E-23 | LCASwitchboard - Battery | LCABAT LCABAT
SwitchBaard Stpply E24 | LCB Switchboard-LHB | LCB\LLALHB [LHB] | LLB\D-SWB
LCB 48V LCB-RD
£ Switchboard Supply | E-25 | LOB Switchboard -LLS | LCBWLLY ILLY] LCB-SWB
K] [LCB]
3 E-26 | LCB Switchboard - Battery | LCB\BAT LCB-BAT
(2]
s E-31 | LBASwitchboard-LHA | LBALLILHA [LHA] |LLC\E-SWB
5 LBA 125V LBARD
8 Switchboard Supply | E-32 | LBASwitchboard-LLS | LBALLY [LLY] LBA-SWB
o [LBA]
a a8 E-33 | LBASwitchboard- Battery | LBABAT LBABAT
© SR SUPE E-34 | LBB Swichboard-LHA | LBBILLALHB [LHB] |LLE\D-SWB
o LBB 125V LBB-RD
5 Switchboard Supply | E-35 | LBB Switchboard-LLS | LBBLLY [LLY] LBB-SWB
[LBB]
ﬁ E-36 LBB Switchboard - Battery | LBB\BAT LBB-BAT
E-41 | SIPIDirty Supply from LHA| LNAILLC/LHA LLC-SWB LNA-RD
[LHA]
LNA220VEssental || 42 || SIP IO SR Om 1y goriaia LLA-SWB
i LBCRD LNA-SWB
[LNA] E-43 | SIPISupplyfrom LSS LNALLBCILLY ILLY] LBC-SWB
E-44 | SIPIBattery Supply LNAILBC/BAT LBC-BAT
E-45 f"_‘PB" Dirty Supply from INBILLD/LHB LLD-sWB LNB-RD
[LHB]
LNB 220V Essential | E-46 f":B" Clean Supply from | | g\ BD/LLBILHB LLB-SWB
i LBD-RD LNB-SWB
[LNB] E-47 | SIPlISupply from LSS LNB/LBDILLY [LLY] LBD-SWB
ES. Essential E-48 | SIP IlBatiery Supply LNB/LBD/BAT LBD-BAT
Switchboard Supply E-49 ff A‘” Dirty Supply from LNC/LLC/LHA LLC-SWB LNC-RD
[LHA]
LNC 220V Essental [ E-50 || S I'Clean SUplom 1 nenen LaHa LLA-SWB
i LBE-RD LNC-SWB
[LNC] E-51 | SPUiSupplyfrom LSS | LNCABE/LLY [LLY] LBE-SWB
E-52 | SIP ll Battery Supply LNC/LBE/BAT LBE-BAT
Es3 | SEVOMYSwefom oy ionke LLD-SWB LND-RD
[LHB]
LND 220V Essental | Es4 | SF N Clean Supply from | | Nyt BF/LLB/LHB LLB-SWB
i LBF-RD LND-SWB
[LND] E-55 | SIPIVSupplyfrom LSS | LNDLBFILLY ILLY] LBF-SWB
E-5 | SIP IV Battery Supply LND/LBF/BAT LBF-BAT
SEC Train A Cooling | U-1 | SEC Train A Cooling SEA/SEC-AISEA SEC-A-RS | SEC-A-DS | SEC-APO | RRIAHX
™ ’ [Sea] [Sea]
U1. Essential
£ Cooli:;e“ g SEC TrainB Cooling | U-2 | SEC Train B Cooling SEA'SEC-BISEA SEC-B-RS | SEC-B-DS | SEC-B-PO | RREB-HX
7}
8
g Alternative Heatsink U3 Alternative Heatsink
:‘5 RRITrain ACooling | U-11 | RRITrain A Cooling SEC/RRI-AHXA HXA | RREAPO | [RREAHX]
2
g ad RRITrain B Cooling | U-12 | RRITrain B Cooling SEC/RRFBIHXA HXB | RRHB-PO | [RRFB-HX]
- Cooling RRI Commons cooling
=] RRICommons UB | (frainA) SEC/RRIAHXC 1y RRFA-PO | [RRFAHX]
Gl U-14 | RRICommons cooling SEC/RRIB/HXC RRFB-PO [ [RRFB-HX]
(Train B)
Functionality Lost Tsunami event results in damage
Functionality lost due to On-Site Induced Hazard I I I I I Seismic event results in damage
Functionality Lost by Failure of Support System
Functionality Retained but limited to less than 24
hours operation.
Functionality Retained
Proposed Plant Changes
Functionality Not Credited or does not Exist

Note * indicates integrity not active function

Note [XXX] indicates as system support dependency
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Table 13:

Functional requirements diagram for a beyond-design-basis (0.5 g) earthquake
inducing a tsunami wave up to 3.8 m above the terrace level (no modifications)

Required Function

SSCs that provide Functional Requirement

Prevention

Functional . " .
. Sub-Function Methods to fulfil Functional Req. (SSCs) Sub-SSC
Requirement
Control Rods €81 | Control Rod CRDMs FL-ASS |CNTL-ROD| CRDM
C-L42 sfrﬁ :;’mm (drector | REARCVIRCP REAB-TNK | REAB-PO REARCV
Normal charging from PTR Rev:Po
CLag | o enarang fiom PTRIRCVIRCP PTR-RCV RCV-CL
C1. Sub-Criticality Charan o E
Boron Injection C-L3g | Charding using Emergencyl poqeos o rep PTR-TNK RCP
Seal Injection
PTR-ESS £SS-PO
C-L33 | Emergency Seal Injection | ESS/ESS-SVRCP ESS-SI
C-L11 | Accumulators ACCIRCP ACC ACC-RCP
) . . RCP. RCP. RCP .| safety
RCP System C-121 RCP Integrity RCP RCP Pumps* Vessel* |Pressuriser* PORVSs! | Valves*
C2. Primary System SG C-122 SG Integrity SG’ SGs'
Integrif i
arity (RSTJ"; System Integtity) ' o3 | RRA Integrity RCP*/RRA/RCP* RCP* | RRA-SL* | RRAPO* | RRAHx* | RRA-DL* | RRA-SV* |
(Rs%‘; System lsolation| ' ;| Rra isolation RCP* RCP* RRA-SL | RRADL
C-L31 | Normal Seal Injection REARRCVIRCP REAB-TNK | REAB-PO REARCV
Normal Seal Injection RCV-PO | RCV-SI
€3.RCP Seal
A C-L32 | PTR Seal Injection PTRIRCVIRCP PTR-RCV RCP
injection
= = PTR-TNK
In;::;gimy eal C-L33 | Emergency Seal Injection | ESS/RCP PTR-ESS ESS-PO | ESS-SI
C-L42 sfrg :‘)”a""” (direct or REARCVIRCP REAB-TNK | REABB-PO
Normal charging from REA REARCY
RCV Normal charging| C-L43 | orm@ charging from REARCVIRCP REAW-TNK| REAW-PO RCV-PO
water system
- RCV-CL
C-L44 g#ﬂ:a' Charging from PTRIRCVIRCP PTR-RCV
ESS Charging Charging using ESS
Injection (LowFlow) | S34 | (6m3/hr) ESS/ESS-CLIRCP
oS el o . P PTR-ESS ESS-PO
eal injection mergency Seal Injection - -
= oL | ESS/ESS-SIRCP PTR-TNK ESS-SI o
C4. Primary Syste
Make:":ry YSIEM | LHSI- Direct Inj. C-L45 | HHSI Direct Injection PTRIRCV/BIT/RCP PTR-RCV RCV-PO | RCV-HSI
LHSI - Direct Inj. C-L46 | LHSI Direct Injection PTRIRISIRCP PTR-RIS
RIS-PO
LHSI- Recirculation | C-L47 | LHSIRecirculation SMP/RISIRCP SMP-RIS
o RIS-LSI
s SMP/EAS/EAS-
o EAS Back-up 0RIS [ C-L48 | EAS Back-up toRIS CNT-SMP | SMP-EAS | EAS-PO | EASRIS | RIS-PO*
S 4POIRISIRCP
= EAS 004 Back-up to SMP/EAS/EAS-
C-L49 | EAS Back-up to RIS SMP-EAS | EAS-PO* | EAS-4PO | RIS-PO*
.g RIS acleup fo RIS/RISIRCP
3 PTR GravityFeed | ) 54 | bR Gravity Feed PTRIRIS*/RCP PTR-TNK PTR-RIS RIS-PO* | RIS-LSI RCP
e (SD - Head Off)
C-L50 | GCTa Steam Dump SGMWPIGCTa GCTa-STM
SG Steam Dump SGs WP-GCT
C45t | GGToSteam Dump T GCTe-STM| GEXTNK | GEXRO
C-L52 | Turbine Driven ASG Pump | ASG/ASGHSG ASG-TIPO | ASG-TISS ASG-T/FL
ASG-TNK ASG-SGIFL
SG Feedwater C-L53 | Motor Driven ASG Pumps | ASGIASGM/SG ASG-MPO ASG-MFL SGs
C454 | AREMainFeed- CEXAPASG- CEXTNK | CEXPO | ABPHX. | APARC | AHP-HX. | ARE-SGIRL
C5. Core Cooling C-L55 | SER Make-up to ASG SERIASG SER-PO
= Y SER-TNK SER-ASG
CL56 | 5o gravity Make-up to SERJ/ASG (gravity) SER-BV
oL ASG-TNK
onajory C-L57 | JPP Make-up to ASG JPPIJPD/ASG JPP-TNK JPP-PO_| JPD-ASG
Feedwater Supply
C-L58 | JPS Make-up 10 ASG SEPIPSIPDIASG JPS-PO | JPD-ASG
SEP-TNK | SEP-JPP/S
C-L59 | SEP Make-up to JPP SEPIPP JPP-TNK
g%’;cm Cooling | ' 60 | RRA Cooling RCP/RRAIRCP RCP* RRASL | RRA-PO | RRA-Hx | RRA-DL | RRA-SV | RCP*
Containment Isolation| ~ B-1 Containment Building B-CNT
Direct Core Injection *See C4. Primary System Make-up
Containment Spray - EAS ’
G161 | Dot moation PTRIEAS/CNT PTR-TNK | PTR-EAS EAS-PO
CLgp | Contanment Spray-EAS | gy ag/oNT CONT-SVWP | SWP-EAS | EASPO | EAS-Hx | EAS-SPR | CONT
c Recirculation
Pressure Control i -
; Clga | Containment Spray JPP | - ooy n oy JPP-TNK | JPP-PO | JPP-JPC | JPC-EAS
C6. Containment Emergency Back-up
Integrif
arity C-L64 | Containment Venting
Hydrogen Reduction | C-L65 | Hydrogen PARS ETY (PARS) PARs
6 Creen R C-L52 | Turbine Driven ASG Pump | ASGIASGUSG ASG-TIPO | ASG-T/SS ASG-T/FL
reep Rupture ASG-TNK ASGSGIFL|  SGs
Prevention
©-L53 | Motor Driven ASG Pumps | ASGIASGM/SG ASG-MPO ASG-MFL
Basemat Melt-thro | - o5 | Reactor Pit Flooding
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Table 13:

Functional requirements diagram for a beyond-design-basis (0.5 g) earthquake
inducing a tsunami wave up to 3.8 m above the terrace level (no modifications)

Required Function SSCs that provide Functional Requirement
Functional . " .
. Sub-Function Methods to fulfil Functional Req. (SSCs) Sub-SSC
Requirement
Core Exit Core Exit Temperature
Temperature s Indication RIC oM™ [N
RCP Level cp | ProssuriserLevel RCPxoMN ILN]
Indication
Re?m?r Level C-24 RVLIS
Indication
RCP pressure Cc-13 RCP Pressure Indication RCPxxxMP [LNi]
RRAPressure C-5 | RRAPressure Indication RRAxxMP (LN
SG Level C-6 | SGWR Level indication ARExxMN LN
2
8 SG Pressure c-i7 SG Pressure Indication WPxxMP [LNi]
13
) = ASG Tank Level C-18| ASG Tank Level Indication ASGO02LN
< g
o ==
Indication i
3 Diesel Tank Level Gl | Diesel Tank Level LHixoLN
& ndications
Containment C-120 Containment WR Pressure| ETYx0oMP N
Pressure Indication
Containment Containment Radiation KRT022-
Radiation Cg Levels 23MA (IEILLR &
Containment Sump RISxxSL
el C-122 | Containment Sump Level 0w | [LcaB]
BaseMat
b C-23 | Basemat Thermo-couples KSBxooxMT
Containment Sump c51
Temperature
Containment
Hydrogen Sampiing | C1%2
Reactor Pit c53
‘Temperature
SFP Pool S-S1 | SFP Pool Integrity SFP SFP-PL | B-SFP
$1. SFP Integrity PTR 1/2 PO s-s1 ﬁg;::s’ma' SFP Cooling | qep\prRISFP PTR-SL | PTRPO* | PTRHX" | PTR-DL |PTR-SPHN
SFP-PL SFP-PL
PTR6 PO $-S2 | PTR 3rd Train Integrity SFP\PTRASFP PTR3-SL | PTR3-PO* | PTR3-HX® | PTR3-DL |PTR3-SPHN
PTR1/2PO S-L1| PTR Normal Cooling SFP\PTR\SFP PTR-SL | PTR-PO..| PTR-HX PTR-DL
$2. SFP Cooling SFP-PL SFP-PL
PTR 6 PO S-12 | PTR 3rd Train Cooling SFP\PTR3ISFP PTR3-SL | PTR3-PO | PTR3-HX PTR3-DL
SFP Steam Release S-L3 Open Vent Doors SFP-VD
8 S-14 | SED Make-up SED/SFP SED-TNK SED-PO SED-SFP
o $3. Bulk Boiling srPE
@ mergency S5 | JPP Make-up JPPIJPDISFP JPP-TNK JPP-PO SFP-PL
S Make-up
2 JPD-SFP
- S-L6 | JPS Make-up SEPIJPS/SFP SEP-TNK | SEP-JPP/S| JPS-PO
8
‘% SFP Level S | SFP Level Indication PTRoxMN [LN] | [SAR-ACC]
SFP Temperature s.p | SFPTemperature PTRxooMT LN]
Indication
Fuel Rack s
Temperature
$4. Indication ARl s
Concentration
SFP Building o
Pressure
SFP Hydrogen e
Concentration 8
SFP Building
Humidity S
V-LO1 f/:E(Make'“p toSeismic | jppyppaLT JPP-TNK JPP-PO | JPP-JPD
Flooding of Sei JPS Make-up to Seismi 1 1
= V1. Seismic Vault | [, SO OTSESME |y gp | IPE MAKEUPIOSERME - sepypspDALT SEP-JPP/S| JPS-PO | JPS-UPD WLT
S SEP Gravity Feed t il
> VA0S | o SEPIPDALT SEP-VLT
o eismic Vault
£ Seismic Vault -
) Temperature
2 e
3 VAT Seismic Vault Water |\
Level
Seismic Vault
Pressure s
> £ | 1. cask Integrity (T:;f"“ RemanLeak S| Fplsq | Cask integrity CASK CASK*®
7]
[= 1] ir cooli
O | b2 caskcooling Cask Arr cooling D-L1 | Cask Cooling Cask building and Air Flow | B-LLW | CASK-AR
maintained
BA1. Containment B1 | Containment Building B-CNT | Building Hatch | Penetration | Airlocks |
B2.NAB B2 Nuclear Auxiliary Building B-NAB
B3. Electrical Building B3 Electrical Building B-ELE
»
o B4. Diesel buildings B4 Unit Diesel Building B-DSL
c
- B5. SBO Diesel Building B5 | SBO Diesel Building B-SBO
a B6. SEC pump-house B6 | SEC Pumphouse Buiding B-SEC
B7. Turbine Hall B7 Turbine Hall B-TUR
B8. LLW Building B8 | Low Level Waste Building B-LLW
B9.ECC B9 | Emergency Control Centre B-ECC
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Table 13:
Functional requirements diagram for a beyond-design-basis (0.5 g) earthquake
inducing a tsunami wave up to 3.8 m above the terrace level (no modifications)

Required Function SSCs that provide Functional Requirement
Functional . " :
. Sub-Function Methods to fulfil Functional Req. (SSCs) Sub-SSC
Requirement
E-1 | 400KV LHASupply 400KVILHA 400KV | GEN-TRX | UNT-TRX | LGA-SWB
LGB-SWB
LHA Switchboard E2 | 132KVLHASupply 132KVILHA 132KV STN-TRX LGE/F-SWB
Supply LHA-SWB | [LCA] [LBA]
[LHA] E3 | LHP DieselLHASupply | LHP/LHA LHP-DSL LHP-LHA
= AGEY E4 | LHSDieselLHASupply | LHS/LHA LHS-DSL LHS-LHC LHC-SWB | LHC-LHA
Sl Sy E-5 | 400KV LHB Supply 400KV/LHB 400KV | GEN-TRX | UNT-TRX | LGD-SWB
LGC-SWB
LHB Switchboard E6 | 132KVLHB Supply 132KVILHB 132KV STN-TRX LGE/F-SWB
Supply LHB-SWB | [LcB] 1LBB]
[LHB] E7 | LHQ Diesel LHB Supply | LHQ/LHB LHQ-DSL LHQ-LHB
E-8 | LHS DieselLHB Supply | LHS/LHB LHS-DSL LHS-LHC LHC-SWB | LHC-LHB
. LLY SBO Diesel
T Supply E-10 | LLY Switchboard Supply | LLSILLXLLY LLSDSL | LLX-SWB | LLXLLY | LLY-SWB
Supply ILLY]
E-21 | LCASwichboard-LHA | LCALLALHA [LHA] LLAE-SWB
LCARD
LCA48V
S e E-22 | LCASwichboard-LLS | LCALLY [LLY] LCA'SWB
E3.48V E-23 | LCASwitchboard - Battery | LCABAT LCABAT
SRR S E-24 | LCB Switchboard-LHB | LCBILLILHB [LHB] |LLB\D-SWB
LCB 48V LCB-RD
Switchboard Supply [ E-25 | LCB Switchboard-LLS | LCBILLY [LLY] LCB-SWB
[LCB]
E E-26 | LCB Switchboard - Battery | LCB\BAT LCB-BAT
2
g E-31 | LBA Switchboard - LHA LBA\LLILHA [LHA] | LLC\E-SWB
I3 LBA 125V LBA-RD
+ Switchboard Supply [ E-32 | LBA Switchboard - LLS LBALLY [LLY] LBASWB
[LBA]
g E-33 | LBASwitchboard - Battery | LBABAT LBA-BAT
E4.125V
2 Switchboard Supply
=1 E-34 | LBB Swichboard-LHA | LBBILLALHB [LHB] | LLB\D-SWB
«n LBB 125V LBB-RD
© Switchboard Supply [ E-35 | LBB Switchboard-LLS | LBBILLY [LLY] LBB:SWB
2 [LBB]
.3 E-36 | LBB Switchboard - Battery | LBB\BAT LBB-BAT
)
o E-41 | SIPIDirty Supply from LHA| LNALLC/LHA LLC-SWB LNA-RD
[LHA]
LNA220VEssential [ E4 | SP 'O SURom 1 aygori A LLASWB
i LBC-RD LNA-SWB
[LNA] E-43 | SIPISupply from LSS LNALBC/LLY [LLY] LBC-SWB
E-44 | SIPIBattery Supply LNALLBC/BAT LBC-BAT
g5 | SOy Sueplyfom LNB/LLD/LHB LLD-SWB LNB-RD
[LHB]
LNB 220V Essential | E45 | o Clean Supply from || g\ BD/LLBILHB LLB-SWB
i LBD-RD LNB-SWB
[LNB] E-47 | SIP Il Supply from LSS LNB/LBD/LLY [LLY] LBD-SWB
ES. Essential E-48 | SIPllBattery Supply LNB/LBD/BAT LBD-BAT
Switchboard Supply E-49 S'f A‘” Dirty Supply from LNC/LLC/LHA LLC-SWB LNC-RD
[LHA]
LNC 220V Essental [ E50 | S 'Ol SR oM Ne g LaLHA LLA-SWB
i LBE-RD LNC-SWB
[LNC] E-51 SIP Il Supply from LSS LNC/LBE/LLY [LLY] LBE-SWB
E-52 | SIP Il Battery Supply LNC/LBE/BAT LBE-BAT
Es3 | SEVOMYSweom o ionke LLD-SWB LND-RD
[LHB]
LND 220V Essental [ E-54 | S VOl SURYOM 1 Nongrn ek LLB-SWB
i LBF-RD LND-SWB
[LND] E-55 | SIPIVSupplyfromLSS | LNDILBF/LLY [LLY] LBF-SWB
E-56 | SIPIVBattery Supply LND/LBF/BAT LBF-BAT
SEC TrainACooling [ U-1 | SEC Train A Cooling SEA/SEC-A'SEA SEC-ARS. | SEC-A-DS.| SEC-A-PO.| RREAHX
= U1. Essential [Sea] [Sea]
£ Cooling SEC Train B Cooling [ U-2 | SEC Train B Cooling SEA'SEC-BISEA SEC-B-RS | SEC-B-DS | SEC-B-PO | RRKB-HX
]
2
g Alternative Heatsink U3 Alternative Heatsink
ﬁ RRITrain ACooling [ U-11 | RRITrain ACooling SEC/RRFAHXA HX-A | RRFAPO | [RRFA-HX]
2
g e RRITrainB Cooling | U-12 | RRITrain B Cooling SEC/RRIB/HXA HX-8 | RRFB-PO | [RRFB-HX]
= Cooling RRI Commons cooling " ™
g s U3 | T SEC/RRFAHXC 1! RRFA-PO_| [RRFAHX]
olng U-14 | RRICommons cooling SEC/RRHB/HXC RRIB-PO | [RRIB-HX]
(Train B)
Functionality Lost Tsunami event results in damage
Functionality lost due to On-Site Induced Hazard I I I I I Seismic event results in damage
Functionality Lost by Failure of Support System
Functionality Retained but imited (o less than 24
hours operation.
Functionality Retained
Proposed Plant Changes
Functionality Not Credited or does not Exist
Note * indicates integrity not active function
Note [XXX] indicates as system support dependency
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Table 14:

Functional requirements diagram for a beyond-design-basis (0.5 g) earthquake

inducing a tsunami wave up to 3.8 m above the terrace level with proposed modifications implemented

Required Function

SSCs that provide Functional Requirement

Prevention

Functional . " .
N Sub-Function Methods to fulfil Functional Req. (SSCs) Sub-SSC
Requirement
Control Rods C-s1 | Control Rod CRDMs FL-ASS |CNTL-ROD| CRDM
c-L42 Sfrg :?’a”(’” (drector | REARCVIRCP REAB-TNK | REAB-PO REARCV
Normal charging from PTR Rev-ko
Cag | pomelcharangiom PTRIRCVIRCP PTR-RCV RCV-CL.
C1. Sub-Criticality Pr—"
Boron Injection c-L34 arging using EMErGency|  ess/ess-CLIRCP PTR-TNK RCP
Seal Injection
PTR-ESS ESS-PO
C-L33 | Emergency Seal Injection | ESS/ESS-SIRCP ESS-SI
C-L11 | Accumulators ACCIRCP AcC ACC-RCP
. . RCP RCP RCP .| safety
RCP System C21 | RCP Integrity RCP RCP Pumpe | Vosser |Prossuriserr| PORYS | Sl
y | . .
o2ip imary Syatarm||As C22 | SGintegrity sG SGs
Integrif i
arity :QS'T;; System Integrity| 3 | RRA Integrity RCP*/RRA/RCP* RCP* | RRASL* | RRAPO* | RRAHx* | RRADL* | RRA-SV* |
:QSRD’;S"“""“ Solation ¢ py | RrA Isolation RCP* RCP* | RRASL | RRADL
C-L31 | Normal Seal Injection REARCVIRCP REAB-TNK | REAB-PO REA-RCV
Normal Seal Injection RCV-PO RCV-sI
C-L32 | PTR Seal Injection PTRIRCVIRCP PTR-RCV
ﬁ‘?ezi: Sl 2 = PTR-TNK RCP
In;:{igimy cal C-L33 | Emergency Seal Injection | ESS/RCP PTR-ESS ESS-PO | ESS-SI
Shutdown Seal C-25 | Emergency Shutdown Seal| RCP SD-Seal
cL42 Sfrﬁ :?’a'm (drector | REARCVIRCP REAB-TNK | REAB-PO
Normal charging from REA REARCY
RCV Normal charging| C-L43 | o charging from REARCVIRCP REAW-TNK| REAW-PO RCV-PO
water system
T —" RCV-CL
Clag | pomma Ehargmgrom PTRIRCVIRCP PTR-RCV
ESS Charging i Charging using ESS -
Injection (Low Flow) G (6m3/hr) ESS/ESS-CLRCP
ESS Seal injct E Seal Inject PTRESS ESS:-PO
eal injection mergency Seal Injection | i
= o | o ESS/ESS-SURCP PTR-TNK ESS-SI o
4. Pri
;aker:;ary System | s Direct . C-L45 | HHSIDirect Injection PTRIRCV/BIT/RCP PTR-RCV. RCV-PO | RCV-HSI
LHSI - Direct . C-L46 | LHSIDirect Injection PTR/RIS/RCP PTR-RIS
RIS-PO
LHSI - Recirculation | C-L47 | LHSIRecirculation SMPIRISIRCP SMP-RIS
SMP/EAS/EAS. R]
g EAS Back-uptoRIS | C-L48 | EAS Back-up toRIS POIRSIROP CNT-SWP | SMP-EAS | EASPO | EAS-RIS | RIS-PO*
o EAS 004 Back-upto | .. ] SMP/EAS/EAS- § x i |
= = C-L49 | EAS Back-up to RIS RISRISRP SMP-EAS | EAS-PO* | EAS-4PO | RIS-PO"
= PTR Gravity Feed ) . X . ¥
8 i C-L61 | PTR Gravity Feed PTRIRIS"RCP PTR-TNK PTR-RIS RIS-PO* | RIS-LSI RCP
o
[v4 C-L50 | GCTa Steam Dump SGMP/GCTa GCTa-STM
SG Steam Dump ses | we-acT
G5t | GCTo Steam-Dump T GCTe-STM| CEXTNK | GEXPO
C-L52 | Turbine Driven ASG Pump | ASG/ASGUSG ASG-TIPO | ASG-TISS ASG-TIFL
ASG-TNK ASG-SGIFL
SG Feedwater C-L63 | Motor Driven ASG Pumps | ASG/ASGMISG ASG-MPO ASG-MFL SGs
C454 | AREMainFeed- CEXARPNSG- CEXTNK | CEXPO | ABRHX. | APARC | AHP-HX. |ARE-SGIRL
C-L55 | SER Make-up to ASG SERIASG SER-PO
C5. Core Cooling SER o p SER-TNK SER-ASG
CL56 | ase gravity Make-up to SERJ/ASG (gravity) SER-BV
ASG-TNK
C-L57 | JPP Make-up to ASG JPPIUPDIASG JPPATNK JPP-PO | JPD-ASG
SG Long term
Feedwater Supply
C-L8 | JPS Make-up to ASG SEP/JPS/JPDIASG JPSPO | JPD-ASG
SEP-TNK | SEP-JPPIS
C-L69 | SEP Make-up to JPP SEPIPP JPP-TNK
C-L67 | 4th SG Injection SEP/ASGXISG SEP-TNK | ASG-4PO
:?SRD);Core Cooling | "¢ 60 | RRA Cooling RCP/RRARCP RCP* RRASL | RRA-PO ‘ RRA-Hx | RRA-DL | RRA-SV | RCP*
Containment Isolation|  B-1 Containment Building B-CNT
Direct Core Injection *See C4. Primary System Make-up
Containment Spray - EAS ;
CL61 | gt oaton PTRIEAS/CNT PTR-TNK | PTR-EAS EAS-PO
CLep | Contanment Spray-EAS | gy as/oNT CONT-SMP | SWP-EAS | EAS-PO | EAS-Hx
Recirculation
cona P ——— EAS-SPR | CONT
ontainment Cleg | Containment Spray - JPP/EAS/CNT JPP-TNK | JPP-PO_| JPP-JPC | JPC-EAS
Pressure Control Emergency Back-up
C6. Containment
B ! C-L68 | EAS Emergency Backup | SEP/EASXCNT SEP-TNK | SEP-EAS PEE-PO
C-L64 | Containment Venting
Hydrogen Reduction | C-L65 | Hydrogen PARS ETY (PARS) PARs
6 Creen R C-L52 | Turbine Driven ASG Pump | ASGIASGUSG ASG-TIPO | ASG-T/SS ASG-TIFL
reep Rupture ASG-TNK ASG-SGIFL|  SGs
Prevention
C-L53 | Motor Driven ASG Pumps | ASGIASGM/SG ASG-MPO ASG-MFL
Basemat Meltthro | | 65 | Reactor it Flooding
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inducing a tsunami wave up to 3.8 m above the terrace level with proposed modifications implemented

Table 14:

Functional requirements diagram for a beyond-design-basis (0.5 g) earthquake

Required Function SSCs that provide Functional Requirement
Functional . " :
. Sub-Function Methods to fulfil Functional Req. (SSCs) Sub-SSC
Requirement
Core Exit Core Exit Temperature
Temperature e Indication RIC oM™ [N}
RCP Level c2 mz::;‘:er Level RCPxoMN ILN]
Reactor Level
Indication S| s
RCP pressure Cc-I3 RCP Pressure Indication RCPxxxMP [LNi]
RRAPressure C-5 | RRAPressure Indication RRAxxMP LN
SG Level C-I6 | SGWR Level indication ARExxMN LN
<
8 SG Pressure C-I7 | SGPressure Indication WPxoMP LN
13
S & ASG Tank Level C-18| ASG Tank Level Indication ASGO02LN
o M
Indication i
3 Diesel Tank Level Clg | Dlesel TankLevel LHixooLN
12
Containment Containment WR Pressure|
Pressure G20 | gication BngEiL? =y
Containment Containment Radiation KRT022-
Radiation G2 | Levels 23MA KRTo01AR [
Containment Sump ! RISxoSL
e, 2] C-122 Containment Sump Level EASXxSL [LCA/B]
Nl C-23 | Basemat Thermo-couples KSBxooMT
Thermocouples
Containment Sump
Temperature 51
Containment
Hydrogen Sampling 52
$eac(or Pit c53
‘emperature
SFP Pool S-S1 | SFP Pool Integrity SFP SFP-PL B-SFP
$1. SFP Integrity PTR 1/2 PO s-51 E{ez::;’""a' SFP Cooling | gepprriSFR PTRSL | PTR-PO* | PTR-HX* | PTR-DL |PTR-SPHN
SFP-PL SFP-PL
PTR6 PO $-S2 | PTR 3rd Train Integrity SFP\PTRISFP PTR3-SL | PTR3-PO* | PTR3-HX' | PTR3-DL |PTR3-SPHN
PTR 1/2 PO S-L1.| PTR Normal Cooling SFP\PTR\SFP PTR-SL | PTR-PO.| PTR-HX PTR-DL
$2. SFP Cooling SFP-PL SFP-PL
PTR 6 PO S-L2 | PTR 3rd Train Cooling SFP\PTRISFP PTR3-SL | PTR3-PO | PTR3-HX PTR3-DL
SFP Steam Release | S-L3 | Open Vent Doors SFP-VD
5 S-14| SED Make-up SED/SFP SED-TNK SED-PO SED-SFP
o
o $3. Bulk Boiling _— S5 | JPP Make-up JPPIJPD/SFP JPP-TNK JPP-PO
@ it JPD-SFP | SFP-PL
u:: S-L6 | JPS Make-up SEP/JPS/SFP SEP-TNK | SEP-JPP/S| JPS-PO
-
s S-L7 | SEP Make-up SEP/SFPx SEP-TNK | SEP/SFPx PEE-PO
o
”n SFP Level S | SFP Level Indication PTRyooMN [LN] | [SAR-ACC]
SFP Temperature s-2 iz&;@:‘pera'“m PTRxooMT LN]
Fuel Rack
Temperature S8
i SFP Boron
S4. Indication e S-14
SFP Building
Pressure S
SFP Hydrogen S
Concentration
SFP Building
Humidity &
V-LO1 \J/:EnMake'“" toSeismic | jppypppLT JPP-TNK JPP-PO | JPP-JPD
JPD-VLT
g V1. Seismic Vault \F,':‘j:""g of Seismic | /o \J,Zj(""ake'“p toSeismic | sppyps/POALT SEP-JPP/S| JPS-PO | JPS-UPD VLT
T - SEP-TNK
> Vi3 | SEP GravityFeedto SEP/JPDLT SEP-LT
[2) Seismic Vault
‘e Seismic Vault
g Temperature A
o -
» V.2 Indication Seismic Vault Water vi2
Level
Seismic Vault
Pressure A
> £ | b1.casklntegrity %:f": R MBSl Cask integrity CASK CASK®
7]
o ® ey
O | p2 caskcooling Gy C) D-L1 | Cask Cooling Cask building and Air Flow | B-LLW | CASK-AR
maintained
B1. Containment B1 | Containment Building B-CNT | Building Hatch | Penetration | Airlocks |
B2.NAB B2 | Nuclear Auxiliary Building B-NAB
B3. Electrical Building B3 | Electrical Building B-ELE
7]
=) B4. Diesel buildings B4 Unit Diesel Building B-DSL
c
el B5. SBO Diesel Building B5 SBO Diesel Building B-SBO
3 B6. SEC pump-house B6 SEC Pumphouse Building B-SEC
[11]
B7. Turbine Hall B7 Turbine Hall B-TUR
B8. LLW Building B8 | Low Level Waste Building B-LLW
B9.ECC B9 | Emergency Control Centre B-ECC
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Table 14:
Functional requirements diagram for a beyond-design-basis (0.5 g) earthquake
inducing a tsunami wave up to 3.8 m above the terrace level with proposed modifications implemented

Required Function SSCs that provide Functional Requirement
Functional . " .
. Sub-Function Methods to fulfil Functional Req. (SSCs) Sub-SSC
Requirement
E-1 | 400KV LHASupply 400KVILHA 400KV | GEN-TRX | UNT-TRX | LGA-SWB
LGB-SWB
E2 | 132KVLHASupply 132KVILHA 132KV STN-TRX LGE/F-SWB
LHA
Supply E3 | LHP DieselLHASupply | LHP/LHA LHP-DSL LHP-LHA LHA-SWB | [LCA] LBA]
[LHA]
E4 | LHSDieselLHASupply | LHS/LHA LHS-DSL LHS-LHC | LHC-SWB | LHC-LHA
= G E-60 | MBL Diesel LHASupply | MBL-DSLILHA MBL-DSL MBL-DSL-CON
Sl Sy E-5 | 400KV LHB Supply 400KV/LHB 400KV | GEN-TRX | UNT-TRX | LGD-SWB
LGC-SWB
E6 | 132KVLHB Supply 132KVILHB 132KV STN-TRX LGE/F-SWB
LHB
Supply E7 | LHQ Diesel LHB Supply | LHQILHB LHQ-DSL LHQ-LHB LHB-SWB | [LCB] [LBB]
[LHB]
E-8 | LHS DieselLHB Supply | LHS/LHB LHS-DSL LHS-LHC | LHC-SWB | LHC-LHB
E-61 | MBLDieselLHB Supply | MBL-DSLILHB MBL-DSL MBL-DSL-CON
. LLY SBO Diesel
S Supply E-10 | LLY Switchboard Supply | LLS\LLX\LLY LLSDSL | LLX-SWB | LLXLLY | LLY-SWB
Supply ILLY]
E-21 | LCASwichboard-LHA | LCALLALHA [LHA] LLAE-SWB
LCARD
LCA48V Switchboard|
g E-22 | LCASwichboard-LLS | LCALLY [LLY] LCA'SWB
.. E-23 | LCASwitchboard - Battery | LCABAT LCA-BAT
SRS i BEr Rl E-24 | LCB Switchboard-LHB | LCBILLILHB [LHB] | LLB\D-SWB
LCB 48V LCB-RD
£ Switchboard Supply [ E-25 | LCB Switchboard-LLS | LCB\LLY ILLY] LCB-SWB
K] [LCB]
3 E-26 | LCB Switchboard - Battery | LCB\BAT LCB-BAT
(2]
Y E-31 | LBASwichboard-LHA | LBALLILHA [LHA] |LLC\E-SWB
5 LBA 125V LBA-RD
o Switchboard Supply | E-32 | LBASwichboard-LLS | LBALLY [LLY] LBA-SWB
Q [LBA]
a E4 125\ E-33 | LBASwitchboard- Battery | LBABAT LBA-BAT
© Switchboard Supply E-34 | LBBSwitchboard-LHA | LBB\LLALHB [LHB] | LLB\D-SWB.
o LBB 125V LBB-RD
.E Switchboard Supply [ E-35 | LBB Switchboard-LLS | LBBILLY [LLY] LBB:SWB
[LBB]
% E-36 | LBB Switchboard - Battery | LBB\BAT LBB-BAT
E-41 | SIPIDirty Supply from LHA| LNALLC/LHA LLC-SWB LNA-RD
[LHA]
LNA 220V Essential | E-42 f":;\‘ Clean Supply from | | \an BC/LLALHA LLA-SWB
i LBC-RD LNA-SWB
[LNA] E-43 | SIPISupply from LSS LNALBCILLY [LLY] LBC-SWB
E-44 | SIPIBattery Supply LNAILBC/BAT LBC-BAT
E-45 S":B" Dirty Supply from LNB/LLD/LHB LLD-SWB LNB-RD
[LHB]
LNB 220V Essential | E-46 S'PB" Clean Supply from | | e\ BD/LLBILHB LLB-SWB
i LBD-RD LNB-SWB
[LNB] E-47 | SIP IlSupply from LSS LNB/LBD/LLY [LLY] LBD-SWB
ES. Essential E-48 | SIP Il Battery Supply LNB/LBD/BAT LBD-BAT
Switchboard Supply B4 | SPNOMYSwRTOM | NeaicA LLC-sWB LNC-RD
[LHA]
LNC 220VEssental | E-50 || S I'Cloan SWRom 1 nenen iaika LLA-SWB
i LBE-RD LNC-SWB
[LNC] E-51 | SIPIiSupplyfromLSS | LNC/LBE/LLY [LLY] LBE-SWB
E-52 | SIP Il Battery Supply LNC/LBE/BAT LBE-BAT
E-53 EEB‘V Dirty Supply from | oy oL HB LLD-SWB LND-RD
[LHB]
LND 220V Essential | E-54 f"_‘PB‘V Clean Supply from | | oy BF/LLB/LHB LLB-SWB
i LBF-RD LND-SWB
[LND] E-55 | SIPIVSupplyfromLSS | LNDILBF/LLY [LLY] LBF-SWB
E-56 | SIPIVBattery Supply LND/LBF/BAT LBF-BAT
SEC TrainACooling [ U-1 | SEC Train A Cooling SEA'SEC-A'SEA SEC-ARS | SEC-ADS | SEC-A-PO | RRFAHX
= U1. Essential ey [Seal
£ Cooling SEC Train B Cooling [ U-2 | SEC Train B Cooling SEA'SEC-BISEA SEC-B-RS | SEC-B-DS | SEC-B-PO | RRFB-HX
[]
2
8 Alternative Heatsink U3 Alternative Heatsink
% RRITrain ACooling [ U-11 | RRITrain ACooling SEC/RRFAHXA HX-A | RRFAPO_| [RRFA-HX]
2
g G RRITrain B Cooling [ U-12 | RRITrain B Cooling SEC/RRHB/HXA HX-B | RRB-PO | [RRFB-HX]
= Cooling . RRI Commons cooling " o
g e U3 | e SEC/RRHFAHXC 1! RRFA-PO | [RRFAHX]
Coolng U-14 | RRICommons cooling SEC/RRHB/HXC RRIB-PO | [RREB-HX]
(Train B)
Functionality Lost Tsunami event resuilts in damage
Functionality lost due to On-Site Induced Hazard I I I I I Seismic event results in damage
Functionality Lost by Failure of Support System
Functionality Retained but imited to less than 24
hours operation.
Functionality Retained
Proposed Plant Changes
Functionality Not Credited or does not Exist

Note * indicates integrity not active function

Note [XXX] indicates as system support dependency

eert-12-024-rpt rev 3 - earthquake and tsunami with induced events.docx -69-



® Eskom

Table 15:

Functional requirements diagram for a beyond-design-basis (0.6 g) earthquake
inducing a tsunami wave up to the 0 m terrace level (no modifications)

Required Function

SSCs that provide Functional Requirement

Prevention

Functional . " .
. Sub-Function Methods to fulfil Functional Req. (SSCs) Sub-SSC
Requirement
Control Rods €81 | Control Rod CRDMs FL-ASS |CNTL-ROD| CRDM
C-L42 sfrﬁ :;”a"(’” (drector | REARCVIRCP REAB-TNK | REAB-PO REARCV
Normal charging from PTR T
CLag | o T enarang fom PTRIRCVIRCP PTR-RCV RCV-CL
C1. Sub-Criticality Charan o E
Boron Injection C-L3g | Charding using Emergencyl poqeos o rep PTR-TNK RCP
Seal Injection
PTR-ESS ESS-PO
C-L33 | Emergency Seal Injection | ESS/ESS-SIRCP ESS-SI
C-L11 | Accumulators ACCIRCP ACC ACC-RCP
) . . RCP RCP RCP .| safety
RCP System C-121 RCP Integrity RCP RCP’ Pumps* Vessel‘\|Pressuriser’ PORVSs! | Valves*
C2. Primary System SG C-122 SG Integrity SG’ SGs'
Integrif i
grity (RSTJ"; System Integtity) ' o3 | RRA Integrity RCP*/RRA/RCP* RCP* | RRASL* | RRAPO* | RRAHX | RRA-DL* | RRA-SV* |
(Rs%‘; System lsolation| [ ;| Rra isolation RCP* RCP* RRASL | RRADL
C-L31 | Normal Seal Injection REARRCVIRCP REAB-TNK | REABB-PO REARCV
Normal Seal Injection RCV-PO | Rev-sI
C3.RCP Seal
b 0 C-L32 | PTR Seal Injection PTRIRCVIRCP PTR-RCV RCP
injection
= B PTR-TNK
In;s;gi““ o C-L33 | Emergency Seal Injection | ESS/RCP PTR-ESS ESS-PO | ESS-sI
C-L42 sfrg :‘)”a""” (direct or REARCVIRCP REAB-TNK | REAB-PO
Normal charging from REA REARCY
RCV Normal charging| C-L43 | \orm@ charding from REARCVIRCP REAW-TNK| REAW-PO RCV-PO
water system
- RCV-CL
C-L44 g%':a' Charging from PTRIRCVIRCP PTR-RCV
ESS Charging Charging using ESS
Injection (LowFlow) | S34 | (6m3/hr) ESS/ESS-CLIRCP
353 = P PTR-ESS ESS-PO
ealinjection | | g3 | Emergency Sealinjection | poq s syrcp PTR-TNK ESS-SI
(Low Flow) (6m3ihr) |
;:.;ln;ary System |1 Direct Inj. C-L45 | HHSI Direct Injection PTRIRCV/BIT/RCP PTR-RCV RCV-PO | RCV-HSI
LHSI - Direct Inj. C-L46 | LHSI Direct Injection PTRIRISIRCP PTR-RIS
RIS-PO
LHSI- Recirculation | C-L47 | LHSIRecirculation SMP/RISIRCP SMPRIS
o RIS-LSI
s SMP/EAS/EAS-
o EAS Back-Up 0RIS [ C-L48 | EAS Back-up toRIS CNT-SMP | smP-EAS | EAS-PO | EAS-RIS | RIS-PO*
o 4POIRISIRCP
= EAS 004 Back-up (o SMP/EAS/EAS-
C-L49 | EAS Back-up to RIS SMP-EAS | EAS-PO* | EAS-4PO | RIS-PO*
.3 RIS acleup fo RIS/RISIRCP
3 PTR Gravity Feed | o\ 61| pTR Gravity Feed PTRIRIS/RCP PTR-TNK PTR-RIS RIS:PO* | RIS-LSI RCP
e (SD - Head Off)
C-L50 | GCTa Steam Dump SGMWPIGCTa GCTa-STM
SG Steam Dump SGs WP-GCT
C45t | GGToSteam Dump T GCTe-STM| GEXTNK | GEXRO
C-L52 | Turbine Driven ASG Pump | ASG/ASGYSG - ASG-T/SS ASG-T/FL
ASG-TNK ASG-SGIFL
SG Feedwater C-L53 | Motor Driven ASG Pumps | ASGIASGM/SG ASG-MPO ASG-MFL SGs
C454 | AREMainFoed- CEXAPASG- CEXTNK | CEXPO | ABPHX. | APARC | AHP-HX. | ARE-SGIRL
C5. Core Cooling C-L55 | SER Make-up to ASG SERIASG SER-PO
< Y= SER-TNK SER-ASG
CL56 | ase gravity Make-up to SERJ/ASG (gravity) SER-BV
oL ASG-TNK
onajory C-L57 | JPP Make-up to ASG JPPIJPD/ASG JPP-TNK JPP-PO | JPD-ASG
Feedwater Supply
C-L58 | JPS Make-up 10 ASG SEPIPSIPDIASG JPS-PO | JPD-ASG
SEP-TNK | SEP-JPP/S
C-L59 | SEP Make-up to JPP SEPIPP JPP-TNK
:?s'g; Core Coolind. | 160 | RRACooling RCP/RRAIRCP RcP* | RRASL || RRAPO RRA-DL | RRA-SV | RCP*
Containment Isolation| ~ B-1 Containment Building B-CNT
Direct Core Injection *See C4. Primary System Make-up
Containment Spray - EAS 1
G181 | o eation PTRIEAS/CNT PTR-TNK | PTR-EAS EAS-PO
: CLpp | Contanment Spray-EAS | gy as/oNT CNT-SVP | SMP-EAS | EAS-PO EASSPR | CONT
Containment Recirculation
Pressure Control i -
; C-Lga | Containment Spray JPP | oo n oy JPP-TNK | wPP-PO | WPP-JPC | JPCEAS
C6. Containment Emergency Back-up
Integrif
arity C-L64 | Containment Venting
Hydrogen Reduction | C-L65 | Hydrogen PARS ETY (PARS) PARs
AL C-L52 | Turbine Driven ASG Pump | ASGIASGUSG ASG-T/SS ASG-T/FL
Preve:'\elzaz ‘W ASG-TNK ASG-SGIFL SGs
C-L53 | Motor Driven ASG Pumps | ASGIASGM/SG ASG-MPO ASG-MFL
Basemat Melt-thro |+ o5 | Reactor Pit Flooding
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inducing a tsunami wave up to 3.8 m above the terrace level with proposed modifications implemented

Table 14:

Functional requirements diagram for a beyond-design-basis (0.5 g) earthquake

Required Function SSCs that provide Functional Requirement
Functional . " .
. Sub-Function Methods to fulfil Functional Req. (SSCs) Sub-SSC
Requirement
Core Exit Core Exit Temperature
Temperature s Indication R [N
RCP Level cp | ProssuriserLevel RCPxoMN ILN]
Indication
Regcpr Level C-24 RVLIS
Indication
RCP pressure Cc-B3 RCP Pressure Indication RCPxxxMP [LNi]
RRAPressure C-5 | RRAPressure Indication RRAoMP (LN
SG Level C-6 | SGWR Level indication ARExxMN LN
2
8 SG Pressure C-I7 | SGPressure Indication WPxoMP [LN]
13
o & ASG Tank Level C-18 | ASG Tank Level Indication ASGO02LN
< 4
© o
Indication i
3 Diesel Tank Level Gl | DreselTank Level LHixLN
& ndications
Containment C-120 Containment WR Pressure| ETYx0oMP N
Pressure Indication
Containment Containment Radiation KRT022-
Radiation Cg Levels 23MA (IEILLR &
Containment Sump RISxxSL
el C-122 | Containment Sump Level 0w | [LcaB]
BaseMat
b C-23 | Basemat Thermo-couples KSBxooMT
Containment Sump c51
Temperature
Containment
Hydrogen Sampiing | C1%2
Reactor Pit c53
‘Temperature
SFP Pool S-S1 | SFP Pool Integrity SFP SFP-PL | B-SFP
$1. SFP Integrity PTR 1/2 PO s-s1 ﬁg;::s’ma' SFP Cooling | qep\prRISFP PTR-SL | PTRPO* | PTRHX" | PTR-DL |PTR-SPHN
SFP-PL SFP-PL
PTR6 PO $-S2 | PTR 3rd Train Integrity SFP\PTRASFP PTR3-SL | PTR3-PO* | PTR3-HX® | PTR3-DL |PTR3-SPHN
PTR 1/2PO S1 | PTR Normal Cooling SFP\PTR\SFP PTRSL | PTR-PO PTR-DL
$2. SFP Cooling SFP-PL SFP-PL
PTR6 PO S12 | PTR 3rd Train Cooling SFP\PTR3ISFP PTR3-SL | PTR3-PO | PTR3-HX PTR3-DL
SFP Steam Release S-L3 Open Vent Doors SFP-VD
8 S4 | SED Make-up SED/SFP SED-TNK SED-PO SED-SFP
o $3. Bulk Boiling srPE
@ mergency S5 | JPP Make-up JPPIJPDISFP JPP-TNK JPP-PO SFP-PL
S Make-up
2 JPD-SFP
- S-L6 | JPS Make-up SEPIJPS/SFP SEP-TNK | SEP-JPP/S| JPS-PO
8
‘% SFP Level S-1 | SFP Level Indication PTRx0oMN [LN] | [SAR-ACC]
SFP Temperature s.p | SFPTemperature PTRxoMT LN]
Indication
Fuel Rack s
Temperature
$4. Indication ARl s
Concentration
SFP Building o
Pressure
SFP Hydrogen 05
Concentration 8
SFP Building
Humidity S
V-LO1 f/:E(Make'“p toSeismic | jppyppaLT JPP-TNK JPP-PO | JPP-JPD
Flooding of Sei JPS Make-up to Seismi 1
= V1. Seismic Vault | [, SO OTSESME |y gp | IPE MAKEUPIOSERME - sepypspDALT SEP-JPP/S| JPS-PO | JPS-UPD iy
S SEP Gravity Feed t il
> VA0S | o SEPIPDALT SEP-VLT
o eismic Vault
£ Seismic Vault )
n Temperature U
2 e
3 V2 Indication Seismic Vault Water |,
Level
Seismic Vault
Pressure s
> £ | 1. cask Integrity (T:;f"“ RemanLeak S| Fplsq | Cask integrity CASK CASK*®
7]
[= 1] ir cooli
O | b2 caskcooling Cask Arr cooling D-L1 | Cask Cooling Cask building and Air Flow | B-LLW | CASK-AR
maintained
B1. Containment B1 Containment Building B-CNT Building Hatch | Penetration |  Airlocks |
B2.NAB B2 Nuclear Auxiliary Building B-NAB
B3. Electrical Building B3 Electrical Building B-ELE
7]
o B4. Diesel buildings B4 Unit Diesel Building B-DSL
c
- B5. SBO Diesel Building B5 | SBO Diesel Building B-SBO
a B6. SEC pump-house B6 | SEC Pumphouse Buiding B-SEC
B7. Turbine Hall B7 Turbine Hall B-TUR
B8. LLW Building B8 | Low Level Waste Building B-LLW
B9.ECC B9 | Emergency Control Centre B-ECC
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Table 14:
Functional requirements diagram for a beyond-design-basis (0.5 g) earthquake
inducing a tsunami wave up to 3.8 m above the terrace level with proposed modifications implemented

Required Function SSCs that provide Functional Requirement
Functional . " .
. Sub-Function Methods to fulfil Functional Req. (SSCs) Sub-SSC
Requirement
E-1 | 400KV LHASupply 400KVILHA 400KV | | GEN-TRX | UNT-TRX | LGA-SWB
LGB-SWB
LHA Switchboard E-2 | 132KVLHASupply 132KVILHA 132KV STN-TRX LGE/F-SWB
Supply LHA-SWB | [LcA] [LBA]
[LHA] E-3 | LHP DieselLHASupply | LHP/LHA LHP-DSL LHP-LHA
o AL E4 | LHSDieselLHASupply | LHS/LHA LHS-DSL LHS-LHC LHC-SWB | LHC-LHA
PR E-5 | 400KV LHB Supply 400KV/LHB 400KV | GEN-TRX | UNT-TRX | LGD-SWB
LGC-SWB
LHB Switchboard E6 | 132KVLHB Supply 132KVILHB 132KV STN-TRX LGE/F-SWB
Supply LHB-SWB | [LcB] B8]
[LHB] E-7 | LHQ Diesel LHB Supply | LHQ/LHB LHQ-DSL LHQ-LHB
E-8 | LHS DieselLHB Supply | LHS/LHB LHS-DSL LHS-LHC LHC-SWB | LHC-LHB
’ LLY SBO Diesel
w1y Supply E-10 | LLY Switchboard Supply | LLSILLXLLY LLSDSL | LLX-SWB | LLXLLY | LLY-SWB
Supply ILLY]
E-21 | LCASwichboard-LHA | LCALLALHA [LHA] LLAE-SWB
LCARD
LCA 48V Switchboard|
B E-22 | LCASwichboard-LLS | LCALLY [LLY] LCA'SWB
E3048V E-23 | LCASwitchboard - Battery | LCABAT LCABAT
SRR S SRRl E-24 | LCB Switchboard-LHB | LCBILLILHB [LHB] | LLB\D-SWB
LCB 48V LCB-RD
Switchboard Supply [ E-25 | LCB Switchboard-LLS | LCBILLY [LLY] LCB-SWB
[LCB]
E E-26 LCB Switchboard - Battery [ LCB\BAT LCB-BAT
2
3 E-31 | LBASwitchboard-LHA | LBALLILHA [LHA] | LLC\E-SWB
I3 LBA 125V LBA-RD
£ Switchboard Supply | E-32 | LBASwitchboard-LLS | LBALLY [LLY] LBA-SWB
[LBA]
g E-33 | LBASwitchboard - Battery | LBABAT LBA-BAT
E4.125V
2 Switchboard Supply
> E-34 | LBB Swichboard-LHA | LBBILLALHB [LHB] | LLB\D-SWB
»n LBB 125V LBB-RD
© Switchboard Supply [ E-35 | LBB Switchboard-LLS | LBBILLY [LLY] LBB-SWB
2 [LBB]
.3 E-36 | LBB Switchboard - Battery | LBB\BAT LBB-BAT
@
o E-41 | SIPIDirty Supply from LHA| LNALLC/LHA LLC-SWB LNA-RD
[LHA
LNA 220V Essential | E-42 s:: A‘ Clean Supply from | | \at BC/LLALHA LLASWB
i LBC-RD LNA-SWB
[LNA] E-43 SIP 1 Supply from LSS LNALBC/LLY [LLY] LBC-SWB.
E-44 | SIPIBattery Supply LNAILBC/BAT LBC-BAT
E45 | SENDTYSwRTOm g iDiHe LLD-SWB LNB-RD
[LHB]
LNB 220V Essental || £ | SO0 SWRVOM 1 \ggpisiie LLB-SWB
i LBD-RD LNB-SWB
[LNB] E-47 | SIP Il Supply from LSS LNB/LBDILLY [LLY] LBD-SWB
ES. Essential E-48 | SIP llBattery Supply LNB/LBD/BAT LBD-BAT
Switchboard Supply E-49 3': A‘” Dirty Supply from LNC/LLG/LHA LLC-SWB LNC-RD
[LHA]
LNC 220V Essential | E-50 f:f A‘” Clean Supply from | | no/BE/LLALHA LLA-SWB
i LBE-RD LNC-SWB
[LNC] E-51 | SIP Il Supply from LSS LNC/LBE/LLY [LLY] LBE-SWB
E-52 | SIP llBattery Supply LNC/LBE/BAT LBE-BAT
Es3 | SEVOMYSweom o ionke LLD-sWB LND-RD
[LHB]
LND 220V Essental | E-s4 | S IV Clean SWRYOm 1 Nongrn g LLB-SWB
i LBF-RD LND-SWB
[LND] E-55 | SIPIVSupplyfromLSS | LNDILBF/LLY [LLY] LBF-SWB
E-56 | SIP IV Battery Supply LND/LBF/BAT LBF-BAT
SEC Train A Cooling [ U-1 | SEC Train A Cooling SEA/SEC-A'SEA SEC-ARS | SEC-ADS | SEC-A-PO | RREAHX
x ' [Seal [Sea]
U1. Essential
£ cOoIi:ZE" g SEC TrainB Cooling [ U2 | SEC Train B Cooling SEA'SEC-BISEA SEC-B-RS | SEC-B-DS | SEC-B-PO | RREB-HX
7]
]
g Alternative Heatsink U3 Alternative Heatsink
i RRITrain ACooling [ U-11 | RRITrain ACooling SEC/RRFAHXA HX-A | RRFAPO | [RRFA-HX]
2
g ol RRITrain B Cooling [ U-12 | RRITrain B Cooling SEC/RRHB/HXA HXB | RRFB-PO | [RRFB-HX]
- Cooling RRI Commons cooling
g AL uB | Tonm SEC/RRFAHXC . RRFAPO | [RRFA-HX]
Codling U4 | RRICommons cooing | spcppigxc RRIB-PO | [RRIB-HX]
(Train B)
Functionality Lost Tsunami event results in damage
Functionality lost due to On-Site Induced Hazard I I I I I Seismic event results in damage
Functionality Lost by Failure of Support System
Functionality Retained but imited (o less than 24
hours operation.
Functionality Retained
Proposed Plant Changes
Functionality Not Credited or does not Exist

Note * indicates integrity not active function

Note [XXX] indicates as system support dependency
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Table 16:

Functional requirements diagram for a beyond-design-basis (0.6 g) earthquake
inducing a tsunami wave up to 3.8 m above the terrace level (no modifications)

Required Function

SSCs that provide Functional Requirement

Prevention

Functional . " .
. Sub-Function Methods to fulfil Functional Req. (SSCs) Sub-SSC
Requirement
Control Rods €81 | Control Rod CRDMs FL-ASS |CNTL-ROD| CRDM
C-L42 sfrﬁ :;’mm (drector | REARCVIRCP REAB-TNK | REAB-PO REARCV
Normal charging from PTR Rev:Po
CLag | o enarang fiom PTRIRCVIRCP PTR-RCV RCV-CL
C1. Sub-Criticality Charan o E
Boron Injection C-L3g | Charding using Emergencyl poqeos o rep PTR-TNK RCP
Seal Injection
PTR-ESS £SS-PO
C-L33 | Emergency Seal Injection | ESS/ESS-SVRCP ESS-SI
C-L11 | Accumulators ACCIRCP ACC ACC-RCP
) . . RCP RCP RCP .| safety
RCP System C-121 RCP Integrity RCP RCP’ Pumps* Vessel‘\|Pressuriser’ PORVs | Valves®
C2. Primary System | 5° C22 | SG integrity sG SGs
Integrif i
arity (RSTJ"; System Integtity) ' o3 | RRA Integrity RCP*/RRA/RCP* RCP* | RRASL* | RRAPO* | RRAHX | RRA-DL* | RRA-SV* |
(Rs%‘; System lsolation| ' ;| Rra isolation RCP* RCP* RRASL | RRADL
C-L31 | Normal Seal Injection REARRCVIRCP REAB-TNK | REABB-PO REARCV
Normal Seal Injection RCV-PO | RCV-SI
€3.RCP Seal
A C-L32 | PTR Seal Injection PTRIRCVIRCP PTR-RCV RCP
injection
= = PTR-TNK
In;::;gimy eal C-L33 | Emergency Seal Injection | ESS/RCP PTR-ESS ESS-PO | ESS-SI
C-L42 sfrg :‘)”a""” (direct or REARCVIRCP REAB-TNK | REABB-PO
Normal charging from REA REARCY
RCV Normal charging| C-L43 | o charging from REARCV/RCP REAW-TNK| REAW-PO RCV-PO
water system
- RCV-CL
C-L44 g#ﬂ:a' Charging from PTRIRCVIRCP PTR-RCV
ESS Charging Charging using ESS
Injection (LowFlow) | S34 | (6m3/hr) ESS/ESS-CLIRCP
oS el o . P PTR-ESS ESS-PO
eal injection mergency Seal Injection - -
= oL | ESS/ESS-SIRCP PTR-TNK ESS-SI | |
;‘;'k::":ry System |\ oI Direct Inj. C-L45 | HHSI Direct Injection PTRIRCV/BIT/RCP PTR-RCV RCV-PO | RCV-HSI
LHSI - Direct Inj. C-L46 | LHSI Direct Injection PTRIRISIRCP PTR-RIS
RIS-PO
LHSI- Recirculation | C-L47 | LHSIRecirculation SMP/RISIRCP SMP-RIS
o RIS-LSI
s SMP/EAS/EAS-
o EAS Back-up 0RIS [ C-L48 | EAS Back-up toRIS CNT-SMP | SMP-EAS | EAS-PO | EAS-RIS | RIS-PO*
S 4POIRISIRCP
= EAS 004 Back-up to SMP/EAS/EAS-
C-L49 | EAS Back-up to RIS SMP-EAS | EAS-PO* | EAS-4PO | RIS-PO*
.g RIS acleup fo RIS/RISIRCP
3 PTR GravityFeed | ) 54 | bR Gravity Feed PTRIRIS*/RCP PTR-TNK PTR-RIS RIS-PO* | RIS-LSI RCP
e (SD - Head Off)
C-L50 | GCTa Steam Dump SGMWPIGCTa GCTa-STM
SG Steam Dump SGs WP-GCT
C45t | GGToSteam Dump T GCTe-STM| GEXTNK | GEXRO
C-L52 | Turbine Driven ASG Pump | ASG/ASGHSG ASG-TIPO | ASG-TISS ASG-T/FL
ASG-TNK ASG-SGIFL
SG Feedwater C-L53 | Motor Driven ASG Pumps | ASGIASGM/SG ASG-MPO ASG-MFL SGs
C454 | AREMainFeed- CEXAPASG- CEXTNK | CEXPO | ABPHX. | APARC | AHP-HX. | ARE-SGIRL
C5. Core Cooling C-L55 | SER Make-up to ASG SERIASG SER-PO
= Y SER-TNK SER-ASG
CL56 | 5o gravity Make-up to SERJ/ASG (gravity) SER-BV
oL ASG-TNK
onajory C-L57 | JPP Make-up to ASG JPPIJPD/ASG JPP-TNK JPP-PO | JPD-ASG
Feedwater Supply
C-L58 | JPS Make-up 10 ASG SEPIPSIPDIASG JPS-PO | JPD-ASG
SEP-TNK | SEP-JPP/S
C-L59 | SEP Make-up to JPP SEPIPP JPP-TNK
:QSRD’;C‘”E Cooling | =60 | RRA Cooling RCP/RRAIRCP RCP* RRASL | RRA-PO | RRA-Hx | RRA-DL | RRASV | RCP*
Containment Isolation| ~ B-1 Containment Building B-CNT
Direct Core Injection *See C4. Primary System Make-up
Containment Spray - EAS ’
G161 | Dot moation PTRIEAS/CNT PTR-TNK | PTR-EAS EAS-PO
CLgp | Contanment Spray-EAS | gy ag/oNT CNT-SMP | SMP-EAS | EASPO | EASHx | EASSSPR | CONT
c Recirculation
Pressure Control i -
; Clga | Containment Spray JPP | - ooy n oy JPP-TNK | JPP-PO | JPP-PC | JPC-EAS
C6. Containment Emergency Back-up
Integrif
arity C-L64 | Containment Venting
Hydrogen Reduction | C-L65 | Hydrogen PARS ETY (PARS) PARs
6 Creen R C-L52 | Turbine Driven ASG Pump | ASGIASGUSG ASG-TIPO | ASG-T/SS ASG-T/FL
reep Rupture ASG-TNK ASGSGIFL|  $Gs
Prevention
C-L53 | Motor Driven ASG Pumps | ASGIASGM/SG ASG-MPO ASG-MFL
Basemat Melt-thro | - o5 | Reactor Pit Flooding
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Table 16:

Functional requirements diagram for a beyond-design-basis (0.6 g) earthquake
inducing a tsunami wave up to 3.8 m above the terrace level (no modifications)

Required Function SSCs that provide Functional Requirement
Functional . " .
. Sub-Function Methods to fulfil Functional Req. (SSCs) Sub-SSC
Requirement
Core Exit Core Exit Temperature
Temperature s Indication R [N
RCP Level cp | ProssuriserLevel RCPxoMN ILN]
Indication
Re?m?r Level C-24 RVLIS
Indication
RCP pressure Cc-13 RCP Pressure Indication RCPxxxMP [LNi]
RRAPressure C-5 | RRAPressure Indication RRAxxMP (LN
SG Level C-6 | SGWR Level indication ARExxMN LN
2
8 SG Pressure c-i7 SG Pressure Indication WPxxMP [LNi]
13
) = ASG Tank Level C-18| ASG Tank Level Indication ASGO02LN
< g
o ==
Indication i
3 Diesel Tank Level Gl | Diesel Tank Level LHixoLN
& ndications
Containment C-120 Containment WR Pressure| ETYx0oMP N
Pressure Indication
Containment Containment Radiation KRT022-
Radiation Cg Levels 23MA (IEILLR &
Containment Sump RISxxSL
el C-122 | Containment Sump Level 0w | [LcaB]
BaseMat
b C-23 | Basemat Thermo-couples KSBxooxMT
Containment Sump c51
Temperature
Containment
Hydrogen Sampiing | C1%2
Reactor Pit c53
‘Temperature
SFP Pool S-S1 | SFP Pool Integrity SFP SFP-PL | B-SFP
$1. SFP Integrity PTR 1/2 PO s-s1 ﬁg;::s’ma' SFP Cooling | qep\prRISFP PTR-SL | PTRPO* | PTRHX" | PTR-DL |PTR-SPHN
SFP-PL SFP-PL
PTR6 PO $-S2 | PTR 3rd Train Integrity SFP\PTRASFP PTR3-SL | PTR3-PO* | PTR3-HX® | PTR3-DL |PTR3-SPHN
PTR1/2PO S-L1| PTR Normal Cooling SFP\PTR\SFP PTR-SL | PTR-PO..| PTR-HX PTR-DL
$2. SFP Cooling SFP-PL SFP-PL
PTR 6 PO S-12 | PTR 3rd Train Cooling SFP\PTR3ISFP PTR3-SL | PTR3-PO | PTR3-HX PTR3-DL
SFP Steam Release S-L3 Open Vent Doors SFP-VD
8 S-14 | SED Make-up SED/SFP SED-TNK SED-PO SED-SFP
o $3. Bulk Boiling srPE
@ mergency S5 | JPP Make-up JPPIJPDISFP JPP-TNK JPP-PO SFP-PL
S Make-up
2 JPD-SFP
- S-L6 | JPS Make-up SEPIJPS/SFP SEP-TNK | SEP-JPP/S| JPS-PO
8
J‘,‘ SFP Level S-1 | SFP Level Indication PTRx0oMN [LN] | [SAR-ACC]
SFP Temperature s ‘SFP Temperature PTRxooMT LN]
ndication
Fuel Rack s
Temperature
$4. Indication ARl s
Concentration
SFP Building o
Pressure
SFP Hydrogen 05
Concentration 8
SFP Building
Humidity S
V-LO1 f/:E(Make'“p toSeismic | jppyppaLT JPP-TNK JPP-PO | JPP-JPD
Flooding of Sei JPS Make-up to Seismi 1 1
= V1. Seismic Vault | [, SO OTSESME |y gp | IPE MAKEUPIOSERME - sepypspDALT SEP-JPP/S| JPS-PO | JPS-UPD WLT
S SEP Gravity Feed t il
> VA0S | o SEPIPDALT SEP-VLT
o eismic Vault
£ Seismic Vault -
) Temperature
2 e
3 V2 Indication Seismic Vault Water |,
Level
Seismic Vault
Pressure s
> £ | 1. cask Integrity (T:;f"“ RemanLeak S| Fplsq | Cask integrity CASK CASK*®
7]
[= 1] ir cooli
O | b2 caskcooling Cask Arr cooling D-L1 | Cask Cooling Cask building and Air Flow | B-LLW | CASK-AR
maintained
B1. Containment B1 Containment Building B-CNT Building Hatch | Penetration |  Airlocks |
B2.NAB B2 Nuclear Auxiliary Building B-NAB
B3. Electrical Building B3 Electrical Building B-ELE
»
o B4. Diesel buildings B4 Unit Diesel Building B-DSL
c
- B5. SBO Diesel Building B5 | SBO Diesel Building B-SBO
a B6. SEC pump-house B6 | SEC Pumphouse Buiding B-SEC
B7. Turbine Hall B7 Turbine Hall B-TUR
B8. LLW Building B8 | Low Level Waste Building B-LLW
B9.ECC B9 | Emergency Control Centre B-ECC
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Table 16:
Functional requirements diagram for a beyond-design-basis (0.6 g) earthquake
inducing a tsunami wave up to 3.8 m above the terrace level (no modifications)

Required Function SSCs that provide Functional Requirement
Functional . " :
. Sub-Function Methods to fulfil Functional Req. (SSCs) Sub-SSC
Requirement
E-1 | 400KV LHASupply 400KVILHA 400KV | GEN-TRX | UNT-TRX | LGA-SWB
LGB-SWB
LHA Switchboard E2 | 132KVLHASupply 132KVILHA 132KV STN-TRX LGE/F-SWB
Supply LHA-SWB | [LcA] [LBA]
[LHA] E3 | LHP DieselLHASupply | LHP/LHA LHP-DSL LHP-LHA
= AGEY E4 | LHSDieselLHASupply | LHS/LHA LHS-DSL LHS-LHC LHC-SWB | LHC-LHA
Sl Sy E-5 | 400KV LHB Supply 400KV/LHB 400KV | GEN-TRX | UNT-TRX | LGD-SWB
LGC-SWB
LHB Switchboard E6 | 132KVLHB Supply 132KVILHB 132KV STN-TRX LGE/F-SWB
Supply LHB-SWB | [LcB] 1LBB]
[LHB] E7 | LHQ Diesel LHB Supply | LHQ/LHB LHQ-DSL LHQ-LHB
E-8 | LHS DieselLHB Supply | LHS/LHB LHS-DSL LHS-LHC LHC-SWB | LHC-LHB
. LLY SBO Diesel
T Supply E-10 | LLY Switchboard Supply | LLSILLXLLY LLSDSL | LLX-SWB | LLXLLY | LLY-SWB
Supply ILLY]
E-21 | LCASwichboard-LHA | LCALLALHA [LHA] LLAE-SWB
LCARD
LCA48V
S e E-22 | LCASwichboard-LLS | LCALLY [LLY] LCA'SWB
E3.48V E-23 | LCASwitchboard - Battery | LCABAT LCABAT
SRR S E-24 | LCB Switchboard-LHB | LCBILLILHB [LHB] |LLB\D-SWB
LCB 48V LCB-RD
Switchboard Supply [ E-25 | LCB Switchboard-LLS | LCBILLY [LLY] LCB-SWB
[LCB]
E E-26 | LCB Switchboard - Battery | LCB\BAT LCB-BAT
2
g E-31 | LBA Switchboard - LHA LBA\LLILHA [LHA] | LLC\E-SWB
I3 LBA 125V LBA-RD
+ Switchboard Supply [ E-32 | LBA Switchboard - LLS LBALLY [LLY] LBASWB
[LBA]
g E-33 | LBASwitchboard - Battery | LBABAT LBA-BAT
E4.125V
2 Switchboard Supply
=1 E-34 | LBB Swichboard-LHA | LBBILLALHB [LHB] | LLB\D-SWB
«n LBB 125V LBB-RD
© Switchboard Supply [ E-35 | LBB Switchboard-LLS | LBBILLY [LLY] LBB:SWB
2 [LBB]
.3 E-36 | LBB Switchboard - Battery | LBB\BAT LBB-BAT
)
o E-41 | SIPIDirty Supply from LHA| LNALLC/LHA LLC-SWB LNA-RD
[LHA]
LNA220VEssential [ E4 | SP 'O SURom 1 aygori A LLASWB
i LBC-RD LNA-SWB
[LNA] E-43 | SIPISupply from LSS LNALBC/LLY [LLY] LBC-SWB
E-44 | SIPIBattery Supply LNALLBC/BAT LBC-BAT
g5 | SOy Sueplyfom LNB/LLD/LHB LLD-SWB LNB-RD
[LHB]
LNB 220V Essential | E45 | o Clean Supply from || g\ BD/LLBILHB LLB-SWB
i LBD-RD LNB-SWB
[LNB] E-47 | SIP Il Supply from LSS LNB/LBD/LLY [LLY] LBD-SWB
ES. Essential E-48 | SIPllBattery Supply LNB/LBD/BAT LBD-BAT
Switchboard Supply E-49 S'f A‘” Dirty Supply from LNC/LLC/LHA LLC-SWB LNC-RD
[LHA]
LNC 220V Essental [ E50 | S 'Ol SR oM Ne g LaLHA LLA-SWB
i LBE-RD LNC-SWB
[LNC] E-51 SIP Il Supply from LSS LNC/LBE/LLY [LLY] LBE-SWB
E-52 | SIP Il Battery Supply LNC/LBE/BAT LBE-BAT
Es3 | SEVOMYSweom o ionke LLD-SWB LND-RD
[LHB]
LND 220V Essental [ E-54 | S VOl SURYOM 1 Nongrn ek LLB-SWB
i LBF-RD LND-SWB
[LND] E-55 | SIPIVSupplyfromLSS | LNDILBF/LLY [LLY] LBF-SWB
E-56 | SIPIVBattery Supply LND/LBF/BAT LBF-BAT
SEC TrainACooling [ U-1 | SEC Train A Cooling SEA/SEC-A'SEA SEC-ARS. | SEC-A-DS.| SEC-A-PO.| RREAHX
= U1. Essential [Sea] [Sea]
£ Cooling SEC Train B Cooling [ U-2 | SEC Train B Cooling SEA'SEC-BISEA SEC-B-RS | SEC-B-DS | SEC-B-PO | RRKB-HX
]
2
g Alternative Heatsink U3 Alternative Heatsink
ﬁ RRITrain ACooling [ U-11 | RRITrain ACooling SEC/RRFAHXA HX-A | RRFAPO | [RRFA-HX]
2
g e RRITrainB Cooling | U-12 | RRITrain B Cooling SEC/RRIB/HXA HX-8 | RRFB-PO | [RRFB-HX]
= Cooling RRI Commons cooling " ™
g s U3 | T SEC/RRFAHXC 1! RRFA-PO_| [RRFAHX]
olng U-14 | RRICommons cooling SEC/RRHB/HXC RRIB-PO | [RRIB-HX]
(Train B)
Functionality Lost Tsunami event results in damage
Functionality lost due to On-Site Induced Hazard I I I I I Seismic event results in damage
Functionality Lost by Failure of Support System
Functionality Retained but imited (o less than 24
hours operation.
Functionality Retained
Proposed Plant Changes
Functionality Not Credited or does not Exist
Note * indicates integrity not active function
Note [XXX] indicates as system support dependency
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	The occurrence of a significant earthquake in close proximity to the coast is sometimes accompanied by a tsunami event. EERT-12-021 (External Hazard Screening Assessment) found that the combination of an earthquake generating a tsunami could also induce additional on-site hazards such as chemical spills, explosions, and fires [1].
	This report assesses the robustness of Koeberg Nuclear Power Station (KNPS) to cope with an earthquake and subsequent tsunami and the simultaneous occurrence of a chemical spill, explosion, and fire event as stated in EERT-12-023-RPT (On-site Induced Hazards). Conservative analysis is used in the safety re-assessment. The implementation of several proposals made in EERT-11-013 (External Events Safety Re-assessment Interim Report) is simulated to illustrate the ability of the plant to shut down safely following a combination event. Proposed modifications are discussed in § 3 (Proposed Modifications). The combination study comprises the events described below.
	EERT-11-015 (Seismic Hazard Report) assessed the robustness of the KNPS design to maintain its safety functions when challenged by a seismic hazard beyond the design basis [2]. The study enveloped geological hazards such as submarine landslides, liquefaction, and subsidence/upliftment. Potential cliff edges were identified where small deviations in plant behaviour could give rise to severe plant damages.
	The nuclear safety related structures at KNPS are constructed on a common foundation referred to as the aseismic raft. The main function of the seismic raft is to decrease horizontal ground motion experienced by the nuclear safety related equipment. The KNPS seismic design basis is based on an earthquake, with an epicentre of 8 km at the postulated Milnerton-Hangklip fault zone that measures 7 on the Richter scale. The Dames and Moore method predicted that a safe shutdown earthquake is defined as 0.3 g zero-period horizontal acceleration and 0.2 g zero-period vertical acceleration.
	The seismic hazard report includes several functional requirements diagrams for different magnitude seismic events. This method exposed potential vulnerabilities of structures, systems, and components (SSCs) during normal operating conditions due to a seismic event. The seismic event is used as the basis of this combination assessment using the functional requirements diagrams as explained in EERT-11-014 (Minimal Needs to Prevent and Mitigate Fuel Melt). The diagram indicating seismic failures is augmented with additional failures as described below.
	EERT-11-016 (Tsunami Hazard Report) assessed the robustness of the facility’s design to maintain its safety functions in the event of flooding as a result of a tsunami [3].
	The tsunami assessment comprises three sections. The potential sources of a tsunami at KNPS were investigated first together with the risk posed by each of the initiating events. Secondly, the robustness of KNPS to mitigate a design-basis as well as a beyond-design-basis tsunami was evaluated for different levels of flooding. Potential vulnerabilities were highlighted and associated cliff edge effects identified. Finally, proposals were presented to increase the plant’s robustness against tsunamis.
	This study assumes the simultaneous occurrence of an earthquake and tsunami event as this is believed to be the most enveloping scenario. The so-called lag time between the earthquake and tsunami event is ignored to ensure the proposals made in this study are robust against extreme events.
	There is currently no tsunami early warning system installed at Koeberg to provide an indication on possible tsunami formation following an earthquake event.
	The tsunami assessment used a similar method, i.e. a functional requirements diagram, as used in the earthquake assessment to identify potential failure of SSCs. The failures documented in the original tsunami study are used to augment the functional requirements diagram of the earthquake assessment in order to generate a combined earthquake and tsunami functional requirements diagram.
	EERT-11-025 (Chemical Spill Hazard Report) assessed the risk of chemical spills to KNPS. The assessment concluded that the risk of chemical spills is limited to personnel safety [4]. Chemical spills do not have a direct consequence to nuclear safety.
	This combination study compounds the chemical spills with an earthquake and induced tsunami event, as the earthquake and subsequent tsunami may result in damage to on-site chemical storage tanks (envelopes mobile chemical tankers). Although chemical spills do not cause additional damage to SSCs, failure of chemical tanks is presented as specified in EERT-12-023-RPT to indicate potential danger to plant operators due to the presence of toxic gases. The functional requirements diagram does not contain any chemical storage sources and as a result, these potential failures, due to the occurrence of an earthquake and subsequent tsunami, will be briefly discussed in the text.
	EERT-11-019 Rev 1 (Explosion Hazard Report) assessed the risk of explosions to KNPS from both on- and off-site sources. The study concluded that the locations of potential explosive sources outside of the access control point 2 are far enough to not induce a risk to nuclear safety [5].
	All the potential on-site explosive sources documented in the explosion hazard report were analysed in EERT-12-023-RPT as on-site induced hazards [10]. The findings of this report are used to derive additional failures of SSCs which could possibly be induced by an earthquake and/or tsunami event. The earthquake and tsunami functional requirements diagram is augmented with the potential failures as a result of an explosion initiated by either an earthquake, tsunami, or fire event (no mechanism was found whereby a chemical spill could initiate an explosion).
	EERT-11-018 (Fire Hazard Report) analysed the risk of fires to KNPS. The safety re-assessment showed that KNPS is sufficiently capable of detecting and mitigating an on-site fire [6].
	This study considers the combination of an earthquake and subsequent tsunami inducing a fire on SSCs. EERT-12-023-RPT identified on-site induced fires as a result of an initiating event such as an earthquake, a tsunami, or an explosion (no mechanism was found whereby the chemicals used at KNPS could result in a fire). Failures of SSCs as a result of an initiating fire event are shown in the functional requirements diagram.
	2 Methodology
	2.1 Functional Requirements Diagram Methodology

	Earthquakes, being geological events, cannot be prevented. The methodology followed in this combination study is that of identifying vulnerabilities during normal plant operating conditions due to a combination of external events and presenting applicable proposals to mitigate those events. This method ensures that core and spent fuel pool (SFP) cooling is continuously maintained and containment integrity is not compromised.
	The safety re-assessment completed in EERT-11-015 (Seismic Hazard Report) is the cornerstone of the combination study, as this is the initiating event. Therefore, this study is used as the basis for the combination study. The functional requirements diagram generated in EERT-11-015 (Seismic Hazard Report) is augmented with the functional requirements diagram populated in EERT-11-016 (Tsunami Hazard Report) as the majority of failures are caused by these two events. The methodology of combining two safety re-assessments is discussed in § 2.1 (Functional Requirements Diagram Methodology).
	Various combinations of magnitudes can be assessed. The study performed in EERT-11-015 (Seismic Hazard Report) found that a definite cliff edge (in terms of equipment failure) occurred between a 0.3 g and a 0.4 g earthquake. Table 1 illustrates the expected failures (includes SSC failure due to a supporting system) following seismic events of various magnitudes. The cells highlighted in grey illustrate the point where increased equipment loss is experienced due to the seismic magnitude increasing from design-basis to beyond-design-basis.
	Seismic walkdowns for equipment inside the unit 2 containment building were completed during outage 219. In addition, seismic walkdowns for unit 1 were subsequently completed during outage 120. The findings from the unit 2 walkdowns were incorporated into this report using the functional requirement diagram. Any discrepancies, in terms of additional equipment failure, found during the unit 1 seismic walkdowns will be briefly discussed.
	The terrace level of KNPS is constructed 8 m above the mean sea level (MSL). Minimal damage to safety equipment is expected for a tsunami wave up to 8 m above MSL. The majority of water-caused damage occurs when the site is inundated up to a water level of 3.8 m above the terrace level (11.8 m MSL). By increasing the water level up to 6 m above the terrace level (14 m MSL) the only additional significant failure is the station batteries. By further increasing the water level up to 7 m (15 m MSL) above the terrace level, results in the failure of the SBO diesel generators. Water levels beyond the 7 m terrace level (> 15 m tsunami) will cause failure of the electrical switchboards. The assumption is made that any SSC underneath the water surface will be unavailable. This assumption envelopes damage caused by water-borne debris and will therefore not be discussed further. The impact energy from a tsunami wave on buildings and SSCs was not considered in the tsunami hazard report, and is therefore not considered in this combination assessment.
	The detailed combination of assessments, which includes functional requirements diagrams, is only performed for a tsunami wave height below the 0 m terrace level and a tsunami wave height less than 3.8 m above the terrace level (indicated in grey in Table 2) as this is where the significant cliff edges (regarding equipment loss) occur. Additional assessments were performed for a tsunami with wave height exceeding 3.8 m above the terrace level although this is limited to a brief discussion.
	Based on the analysis above, the following combinations of seismic and tsunami magnitudes for unit 1 and 2 were assessed in detail using a functional requirements diagram comparison:
	A common functional requirements diagram to represent both units 1 and 2 is completed for the combinations mentioned above. Failure of equipment identified is applicable to both units unless stated otherwise.
	The on-site induced failures from chemical spills, explosions, and fires as documented in EERT-12-023-RPT are then presented to derive a comprehensive list of potential SSCs failure for this combination of events. The seismic and tsunami functional requirements diagram is augmented with these additional on-site induced failures (limited to fires and explosion as no mechanism could be found whereby a chemical spill could cause failure of SSCs).
	As this document is identifying additional failures due to the combination of events, only additional proposals or amendments, where necessary, are made to the previous proposals in order to ensure continuous core and SFP cooling and maintaining containment integrity.
	The functional requirements diagram is a summary of all the essential systems and sub-systems that could be used to prevent and mitigate the effects of core melt, in line with the existing relevant incident and accident procedures and severe accident management guidelines. The functionality of the functional requirements diagram is comprehensively discussed and explained in EERT-11-014 (Minimal Needs to Prevent and Mitigate Fuel Melt) [7]. The functional requirements diagram uses unique colour coding to indicate the availability of different systems. Green illustrates that the system is functional following an event, red refers to a system being unavailable, and pink indicates a system is unavailable due to an on-site induced failure. Where a system is unavailable due to an initial event (either earthquake, tsunami, or both) together with an on-site induced hazard (explosion, fire, or both), the initial event always takes preference and is indicated in red. Orange colour coding is used to illustrate that a system is not available due to the loss of a supporting system. Grey colour coding illustrates the system was not assessed (specific for seismic resilience) and subsequently no credit is taken for that system. Finally, yellow colour coding indicates the availability of a system; however the expected operational lifetime is less than 24 hours.
	In EERT-11-015 (Seismic Hazard Report) and EERT-11-016 (Tsunami Hazard Report) the plant’s ability to survive a single event was assessed using a functional requirements diagram.
	A combined functional requirements diagram is completed for an earthquake inducing a tsunami. As previously mentioned, the seismic hazard report is used as the basis for the earthquake and induced tsunami assessment. The functional requirements diagram for the seismic event is augmented with additional failures caused by a tsunami event.
	Different cell patterns were used to differentiate between the failure-causing event and the event that has no influence on the failure of a system. The cell patterns can be interpreted as follows:
	The combinations involving a tsunami wave height exceeding 3.8 m above the terrace level are assessed on a case-by-case basis as it was found that failure of additional systems above this point is limited. Functional requirements diagrams are not completed for these assessments and are only briefly discussed.
	3 Proposed Modifications
	Several vulnerabilities were documented in EERT-11-013 Rev.1 (External Events Safety Re-assessment Interim Report), which lead to numerous proposals being made for the mitigation of external events. To ensure the safe removal of decay heat while maintaining the integrity of the SFP, these proposals were prioritised for maximum benefit. The proposed modifications which are seismically qualified to 0.5 g are described below.
	The proposed modifications mentioned above are indicated on the functional requirements diagram, using a blue colour coding to illustrate the plant’s ability to maintain SFP cooling and containment integrity.
	4 Seismic / Tsunami Hazard Assessment
	4.1 Introduction
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	4.2.1 Potential Failure Identification
	4.2.2 Proposal Implementation

	4.3 Design Basis (0.3 g) Earthquake inducing a Tsunami Wave up to 3.8 m above the Terrace Level
	4.3.1 Potential Failure Identification
	4.3.2 Proposal Implementation

	4.4 Beyond-Design-Basis (0.4 g) Earthquake inducing a Tsunami Wave up to the 0 m Terrace Level
	4.4.1 Potential Failure Identification
	4.4.2 Proposal Implementation

	4.5 Beyond-Design-Basis (0.4 g) Earthquake inducing a Tsunami Wave up to 3.8 m above the Terrace Level
	4.5.1 Potential Failure Identification
	4.5.2 Proposal Implementation

	4.6 Beyond-Design-Basis (0.5 g) Earthquake inducing a Tsunami Wave up to the 0 m Terrace Level
	4.6.1 Potential Failure Identification
	4.6.2 Proposal Implementation

	4.7 Beyond-Design-Basis (0.5 g) Earthquake inducing a Tsunami Wave up to 3.8 m above the Terrace Level
	4.7.1 Potential Failure Identification
	4.7.2 Proposal Implementation

	4.8 Beyond-Design-Basis (0.6 g) Earthquake inducing a Tsunami Wave up to the 0 m Terrace Level
	4.8.1 Potential Failure Identification
	4.8.2 Proposal Implementation

	4.9 Beyond-Design-Basis (0.6 g) Earthquake inducing a Tsunami Wave up to 3.8 m above the Terrace Level
	4.9.1 Potential Failure Identification
	4.9.2 Proposal Implementation

	4.10 Flooding Hazards in Excess of the 3.8 m Terrace Level

	KNPS, being situated close to the coast, could be vulnerable to tsunamis caused by amongst others, an earthquake (envelopes submarine slumping). This section discusses the combination of an earthquake inducing a tsunami event. Furthermore, the potential on-site induced failures as a result of either the earthquake and/or tsunami are discussed. The functional requirements diagrams for the seismic and tsunami assessments are combined and any additional potential failures from on-site induced hazards are shown.
	The combined functional requirements diagram is completed for the eight combinations stated in § 2 (Methodology). The combination assessments are constructively discussed, that is, as the magnitude of the seismic and tsunami hazard is increased, only additional potential failures are highlighted.
	The functional requirements diagram is also updated with the proposals made in § 3 (Proposed Modifications). The success path to ensure critical plant functions is discussed.
	KNPS is robust against a tsunami wave of up to 8 m above MSL. As a result, minimal damage to SSCs can be expected in the event of a tsunami wave up to 8 m following a 0.3 g earthquake. The functional requirements diagram, which provides a graphical summary of all the essential systems affected during a combined event, is illustrated in Table 5 in Appendix 1.
	Damage to plant equipment is mostly caused by the occurrence of the seismic event. Critical components that could fail include:
	The potential failure of equipment following a tsunami wave with a height of less than 8 m is limited to the JPS pump connection point which is located next to the SEC pump house.
	The power transformers and 6.6 kV non-essential switchboards were not assessed during the seismic margin assessment and as a result no credit is taken for the functionality of the equipment. The assumption is made that this combined event will result in a loss of off-site power. The functionality of the SER pumps, which are supplied by 380 V ac non-essential switchboards, will be lost as these switchboards are energised by the 6.6 kV non-essential switchboards.
	EERT-12-023-RPT identifies additional on-site hazards (such as fire, explosion, and chemical release) that could also be initiated by off-site external hazards (and combinations), which could cause additional damage that must be considered [10].
	The only credible additional compounding damage that is initiated by a design basis earthquake (0.3 g) is the possible failure of an ammonia tank in the demineralisation plant and a fire and/or explosion at the hydrogen storage facility. It is possible that a fire/explosion in the hydrogen storage facility could also damage the SEP tank (could also be caused by the earthquake) and the turbine hall.
	Damage to the SEP tank could lead to a flooding event at the south-side EDGs; however this is unlikely [9]. Due to the inherent uncertainty, a conservative approach is taken by making the assumption that the EDGs are not available following such a flooding event.
	No credit is taken for any equipment inside the turbine hall and therefore any potential damage does not lead to any additional consequences.
	The rupture of the ammonia tank at the demineralisation plant, could impact implementation of mitigation strategies, and necessary provision to either eliminate or deal with the consequences in the event of a seismic and tsunami combination event must be made.
	The CRF piping, which is not seismically designed, situated in the basement of the turbine hall below the normal seawater level, could potentially flood parts of this building in the event of seismic activity as a result of a pipe rupture. However, this does not result in additional failures as no credit is taken for any equipment inside the turbine hall.
	As previously mentioned, the functional requirements diagram illustrating the critical equipment functionality following an earthquake, tsunami and on-site induced hazards is shown in Table 5 in Appendix 1.
	§ 3 (Proposed Modifications) lists proposed modifications under consideration at KNPS. The functional requirements diagram generated in § 4.2 (Design Basis (0.3 g) Earthquake inducing a Tsunami Wave up to the 0 m Terrace Level) indicates the potential failure of equipment in the event of a postulated 0.3 g earthquake inducing a tsunami wave with maximum height of 8 m. Furthermore, the potential failure of on-site equipment due to on-site hazards induced by the combined event (earthquake and tsunami) is also indicated.
	The magnitude of the combined event is within the design basis of KNPS and therefore as expected, the majority of the conventional systems are still functional. In this case, the proposed modification serves a redundant purpose. By implementing the proposals as set out in § 3 (Proposed Modifications), the following functional requirement could be maintained following the event described:
	The implementation of the proposed modifications is graphically shown in the functional requirements diagram Table 6 in Appendix 1.
	Table 3 indicates the effect on the essential systems and critical functions if the site is inundated up to 3.8 m above the terrace level following a 0.3 g earthquake.
	The functionality of many SSCs will be lost primarily due to a tsunami causing a flooding hazard as most pumps and the EDGs are located either at or below the 0 m level. The potential damage caused by a 0.3 g earthquake hazard was discussed in the previous section and therefore only additional failures due to a tsunami hazard are discussed:
	EERT-12-023-RPT showed that it is possible to experience additional damage as a result of water rapidly moving over the 0 m terrace level [10]. The kinetic energy embedded in the tsunami wave could cause damage to the hydrogen storage facility which could propagate into a fire and/or explosion. The explosion could cause damage to the SEP tank (refer to proposal CM 3) and the turbine hall (could also be vulnerable to a generator explosion due to the seismic event) which are located close by. However, damage to the SEP tank is enveloped by the seismic event and the flooding hazard posed by the SEP tank is enveloped by the tsunami wave. No credit is taken for equipment inside the turbine hall which is required for safe shutdown of the plant.
	In addition, it is credible that the tsunami wave could cause damage to the ammonia tanks located on the 0 m level next to the demineralisation plant and result in a chemical release. However, the failure of the ammonia tanks is enveloped by the initiating event (earthquake) and they are therefore not considered for the tsunami event (refer to proposal CM 5).
	Apart from those failures documented in the individual seismic and tsunami combination, no additional on-site failures were found. The functional requirements diagram indicating the estimated failure of safe shutdown equipment is shown in Table 3.
	§ 3 (Proposed Modifications) lists proposed modifications under consideration for implementation at KNPS. The functional requirements diagram generated in § 4.3 (Design Basis (0.3 g) Earthquake inducing a Tsunami Wave up to 3.8 m above the Terrace Level) indicates the potential failure of equipment in the event of a postulated 0.3 g earthquake inducing a tsunami wave with maximum height of 11.8 m (3.8 m above the terrace level). Furthermore, the potential failure of on-site equipment due to on-site hazards induced by the combined event (earthquake and tsunami), is also indicated.
	By implementing the proposals as set out in § 3 (Proposed Modifications), the following functional requirements could be maintained following the event described:
	The implementation of the proposed modifications is graphically shown in the functional requirements diagram in Table 4.
	A beyond-design-basis assessment is performed by increasing the seismic loading experienced by SSCs to a 0.4 g earthquake causing a tsunami wave up to 8 m above MSL (below the 0 m terrace level).
	As expected, failure of equipment is predominantly caused by the seismic event as most of the equipment can only be inundated once water moves over the 0 m level.
	Tsunami-induced failures are limited to the JPS water connection point located next to the SEC pump house and were discussed earlier.
	The cumulative potential failure of critical equipment as a result of a 0.4 g earthquake includes [11]:
	EERT-12-023-RPT found that it is possible to incur additional damage as a result of a 0.4 g seismic activity. No additional on-site damage is expected as a result of a tsunami wave up to the 0 m terrace level [10].
	The hydrogen storage facility and turbine alternator are regarded as potential fire/explosion sources in the event of an earthquake due to the presence of hydrogen gas. The fire/explosion of the hydrogen storage facility, which could cause damage to the SEP tank (refer to proposal CM 3) and turbine hall, does not result in additional failures as the SEP tank is expected to be unavailable due to the seismic event. The potential flooding risk posed by the SEP tank to the south-side EDGs could result in their unavailability, however, this is unlikely as it is estimated that this system has already failed due to the seismic event (refer to proposal CM 4). No credit is taken for equipment inside the turbine hall and the fire/explosion of the turbine alternator will predominantly cause damage to equipment inside this building. Furthermore, it is possible that the power transformers could be damaged from either the hydrogen storage facility or turbine alternator explosion or the initiating seismic event. However, an immediate loss of off-site power is assumed and the unavailability of this equipment does not cause additional consequences.
	It is possible for the seismic activity to cause damage to the ammonia tanks situated close to the demineralisation plant. Although this will not result in any additional failures, it could hamper corrective actions by plant personnel in the event of an accident by virtue of the site being uninhabitable as a result of the chemical release (refer to proposal CM 5).
	The CRF piping situated in the basement of the turbine hall could potentially flood parts of this building in the event of seismic activity. However, this does not result in additional failures as no credit is taken for any equipment inside the turbine hall.
	The functional requirements diagram indicating the potential failure of equipment in the event of an earthquake, tsunami, and on-site induced failures is shown in Table 7 in Appendix 1.
	§ 3 (Proposed Modifications) lists proposed modifications under consideration for implementation at KNPS. The functional requirements diagram generated in § 4.4 (Beyond-Design-Basis (0.4 g) Earthquake inducing a Tsunami Wave up to the 0 m Terrace Level) indicates the potential failure of equipment in the event of a postulated 0.4 g earthquake inducing a tsunami wave with maximum height not higher than 8 m (below the 0 m terrace level). Furthermore, the potential failure of on-site equipment due to on-site hazards induced by the combined event (earthquake and tsunami) is also indicated.
	By implementing the proposals as set out in § 3 (Proposed Modifications), the following functional requirements could be maintained following the event described:
	The implementation of the proposed modifications is graphically shown in the functional requirements diagram in Table 8 in Appendix 1.
	An assessment was completed on the plant’s robustness following a 0.4 g earthquake causing a tsunami wave up to 3.8 m above the terrace level. The functional requirements diagram is illustrated in Table 9 in Appendix 1. The water from the tsunami will project over the 0 m terrace level and inundate the plant up to the 3.8 m level above the terrace level. The assessment does not include a tsunami wave in excess of 11.8 m (3.8 m above the terrace level).
	Damage to plant equipment is caused by both the seismic and subsequent tsunami event. § 4.4 (Beyond-Design-Basis (0.4 g) Earthquake inducing a Tsunami Wave up to the 0 m Terrace Level) assessed the damage caused to equipment experiencing a combined event of a 0.4 g earthquake causing a tsunami up to 8 m. The failure of plant equipment as a result of a seismic event was discussed and therefore, the seismic damage caused by this combination will not be discussed as this is similar to that of § 4.4 (Beyond-Design-Basis (0.4 g) Earthquake inducing a Tsunami Wave up to the 0 m Terrace Level).
	§ 4.3 (Design Basis (0.3 g) Earthquake inducing a Tsunami Wave up to 3.8 m above the Terrace Level) discussed the damage caused to equipment from a tsunami wave with a height of up to 3.8 m above the terrace level. Tsunami damage simulated in this combination would be similar and is also not discussed.
	EERT-12-023-RPT found that it is possible to incur additional damage as a result of a 0.4 g seismic activity and tsunami wave up to the 3.8 m above the terrace level [10].
	The hydrogen storage facility is vulnerable to seismic activity and a tsunami wave due to the presence of hydrogen gas in the system. Furthermore, the turbine alternator could be vulnerable to seismic activity for similar reasons. Oxygen ingress into the system could result in a fire and/or explosion. The fire/explosion of the hydrogen storage facility, which could cause damage to the SEP tank (refer to proposal CM 4) and turbine hall (could also be damaged in the seismic event), however this does not result in additional failures as the SEP tank is estimated to be unavailable due to the seismic event. The flooding risk posed by the SEP tank is not considered as the assumption is made that this quantity of water is enveloped by the water from the tsunami wave. No credit is taken for equipment inside the turbine hall and the fire/explosion of the turbine alternator will predominantly cause damage to equipment inside this building. Furthermore, it is possible that the power transformers could be damaged from either the hydrogen storage facility or turbine alternator explosion or the initiating seismic event. However, an immediate loss of off-site power is assumed following a seismic event and the unavailability of this equipment has no additional consequences.
	It is possible for seismic activity to cause damage to the ammonia tanks situated close to the demineralisation plant. Although this will not result in any additional failures, it could hamper corrective actions by plant personnel in the event of an accident by virtue of the site being uninhabitable as a result of the chemical release (refer to proposal CM 5).
	The potential seismically-induced CRF pipe rupture resulting in a flooding event in the turbine hall basement is not considered as the assumption is made that the quantity of water is enveloped by the extent of tsunami water.
	The failure of the equipment as a result the seismic, tsunami, and on-site induced hazards is graphically shown in the functional requirements diagrams in Table 9 in Appendix 1.
	§ 3 (Proposed Modifications) lists proposed modifications under consideration for implementation at KNPS. The functional requirements diagram generated in § 4.5 (Beyond-Design-Basis (0.4 g) Earthquake inducing a Tsunami Wave up to 3.8 m above the Terrace Level) indicates the potential failure of equipment in the event of a postulated 0.4 g earthquake inducing a tsunami wave above the terrace level up to a level of 3.8 m. Furthermore, the potential failure of on-site equipment due to on-site hazards induced by the combined event (earthquake and tsunami) is also indicated.
	By implementing the proposals as set out in § 3 (Proposed Modifications), the following functional requirements could be maintained following the event described:
	The implementation of the proposed modifications is graphically shown in the functional requirements diagram in Table 10 in Appendix 1.
	This assessment analyses the plant’s robustness following a 0.5 g earthquake causing a tsunami wave up to the 0 m terrace level.
	As previously mentioned, most KNPS equipment is not vulnerable to a tsunami with a maximum wave height of 8 m (0 m terrace level). The water will not breach the terrace level and will not pose a flooding risk to the plant. With the occurrence of an 8 m tsunami, damage is limited to the JPS pump connection point, which is located next to the SEC pump house.
	Damage to the plant is predominantly caused by the 0.5 g seismic activity. § 4.4 (Beyond-Design-Basis (0.4 g) Earthquake inducing a Tsunami Wave up to the 0 m Terrace Level) describe the cumulative estimated damage as a result of a 0.4 g earthquake. Increasing the magnitude of seismic activity to 0.5 g, the following could result:
	EERT-12-023-RPT found that it is possible to incur additional damage as a result of a 0.5 g seismic activity and tsunami wave up to the 0 m terrace level [10].
	The hydrogen storage facility and turbine alternator are potential fire/explosion sources in the event of an earthquake due to the presence of hydrogen gas. A rupture in the system could lead to oxygen ingress which could result in a fire/explosion. The fire/explosion of the hydrogen storage facility, which could cause damage to the SEP tank (refer to proposal CM 3) and turbine hall (could also be damaged by seismic activity), does not result in additional failures as the SEP tank is expected to be unavailable due to the seismic event. The flooding risk posed by the SEP tank to the south-side EDGs does not result in their being unavailable as the EDG buildings were assessed and found to be vulnerable to a 0.5 g seismic activity. No credit is taken for equipment inside the turbine hall and the fire/explosion of the turbine alternator will predominantly cause damage to equipment inside this building. Furthermore, it is possible that the power transformers could be damaged from either the overpressure created by the explosion of the hydrogen storage facility or turbine alternator or the initiating seismic event. However, an immediate loss of off-site power is assumed and the unavailability of this equipment has no additional consequences.
	The SBO diesel generators were assessed and found to be vulnerable to fire following a 0.5 g earthquake. However, these systems were not analysed during the seismic margin assessment and hence no credit is taken for their availability. The fire at the SBO diesel generators will not spread to affect any other critical systems; therefore, the potential fire at the SBO diesel generators does not result in additional consequences.
	It is possible for the seismic activity to cause damage to the ammonia tanks situated close to the demineralisation plant. Although this will not result in any additional failures, it could hamper corrective actions by plant personnel in the event of an accident by virtue of the site being uninhabitable as a result of the chemical release (refer to proposal CM 5).
	The CRF piping, situated in the basement of the turbine hall, could potentially flood parts of this building in the event of seismic activity. However, this does not result in additional failures as no credit is taken for any equipment inside the turbine hall. The RIS / EAS, RRI / SEC, and RCV piping is vulnerable to shearing as a result of seismic activity, which could lead to the internal flooding of equipment. An RIS / EAS pipe rupture could cause the inventory of the PTR tank (if still intact following an earthquake event) to flood the basement of the fuel building. In extreme cases, this water can flood above the 0 m level causing the PTR pumps to be unavailable. This however, does not result in any further consequences as the pumps are only required if the PTR tank and water inventory is still available. Internal flooding as a result of an RRI / SEC pipe rupture would result in the unavailability of the RRA, PTR, and EAS heat exchangers and the EAS and RRI pumps as these systems are cooled by the RRI system. Flooding inside the RRI / SEC rooms would not yield additional failure of critical equipment. Flooding due to an RCV pipe rupture could cause water ingress into the RCV pump itself and the emergency seal supply pump (ESS), however, the RCV pumps were assessed and found to be vulnerable to the earthquake event and the ESS pump was not assessed and hence, no credit is taken for its availability [9].
	The functional requirements diagram showing the estimated failures as a result of a combined seismic and tsunami with on-site induced failures is illustrated in Table 11 in Appendix 1.
	§ 3 (Proposed Modifications) lists proposed modifications under consideration for implementation at KNPS. The functional requirements diagram generated in § 4.6 (Beyond-Design-Basis (0.5 g) Earthquake inducing a Tsunami Wave up to the 0 m Terrace Level) indicates the potential failure of equipment in the event of a postulated 0.5 g earthquake inducing a tsunami wave not higher than the 0 m terrace level. Furthermore, the potential failure of on-site equipment due to on-site hazards induced by the combined event (earthquake and tsunami) is also indicated.
	By implementing the proposals as set out in § 3 (Proposed Modifications), the following functional requirements could be maintained following the event described:
	The implementation of the proposed modifications is graphically shown in the functional requirements diagram in Table 12 in Appendix 1.
	This assessment analyses the plant’s robustness following a 0.5 g earthquake causing a tsunami wave that moves over the terrace level up to 3.8 m.
	Damage to the plant is caused by both the seismic and subsequent tsunami events. § 4.6 (Beyond-Design-Basis (0.5 g) Earthquake inducing a Tsunami Wave up to the 0 m Terrace Level) assessed the damage caused to equipment experiencing a combined event of a 0.5 g earthquake and a tsunami wave up to 8 m (0 m terrace level). Seismic damage to plant equipment is similar to that discussed in § 4.6 (Beyond-Design-Basis (0.5 g) Earthquake inducing a Tsunami Wave up to the 0 m Terrace Level) and is therefore not discussed again.
	§ 4.3 (Design Basis (0.3 g) Earthquake inducing a Tsunami Wave up to 3.8 m above the Terrace Level) discussed damage to equipment caused by a tsunami wave with a height of up to 3.8 m above the terrace level. Tsunami damage simulated in this combination is similar and is therefore not discussed. The combined functional requirements diagram for a 0.5 g earthquake inducing a tsunami wave up to 3.8 m above the terrace level is shown in Table 13 in Appendix 1.
	EERT-12-023-RPT found that it is possible to experience additional damage as a result of a 0.5 g seismic event and tsunami wave of up to 3.8 m above the terrace level [10].
	The hydrogen storage facility could potentially be vulnerable to fire/explosion in the event of a 0.5 g earthquake and/or tsunami wave. Both initiating events could rupture pipework, which could result in oxygen ingress leading to a fire and/or an explosion due to a hydrogen/oxygen mixture. The turbine alternator is also vulnerable to a seismic event, which could lead to a fire/explosion event. The fire/explosion of the hydrogen storage facility, which could cause damage to the SEP tank (refer to proposal CM 3) and the turbine hall, which could also be damaged by alternator explosion, does not result in additional failures as the SEP tank is estimated to be damaged in the seismic event. The flooding risk posed by the SEP tank to the south-side EDG does not result in any further consequences as the assumption is made that the SEP tank water quantity is enveloped by that of the tsunami wave. No credit is taken for equipment inside the turbine hall and the fire/explosion of the turbine alternator will predominantly cause damage to equipment inside this building. Furthermore, it is possible that the power transformers could be damaged from the turbine alternator or hydrogen storage facility explosion, tsunami wave, or seismic activity. However, an immediate loss of off-site power is assumed and the unavailability of this equipment does not cause additional consequences.
	The SBO diesel generators were assessed and found to be vulnerable to fire following a 0.5 g earthquake. However, these systems were not analysed during the seismic margin assessment and hence no credit is taken for their availability. The potential fire at the SBO diesel generators would not propagate to any critical equipment and therefore, it does not result in additional consequences.
	It is possible for the seismic activity or subsequent tsunami wave to cause damage to the ammonia tanks situated close to the demineralisation plant. Although this will not result in any additional failures, it could hamper corrective actions by plant personnel in the event of an accident by virtue of the site being uninhabitable as a result of the chemical release (refer to proposal CM 5).
	The CRF piping situated in the basement of the turbine hall below the normal seawater level could potentially flood parts of this building in the event of seismic activity. However, the potential internal flooding hazard posed by the CRF system is not considered, as the assumption is made that the water from the tsunami wave will envelope the water from the CRF rupture. Furthermore, no credit is taken for any equipment inside the turbine hall. The RIS / EAS, RRI / SEC, and RCV piping is vulnerable to shearing as a result of the seismic activity; however, this is not considered as it is assumed that the water released from these systems would be enveloped by the tsunami wave.
	No additional on-site induced failures were found and failure of systems is therefore limited to the damage caused by the seismic activity and subsequent tsunami. The functional requirements diagram indicating the estimated damage to plant equipment as a result of the earthquake, tsunami and on-site induced hazards is shown in Table 13 in Appendix 1.
	§ 3 (Proposed Modifications) lists proposed modifications under consideration for implementation at KNPS. The functional requirements diagram generated in § 4.7 (Beyond-Design-Basis (0.5 g) Earthquake inducing a Tsunami Wave up to 3.8 m above the Terrace Level) indicates the potential failure of equipment in the event of a postulated 0.5 g earthquake inducing a tsunami wave up to a height of 3.8 m above the terrace level. Furthermore, the potential failure of on-site equipment due to on-site hazards induced by the combined event (earthquake and tsunami) is also indicated.
	By implementing the proposals as set out in § 3 (Proposed Modifications), the following functional requirements could be maintained following the event described.
	The implementation of the proposed modifications is graphically shown in the functional requirements diagram in Table 14 in Appendix 1.
	This assessment analyses the plant’s robustness following a 0.6 g earthquake causing a tsunami wave up to the 0 m terrace level.
	As previously mentioned, most KNPS equipment is not vulnerable to a tsunami with a maximum wave height of 8 m (up to the 0 m terrace level). The water will not move over the terrace level and pose no flooding risk to the plant. With the occurrence of an 8 m tsunami, damage is limited to the JPS pump connection point, which is located next to the SEC pump house.
	Damage to the plant is predominantly caused by the 0.6 g seismic activity. § 4.2 (Design Basis (0.3 g) Earthquake inducing a Tsunami Wave up to the 0 m Terrace Level), § 4.4 (Beyond-Design-Basis (0.4 g) Earthquake inducing a Tsunami Wave up to the 0 m Terrace Level), and § 4.6 (Beyond-Design-Basis (0.5 g) Earthquake inducing a Tsunami Wave up to the 0 m Terrace Level) describe the cumulative estimated damage as a result of 0.3 g, 0.4 g, and 0.5 g earthquakes respectively. Increasing the magnitude of seismic activity to 0.6 g could yield the following additional failures:
	EERT-12-023-RPT found that it is possible to incur additional damage as a result of a 0.6 g seismic event and tsunami wave up to the 0 m terrace level [10].
	The hydrogen storage facility and the turbine alternator are regarded as potential fire/explosion sources in the event of an earthquake due to the presence of hydrogen gas. The fire/explosion of the hydrogen storage facility, which could cause damage to the SEP tank (refer to proposal CM 3) and turbine hall, does not result in additional failures as the SEP tank is expected to be vulnerable to the seismic event. The unlikely flooding risk posed by the SEP tank to the south-side EDGs does not result in their potential unavailability as it is estimated that these systems have failed already due to the seismic event. No credit is taken for equipment inside the turbine hall and the fire/explosion of the turbine alternator will predominantly cause damage to equipment inside this building. Furthermore, it is possible that the power transformers could be damaged from either the overpressure generated by the hydrogen storage facility or turbine alternator explosion or the initiating seismic event. However, an immediate loss of off-site power is assumed and the unavailability of this equipment does not have additional consequences.
	The SBO and EDG diesel generators were assessed and found to be vulnerable to fire following a 0.6 g earthquake. However, the SBO diesel generators were not analysed during the seismic margin assessment and hence no credit is taken for their availability. The EDGs were found not to be robust against a 0.6 g earthquake and would have failed already due to the seismic event. The potential fire inside the SBOs and EDGs is not likely to propagate to areas outside the building and does not pose a risk to surrounding equipment. Therefore, the potential fire at the SBO and EDG diesel generators does not result in additional consequences.
	It is likely that the seismic activity would cause damage to the ammonia tanks situated close to the demineralisation plant. Although this will not result in any additional failures, it could hamper corrective actions by plant personnel in the event of an accident by virtue of the site being uninhabitable as a result of the chemical release (refer to proposal CM 5).
	The CRF piping situated in the basement of the turbine hall is likely to rupture during a 0.6 g earthquake, which could potentially flood parts of this building. However, this does not result in additional failures as no credit is taken for any equipment inside the turbine hall. The RIS / EAS, RRI / SEC, and RCV piping is vulnerable to shearing as a result of seismic activity which could lead to the internal flooding of equipment. Flooding due to an RCV pipe rupture could cause water ingress into the RCV pump itself and the ESS pump, however the RCV pumps were assessed and found to be vulnerable to the earthquake event; the ESS pump was not assessed and hence no credit is taken for its availability. Therefore, this does not result in further consequences. The RIS / EAS pipe rupture could cause the inventory of the PTR tank to flood the basement of the fuel building. In extreme cases, this water can flood above the 0 m level causing the PTR pumps to be unavailable. This however, does not result in any further consequences as the PTR tank is only qualified up to a 0.3 g earthquake and it is likely that the water inventory would be lost. In this case, the PTR pumps would not be required. Internal flooding as a result of an RRI / SEC pipe rupture could result in the unavailability of the RRA, PTR, and EAS heat exchangers and the EAS and RRI pumps as these systems are cooled by RRI. Flooding inside the RRI / SEC rooms would not yield additional failure of critical equipment. The ASG tanks are likely to fail in the event of a 0.6 g earthquake. The consequence of the unit 2 ASG tank failure is limited to the loss of the tank’s water inventory. This is because the tank is situated inside its own building and poses no risk to surrounding equipment. The consequence of the unit 1 ASG tank failure is the flooding of adjacent rooms containing the ASG motor and steam-driven pumps. This would result in the unavailability of these pumps [9].
	The functional requirements diagram showing the combined seismic and tsunami with on-site induced failures is illustrated in Table 15 in Appendix 1.
	The functional requirements diagram for the implementation of the proposed modification is not performed as the proposals are only qualified up to a 0.5 g earthquake. Although the modifications are likely to be robust beyond 0.5 g, it is currently not possible to quantify this.
	This assessment analyses the plant’s robustness following a 0.6 g earthquake causing a tsunami wave that moves over the terrace level up to 3.8 m.
	Damage to the plant is caused by both the seismic and subsequent tsunami events. § 4.8 (Beyond-Design-Basis (0.6 g) Earthquake inducing a Tsunami Wave up to the 0 m Terrace Level) assessed the damage caused to equipment experiencing a combined event of a 0.6 g earthquake causing a tsunami up to 8 m. Seismic damage to the plant in this assessment is similar as highlighted in § 4.8 (Beyond-Design-Basis (0.6 g) Earthquake inducing a Tsunami Wave up to the 0 m Terrace Level) and therefore is not discussed again.
	§ 4.3 (Design Basis (0.3 g) Earthquake inducing a Tsunami Wave up to 3.8 m above the Terrace Level) discussed damage caused to equipment from a tsunami wave with a height of up to 3.8 m above the terrace level. Tsunami damage simulated in this combination would be similar and is therefore not discussed. The combined functional requirements diagram for a 0.6 g earthquake inducing a tsunami wave up to 3.8 m above the terrace level is shown in Table 16 in Appendix 1.
	EERT-12-023-RPT found that it is possible to experience additional damage as a result of a 0.6 g seismic activity and tsunami wave up to 11.8 m (3.8 m above the terrace level) [10].
	The hydrogen storage facility could potentially be vulnerable to fire/explosion in the event of a 0.6 g earthquake and tsunami wave. Both initiating events could rupture pipework, which could result in oxygen ingress leading to a fire and/or explosive hydrogen/oxygen mixture. The turbine alternator is also vulnerable to a seismic event, which could lead to a fire/explosion event. The fire/explosion of the hydrogen storage facility, which could cause damage to the SEP tank (refer to proposal CM 3) and turbine hall, does not result in additional consequences as the SEP tank is estimated to be unavailable due to the seismic event. The flooding risk posed by the SEP tank to the south-side EDGs does not result in any further consequences as it is believed that the SEP tank water quantity is enveloped by that of the tsunami wave. No credit is taken for equipment inside the turbine hall and the fire/explosion of the turbine alternator will predominantly cause damage to equipment inside this building. Furthermore, it is possible that the power transformers could be damaged from either the turbine alternator or hydrogen storage facility explosion, initiating seismic event or subsequent tsunami. However, an immediate loss of off-site power is assumed and the unavailability of this equipment does not have additional consequences.
	The SBO and EDG diesel generators were assessed and found to be vulnerable to fire following a 0.6 g earthquake. However, the SBO diesel generators were not analysed during the seismic margin assessment and hence no credit is taken for their availability. The EDGs are not robust against a 0.6 g earthquake, and it is estimated that they would have failed already due to the seismic event. The potential fire inside the EDGs and SBOs is not likely to propagate to areas outside the building and does not pose a risk to surrounding equipment. Therefore, the potential fire at the SBO and EDG diesel generators does not result in additional consequences.
	It is possible for the seismic activity or subsequent tsunami wave to cause damage to the ammonia tanks situated close to the demineralisation plant. Although this will not result in any additional failures, it could hamper corrective actions by plant personnel in the event of an accident by virtue of the site being uninhabitable as a result of the chemical release (refer to proposal CM 5).
	The CRF piping situated in the basement of the turbine hall below the normal seawater level could potentially flood parts of this building in the event of seismic activity. However, this water is not considered, as the assumption is made that the water from the tsunami wave will envelop the water from the CRF rupture. Furthermore, no credit is taken for any equipment inside the turbine hall. The RIS / EAS, RRI / SEC, and RCV piping and the ASG tank are vulnerable as a result of the seismic activity; however this is not considered as the water released from these systems would be enveloped by the tsunami event.
	No additional on-site induced failures were found and failure of systems is therefore limited to the damage caused by the seismic activity and subsequent tsunami. The functional requirements diagram for a 0.6 g seismic event inducing a tsunami wave up to a 3.8 m level above the terrace level is shown in Table 16 in Appendix 1.
	The functional requirements diagram for the implementation of the proposed modification was not performed as the proposals are only qualified up to a 0.5 g earthquake. Although the modifications are likely to be robust beyond the 0.5 g point, it is currently not possible to quantify this.
	In the event of an earthquake inducing a tsunami wave greater than 11.8 m (3.8 m above the 0 m terrace level), it is estimated that additional systems would be unavailable. The functional requirements diagrams are not illustrated and additional failures are only discussed.
	Increasing the water height that inundates the site area up to a level of 14 m (6 m above the 0 m terrace level) results in the flooding of the battery rooms on the 3.8 m level (11.8 m above MSL). This will cause failure of the station batteries and yield any battery-powered equipment such as the essential instrumentation for monitoring purposes unavailable, highlighting the need for a robust, hardened indication system as proposed.
	By increasing the tsunami wave height up to 15 m (7 m above the terrace level) the only additional failure is the station black-out (SBO) diesel generators. The SBO diesel generators were installed as a back-up system to supply two functions; charging of the station batteries, and supplying power to an emergency seal injection pump. Failure of the SBO diesel generators yields no additional system failures as the station batteries (3.8 m level) and emergency seal injection pump (0 m terrace level) are located below the level of the SBO diesel generators (14 m above MSL). These systems would already be unavailable as they are submerged in water and therefore no additional failures were found.
	Flooding levels exceeding 15 m above MSL (7 m above the terrace level) will result in the failure of the station’s electrical switchboards. In this event, total reliance on the external mobile pumps would be required [8].
	5 Conclusion
	The occurrence of an earthquake with subsequent tsunami at KNPS is unlikely. However, if such an event had to occur; it is plausible that the earthquake and/or tsunami could induce events such as chemical spills, explosions, and fire. This study completed an assessment on the combination of these events.
	This assessment is comprehensive for seismic activity up to 0.6 g for both unit 1 and 2.
	The most equipment failures would occur due to the occurrence of an earthquake and/or tsunami. The risks and mitigations were documented in EERT-11-015 (Seismic Hazard Report) and EERT-11-016 (Tsunami Hazard Report).
	This assessment assumes the installation of the following modifications as detailed in § 3:
	The functional requirements diagram highlighted the plant’s ability to ensure core and SFP cooling and to maintain containment integrity. With the installation of the modifications proposed in this report, Koeberg should maintain critical functional requirements required to survive a beyond-design-basis earthquake with a subsequent tsunami event. In addition, Koeberg will also be able to survive the occurrence of on-site failures due to seismic/tsunami induced on-site hazards (explosion, fire, and chemical spill).
	The only significant additional damage and failures found are:
	Other induced failures such as fires or explosions in the turbine hall, unit and generator transformer fires, and flooding by CRF do not lead to additional failure as the loss of off-site power and the loss of ultimate heat sink have already been identified. Based on the results derived in this assessment, additional proposals are made in the following section.
	6 Proposals
	The combination assessment completed in this report yielded the following proposals to increase the robustness of the plant against external events such as earthquakes and tsunamis:
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