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SUB-CHAPTER 14.7 — FAULT AND PROTECTION SCHEDULE

This sub-chapter provides a summary of the fault and protection schedule for the UK EPR. It
also gives an insight into the principles used to define the protection system set-points and
those applied to modify or deactivate settings during changes in the reactor state. Sections 1
and 2 of this sub-chapter describe the fault and protection schedule, which illustrates two main
features of the EPR design:

o the rationale and justification for the initiating events considered within the EPR
design of protection and mitigation provisions due to their potentially unacceptable
consequences (section 1);

o the different defence lines provided by the EPR design. Section 2 provides a
justification of the comprehensiveness of the fault protection. The fault and
protection schedule is given in Sub-chapter 14.7 — Table 1, which includes the
initiating events and sequences, their frequencies, the classified safety systems that
protect against them and the overall protection claims.

The fault schedule focuses on risks to the public; therefore, the fault schedule is based on the
accidents described in Chapters 14 and 16. It also includes the analysis of the functional
diversity of Sub-chapter 16.5.

Section 3 of the present sub-chapter provides information on the protection system settings and
the principles applied to the deactivation or resetting of protection settings at low power states.

Section 4 of this sub-chapter provides information on the ALARP discussion regarding the
adequacy of the UK EPR design to protect the plant against faults.

Section 5 of this sub-chapter provides an overall conclusion.




PRE-CONSTRUCTION SAFETY REPORT |02 CHAPTER - 147

PAGE :2/58

UK EPR

CHAPTER 14: DESIGN BASIS ANALYSIS Document ID.No.

UKEPR-0002-149 Issue 03

1. LIST OF INITIATING EVENTS

1.1. INTRODUCTION

As an evolutionary reactor, the list of design basis faults considered within the EPR design basis
is based on an initial list of design basis faults considered in early PWRs and additions arising
from 30 years of operational feedback from international PWR fleet (studies, operations and
interaction with safety authorities). Incorporation of experience feedback has provided the list of
design basis faults considered with some additional robustness.

With regard to NSSS internal events (fault studies) a review of the initial basis for the fault
schedule, and the main subsequent additions, are provided below.

1.2. NSSS DESIGN CONDITIONS (PCC EVENTS)

The initial approach to the PCC event list was an implementation of the principles set out by the
committee N-18 of the American Standards Institute (ANSI N-18, 1973). Based on the defence
in depth concept (three levels at that time), it introduced a categorisation of internal events
based on a rough concept of “anticipated frequency” (based on the frequency expected in
operation during plant life and from consideration of bounding hypothetical events).

FRATEC 01 (1979) [Ref-1] presents the FRAMATOME methodology for the definition of the |
initiating events list and the basis for its claim to provide an exhaustive list of faults. A
comparison is also made to the application of the ANSI N-18 for US PWRs. After defining
normal operating parameters, events which could cause them to vary outside of normal
bounding values are identified, without trying to enumerate all the failures liable to adversely
affect the nuclear steam supply system. These events are arranged into several families
regarding the operating parameter they first affect. The more significant transient of each family
with respect to challenges to the protection system and engineered safety feature is finally
considered as a design basis event or accident.

It should be noted that the aim of PCC analysis is to define the design requirements for safety
systems (protection systems for category 2 events and main safeguard systems for category 3
and 4 events), which are designed subject to specific stringent rules such as the Single Failure
Criterion (SFC), and the assumption of bounding consequences. This is why the consideration
of additional scenarios, that were not included in the initial list, has not led systematically to a
change in the list, since the additional design provisions required to reach an acceptable level of
consequences may hot impact on the performance of main systems or the bounding
consequences of the event.

For example, the interface Loss Of Coolant Accident (LOCA) did not challenge the initial design
of the Safety Injection System (RIS [SIS]) based on “normal” LOCA, or the definition of bounding
bypass consequences via Steam Generator Tube Rupture (SGTR), and consequently it was not
added to the PCC list. Similarly when, with the introduction of the EPR, the definition of PCCs
was extended to introduce the concept of a frequency range, no significant update of the list of
PCC events analysis was required.
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The main subsequent additions to the FRATEC 01 approach were linked to changes in “design
rules” (e.g. SFC, i.e. redundancy requirement at the component level) shifting to “safety analysis
rules” (e.g. the requirement to assume an “aggravating failure” i.e. a redundancy requirement at
the function level). Other examples were extension of the scenario duration through the operator
action phase, and the introduction of additional event combinations involving Loss Of Offsite
Power (LOOP).

Changes to the list of events were made related to the experience feedback and changes in
system design options.

EPR specific options led to transients being added or excluded from the Design Basis
Assessment (DBA) list that was used for in service French Nuclear Power Plants (NPP). The
changes were in three main categories as follows:

1) Changes resulting from EPR constitutive options, such as:

e consideration of transients occurring in the different plant states led to PCC events
for outages being introduced as design basis accidents (these were considered as
beyond design basis accidents in previous French NPPs, and consequently
analysed using less stringent rules);

e consideration of transients in auxiliary buildings, which led to the introduction of fuel
pool transients, and transients in the effluent treatment building and the nuclear
auxiliary building.

2) Changes due to design improvements in the EPR that had a direct impact on the list of
design basis faults. An example was application of the break preclusion principle that led to the
exclusion of 2-A LOCA from the PCC list. LOCA outside the containment was added to the DBA
list to address the specific EPR design of the residual heat removal system function, which is
provided by the safety injection system.

3) Changes due to the application of PSA early in the design process, which impacted on the
justification of the list itself and on the way transients were arranged into the different PCC
categories.

The use of PSA also impacted the list of RRC-A events considered, as mentioned below.

1.3. CORE-MELT RISK REDUCTION CATEGORY (RRC-A EVENTS)

The origin of the list of scenarios involving multiple failures (called RRC-A sequences in the EPR
approach) was a French Safety Authority (ASN) request for consideration of design extension
conditions representative of the total loss of main redundant systems (power supply, heat sink,
SG feedwater, long term RIS [SIS] and reactor trip through Anticipated Transients Without
Scram). PCC-4 criteria were imposed, but less stringent rules were accepted.

Later on, other scenarios were added at the request of the ASN, generally to illustrate the
robustness of the defence in the EPR design (drainage of two SGs, initially corresponding to the
SFC exception on main steam isolation valves; multiple SGTRs combined with Main Steam Line
Break).




PRE-CONSTRUCTION SAFETY REPORT |02 CHAPTER - 147

PAGE 141758

UK EPR

CHAPTER 14: DESIGN BASIS ANALYSIS Document ID.No.

UKEPR-0002-149 Issue 03

Eventually, a connection was made with the probabilistic analysis, and with the periodic safety
review process, by considering the main PSA level 1 sequences (see PCSR Sub-chapter 15.1).
The concept of an RRC-A feature was introduced to give assurance that any system making a
significant contribution to reduction in the core melt risk would be safety classified. The
corresponding RRC-A list has thus become a self-evolving list, on the basis of the PSA revisions
issued for the purpose of periodic safety reviews. The current status of this EPR list is a
combination of the initial deterministic approach and of an early implementation of the
probabilistic definition. The justification for the claim that the initiating event list used in the
Level 1 PSA is comprehensive is presented in section 4 of Sub-chapter 15.1 (NSSS internal
events).

1.4. SEVERE ACCIDENTS (RRC-B EVENTS)
The main characteristics of the EPR design approach to severe accidents are:

e postulated low-pressure core melt scenarios are defined to support the design of
dedicated mitigation systems (RRC-B features list);

e ‘“Practical elimination” (IAEA terminology) of large early releases is sought via
design measures introduced to prevent direct containment heating, prompt
criticality, steam and hydrogen explosions, containment bypass, fuel melting in the
fuel building. Probabilistic calculations are may be used to justify design measures,
but cannot be used in isolation, without corresponding design measure being
introduced;

e specific stringent radiological criteria are associated with severe accidents
consequences (limited need for sheltering or food restrictions, no need for
emergency evacuation or permanent relocation in the vicinity of the site);

¢ (global design effectiveness is confirmed via a level 2 PSA.

1.5. CONCLUSIONS

The list of PCC and RRC events considered in the EPR safety approach arises from two
objectives: compliance with design rules (main protection and safeguard systems) and
demonstration by safety analyses. An absolute claim on the exhaustiveness of the event lists
considered is not possible. However the extensive review and development of the event lists
over many years, and the recent use of PSA analyses, give confidence that this mainly
deterministic design approach has captured the potential consequences of all significant
initiating events that could occur.
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2. JUSTIFICATION OF THE COMPREHENSIVENESS OF
FAULT PROTECTION

2.1. INTRODUCTION

In this section, the safety measures are identified and justified and their consistency with
defence in depth concept is explained.

This chapter identifies the safety functional requirements applicable to the safety measures, the
categorisation of the functions, and the classification of the systems, structures or components
that contribute to the safety measure. A distinction is made between the lines of defence (first
line consisting of preventive measures, main line consisting of protective measures and back up |
line consisting of back-up safety measures).

The safety measures described in this chapter are illustrated and detailed for each transient
considered, in Sub-chapter 14.7 — Tables 1 and 2. For each initiating event, the fault schedule
table gives the associated Plant Condition Category (PCC) or Risk Reduction Category (RRC)
which bounds the resulting fault transient. It also identifies the PCSR section where the fault
transient is considered, and, for each phase of the transient, the protection systems which
perform the different required safety functions in the different defence lines.

2.2. DEFENCE IN DEPTH

A defence in depth concept, described in Sub-chapter 3.1, is applied at the design stage of the
EPR. It leads to the implementation of five levels of defence in the engineered safety systems
and components, as follows:

e level 1 is a combination of conservative design, quality assurance, high quality of
fabrication and high level of surveillance activities (controls, monitoring) to prevent
departures from normal plant operation;

e level 2 consists of the implementation of protection devices which make it possible
to detect and correct the effects of deviations from normal operation or the effects of
system failures. This defence level is aimed at ensuring the integrity of the fuel
cladding and that of the primary cooling system so as to prevent anticipated
operational occurrences from escalating to accident conditions;

o level 3 consist of safeguard systems, protection devices and operating procedures
which make it possible to control the consequences of accidents that may occur so
as to contain radioactive material and prevent occurrence of severe accidents;

e level 4 comprises measures aimed at preserving containment integrity and
controlling severe accidents;

e level 5 includes, in the event of the failure of previous levels of defence, all
measures for protecting the public against the effects of significant radiological
discharges.
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Defence levels 2 and 3 are the only ones relevant to the lines of defence considered in the fault
analysis. The preventive line of defence, as described below, is associated with level 2, while |
both the main and back-up lines of defence are associated with level 3. Note that it is not the
purpose of the present sub-chapter to consider mitigation of severe accidents, radiological
consequences or containment integrity (third barrier) issues.

2.3. DEFENCE LINES

2.3.1. Firstline of defence (prevention)

As defined in Sub-chapter 3.1, the second level of defence in depth involves detecting and
correcting the effects of deviations from normal operation and the effects of systems failures.
For that purpose the following are implemented in normal operation:

e core and RCP [RCS] automatic control functions;’
e monitoring of limiting conditions of operation (LCOs)
e automatic limitation functions for core and RCP [RCS] parameters.

The core and reactor control functions implement corrective action by activation of safety or non-
safety systems whenever a perturbed situation is detected. For example, in the following actions
could be implemented:

e opening of the Main Steam Bypass GCT [MSB] following a secondary pressure
disturbance;

e triggering of the pressuriser spray system or the pressuriser heaters following a
primary pressure disturbance;

e house-load operation following a loss of external power supply;

Additionally, LCO surveillance functions are implemented. An LCO surveillance function
indicates or limits the variation of a process parameter such that the initial conditions of
operation at the onset of a postulated initiating event are maintained as pre-supposed in the
safety analyses. The LCO therefore bounds the operating range.

After exceeding the LCO, an alarm is displayed and automatic "passive" countermeasures that
do not induce a power decrease are actuated (blockage of rod withdrawal, blockage of turbine
load increase ...). In case these passive countermeasures and the operator actions that follow
the alarm display do not enable the restoration of the authorised operating condition, automatic
"active" countermeasures are actuated (partial trip*, dilution stop, turbine load reduction ...).

These countermeasures are actuated with a time delay to allow fast operating transients, such
as power level steps and load rejections, to succeed.

The analysis of design basis events does not take into account the beneficial aspects of
functions ensured by systems involved in the preventive line (as they are generally not safety |
classified for that purpose).

! Fast power reduction achieved by the dropping of a certain number of RCCAs and consistently adjusting the
turbine setpoint to reduce generator power on secondary side
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2.3.2. Main defence line (protection)

If the effect of systems comprising the preventive line is insufficient to control the deviation, and |
to return the core to safe conditions, a Reactor Trip (RT) is initiated by the Protection System
(RPR [PS]) [Ref-1] and engineered safety systems may be actuated.

As defined in Sub-chapter 3.2, three physical states are defined corresponding to shutdown
conditions to be attained in design basis events (PCC) and RRC-A sequences.

These make it possible to establish a hierarchy of the functions used to attain shutdown
conditions:

e controlled state: the core is subcritical (a return to short-term criticality before
operator actions leading simply to low nuclear power may acceptable on a case by
case basis for a few events), heat removal is assured on a short-term basis, for
example via steam generators, core water inventory is stable, radioactive
discharges remain acceptable,

e safe shutdown state: the core is subcritical, residual heat is being removed on a
long-term basis, radioactive discharges remain acceptable,

o final state: the core is subcritical, residual heat is being removed via primary or
secondary systems, radioactive discharges remain acceptable.

Note that controlled and safe shutdown states are applicable to PCC conditions while the final
state is used only in RRC-A analyses.

As a general rule for the design basis events, only the action of safety classified systems is
assumed when demonstrating compliance with the PCC or RRC-A acceptance criteria as
indicated in the criteria for Structure, Systems and Components classification provided in
Sub-chapter 3.2.

In order to introduce redundancy within the line of protection, the RPR [PS] is divided into two
sub-systems, A and B.

For reactor trip signals processed in the RPR [PS], the following design rules are applied:

e for any PCC-2 condition which initiates an RT, if the main initiation signal is
processed in one sub-system, a second initiating signal is processed in the opposite
sub-system?,

e a sensor used for a main initiation signal for RT in a sub-system cannot be used by
the second initiating signal in the opposite sub-system.

It may be necessary to inhibit an automatic signal to cancel actions initiated by the signal, for
example to shut down a pump after automatic start-up by the RPR [PS]. This can be done by
resetting or by using permissives.

2 With the exception of the partial loss of core coolant flow where no additional RT is required.
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A reset is an operator action to clear the memory of a stored automatic signal. In most cases, a
reset does not imply any automatic action but only allows manual control of the system. For
actuators that receive commands from the protection system, these commands have priority
over post-accident manual actions. In this case, the reset of the protection system command is
necessary to allow manual operation of the actuators in the control room in a post-accident
situation on the safe path. In some specific cases, a permissive instead of a reset is used to
inhibit signals coming from the protection system. A description of resets is given in section 3.5
of this sub-chapter.

Permissives can also be introduced to authorise the activation or deactivation of certain
protection signals depending on the current status of the reactor. A permissive is a condition to
be satisfied, based on the information given by a set of sensors. A permissive is produced as
soon as its associated condition is satisfied.

There are two types of permissives, depending on whether the associated actions are
performed automatically or manually:

o if the permissive is of the "automatic action" type, its validation (or invalidation)
leads to automatic performance of the related actions,

o if the permissive is of the "manual action" type, its validation (or invalidation) does
not lead to any automatic action, but allows the operator to perform the related
actions manually.

A given permissive can be of the manual type with respect to activation, and of the automatic
type with respect to deactivation, or vice versa.

Permissive signals have the same safety classification as the protective actions they inhibit. A
description of permissives is given in section 3.6 of this sub-chapter.

2.3.3. Back-up line of defence

In accordance with the defence in depth principles and the HSE SAPs (notably FA.15), |
additional safety measures are introduced that aim to further reduce the risk of core melt, which
could be caused typically by multiple failures such as total loss of a safeguard system.

To achieve such goal, the approach adopted is to ensure that a diverse means can be used as a
back-up whenever the total failure of a safeguard system induces a significant risk of core melt.
The event sequences that fall into this category are identified by Probabilistic Safety
Assessment. Depending on the type of sequence, the diverse system may be another, already
existing system, or an additional system specifically introduced to prevent the risk of core melt.
For the additional systems, due to the low probability of the event sequences considered, it is
acceptable to apply less stringent design requirements than for the normal safeguard systems
and a safety classification consistent with the principles described in Sub-chapter 3.2 is adopted.

The deterministic analysis of the Risk Reduction Category A (RRC-A) event sequences provides
the basis for the specification of the required characteristics and performance of the diverse
systems.

Diversity can be provided between the trains of a redundant system or by another system,
diverse from the system it has to back up. Both solutions are adopted for the EPR. Safety
systems and functions have been designed applying functional diversity: the intention is to
provide, whenever possible, a diverse system which can perform the desired function and bring
the plant back to a safe condition in the highly unlikely event of all the redundant trains of a
system becoming totally unavailable.
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For frequent events (PCC-2) for which no back-up line has been identified, arguments are given
in Sub-chapter 14.7 — Table 1 for why this situation is still acceptable from a safety point of view.
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3. PROTECTION SYSTEM 1&C ARCHITECTURE

This section describes the basic architecture of the I&C systems used to actuate the EPR
control and protection functions, and explains the principles used to define protection system
settings, and to modify or deactivate settings during changes in the reactor state.

3.1. SAFETY FUNCTIONS

To structure the Primary/Secondary (P/S) I&C functions, a hierarchy is used.

It is based on the objective of preventing or minimising the release of radioactivity to the
environment during transients, by ensuring the integrity of the three barriers:

e the fuel cladding;
e the reactor coolant system;
e the containment.

The safety functions to be achieved to ensure a safe control of the plant can be divided into the
five following basic safety functions or “control modes” [Ref-1].

e Reactivity control;

e Reactor heat removal;

e RCP [RCS] integrity;

e RCP [RCS] inventory control;

e Containment of radioactivity.

3.2. TYPES OF I&C FUNCTIONS
The I&C functions are divided into six hierarchical categories:
e Level 1: Control I&C functions;
e Level 2 : Limiting Conditions of Operation (LCO) surveillance 1&C functions;
e Level 3: Limitations I&C functions;
e Level 4 : Protection I&C functions;
e Level 5: Post Accident Management I&C functions;

e Level 6: RRC I&C functions.
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3.2.1. Control I&C functions

The control I&C functions are those functions, which act on controlled parameters in order to
follow control setpoints in all plant conditions.

Control 1&C functions are Non-Classified (NC)

3.2.2. LCO surveillance I1&C functions

The LCO surveillance I&C functions are those functions which are implemented to initiate
(manually or automatically) in cases of violation of LCO. The functions contribute to maintaining
the initial conditions within the limits adopted in the safety analyses.

3.2.3. Limitation 1&C functions

The limitation 1&C functions are functions which are implemented to initiate corrective measures
(manually or automatically) in case the operating point comes too close to the protection system
thresholds (avoidance of protection action).

The main objective of these functions is to improve the plant availability by terminating abnormal
transients at an early stage in order to avoid actuation of a protection action.

The beneficial effect of limitation functions is not taken into account in safety analyses, under the
rules applied in accident analysis. However credit for their role can be taken in probabilistic
studies of certain transients.

3.2.4. Protection I1&C functions

The protection I&C functions are functions which are implemented to mitigate the consequences
of a Postulated Initiating Event (PIE) automatically after its detection. They include automatic
actuation of protection actions and safety-grade systems, and automatic control of these actions
during the short term accident phase. This phase is considered to last for 30 minutes after the
occurrence of the first significant alarm following detection of the PIE.

The short term phase is the time period where the protection actions must be automatic. The
EPR design is that automation of the protection actions should enable the controlled state to be
reached after an accident, and to be maintained as long as it is required for safety purposes.
Therefore there is no reliance on operator action to bring the plant to a safe stable state, manual
actions being required to transfer the plant from the controlled state to the safe shutdown state.

The above requirements ensure automation of protection functions in the short term post-
accident phase, but do not mean that beneficial operator actions are precluded: beneficial
manual actions either to anticipate automatic actions, or to improve the mitigation level, are
desirable, and these are permitted when they are in accordance with emergency operating
guidelines.

3.2.5. Post accident management I&C functions

The post-accident I1&C functions are the functions required to bring the plant from the controlled
state to the safe shutdown state and to maintain it.

In the safety analyses, a manual action from the main control room cannot be credited within the
30 minutes after the first significant information given to the operator.
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Thus, if actions to bring the plant to the safe shutdown have to be undertaken before
30 minutes, the required post-accident 1&C functions must be automatic. Otherwise, manual
post-accident functions are considered sufficient..

3.2.6. RRC I&C functions

The RRC I&C functions are those functions, which are implemented to mitigate the
consequences of an RRC event (an RRC event could be either a PIE combined with a common
cause failure or an event involving multiple coincident PIEs). The RRC I&C functions include
either manual or automatic actuation of reactor trip and/or the safeguard systems, the control of

these actions, or the simple detection of an accident which requires manual intervention from
the operator more than 30 minutes after the first significant alarm.

3.3. BASIS FOR THE DEFINITION OF AN 1&C FUNCTION

The concept of 1&C functions is used to structure 1&C tasks into small functional units such that
each unit:

e gives a complete representation of a functional objective (safety objective or
operational objective);

e can be classified according to its degree of safety importance;

e comprises the smallest entity form sensor to actuator to achieve its functional
objective;

e is as far as possible independent from other units and therefore easily
exchangeable.

The full set of I&C functions provides a modular functional structure for the 1&C which forms the
basis of the overall 1&C architecture and enables process engineers to verify whether the
postulated events are controlled and mitigated in the expected manner.
An I&C function must be as simple as possible.
It must rely on parameters as close as possible to:

e the physical phenomenon under control,

e asymptom-based approach.

An |&C function must rely on an event-based approach, when required.

An I&C function must be designed to avoid Non-unequivocally Safety Oriented (NUSO) I&C
functions as far as possible. The NUSO definition is given in section 3.4.1
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3.4. SET OF I&C FUNCTIONS

3.4.1. NUSO functions

When two I&C functions, with the same classification, perform opposing actions within the same
safety system, the one which has priority over the other one is called Non-unequivocally Safety
Oriented (NUSO). All other I&C functions are called Unequivocally Safety Oriented (USO).

The faulty actuation of NUSO, during many events, significantly lessens or impairs the actual
plant safety level, because it prevents from the action of an other I&C function which is needed
to mitigate the accident.

Due to their potential negative impact on safety when spuriously actuated, the NUSO 1&C
functions shall be designed in a way to minimise the probability of spurious action.

3.4.2. Setpoints scales
Setpoints result from the hierarchical organisation of I&C functions described above.
The overall 1&C design approach to ensure a high level of plant safety is based on:
e consideration of the channel accuracy,
e consideration of the response time of the 1&C function,

e the threshold margin to ensure plant reliability in case of failure of the dedicated 1&C
function,

e application of the single failure criterion to 1&C systems,
e priority requirements between different 1&C functions.

In Sub-chapter 14.7 - Figures 1 and 2, examples of setpoint scales with the corresponding
actions are shown.

3.5. RESET OF AUTOMATIC PROTECTION FUNCTIONS

3.5.1. Definition

A reset is an operator action to clear the memory of a stored automatic signal. It may be
necessary to inhibit an automatic signal to cancel actions initiated by the signal. In most cases, a
reset does not imply any automatic action but only allows a manual control of the system. When
actuators receive commands from the protection system, these commands have priority over
manual actions. In this case, the reset of the protection system command is necessary to allow
manual operation of the actuators in the control room in a post-accident situation on the safe
path.

Note

As mentioned above, in general there is priority of automatic commands generated in PS
over manual commands performed by the operator.
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Most memories used are of two types:

e ‘“reset priority” memories, for which the reset inhibits a signal if the conditions that
govern signal activation are met at the time of actuation of the reset.

e ‘“priority set” memories, for which the reset does not inhibit the signal, but inhibits

storage of the signal if the conditions that determine signal activation are not met at
the time of actuation of the reset.

3.5.2. Principles

Reset requirements with respect to protection system commands are defined in accordance with
two basic hypotheses:

e the protection system issues non-reversible commands. This means that an initiated
action is not ended even if the initiating conditions are no longer present.

e signals originated from the protection system are not stored as routine. Conditions
for storage have to be defined individually for each signal.

3.5.3. Reset description
Resets (and associated memories) are analysed with respect to two types of initiating signals:

e Non-spurious commands
A reset must be configured only if the protection command is stored, since it must be possible to
cancel the protection system command to return to normal operation once the required
conditions are met. This reset will be of the non-priority type, except in special cases.

e Spurious commands.
There are two kinds of spurious commands: pulse-type and permanent: the approach for the
first kind of command is the same as for non-spurious commands and permanent ones have a

very low probability.

The concept of single failure is incorporated into the design of resets required on the safe path
in a post-accident situation.

A 2 fold redundancy is chosen for resets that are configured for actions on the safe path in a
post-accident situation. No redundancy is necessary for resets that are configured for actions
not on the safe path in a post-accident situation (except in special cases).

In some specific cases, a permissive instead of a reset is used to inhibit signals coming from the
protection system.
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3.6. PERMISSIVE SIGNALS

3.6.1. Definitions

Permissives are introduced to authorise the activation or deactivation of certain protection
signals, according to the current operating status of the plant unit. Consequently, certain manual
or automatic actions, related to the permissive, are authorised or not.

As these deactivations are detrimental to safety when the reactor is at power, they are
authorised only in certain conditions, called permissives.

Each permissive is associated with a key. The permissive corresponds to the condition to be
satisfied, and the key launches the actions authorised by the permissive. There are two types of
permissives, depending on whether the key triggers automatic or manual actions. A given
permissive can be of the manual type with respect to activation, and be automatic with respect
to deactivation, or vice versa.

Permissives are identified by the letter P followed by a suffix. Permissives related to PS
protection functions are for example: P12, P14, P15... Keys are identified by the word KEY
(upper cases) followed by the same suffix as the associated permissive (e.g. KEY12 for P12).

3.6.2. Principles

It must be possible to perform the actions associated with the permissives in normal operating
conditions and in post-accident phases. Therefore, validation of permissives and KEY actuation
by the operator is possible from both the PICS (Process Information and Control System) and
the SICS (Safety Information and Control System). The PICS and SICS are the systems which
allow the display of information from the different 1&C automation systems in the main control
room.

3.6.3. Permissive list

Examination of permissive requirements with respect to P/S related protection functions has led
to definition of the following list (non exhaustive):

NAME USE

P12 Inhibition of signals for return to cold shutdown

P13 Inhibition of signals for draining or filling of SGs during cold shutdown
P14 Authorisation to connect LHSI in RHR mode

P15 Activation of loop level protection

P16 Authorisation to switch RIS [SIS] cold to hot leg injection

P17 Activation of cold overpressure protection

P18 Authorisation to open transfer blowdown lines between SG

P19 Authorisation to perform secondary depressurisation
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4. ADEQUACY OF DESIGN TO PROTECT THE PLANT
AGAINST FAULTS — ALARP DISCUSSION

4.1. OVERVIEW OF PLANT PROTECTION

As described in section 2, several lines of defence are implemented in the design of the EPR.
Deterministic protection aims at preventing any core damage and limits the radioactive release
outside the containment. The main line of defence is designed on the basis of the fault studies in
Sub-chapters 14.3 to 14.5. The overview of plant protection is then provided in the fault and
protection schedule.

4.2. ANALYSIS OF FUNCTIONAL DIVERSITY

In order to ensure a high level of plant safety, the main line of defence is completed by a diverse
line of protection which results from the RRC-A approach and the functional diversity analyses
presented in Sub-chapters 16.1 and 16.5. These analyses ensure that two diverse lines of
protection are sufficient to protect the plant for each frequent fault considered in the fault studies
in Sub-chapters 14.3 and 14.4.

The results of these functional analyses are also provided in the fault and protection schedule.

4.3. RADIOLOGICAL CONSEQUENCES

The radiological consequences study presented in Sub-chapter 14.6 allows comparison with the
SAP requirements. It demonstrates the adequacy of the design to protect the environment and
people from radiation exposure consistent with the UK regulations for effective dose.

In addition to these studies, a Probabilistic Safety Assessment of the radiological releases and
consequences allows an assessment of the plant protection by comparing the resulting doses
and the frequency of releases (Sub-chapter 15.5). Demonstration, using a PSA model, that the
nuclear safety risk from an EPR meets the BSO risk targets is considered to be an important
element in the overall demonstration that the ALARP principle is met by the EPR (see
Sub-chapter 17.4).
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5. CONCLUSION

The safety measures described in this sub-chapter are illustrated and detailed for each transient
considered in the fault schedule. This fault schedule illustrates that the plant is protected by two
diverse lines of protection for the most frequent events as detailed in the analyses of functional
diversity provided in Sub-chapter 16.5. The efficiency of the plant to protect people and the
environment from radiation exposure is highlighted in the deterministic radiological
consequences analyses provided in Sub-chapter 14.6 and the probabilistic analyses provided in
Sub-chapter 15.5. These two contributions form an important element in the demonstration that
the ALARP principle is met by the UK EPR.
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SUB-CHAPTER 14.7 - TABLE 1: FAULT AND PROTECTION SCHEDULE TABLE: FAULTS AT FULL POWER (1/29)

SAFETY FUNCTION

Safe Final

Shutdown and maintain core
sub-criticality

MAIN LINE

y Functional

tem

[1}= Lowlow kop
flow rate in one loop
Megative reactivity fast

Actuation (2 )= Low RGP
speed in 214 kops
Low Leop Flow

In 2 of 4 loops

CROM

Frevention of uncontrolled
® positive reactivity insertion
into the core

Comments

Turkire admission
RCS overcooling protection vehes

RT checkback

Full load MFW
Fronl,

Transfer heat from the
reactor coolant to the
utimate heat sink

Front, Syst, MSRT

| Actuation [ SGL |

Heat remaval by Steam
Generators - Emergency
shutdown mode

Prevent the failure or limit
the consequences of failire
x of a structure, system of
component whose fallure
could cause the impaiment

Essential component
protection

it |
5 MSRT

Shutdown and maintain core
sub-criticality

Emergency boron injection into
the core - diversified
High concentrated and high . o E B ATWS LOOP
pressure boron injection Actuation ATWS signal ass 2 : ¢
{ N3 rod drop)
Frook. Syst. EBS
Reactor trip - auto
"‘9""":;;:;:'"7 B achation | LowRCPspeed | Class2| F2 | SAS
Front. Syst. CROM
MSIV closure
Actuation SGP Class 1| F1A PS Excessive increase in steam Slow study
Front. Syst. MSIV
RCS g p
Full load MFW isolation (48G)
- ahe . .
a ton RT checkbach | Class 2| F2 sas SAS order in case ?fATWS following FS
failure
Fren, Syst. .Fl. koad MFW
isclation valves
Opening of severe accident
discharge line
Acluation | Marual | i F2 AS
Frent. Syst. POS
Heat removal by Low Head 515 [RI5] in cold leg Sequences of primary bleed and feed
Emergency Core Cooling - detailed in case of Tolal Loss Of
System (ECCS) Actuation Manual Class 2| F1B SAS FaediVater RRC-A
Fronk. Syst. MHS1 + LHS!
RCP stop - Manu
Aetrv. & Elec Manual Class 2| F1B SAS
Fronk. Syst. RCP
" 5G safety valves opening
Eszential component L Class 1| FiA _ Secondary overpressure studies of Sub-
protection ~ n T Fassive chapter 3.4.1.5 ilustrate
Front. Syst. MSSY

Megathie reactivity fast
insertion

. Low-ow loop flow
T °*
Front. Syst. CROM

Frevention of uncontrolled
x positive reactivity insertion
into the core

|_Actuation [ AT checkhack

RCS overcooling protection

AT checkback

isolation vales

Transfer heat from the
reactor coolant to the
utimate heat sink

| _Actation | sGF |
Heat removal by Steam | Front. Syst. [ MSRT |
Generators - Emergency
shutdown mode

Prevent the failure or limit
the consequences of failure
of a struchee, system or

component whose fathee

Essential component
protection

Maintain integrity of the
% Reaclor Cooland Pressure
Boundary

RLS owerpressure protection
| Front. Syst. | PEV

Shutdewn and maintain core
sub-criticality

MIA - diversity is applied to frequent initiating event above 107y

Reactor coolant pump shaft break
consequences bounded by Reactor
Coolant Pump seizwe (locked rotory

Compensation for shutdown
moderator effect

| Actuation |  Marmal |
| Front. Syst. | EBS |

Transfer heat from the
reactor coolant to the
ultimale heat sink

Heat remaval by Steam
Generators - Emergency
shutdown mode

[ Front Syst. [ MSRT |

Heat removal in shutdown
meade by Residual Heat
Removal system (RHRS)

| Activ. & Elec | Marual |
| Front. Syst. | PSV |

RHRS

Front, Syst,

Ses Appendix A

In case of Shatt break, the pessibiity to
have a LOCA iz managed by the actuation
of MHS| by the operator. This manual
actuation is Class 2
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SUB-CHAPTER 14.7 - TABLE 1: FAULT AND PROTECTION SCHEDULE TABLE: FAULTS AT FULL POWER (2/29)

MAIN LINE

DHER (showest
transient)

Hegative reactivity fast High concentrated and high

Emergency boron injection inta
tha core - diversifisd

Transder heat from the

Heal remaval by Seam
Generator:

Other ®

reactor cootant to the & 5 - Emergency
umimate heal sirk shutdown mode
Prevent the falre or lmit
e consequences of failure . Essential companent
of & structure, system or pretection
componerd whose failre
Maintain incegriny of the.
Reactor Coclant Pressure A RCE overpressure protection

Boundary

NI - diversity is applied to frequent intialing event above 1070y

x ai A ) @ and| ATWSsigal  |Class2| F2 | P8 ATWS cover
sub-criticality insertion Actuation HighNE rate of pressure beron njection Actuation (NG rod drep)
change {fastest
Fromt. Syst. EBS
Reactor trip - auto
- High A0
"""m;:dd'"'t’ B4 nation | Mighnewronfac |Classz| F2 | SAS
on WP
| Front. Syst_| CADN
MSIV closure
| Actuation | SGP | Class1)| FiA PS Excessive increase in steam flow study
Prevention of inconiroled Front. Syst. MY ° for CVCS malfunction resuting in a
positive reactivity inserticn A RCS overcooling protection RCS overcooling pretection - decrease in baron cencentration, please
irto the core Full load MFW isolation (45G) reder 1o the CVCS malunction in shutdewn
ot RT checkback | Class 2| F2 sAs SAS order in case of ATWS folowing PS | mode for main mibgative feature and
I T failre dhver:
[— Full load MFW
-V | isciation vabes
| Opening of savers accident
discharge bne
Actuabon | Maral Class 2 F2 SAS
[ Front_Syst. | FDE
Transfer heat from the Heat remeval by Steam Heat remerval by Low Head SIS [RIS) In cold lag Sequences of primary bleed and feed
reacior cocdant 1o the a Generatars - Emergancy Core Cooling detailed in case of Total Loss OF
x ukimate heat sirk shudown mod Systen (ECCS) Lctualicn, tard | L e FeedWates RRC-4,
Front. Syst. MHS| + LHSI
RCP stop - Manu
| Activ. & Elec | arual Class2| FIB | sAS
Front. Syst, RCP
Prevent the fadure or lmit
. the consequences of faikre | Essential component Esserial 35 ity vatver oparing | gr | secondary vsrpressure studies of Sub-
of a structure, system or pretection pratection Actuation Passive chapter 3.4.1.5 ilustrate
component whose faiure Fromt_Syat. (=
s It the incorrect pattem is not i o power it could lead 3 a change in the power distribution precicted for the core design and thereby exceed the safety limits, Detection methods do nct 8 in faut schedule format - see PGSR for further details.
¥ iritaais " Hegative reactivity fast
sub-criticaly Insertion
x
Prevention of inconiroled
positive reactivity inserticn A RCS overcooling protection
irto the core

WA
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SUB-CHAPTER 14.7 - TABLE 1: FAULT AND PROTECTION SCHEDULE TABLE: FAULTS AT FULL POWER (3/29)

Input to classification SAFETY FUNCTION MAIN LINE

- Safety Functional Groups
" Lower Level Safety Function
References Transient phases  Plant Level Safety Function
Comments

Fault Main Safety Combination of the Plant Level

Based on EPR process and Safety Cat.
4 Safety Function and the Safety System
international practice for dit f i Item y y
PCSR Cont. Safe Final PWR conditions of operations class Req

Ref oo | aeto | s (normal, incident, accident)

description Function

Category Frequency

Reactivity power distribution

i
5 Shutdown and maintain core -
sub-—criticality
E in case of Shaft break. the possibaity to
have a LOCA is managed by the actuation
= Transter hast frsen Hha See Appendx A L] mm@muw‘ﬂ'ﬁsw
reactor cookant 16 the: B jon is Class 2
it heat sink
x B
x A
Prevention of uncontroied Burmi-
cthaty inserti A At it Chass 2 Fz sAs
x pnsm'v-h:?m ¥ o — =
Froes. Syst | cvCS
& specific protection funcison aims 3t making these SCananios Empossibie - it is no longer studed
A Anti-dikgion protection
PR ~ decersity IS appied to fequent initisting svent abows 10-3.y
Frewention of uncertrolied
Inkc Wha oone tsolation of HF coolar in case of leak (P RRI < P RCVY) is provided as defense-in-depth in some case of leak to imit high releass of I suiciy eriscakdl, bl senosal-an
bid sbpopend 5 confinement main safely functions are not
i dnddde 5 Impaired. Consequentty. detased
Anti-ksion protection information is not presented
= B
Anti-diuticn protection
Pressention of uncontrobed
s PoSitive reactivily insertion B Anti-diution prote<cton MA - dversity is appled to frequent inithating ewent above 10-24ny
iMo the core
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Input to classification

ry

in RCS inventory

SUB-CHAPTER 14.7 - TABLE 1: FAULT AND PROTECTION SCHEDULE TABLE: FAULTS AT FULL POWER (4/29)

Transient phases

Final

SAFETY FUNCTION

Plant Level Safety
Fur

Shutdown and maintain core
sub-eriticality

MAIN LINE

Safety Functional Groups

Level Safety Function

and the

Megative reactivity fast
insertion

Actuation

Item

Front. Syst.

Prevention of uncentrolied
positive reactivity insertion
into the core

RCS overcooling protection

Actuation

Front, Syst.

Actuation
Front. Syst.

t removal

POWER OPERATIONS

Transfer heat from the
reactor coolant to the
ultimate heat sink

Heat removal by Steam
Generators - Emergency
shutdown mode

Actuation

Front. Syst. i

Other

Prevent the failure or limit
the consequences of failure
of a structure, system or
component whose failure

Essential component
protection

Confinement

Maintain integrity of the
Reactor Coolant Pressure
Boundary

RCS overpressure protection

Actuation

Front, Syst.

Actuation
Front, Syst.

Shutdewn and maintain core
sub-criticality

Compensation for shutdown
maderator effect

Heat remowval

Transfer heat from the
reactor coolant to the

Heat removal by Steam
Generators - Emergency
shutdown mode

ultimate heat sink

Heat removal in shutdown
mode by Residual Heat
Removal system (RHRS)

Activ, & Elec

|_Actuation | Manual |
| Front. Syst. |

|_Actuation | Manual |

| Front. Syst. |

Emergency boron injection into
the core - diversified
PZR L High concentrated and high . ATWS signal
I Achuati
FZR P pressure beron injection cluation { M3 rod drop)h Lzl F2 = ATWS cover
Front. Syst. EES
Reactor trip - auto
Negative reactivity fast Actuati HLP Class2| F2 | sAs
Front. Syst. CRDM
MSIV closure
. 5GP P .
RT checkback Actuation 6L Class 1| F1A PS Excessive increase in steam flow study | These parts of transient are provided in
Turbine admission case of isolation of charging line and seal
valves RCS i Front. Syst. MSIV injection would fail leading to PZR filing.
o C quently. such inf ion does not
Full load MFW isolation (45G) ) . fully belong to the main line of defense.
RT checkback [ Actuation | RTcheckback |Class2| Fz | sas | SASorderin ‘“:a‘i’r:‘; WS following PS
Full load MFW Front. Syst Full load MFW
isolation valves - Syl isolation valves
Opening of severe accid
. SGP | Actuation Manual Class2| F2 sAS
MSRT Front. Syst. FDS
SIS [RIS] in cold le:
SGL Heat removal by Low Head Actuation Manual Sequences of primary bleed and feed
EFWS injection Emergency Core Cooling || Class2 | F1B SAS detailed in case of Total Loss Of
nes & storages System (ECCS) Front. Syst. MHSI + LHSI FeedWater RRC-A
RCP stop - Manu
Activ, & Elec Manual Class 2| F1B SAS
Front. Syst. RCP
Essential compenent e A Class 1| FiA _ Secondary overpressure studies of Sub-
protection Actuation Passive chapter 3.4.1.5 illustrate
Front. Syst. MSSV
Hot overpressure protection
PZR L Activ, & Elec Passive Class 1| F1A -
cve f;i‘:a""“ Res Front. Syst. psv Primary overpressire studies of Sub- | The isokition of charging line is the main
o v Hotoy = o chapter 3.4.1.5 illustrate line of defense in such transient
CVCPSzi:o:'alinn Activ. 8 Elec Passive Class 1| F1A c
valve Front. Syst. PSV
. EBS |
See A i A Mormally. in such event there is no need to

reach a safe shutdown state
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Input to classification

References
Fault
ription

[VETRSEEY
Function
Category Frequency

Decrease in RCS water inventory

Transient phases

Cont
state

SUB-CHAPTER 14.7 - TABLE 1: FAULT AND PROTECTION SCHEDULE TABLE: FAULTS AT FULL POWER (5/29)

SAFETY FUNCTION

Plant Level Safety Function

Based on EPR process and
international practice for
Safe PWR

state

Final
state

Shutdown and maintain core
sub-criticality

Lower Level Safety Function

Combination of the Plant Level
Safety Function and the
conditions of operations

(normal, incident, accident)

Safety Cat.

A Negative reactivity fast insertion

MAIN LINE

Actuation

Safety Functional Groups

c&l
platform
BEE System

Item
Req

Front. Syst.

Reactivity

Shutdown and maintain core
sub-criticality

Heat removal

Comments

Confinement

Emergency boron injection into
the core - diversified
High concentrated and high Actuation ATWS signal Class 2 F2 PS ATWS SB provided in technical report Question remains about SB-LOCA with
pressure boron injection ( N-3 rod drop) about diversity break on EBS (capacity of the EBS tanks).
Front. Syst. EBS
Reactor trip - auto
Negative reactivity fast Actuation HLP Class2| F2 SAS
insertion
Front. Syst. CRDM
MSIV closure
Actuation SGP Class 1 F1A PS Excessive increase in steam flow study
Front. Syst. MSIV
RCS overcooling protection | ¢\ 124 mMFw isolation (4SG)
Actuation RT checkback__| Class 2 | F2 SAs | SASorderin case of ATWS following PS
failure
Full load MFW
Front. Syst. : N
isolation valves
SE FessIE ’ag::‘rol =Gt = Covered by LOCA (BREAK SIZE UP TO 20 | A diversified way to control the SG pressure
Class 2 F1B SAS CM2) WITH FAILURE OF THE PARTIAL could use the fact that the 4 MSRTs are
Actuation Manual COOL-DOWN SIGNAL (STATE A) - PCSR | independent and that the PS is working or
Water injection into the RCS | Front. Syst. MSRT Sub-chapter 16.1.3.3.6 the manual opening of the MSRTs
LHSlin cold leg Covered by LOCA (BREAK SIZE UP TO 20
Actuation | Manual Class 2 F1B SAS CM2) WITHOUT MHSI (STATE A) - PCSR
Front. Syst | LHS! Sub-chapter 16.1.3.3.7
Isolation of CVCS letdown line
Prevention of RCS dralnage Class 2 F1B SAS .
through auxiliary lines Actuation Manual
Front. Syst. [ CVCS letdown valve
Opening of severe accident
discharge line
Actuation Manual Classi2 B2 28
Front. Syst. PDS
Heat removal by Low Head SIS [RIS] in cold leg Sequences of primary bleed and feed
Emergency Core Cooling - detailed in case of Total Loss Of FeedWater
System (ECCS) | _Actuation | Manual Class 2 F1B SAS RRC-A
Front. Syst. MHSI + LHSI
RCP stop - Manu
Activ. & Elec Manual Class 2 F1B SAS
Front. Syst. RCP
SG safety valves opening ies of
tial component p Class 1 F1A B Secondary overpressure studies of Sub-
Actuation Passive chapter 3.4.1.5 illustrate
Front. Syst. MSSV
No need for diversity in case of CVCS malfunction - there is no direct release into the containment

Actuation RT checkback
X  — - —
Front. Syst Turbine admission
Prevention of uncontrolled } . valves
positive reactivity insertion A RCS overcooling protection
into the core
X Actuation RT checkback
Front. Syst. _Full I_oad MPW
isolation valves
x Actuation | SIS signal [PZR P]
A Water injection into the RCS | Front. Syst. MSRT
x Maintain sufficient Reactor _ _
Coolant System water Actuation SIS signal [PZR P ]
inventory for core cooling Front. Syst. MHSI
X A Prevention of RCS drainage
through auxiliary lines SIS signal [PZR P
Front. Syst. [ CVCS letdown valve
X -
Front. Syst. MSRT
Transfer heat from the reactor Heat removal by Steam
coolant to the ultimate heat A Generators - Emergency —
x sink shutdown mode | Actuation | .S.G L -
Front. Syst EFWS injection lines
l i & storages
X
T TeveTT e TaTuTE U T
consequences of failure of a
X structure, system or A Essential component protection
c&mponen'thwt]ose fallure | Front. Syst. MSRT
Limit the release of - B
X radioactive material from the A Containment building isolation | Actuation | SISCS '?a_l PZR'P
reactor containment Front. Syst. _omamnmen
isolation valves
N/A

This transient is fully covered by the SB LOCA in state A.
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SUB-CHAPTER 14.7 - TABLE 1: FAULT AND PROTECTION SCHEDULE TABLE: FAULTS AT FULL POWER (6/29)

Input to classification SAFETY FUNCTION MAIN LINE

Safety Functional Groups
Lower Level Safety Function - f

References Transient phases  Plant Level Safety Function
Cé&l Comments

platform

Fault (ERSEEY inati
y Based on EPR process and  Safety Cat. Combination of the Plant Level
description Function . ) S N Safety Function and the
international practice for % 3 Item
conditions of operations =
Cont. Safe Final . .
(normal, incident, accident)

ate cy
Ry (G S, state state state

Decrease in RCS water inventory

Emergency boron injection into
the core - diversified
Shutdown and maintain core . . . " . PZR P High concentrated and high . ATWS signal Question remains about SB-LOCA with
x sub-criticality A [Negative reactivity fast insertion|  Actuation HL P pressure boron injection Actuation (N-3roddrop) | 13582 | F2 P ATWS cover break on EBS (capacity of the EBS tanks).
Front. Syst. CRDM Front. Syst. EBS
Reactor trip - auto
Shutdown and maintain core Negative reactivity fast .
X sub-criticality A insertion Actuation HLP Class 2 F2 SAS
Front. Syst. CRDM
MSIV closure
X Actuation Tu?t-)rinc::fil:i:zli(on Actuation SGP Class 1 F1A PS Excessive increase in steam flow study
Prevention of uncontrolled Front. Syst. valves Front. Syst. MSIvV
posm\/(Tnto tiity r|2semcm A RCS overcooling protection RCS overcooling protection Full load MFW solation (45G)
Actuation RT checkback Actuation RT checkback SAS order in case of ATWS following PS
X T =7 - e Class 2 F2 SAS "
Full load MFW Full load MFW failure
Front. Syst. A Front. Syst. Pl
isolation valves isolation valves
SG Pressure Control - Cooling - Covered by LOCA (BREAK SIZE UP TO 20 | A diversified way to control the SG pressure
X Manu Class 2 F1B SAS CM2) WITH FAILURE OF THE PARTIAL could use the fact that the 4 MSRTs are
Actuation SIS signal [PZR P] Actuation | Manual COOL-DOWN SIGNAL (STATE A) - PCSR | independent and that the PS is working or
A Water injection into the RCS Front. Syst. MSRT Water injection into the RCS Front. Syst. | MSRT Sub-chapter 16.1.3.3.6 the manual opening of the MSRTs
LHSI in cold leg Covered by LOCA (BREAK SIZE UP TO 20
X Maintain sufficient Reactor Actuation SIS signal [PZR P ] Actuation Manual Class 2 | Fi1B SAS | CM2) WITHOUT MHSI (STATE A) - PCSR
Coolant System water Front. Syst. MHSI Front. Syst. LHSI Sub-chapter 16.1.3.3.7
inventory for core cooling
Isolation of CVCS letdown line
X A Prevention of RCS d(amage _ : Prevention of RCS dl_'alnage i Class 2 F18 SAS R
through auxiliary lines Actuation through auxiliary lines Actuation Manual
Heat removal — —
Front. Syst. | CVCS letdown valve Front. Syst. | CVCS letdown valve
Opening of severe accident
x Actuation Manual Class 2 F2 SAS
Front. Syst. Front. Syst. PDS
Transfer heat from the reactor Heat removal by Steam Actuation Heat removal by Low Head Actuastilosn[RIS] 10 colxlllda:]igal Sequences of primary bleed and feed
X coolant to the ultimate heat A Generators - Emergency [———————— EFWS inection nes Emergency Core Cooling ————————F————— — Class 2 F1B SAS |detailed in case of Total Loss Of FeedWater
sink shutdown mode Front. Syst. Y stJo rages System (ECCS) Front. Syst. MHSI + LHSI RRC-A
RCP stop - Manu
X Activ. & Elec Manual Class 2 F1B SAS
Front, Syst. RCP
Prevent the failure or limit the SG safety valves opening . ~
Other X consequences of failure of a A Essential component protection|  Actuation Essential component protection| _ Actuation | Passive Class 1 F1A = Seconda::r}z/ao\{z:;;ris]s-g(ielIitsutz:;s of Sub
structure, system or Front. Syst. Front. Syst. | MSSV P o
Limit the release of Actuation SIS signal [PZR P | Actuca?ig.:ammem IS&IZI:LOE:; Containment isolation stage 2 is not
finement X radioactive material from the A Containment building isolation C gt - n Containment building isolation Contai n Class 2 F1B SAS considered since the containment pressure
reactor containment Front. Syst. _ ontainmen Front. Syst. _ Containmen does not increase sufficiently
isolation valves isolation valves
Limitation of radioactive
-~ R release outside containment " . . . . " - . . . .
Confinement X from radioactive auxiliary A Due to the numerous events possible, the fault schedule does not present them. The leaks are terminated after detection by alarms in Fuel Building or Nuclear Auxiliary Buildings. The operator isolates the corresponding pipes from the Main Control Room.
systems
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Input to classification

References
Fault Main Safety
description Function

PCSR

ategory cy
Category Frequency Ref.

ater inventory

SUB-CHAPTER 14.7 - TABLE 1: FAULT AND PROTECTION SCHEDULE TABLE: FAULTS AT FULL POWER (7/29)

Transient phases

Cont. Safe Final
state state state

SAFETY FUNCTION

Plant Level Safety Function

Based on EPR process and
international practice for
PWR

Shutdown and maintain core
sub-criticality

Combination of the Plant Level

MAIN LINE

Safety Functional Groups
L r Level Safety Function - f
Cé&l

platform
Safety Function and the :

conditions of operations Item
(normal, incident, accident)

PZR P
HL P
Front. Syst. CRDM

Negative reactivity fast insertion|  Actuation

Prevention of uncontrolled

positive ivity insertion
into the core

Actuation RT checkback
Turbine admission
valves

Front. Syst.
RCS overcooling protection

Actuation RT checkback
Full load MFW

Front. Syst. isolation valves

Heat removal

Maintain sufficient Reactor
Coolant System water
inventory for core cooling

Actuation SIS signal [PZR P]

Front. Syst. MSRT

SIS signal [PZR P
Front. Syst. MHSI

Water injection into the RCS
Front. Syst. IRWST systems

Front. Syst. IRWST systems

SIS signal [PZR P
Front. Syst. LHSI

Actuation Passive
Front. Syst. Accumulators

Prevention of RCS drainage
through auxiliary lines SIS signal [PZR P

Front. Syst. | CVCS letdown valve

Transfer heat from the reactor
coolant to the ultimate heat
sink

Front. Syst. MSRT

Heat removal by Steam
Generators - Emergency
shutdown mode

Front. Syst. EFWS injection lines
& storages

Other

Prevent the failure or limit the
consequences of failure of a
structure, system or
component whose failure
could cause the impairment of|

a safety function

MSRT

Essential component protection

DP over RCP + SIS
signal
Front. Syst. RCP

Actuation

Confinement

X

Limit the release of
radioactive material from the
reactor containment

SIS [PZR P]
Passive
Containment
isolation valves

Actuation

Front. Syst.

Containment building isolation

Actuation SIS signal [PZR P
Containment
isolation valves

Front. Syst.

N/A - diversity is applied to frequent initiating event above 10-3/r.y

Comments

In case of IB/LB LOCA, the Safety Injection
plays a role in reactivity control by providing
borated water. Depending on the size of the
break, the LHSI and accumulators will
empty more or less rapidly




UK EPR

PRE-CONSTRUCTION SAFETY REPORT

CHAPTER 14: DESIGN BASIS ANALYSIS

SUB-CHAPTER : 14.7

PAGE :25/58

Document ID.No.
UKEPR-0002-149 Issue 03

Input to ¢

Main Safety
Function

Category Frequency

FETY FUNCTIO

Plant Level Safety Function

WR

[VNINERIN=

ety Functional Groups
Function

Combination of the Plant Level
Safety Function and the
conditions of operations

(normal, incident, accident)

Item

SUB-CHAPTER 14.7 - TABLE 1: FAULT AND PROTECTION SCHEDULE TABLE: FAULTS AT FULL POWER (8/29)

Comments

Reactivity
Control

Heat rer

Confinement

Heat removal

Other

Shutdown and maintain core
sub-criticality

Compensation for shutdown

moderator effect Actuation

Front. Syst.

Maintain sufficient Reactor
Coolant System water
inventory for core cooling

Water injection into the RCS [ Acwaton [ Manual |
| Front.Syst. | LHSI |

Heat removal by Steam
Generators - Emergency -
|_Actuaton [ Manual |
shutdown mode Front. Syst. MSRT

Transfer heat from the reactor
coolant to the ultimate heat

| _Actaton |  Manual |

sink Heat removal in shutdown
mode by Residual Heat Actuation Manual
Removal system (RHRS) Front. Syst. MHS!
Activ.&Elec [ Manual |
Front. Syst.
N/A Containement isolation are already effective due to automatic actuation. In case of such automatic

actuation failed, the operator can perform the containment isolation

See Appendix A

MHSI stop (1 train) is indicated combinated
to RHRS actuation since it is one of the
condition to connect RHRS in such case.

LHSI injection in HL is only used in case of
B LOCA.

Shutdown and maintain core
sub-criticality

Negative reactivity fast insertion|  Actuation

Front. Syst.

Prevention of uncontrolled
positive reactivity insertion
into the core

Actuation RT checkback
Turbine admission
valves

Front. Syst.
RCS overcooling protection

Actuation RT checkback
Full load MFW

Front. Syst. A
isolation valves

Maintain sufficient Reactor
Coolant System water

Water injection into the RCS Front. Syst. MSRT

SIS signal [PZR P
MHSI

inventory for core cooling

Prevention of RCS drainage

through auxiliary lines SIS signal [PZR P

Front. Syst. | CVCS letdown valve

Transfer heat from the reactor
coolant to the ultimate heat
sink

Heat removal by Steam
Generators - Emergency
shutdown mode

Front. Syst. MSRT

Activ. &Elec [ Manual |
Front. Syst. RHRS

Heat removal in shutdown
mode by Residual Heat
Removal system (RHRS)

SIS signal [PZR P
LHSI

Front. Syst. IRWST systems

Heat removal by Steam

Generators - Emergency >6L
shutdown mode Front. Syst. EFWS injection lines
& storages

Prevent the failure or limit the
consequences of failure of a
structure, system or
component whose failure
could cause the impairment of|
a safety function

Essential component protection Front. Syst. MSRT

DP over RCP + SIS
signal
Front. Syst. RCP

Actuation

Limit the release of
radioactive material from the
reactor containment

Containment building isolation | —Actuation | n
Containment

Front. Syst. . N
isolation valves

N/A - diversity is applied to frequent initiating event above 10-3/r.y

The EOP followed by the operator is similar
to the one presented for PCC event in such
case
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Input to classification

References
Fault Main Safety
description Function

PCSR

Category Frequency Ref.

vater inventory

R tivity
Control

Heat re

Other

Confinement

SUB-CHAPTER 14.7 - TABLE 1: FAULT AND PROTECTION SCHEDULE TABLE: FAULTS AT FULL POWER (9/29)

SAFETY FUNCTION

Transient phases Plant Level Safety Function

Based on EPR process and
international practice for
Cont. Safe Final PWR
state state state

Lower Level Safety Function

Combination of the Plant Level
Safety Function and the
conditions of operations

(normal, incident, accident)

Safety Cat.

MAIN LINE

Safety Functional Groups

Item

Actuation

Front. Syst.

Actuation RT checkback
Turbine admission
Front. Syst. valves

Actuation RT checkback
Full load MFW

Front. Syst. | isolation valves

SIS signal [PZR P
MSRT

|_Actuation [ Manual |
Front. Syst. MSRT

SIS signal [PZR P
LHSI

SIS signal [PZR P

Front. Syst. [ CVCS letdown valve

Front. Syst. MSRT

Activ. &Elec [ Manual |
Front. Syst. RHRS

SIS signal [PZR P
Front. Syst. RHRS

Front. Syst.

SIS signal [PZR P’
Front. Syst. LHSI

Front. Syst. IRWST systems

Actuation
EFWS injection lines

Front. Syst. & storages

Front. Syst.

DP over RCP + SIS

Actuation signal

X Shutdown and_ maintain core B Negative reactivity fast insertion
sub-criticality
X
Prevention of uncontrolled
positive ivity insertion B RCS overcooling protection
into the core
X
X
M B Water injection into the RCS
Maintain sufficient Reactor
Coolant System water
X inventory for core cooling
Prevention of RCS drainage
X B o "
through auxiliary lines
Heat removal by Steam
X Generators - Emergency
shutdown mode
X
X
Transfer heat from the reactor Hriat drertl:o\'/?al |:Lsh:1::,lomt/n
coolant to the ultimate heat B ode by Residual Fleal
X sink Removal system (RHRS)
X
X
Heat removal by Steam
X Generators - Emergency
shutdown mode
Prevent the failure or limit the
consequences of failure of a
X structure, system or B Essential component protection
component whose failure
could cause the impairment of|
a safety function
Limit the release of
X radioactive material from the B Containment building isolation
reactor containment

Front. Syst. RCP

Actuation
Containment

Front. Syst. isolation valves

BEE

System
Req

c&l
platform

Comments

N/A - diversity is applied to frequent initiating event above 10-3/r.y

The EOP followed by the operator is similar
to the one presented for PCC event in such
case without MHSI isolation




Input to classification

Fault Main Safety
description Function

PCSR

Category Frequency Ref

r inventory

ctivity
ontrol

Other

Confinement

UK EPR

PRE-CONSTRUCTION SAFETY REPORT

CHAPTER 14: DESIGN BASIS ANALYSIS

SUB-CHAPTER : 14.7

PAGE 127158

Document ID.No.

UKEPR-0002-149 Issue 03

SUB-CHAPTER 14.7 - TABLE 1: FAULT AND PROTECTION SCHEDULE TABLE: FAULTS AT FULL POWER (10/29)

SAFETY FUNCTION

Transient phases  Plant Level Safety Function

Based on EPR process and
international practice for
Cont. Safe Final PWR
state state state

Lower Level Safety Function

Combination of the Plant Level
Safety Function and the
conditions of operations

(normal, incident, accident)

Safety Cat

Shutdown and maintain core
sub-criticality

B Negative reactivity fast insertion

MAIN LINE

Safety Functional Groups
c&l
platform

i Safe?/ ystem

Req

Actuation

Prevention of uncontrolled

positive ivity insertion
into the core

B RCS overcooling protection

Maintain sufficient Reactor
X Coolant System water
inventory for core cooling

B Water injection into the RCS

Front. Syst.

Actuation RT checkback

Turbine admission
Front. Syst. valves
Actuation RT checkback
Full load MFW
isolation valves

Front. Syst.

| Actuation [ Manual |
Front. Syst. MSRT

Actuation SIS signal [PZR P ]

Prevention of RCS drainage

component whose failure
could cause the impairment of|
a safety function

x B through auxiliary lines
Heat removal by Steam
X Generators - Emergency
shutdown mode
X
X
Transfer heat from the reactor| Heat removal in shutdown
coolant to the ultimate heat B mode by Residual Heat
X sink Removal system (RHRS)
X
X
Heat removal by Steam
X Generators - Emergency
shutdown mode
Prevent the failure or limit the
consequences of failure of a
X structure, system or B Essential component protection

Front. Syst. MHSI

SIS signal [PZR P

Front. Syst. | CVCS letdown valve

Front. Syst. MSRT

Activ.&Elec [ Manual |
RHRS

SIS signal [PZR P
RHRS

Front. Syst.

SIS signal [PZR P!
Front. Syst. LHSI
Front. Syst. IRWST systems

EFWS injection lines

Front. Syst. MSRT

DP over RCP + SIS

Actuation .
signal

Limit the release of
X radioactive material from the
reactor containment

B Containment building isolation

Front. Syst. RCP

Actuation SIS signal [PZR P
Containment

Front. Syst. isolation valves

Comments

N/A - diversity is applied to frequent initiating event above 10-3/r.y

In such case, due to the loss of LHSI, the
cooling is made by the CHRS [EVU] with a
cooling of the IRWST. The MHSI are
switched to large min flow lines. The cooling
is then ensured by a circulation between the
cooled IRWST, the MHSI injection and the
break.
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Input to classification SAFETY FUNCTION MAIN LINE

Safety Functional Groups
Lower Level Safety Function Y f

Transient phases  Plant Level Safety Function

c&l Comments
platform

Main Safety Combination of the Plant Level

Safety Function and the SEEY
Item

Based on EPR process and Safety Cat.
international practice for

PCSR Cont. Safe Final PWR

Ref. state state state

Function
conditions of operations

Category Frequency (normal, incident, accident)

er inventory

i - MHSI injection - auto
Maintain sufficient Reactor
Heat removal X Coolant System water A Water injection into the RCS ) SIS signal [RCS L] Water injection into the RCS - - Class 2 F2 SAS -
inventory for core cooling Actuation SIS signal [APsat ] Actuation Diversified RCS L
Front. Syst. MHSI Front. Syst. MHSI
Isolation of CVCS letdown line
Lo - (RCSisolation Sl sequence)
N Maintain sufficient Reactor Prevention of RCS drainage ) Prevention of RCS drainage
Heat removal X Coolant System water A through auxiliary lines ) SIS signal [RCS L] through auxiliary lines . o Class 2 F2 SAS
inventory for core cooling g ary Actuation SIS signal [APsat ] g ry Actuation Diversified RCS L
Front. Syst. [ CVCS letdown valve Front. Syst. [ CVCS letdown valve
MHSI injection
A Water injection into the RCS SIS signal [APsat Water injection into the RCS | Actuation Manual Class 2 | FiB SAS
MHSI Front. Syst. MHSI
Maintain sufficient Reactor
Heat removal X Coolant System water Isolation of CVCS letdown line
inventory for core cooling A Prevention of RCS drainage Prevention of RCS drainage Class 2 F1B SAS
through auxiliary lines SIS signal [APsat through auxiliary lines Actuation Manual
Front. Syst. [ CVCS letdown valve Front. Syst. | CVCS letdown valve
Prevent the failure or limit the RCP stop - Manu - No challenge of reactivity control function
consequences of failure of a Actuation DP over RCP + SIS Activ. & Elec Manual
. " ignal . " :
Other X structure, system or A Essential component protection Sina Essential component protectic Class2| F1B SAS
component whose failure
could cause the impairment of| Front. Syst. RCP Front. Syst. RCP
a safety function
Limi e release of Actuaton Aoaton | ana
X radioactive material from the A Containment building isolation Contai . Containment building isolation Contai N Class 2| F1B SAS
reactor containment Front. Syst. _ontainmen Front. Syst. _ontanmen
m isolation valves isolation valves
fa)
g
£
=
8
5 N/A This transient is similar to the SB LOCA in state B, in terms of systems actuation. One MHSI pump is sufficient to manage the sequence.
z
iniaction i . SIS signal [RCS L]
A Water injection into the RCS
) Actuation | 515 signal [APsat ]
Front. Syst. MHSI
X " . -
Maintain sufficient Reactor . I
M el Coolant System water Prevention of RCS drainage Only the main features of the mitigation are
inventory for core cooling A through auxiliary lines N SIS signal [RCS L] presented. The heat removal is ensured
9 ry Actuation SIS signal [APsat | thanks ot the other RHRS trains. Reactivity
N/A - diversity is applied to frequent initiating event above 10-3/r.y control is not impaired.
Front. Syst. [ CVCS letdown valve
Heat removal from containment There is no specific EOP since the transient
X A by Containment Heat Removal occur in shutdown state.
system (CHRS) Front. Syst.
Limit the release of Actuation SIS signal [RCS L]
Confinement X radioactive material from the A Containment building isolation SIS signal [APsat |
reactor containment Containment
Front. Syst. . N
isolation valves
Only the main features of the mitigation are
presented. The heat removal is ensured
Maintain sufficient Reactor Prevention of RCS drainage thanks ot the RHRS trains. Reactivity
Heat remova X Coolant System water B h " 9 N/A - diversity is applied to frequent initiating event above 10-3/r.y control is not impaired.
. . through auxiliary lines
inventory for core cooling
Actuation There is no specific EOP since the transient
occur in shutdown state.
Front. Syst. [ CVCS letdown valve
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SUB-CHAPTER 14.7 - TABLE 1: FAULT AND PROTECTION SCHEDULE TABLE: FAULTS AT FULL POWER (12/29)

sification

ain Safety
Function

SAFETY FUNCT!

Plant Function

international practice for

Shutdown and maintain core
sub-criticality

L Level Safety Function

Combination of the Plant Level
Safety Function and the
conditions of operations

(normal, incident, accident)

Negative reactivity fast insertion|

AIN LINE

y Functional Groups

afety

Item
class

Shutdown and maintain core
sub-criticality

Prevention of uncontrolled
positive reactivity insertion
into the core

RCS overcooling protection

Heat remo

Maintain sufficient Reactor
Coolant System water
inventory for core cooling

Water injection into the RCS

Comment

Prevention of RCS drainage
through auxiliary lines

Transfer heat from the reactor|
coolant to the ultimate heat
sink

Other

Heat removal by Steam
Generators - Emergency
shutdown mode

Prevent the failure or fimit the
consequences of failure of a
structure, system or
component whose failure
could cause the il i of|

Essential component protection

Confinement

Limit the release of waste and|
airborne radioactive material

Limitation of radioactive release|
outside i from

radioactive Steam Generator

R ty
Control

Shutdown and maintain core
sub-criticality

Compensation for shutdown
moderator effect

al

Heat removal by Steam
Generators - Emergency
shutdown mode

Transfer heat from the reactor|

coolant to the ultimate heat
sink

Heat removal in shutdown
mode by Residual Heat
Removal system (RHRS)

Confinement

Limit the release of waste and|
airborne radioactive material

Limitation of radioactive release
outside containment from
radioactive Steam Generator

Other X

Prevent the failure or limit the
consequences of failure of a
structure, system or
component whose failure
could cause the impairment of|
a safety function

Essential component protection

Emergency boron injection into
i @ = G i) The occurrence of SG level as RT depends
on the level of power of the plant is
PZRP High concentrated and high ATWS signal operated.
Actuation Vanuad oo oo | Actuation (Nares o ) | Class2| F2 PS ATWS cover
P d P Manual RT of main line is actuated by
operator on KRT VVP detecors which are
Front. Syst. Front. Syst. EBS class 1 (F1A).
Reactor trip - auto
Negative reactivity fast Actuation HLP
insertion Class 2 F2 SAS
Front. Syst. CRDM
MSIV closure
Actuation Tu?;:eh:g:;g;n Actuation SGP Class 1 F1A PS Excessive increase in steam flow study
Front. Syst. _ Front. Syst. MSIV
valves RCS "
e Full load MFW isolation (4SG;
RT checkback Actuation RT checkback Class 2 2 sAS SAS order in case of ATWS following PS
Full load MFW Full load MFW failure
Front. Syst e Front. Syst. | . o' ¢
isolation valves isolation valves
SG Pressure Control - Cooling -
Manu Covered by LOCA (BREAK SIZE UP TO 20
. . N CM2) WITH FAILURE OF THE PARTIAL
Actuation SIS signal [PZR P] Actuation Manual Class 2 F1B SAS COOL-DOWN SIGNAL (STATE A) - PCSR
Sub-chapter 16.1.3.3.6
Front. t. MSRT Front. t. MSRT
ront. Sys! S Water injection into the RCS ront. Sy S|
LHSIin cold leg Covered by LOCA (BREAK SIZE UP TO 20
Class 2 FiB SAS CM2) WITHOUT MHSI (STATE A) - PCSR
SIS signal [PZR P Actuation Manual Sub-chapter 16.1.3.3.7
MHSI Front. Syst. LHSI
Isolation of CVCS letdown line
Prevention of RCS drainage
N Class 2 FiB SAS -
SIS signal [PZR P through auxiliary lines Actuation Manual
Front. Syst. | CVCS letdown valve Front. Syst. | CVCS letdown valve
. " The operator may perform a fast cooldown
SO RCIRCE Class2| FiB SAS with the 3 unaffected SGs to cool down the
Actuation Manual plant. This action will be performed locally
MSRT Heat removal by Low Head [ Front. Syst. MSRT after 1 hour.
Emergency Core Cooling . . -
System (ECCS) EFW actuation (1 train) The combination of SGTR + failure of all
Actuation Manual Class 2| F1B SAS MSRT leads to a transient enough
EFWS injection lines unfrequent to limit the requirements in terms|
S8 Slfely VENES R Secondary overpressure studies of Sub-
Class 1] F1A : hapter 3.4.1.5 ilustrat
Actuation Passive chapter 3.4.1.5 lustrate
Front. Syst. MSRT Front. Syst. MSSV
Steam line isolation (1SG)
Actuation | SG L + PCD finished Actuation Manual Class2| F1B ] SAS
Front. Syst. MSIV Front. Syst. | MSIV
Limitation of Isolation of CVCS charging line In case of failure of MSRTa setpoint
N . N N . Class 2 FiB SAS increase and SGa isolation, the operator
Actuation | SG L + PCD finished fe':;f“e OUﬁlde_CUn;atg‘a"""?m Actuation Manual . can also isolate the unaffected SGs by
Front. Syst. CVCS Front. Syst. | CVCS closing the other MSIV in case of single
Generator I failure of the MSIV of SGa
MSRT setpoint increase - Manu
Class 2 FiB SAS
Actuation [ SG L + PCD finished Actuation Manual
Front. Syst. MSRT Front. Syst. | MSRT
| Actuation |  Manual |
[ Actuaton [ Manual |
MSRT
SIS signal [PZR P
Front. Syst. MHSI
MHSI stop (1 train) is indicated combined
ik with RHRS actuation since it is one of the
| Actuaton [ Manual | conditions to connect RHRS in such case.
MSRTa The same reasoning is applied for the
See Appendix A opening of MSRT of the SGa to perform the

Activ. &Elec|  Manual |
Front Syst | RHRS |

[ Actuaton [ Manual |
MSIV

[ Actuaton [ Manual |
Front. Syst. MSRT

|_Acwaton |  Manual |
Front. Syst EFWS injection lines
& storages

EFWS injection lines
& storages

Front. Syst.

depressurization of both RCS and SGa in
the end of the transient.

LHSI injection in HL is only used in case of
LB LOCA.
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SUB-CHAPTER 14.7 - TABLE 1: FAULT AND PROTECTION SCHEDULE TABLE: FAULTS AT FULL POWER (13/29)

Input to classification SAFETY FUNCTION MAIN LINE

Safety Functional Groups
Lower Level Safety Function ’ f

References Transient phases  Plant Level Safety Function

Fault Main Safety
description Function

Combination of the Plant Level
Safety Function and the ‘ Safety System
conditions of operations tem
(normal, incident, accident)

Based on EPR process and Safety Cat
international practice for

PCSR Cont. Safe Final PWR

Ref. state state state

class Req
Category Frequency

Increase in Heat Removal

Transient not studied in the PCSR - part of Site Licensing
N/A Transient not studied in the PCSR - part of Site Licensing
Emergency boron injection into
the core - diversified
A " . . PCSR Sub-chapter 16.1.3.3.1 - ATWS
X Shutdown and_ T“a'."'a'" core A Negative reactivity fast insertion| ~ Actuation DNBR or HCPL High cuncemrateq gnd_hlgh Actuation ATWS signal Class 2 F2 RS Excessive increase in steam flow by rod
sub-criticality pressure boron injection (N-3 rod drop) drop failure
Front. Syst. Front. Syst. EBS
Reactor trip - auto
Shutdown and maintain core Negative reactivity fast "
X sub-criticality A insertion Actuation SGL Class 2 E2] SAS
Front. Syst. CRDM
MSIV closure
X Actuation RT. checkb_a C|.< Actuation SGP Class 1 F1A PS Excessive increase in steam flow study
Front. Syst. Turbine admission Front. Syst MSIV
} i valves } i
Full load MFW isolation (4SG)
M Actuation RT checkback Actuation RT checkback Class 2 E2 SAS SAS order in case of ATWS following PS
Prevention of uncontrolled Front. Syst Full load MFW Front. Syst Full load MFW failure
positive reactivity insertion A RCS overcooling protection - SYst. isolation valves RCS overcooling protection - Syst. isolation valves
into the core Low load MFW isolation (1SG)
Actuation SGP Actuation Manual
x Low load MFW Low load isolation Sl 52 SES
Front. Syst. ataon Front. Syst.
isolation valves valves
Steam line isolation (1SG)
X Activ. & Elec Activ. & Elec Manual Class 2 F1B SAS -
Front. Syst. Front. Syst. MSIV
Opening of severe accident
X Actuation Manual Class 2 F2 SAS
Front. Syst. Front. Syst. PDS
Transfer heat from the reactor| Heat removal by Steam “Actuation Heat removal by Low Head Actuafilosn[RIS] U CO’\IAdaLeugal Sequences of primary bleed and feed
Heat removal X coolant to the ultimate heat A Generators - Emergency EFWS iniection Tnes Emergency Core Cooling ————————F ] Class 2 F1B SAS |detailed in case of Total Loss Of FeedWater
sink shutdown mode Front. Syst. ) System (ECCS) Front. Syst. MHSI + LHSI RRC-A
& storages
RCP stop - Manu
X Activ. & Elec Manual Class 2 F1B SAS
Front. Syst. RCP
TV UTe TauTE T T
consequences of failure of a SG safety valves opening .
Other X structure, system or A Essential component protection Essential component protectior Class 1 F1A - Secondary overpressure studies of Sub-
componentlwhose failure Actuation Passive chapter 3.4.1.5 illustrate
o T vnose | Front. Syst. MSRT, Front. Syst. MSSV
Maintain integrity of the Hot overpressure protection : " .
Confinement X Reactor Coolant Pressure A RCS overpressure protection RCS overpressure protection | Activ. & Elec | Passive Class1 | F1A - Primary overpressure studies of Sub
chapter 3.4.1.5 illustrate
Boundary Front. Syst. Front. Syst. | PSV
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SUB-CHAPTER 14.7 - TABLE 1: FAULT AND PROTECTION SCHEDULE TABLE: FAULTS AT FULL POWER (14/29)

Input to classification SAFETY FUNCTION MAIN LINE

Safety Functional Gro
Level Safety Function Y o

References ent phases Plant Level Safety Function

Fault Main Safety Combination of the Plant Level

Safety Function and the T Safety System
em

Based on EPR process and  Safety Cat.

dFSCHP]IOH Function " . .
international practice for

conditions of operations

PCSR Cont. Safe Final L .
(normal, incident, accident)

Category Frequency Ref state state state

Increase in Heat Removal

Emergency boron injection into
the core - diversified
. . . PCSR Sub-chapter 16.1.3.3.1 - ATWS
x A [Negative reactivity fast insertion|  Actuation DNBR or HCPL ”'{;’,"esc;’ﬂ,ieﬂgf‘;ﬁ?n?e"&g',?h Actuation (’?\‘T_‘é"i j'g:‘oap') Class2| F2 Ps | Excessive increase in steam flow by rod
drop failure
Shutdown and maintain core Front. Syst. Front. Syst. EBS
sub-criticality
Emergency boron injection into
the core - manu
X A High cor_lc_ennfated boron High concentrateq e_md_hlgh oy 2 pS
injection Activ. & Elec pressure boron injection Actuation Manual
Front. Syst. Front. Syst. EBS
MSIV closure
X | Actuation | RT. checkb_a d.( Actuation SGP Class 1 F1A PS Excessive increase in steam flow study
Front. Syst, | Turbine admission Front. Syst. MSIV
valves
Full load MFW isolation (4SG)
Actuation RT checkback Actuation RT checkback SAS order in case of ATWS following PS
X EEE— Class 2 F2 SAS -
Front. Syst. lFuII Ipad MFW Front. Syst. lFuII Ipad MFW failure
" isolation valves isolation valves
Prevention of uncontrolled Low Ioad MFW isolation (15G)
positive reactivity insertion A RCS overcooling protection ~ RCS overcooling protection -
X into the core | Actuation | | Actuation | 7Man_ual - Class 2 F2 SAS
Front. Syst. lLow Ipad MFW Front. Syst. Low load isolation
isolation valves valves
Steam line isolation (1SG)
X Activ. & Elec Activ. & Elec Manual Class 2 F1B SAS -
Front. Syst. Front. Syst. MSIV
MSRT isolation (1 SG isolation
X Activ. & Elec SGP Activ. & Elec Manual Class 2 F1B SAS -
Front. Syst. MSRT Front. Syst. MSRT
SG Pressure Control - Cooling -
Manu
x Maintain sufficient Reactor Actuation Manual Geez| F & °
Coolant System water A Water injection into the RCS Water injection into the RCS | Front. Syst. MSRT
inventory for core cooling LHSlin cold leg
X Actuation Manual Class2 | FiB SAS -
Front. Syst. LHSI
Opening of severe accident
discharge line
g Actuation vanual | €52 P2 SAS
Front. Syst. PDS
Transfer heat from the reactor Heat removal by Steam Heat removal by Low Head SIS [RIS] in cold leg Sequences of primary bleed and feed
coolant to the ultimate heat A Generators - Emergency Actuation Emergency Core Cooling Actuation Manual Class 2 F18 SAS detailed in case of Total Loss Of FeedWater
X sink shutdown mode Front. Syst. EFWS injection lines System (ECCS) Front. Syst. MHSI + LHSI RRC-A
& storages
RCP stop - Manu
X Activ. & Elec Manual Class 2 F1B SAS
Front. Syst. RCP
T TEvETTITE et Te U T
consequences of failure of a SG safety valves opening Secondary overpressure studies of Sub-
Other X structure, system or A Essential component protection - tial component p i o o Class1| F1A - -
component whose failure Actuation Passive chapter 3.4.1.5 illustrate
Al panea tha i i Front. Syst. Front. Syst. MSsv
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SUB-CHAPTER 14.7 - TABLE 1: FAULT AND PROTECTION SCHEDULE TABLE: FAULTS AT FULL POWER (15/29

Input to AFETY FUNCTION IN LINE

L Level Safety Function fety Functional
= vel Safe c
References Transient phases ~ Plant Level Safety Function
f Comments
Main Safety
- Based on EPR process and  Safety Cat CS i t_he FENE L]
Function » 5 Safety Function and the
international practice for
conditions of operations

= BWR (normal, incident, accident)

Category Frequency Ref

se in Heat Removal

dP/dt
PZR P, SG P, Cont
P, DNBR
Shutdown and maintain core Front. Syst. CRDM
sub-criticality

Negative reactivity fast insertion| ~ Actuation

High concentrated boron
injection

Activ. & Elec
Front. Syst.

Re ity RT checkback
- Turbine admission
Control Front. Sys

valves
RT checkback
Full load MFW
Frol 3% N n
isolation valves
|_Actuation [ Manual |

Front. Syst. | EFWS injection lines

Activ. & Elec dP/dt, SG P
Front. Syst. MSIV

Prevention of uncontrolled
positive reactivity insertion A RCS overcooling protection
into the core

Activ. & Elec

Transfer heat from the reactor Heat removal by Steam Front. Syst. MSRT
coolant to the ultimate heat A Generators - Emergency
sink shutdown mode

Activ. & Elec SG L
EFWS injection lines
& storages

N/A - diversity is applied to frequent initiating event above 10-3/r.y

Front. Syst.

Heat remov

A Water injection into the RCS
Maintain sufficient reactor
x coolant system water

inventory for core cooling
Activ. & Elec PZR P
Front. Syst. MHSI

Prevention of RCS drainage | Activ. & Elec SIS signal

through auxiliary lines Sy: CVCS letdown valve

Frol

Prevent the failure or limit the
consequences of failure of a
structure, system or
component whose failure
could cause the impairment of|
a safety function

Other X A Essential component protection

Front. Syst. MSRT

Actuation

SIS signal [PZR P |

Limit the release of Containment
ioacti i i ilding i i Front. Syst

Confinemen X radioactive material from the A Containment building isolation - Syst. isolation valves

reactor containment

Actuation SIS signal [PZR P ]
Containment
isolation valves

Front. Syst.

Transient covered by Steam piping break

M B Compensation for shutdown
moderator effect -
|_Actuation [  Manual |
Shutdown and maintain core
sub-criticality [ Actuation | Manual |
X o Full load MFW
B RCS overcooling protection 4 isolation valves
x Activ. &Elec ]  Manual |
Front, Syst. MSIV See Appendix A NA
Heat removal by Steam
X B Generators - Emergency .
shutdown mode Actuation Manual
Front. Syst. MSRT
Transfer heat from the reactor
coolant to the ultimate heat B Activ. & Elec
sink Heat removal in shutdown | _Front. Syst.
mode by Residual Heat
M B Removal system (RHRS)
Activ. & Elec Manual
| Front. Syst. | RHRS
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Frequency

SUB-CHAPTER 14.7 - TABLE 1: FAULT AND PROTECTION SCHEDULE TABLE: FAULTS AT FULL POWER (16/29)

SAFETY FUNCTION

Transient phases  Plant Level Safety Function

Based on EPR process and
international practice for
Safe Final
state state

Shutdown and maintain core
sub-criticality

Lower Level Safety Function

Combination of the Plant Level
Safety Function and the
conditions of operations

(normal, incident, accident)

Negative reactivity fast insertion

MAIN LINE

Actuation

Safety Functional Groups

Safety System

Item Req

Front. Syst.

the core - diversified

Emergency boron injection into

PCSR Sub-chapter 16.1.3.3.1 - ATWS

Shutdown and maintain core
sub-criticality

Prevention of uncontrolled

positive reactivity insertion
into the core

RCS overcooling protection

Actuation

Front. Syst.

Actuation

Comments

Transfer heat from the reactor
coolant to the ultimate heat
sink

Heat removal by Steam
Generators - Emergency
shutdown mode

Front. Syst.
Activ. & Elec

st.

Front. Syst.

Actuation

PZR P High concentrated and high . ATWS signal " ATWS are not postulated for PCC-3 and
sGP pressure boron injection Actuation (N-3 rod drop) Class 2 F2 PS LOFW by rod drop failure covers the ATWS PCC.4 events
Front. Syst. EBS
Reactor trip - auto
Negati\{e rea_ctivity fast Actuation HLP Class 2 F2 SAS
insertion
Front. Syst. CRDM
MSIV closure
RT. checkbaclf Actuation SGP Class 1 F1A PS Excessive increase in steam flow study TT initiating event
Turbine admission
Front. Syst. MSIV
valves
Full load MFW isolation (4SG)
: RT checkback . .
RT checkback Actuation SG L Class 2 F2 SAS SAS order in casiacinlfu»rzrws following PS
Full load MFW Front. Syst Full load MFW
isolation valves . . - Syst isolation valves
RCS overcooling protection T R SRR R R
2 e tadae s Only in-case of loss-of condenser: (1). due: to
Steam line'isolation (1SG) : g
Class 2| FiB SAS - the single failure on MSRIV and small

Activ. & Elec Manual
Front. Syst. MSIV

feedwater system piping (3) due to the:
' break. :

: . valve closure)

MSRT isolation:(1-SGisolation

Activ. & Elec Manual Class 2
Front. Syst. MSRT o

Only in'case of loss of condenser (1), due to|
the single failure on MSRIV

MSRT

Front. Syst.

Prevent the failure or limit the
consequences of failure of a
structure, system or
component whose failure
could cause the impairment of|
a safety function

Essential component protection

Actuation

Front. Syst.

Maintain integrity of the
Reactor Coolant Pressure
Boundary

RCS overpressure protection

Front. Syst.

Shutdown and maintain core
sub-criticality

Negative reactivity fast insertion

Actuation

Opening of severe accident
discharge line

MSRT

Front. Syst.

Prevention of uncontrolled
positive reactivity insertion
into the core

RCS overcooling protection

Actuation

Front. Syst.

RT checkback
Turbine admission

Transfer heat from the reactor
coolant to the ultimate heat
sink

Heat removal by Steam
Generators - Emergency
shutdown mode

Front. Syst.

Actuation

Front. Syst.

SGL
EFWS injection lines

Prevent the failure or limit the
consequences of failure of a
structure, system or
component whose failure
could cause the impairment of|
a safety function

Essential component protection

| Front. Syst. |

Maintain integrity of the
Reactor Coolant Pressure

Boundary

RCS overpressure protection

Front. Syst.

& storages

sive
PSV

Actuation Manual Cessi2 £2 S2S
Front. Syst. PDS
Heat removal by Low Head SIS [RIS] in cold leg Sequences of primary bleed and feed
Emergency Core Cooling . detailed in case of Total Loss Of FeedWater
System (ECCS) Actuation Manual Class 2 F1B SAS RRC-A
Front. Syst. MHSI + LHSI
RCP stop - Manu
Activ. & Elec Manual Class 2 F1B SAS
Front. Syst. RCP
SG safety valves opening
Essential component protectic Actuation Passive Class 1 F1A B Secondary overpressure studies of Sub-
chapter 3.4.1.5 illustrate
Front. Syst. MSSV
Hot overpressure protection N . i
RCS overpressure protection | Activ. & Elec | Passive Class 1 F1A - Primary overpressure _studles of Sub
chapter 3.4.1.5 illustrate
Front. Syst. | PSV
Emergency boron injection into
the core - diversified
. . . . R A partial trip may occur before actuation of
nggs:fsg?;:?ﬂa:&zgh Actuation (?\"I:;Vrsojlg:::)al) Class 2 F2 BS PCSR Sub cha&t)e;ét\i/\./l.&&l ATWS the RT on loss of normal feedwater. See
P! d 2 Total Loss of FeedWater sequence below
Front. Syst. EBS
MSIV closure
RCS overcooling protection Actuation SGP Class 1 F1A PS Excessive increase in steam flow study
Front. Syst. MSIV
Opening of severe accident
discharge line Class 2 F2 SAS
Actuation Manual
Fi 5 ) PD .
Heat removal by Low Head ront. Syst A S Sequences of primary bleed and feed
N SIS [RIS] in cold leg o
Emergency Core Cooling Actuation Manual detailed in case of Total Loss Of FeedWater
System (ECCS) ———F—————{Class2| F1B SAS RRC-A
Front. Syst. MHSI + LHSI
RCP stop - Manu
Activ. & Elec Manual Class 2 F1B SAS
Front. Syst. RCP
SG safety valves opening .
. . Secondary overpressure studies of Sub-
Essential component protection| Class 1 F1A = chapter 3.4.1.5 illustrate
Actuation Passive
Front. Syst. MSSV
LotV eipiessHielpioieaion Primary overpressure studies of Sub-
RCS overpressure protection | Activ. & Elec | Passive Class 1 F1A - "
chapter 3.4.1.5 illustrate
Front. Syst. | PSV/
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SUB-CHAPTER 14.7 - TABLE 1: FAULT AND PROTECTION SCHEDULE TABLE: FAULTS AT FULL POWER (17/29)

Input to classification SAFETY FUNCTION MAIN LINE

Safety Functional Gro
Level Safety Function Y o

References ent phases Plant Level Safety Function

Fault Main Safety i
- Y Based on EPR process and  Safety Cat. ClaInL LM Gl 2 (P Lewel
description Function . . N ) Safety Function and the Safety System
international practice for ) Item €
conditions of operations <

PCSR Cont. Safe Final L .
(normal, incident, accident)

Category Frequency Ref state state state

Increase in Heat Removal

Emergency boron injection into
X Shutdown and maintain core A Negative reactivity fast insertion HCPL / DNBR High concentrated and high ithelcorel dzmgieq ] Class 2 E2 PS PCSR Sub-chapter 16.1.3.3.1 - ATWS ATWS are not postulated for PCC-3 and
sub-criticality 9 Actuation pressure boron injection Actuation signa PCC-4 events
SG P (N-3 rod drop)
Front. Syst. CRDM Front. Syst. EBS
Reactor trip - auto
Shutdown and maintain core Negative reactivity fast " high neutron flux
x sub-criticality A insertion Actuation HL P Ges2| 2 e
Front. Syst. CRDM
tivity MSIV closure
ontrol L .
ontro X Actuation RT checkback Actuation SG P Class 1 F1A PS Excessive increase in steam flow study
Front, Syst. | 1Urbine admission Front. Syst. MSIV
Prevention of uncontrolled valves ——
ositive reactivity insertion A RCS overcooling protection RCS overcooling protection EIoEAIMEWISalsHohESE)
P . 9p Actuation RT checkback 9p Actuation RT checkback SAS order in case of ATWS following PS
X into the core T =i Class 2 F2 SAS .
Full load MFW Full load MFW failure
Front. Syst. A : Front. Syst. B :
isolation valves isolation valves
Steam line isolation (1SG)
X Activ. & Elec SG P Activ. & Elec Manual Class 2 F1B SAS -
Front. Syst. MSIV. Front. Syst. MSIV
Opening of severe accident
X _ i discharge line Class 2 F2 SAS
Actuation Manual
Front. Syst. MSRT Front. Syst. PDS
Transfer heat from the reactor Heat removal by Steam Heat removal by Low Head SIS[RIS] in cold leg Sequences of primary bleed and feed
X coolant to the ultimate heat A Generators - Emergency Actuation SGL Emergency Core Cooling Actuation Manual Class 2 F1B SAS detailed in case of Total Loss Of FeedWater
sink shutdown mode Front. Syst. EFW; injection lines System (ECCS) Front. Syst. MHS! + LHS!I RRC-A
storages
RCP stop - Manu
X Activ. & Elec Manual Class2 [ F1B SAS
Front. Syst. RCP
Prevent the failure or limit the
consequences of failure of a h
SG safety valves opening .
structure, system or : . . : Secondary overpressure studies of Sub-
Other X . A Essential component protection Essential component protection Class 1| F1A - .
component whose failure chapter 3.4.1.5 illustrate
could cause the impairment of| Actuation Passive
a safety function Front. Syst. MSRT Front. Syst. MSSV
Maintain integrity of the Hot overpressure protection . . N The overpressure protection is ensured
nfinement X Reactor Coolant Pressure A RCS overpressure protection Actuation Passive RCS overpressure protection | Activ. & Elec | Passive Class 1 F1A - Prlmarzr?a\‘/ etreprrgs: Tg _studles of Sub thnaks to the 3 PSVs. It can be
Boundary Front. Syst. PSV Front. Syst. | PSV pler s.4.%. demc that no CCF will impair the
Emergency boron injection into
A . . the core - diversified
Shutdown and maintain core . . . " High concentrated and high n PCSR Sub-chapter 16.1.3.3.1 - ATWS
X sub-criticality A Negative reactivity fast insertion Actuation PZR P pressure boron injection Actuation ATWS signal Class 2 F2 PS
SG P (N-3 rod drop)
Front. Syst. CRDM Front. Syst. EBS
ReEEiY MSIV closure
ntrol X Actuation RT checkback Actuation SG P Class 1 F1A PS Excessive increase in steam flow study
Prevention of uncontrolled Turbine admission
positive reactivity insertion A RCS overcooling protection Front. Syst. valves RCS overcooling protection Front. Syst. MSIV
into the core Full load MFW isolation (4SG)
X Actuation RT checkback Actuation RT checkback Class 2 E2 SAS .
Front. Syst Full load MFW Front. Syst Full load MFW
} i isolation valves . . isolation valves
Opening of severe accident
X i i discharge line Class 2 F2 SAS
Actuation Manual
Front. Syst. MSRT Front. Syst. PDS .
Transfer heat from the reactor Heat removal by Steam Heat removal by Low Head SIyS [RIS]in cold leg Sequences of primary bleed and feed
Heat removal coolant to the ultimate heat A Generators - Emergency Actuation Emergency Core Cooling Actuation Manual detailed in case of Total Loss Of FeedWater
X sink shutdown mode System (ECCS) /1 ] Class 2 F1B SAS RRC-A
Front. Syst. Front. Syst. MHSI + LHSI
& storages
RCP B
X Activ. & Elec Manual Class 2 F1B SAS
Front. Syst. RCP
Prevent the failure or limit the
consequences of failure of a .
structure, system or SO WS Gl Secondary overpressure studies of Sub-
X  SY: . A Essential component protection Essential component protection Class 1 F1A - Y P! -
component whose failure chapter 3.4.1.5 illustrate
could cause the impairment of] Actuation Passive
a safety function Front. Syst. MSRT Front. Syst. MSSV
Maintain integrity of the Hot overpressure protection . " ~
nfinement x Reactor Coolant Pressure A RCS overpressure protection RCS overpressure protection | Activ. & Elec | Passive Class1| F1A - anaré?a\{ etz:rgs: Lllrg ﬁ:ﬂgt':t:f Sub
Boundary Front. Syst. PSV Front. Syst. | PSV plers.4.1-




UK EPR

PRE-CONSTRUCTION SAFETY REPORT

CHAPTER 14: DESIGN BASIS ANALYSIS

SUB-CHAPTER : 14.7

PAGE :35/58

Document ID.No.
UKEPR-0002-149 Issue 03

Input to classification

References

Category Frequency

eat Removal

Heat removal

Other

Confinement

Reacti\
Control

Heat re

Confinement

SUB-CHAPTER 14.7 - TABLE 1: FAULT AND PROTECTION SCHEDULE TABLE: FAULTS AT FULL POWER (18/29)

SAFETY FUNCTION

Transient phases Plant Level Safety Function

Based on EPR process and
international practice for
Cont e Final PWR
state state state

MAIN LINE

Safety Functional G
r Level Safety Function d

Combination of the Plant Level
Safety Function and the Safety System
conditions of operations clz Req
(normal, incident, accident)

Comments

Shutdown and maintain core

Negative reactivity fast insertion|  Actuation

Front. Syst.

Actuation RT checkback
Turbine admission
valves

Activ. & Elec
Front. Syst.

x sub-criticality
x Prevention of uncontrolled
positive reactivity insertion RCS overcooling protection Front. Syst.
into the core
X
X
X Transfer heat from the reactor| Heat removal by Steam
coolant to the ultimate heat Generators - Emergency Front. Syst.
sink shutdown mode
X

Front. Syst. MSRT

Actuation SGL
EFWS injection lines
& storages

Actuation Manual
EFWS injection lines

Front. Syst. & storages

Prevent the failure or imit the
consequences of failure of a
X structure, system or
component whose failure
could cause the impairment of]

Essential component protection

Actuation
Front. Syst. MSRT

Maintain integrity of the
X Reactor Coolant Pressure
Boundary

RCS overpressure protection
Front. Syst.

N/A - diversity is applied to frequent initiating event above 10-3/r.y

Shutdown and maintain core

Compensation for shutdown

sub-criticality moderator effect [ Acwaton [ Manual |
Front. Syst.
Heat removal by Steam
X Generators - Emergency
Actuation [ Manual |
hutd d
Shutdown mode Front. Syst. MSRT
[ Actuation [ Manual | * Only the EFWS of the SG affected by the
X See Appendix A FeedWater Line Break is isolated - whatever
Transfer heat from the reactor Front. Syst. | EFWS injection lines the size of the break.
coolant to the ultimate heat
sink Heat removal in shutdown
X mode by Residual Heat n
Removal system (RHRS) | —Acwaton | Manual |
Front. Syst.
* Activ. &Elec [ Manual |
Front. Syst. Ri
X N/A
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SUB-CHAPTER 14.7 - TABLE 1: FAULT AND PROTECTION SCHEDULE TABLE: FAULTS AT FULL POWER (19/29)

Input to classification SAFETY FUNCTION

References Transient phases Plant Level Safety Function

Fault Main Safety

o Based on EPR process and Safety Cat
description Function

international practice for
Cont. Sa Final PWR

Catego Frequency state state state

Lower Level Safety Function

Combination of the Plant Level
Safety Function and the
conditions of operations

(normal, incident, accident)

MAIN LINE

Safety Functional Groups

S ste
G afety System

Increase in Heat Removal

Shutdown and maintain core
sub-criticality

Low RCP speed
Low RCS loop
flowrate
Front. Syst. CRDM

Negative reactivity fast insertion|  Actuation

Prevention of uncontrolled
positive reactivity insertion
into the core

Actuation RT checkback
Turbine admission
valves

Front. Syst.
RCS overcooling protection

Actuation RT checkback
Full load MFW

Front. Syst. isolation valves

Heat remc

Maintain sufficient Reactor
Coolant System water
inventory for core cooling

|_Actaton [  Manual |
Front. Syst. MSRT

SIS signal [PZR P
Water injection into the RCS Front. Syst. MHS|

SIS signal [PZR P
MSRT

|_Actaton [ Manual |
Front. Syst. LHSI

Prevention of RCS drainage SIS signal [PZR P

through auxiliary lines

Front. Syst. | CVCS letdown valve

Transfer heat from the reactor
coolant to the ultimate heat
sink

Front. Syst. MSRT

Actuation SGL
EFWS injection lines
& storages

Heat removal by Steam
Generators - Emergency
shutdown mode

Front. Syst.

Heat removal from containment
by Containment Heat Removal | Actuation Manual
system (CHRS)

Front. Syst. CHRS

Confinement X

Limit the release of
radioactive material from the
reactor containment

Actuation Manual
Containment
isolation valves

Containment building isolation

Front. Syst.

Heat removal X

Transfer heat from the reactor
coolant to the ultimate heat
sink

See Appendix A

Comments

This part of transient is valid as long as the
cooling of MHSI pumps is efficient (~5
minutes). Later the MHSI are lost and the
end of the transient is similar to the RRC-A
sequences SB LOCA with loss of MHSI.
However, in case of TLOCC, there is a need
to consider a diverse cooling chaing
constituted by the 2 LHSI trains connected
to the diverse cooling chain with EVU/SRU.

TLOCC in state D relies on the CHRS [EVU]
capacities to remove heat with the same
features as the one of TLOCC in state A.

Heat removal in shutdown Transient without any consequences as 2 LHSI / RHRS in operation are
mode by Residual Heat sufficient to guarantee heat removal - the operator can actuate another
Removal System (RHRS) RHR train - Class 2

The diversity can be illustrated by the Total Loss of Cooling Chain sequences
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SUB-CHAPTER 14.7 - TABLE 1: FAULT AND PROTECTION SCHEDULE TABLE: FAULTS AT FULL POWER (20/29)

Input to classification SAFETY FUNCTION

References Transient phases  Plant Level Safety Function

Main Safety

Function . . N
international practice for

PCSR Cont. Safe Final PWR

Frequency
requency Ref. state state state

Shutdown and maintain core
sub-criticality

Control

Based on EPR process and Safety Cat

MAIN LINE

Safety Functional Groups
Lower Level Safety Function Y f

Combination of the Plant Level
Safety Function and the
conditions of operations

(normal, incident, accident)

Comments

Mismatch between

Negative reactivity fast insertion X reactor power and
Actuation ARE flow

SGL

Front. Syst. CRDM

Prevention of uncontrolled
X positive reactivity insertion
into the core

Actuation RT checkback
Turbine admission
valves

RCS overcooling protection
Front. Syst.

x |Transfer heat from the reactor

|_Actuation [ Manual |
Front. Syst.

Actuation Manual
Front. Syst. MHSI + LHSI

|_Actuation [ Manual |

Heat removal by Low Head Sontai "
System (ECCS) isolation valves

Front. Syst. IRWST systems

| _Actaton [  Manual |
Front. Syst. MHSI + LHSI

Activ.&Elec|  Manual |
Front. Syst.

Heat removal coolant to the ultimate heat
sink

X

X

X
Prevent the failure or limit the
consequences of failure of a

Other X structure, system or

component whose failure
could cause the impairment of|
a safety function

Essential component protection | _Actuation

Front. Syst.

Limit the release of
X radioactive material from the
reactor containment

Confinement

) L Actuation Manual
Containment building isolation

Containment

Front. Syst. L
isolation valves

Maintain integrity of the
X Reactor Coolant Pressure
Boundary

RCS overpressure protection

Front. Syst.

N/A - diversity is applied to frequent initiating event above 10-3/r.y
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Main Safety
Function

Control

Heat remc

Confinement

Heat removal

SUB-CHAPTER 14.7 - TABLE 1: FAULT AND PROTECTION SCHEDULE TABLE: FAULTS AT FULL POWER (21/29)

Transient phases

Cont
state

Safe
state

Final
state

SAFETY FUNCTION

Plant Level Safety Function

Based on EPR process and
international practice for
PWR

er Level Safety Function

Combination of the Plant Level
Safety Function and the
conditions of operations

(normal, incident, accident)

Shutdown and maintain core

Negative reactivity fast insertion

MAIN LINE

Safety Functional Gr

Safety System
cl Req

Comments

Low RCP speed
Low RCS loop
flowrate

Actuation

Front. Syst.

Actuation RT checkback

Turbine admission

Front. Syst.
valves

Actuation RT checkback
Full load MFW

Front. Syst. o
isolation valves

Actuation Manual

Front. Syst. MSRT

SIS signal [PZR P
MHSI

SIS signal [PZR P
Front. Syst. MSRT

| _Actuaton [ Manual |
Front. Syst. LHSI

SIS signal [PZR P

Front. Syst. | CVCS letdown valve

Actuation
Front. Syst.

|_Actuation |
EFWS injection lines

Front. Syst. & storages

Actuation Manual

Front. Syst.

sub-criticality

Prevention of uncontrolled

X positive reactivity insertion RCS overcooling protection
into the core

X Water injection into the RCS

Maintain sufficient Reactor

Coolant System water

inventory for core cooling

X Prevention of RCS drainage
through auxiliary lines
X
Heat removal by Steam
Generators - Emergency
shutdown mode

X Transfer heat from the reactor

coolant to the ultimate heat

sink
Heat removal from containment
X by Containment Heat Removal
system (CHRS)
Limit the release of

X radioactive material from the Containment building isolation

reactor containment

Actuation Manual
Containment
isolation valves

Front. Syst.

See Appendix A

This part of transient is valid as long as the
cooling of MHSI pumps is efficient (~5
minutes). Later the MHSI are lost and the
end of the transient is similar to the RRC-A
sequences SB LOCA with loss of MHSI.
However, in case of TLOCC, there is a need
to consider a diverse cooling chaing
constituted by the 2 LHSI trains connected
to the diverse cooling chain with EVU/SRU.

TLOCC in state D relies on the CHRS [EVU]
capacities to remove heat with the same
features as the one of TLOCC in state A.

Transfer heat from the reactor
coolant to the ultimate heat
sink

Heat removal in shutdown
mode by Residual Heat
Removal System (RHRS)

Transient without any consequences as 2 LHSI / RHRS in operation are
sufficient to guarantee heat removal - the operator can actuate another
RHR train - Class 2

The diversity can be illustrated by the Total Loss of Cooling Chain sequences
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fication SAFETY FUNCTION N LINE

Safety Functional Groups
Lower L ety Function

Transient phas Plant Level unction

Fault Main Sz > ation
s Based on EPR process and  Safety Cat, COTRination of the Plant Level
ription Safety Function and the

international practice for -
" conditions of operations

Category eque . (normal, incident, accident)

Item

Emergency boron injection into
the core - diversified

Low RCP speed N
" . N " N High concentrated and high " ATWS signal PCSR Sub-chapter 16.1.3.3.1 - ATWS ATWS are not postulated for PCC-3 and
X Negative reactivity fast insertion| ~ Actuation Lovn:v(vlrgtéoop pressure boron injection Actuation (N-3 rod drop) Class 2 F2 PS PCC-4 events
. Front. Syst. CRDM Front. Syst. EBS
Shutdown and maintain core A
b-criticality
activity .
Control Reactor trip - auto
Negative reactivity fast "
insertion Actuation Low RCP speed Class 2 F2 SAS
Front. Syst. CRDM
Prevention of uncontrolled b
X positive reactivity insertion A RCS Actuation T RJ. che(;kr{a c!( RCS overcooling protection Actuation Class 1 F1A PS Excessive increase in steam flow study MFWS is ID?;:I:Z(::? i(:?em:::raelg‘g event - no
into the core Front. syst. | " '"faie';"ss'°" Front. Syst. MSIV quirec.
Opening of severe accident

discharge line
Actuation SGP Actuation Manual Classi2 F2 &S
Front. Syst. MSRT Front. Syst. PDS

SIS [RIS] in cold leg

o - The electrical supply of the systems is made|
x Transfer heat from the reactor Heat removal by Steam Actuation EFWS |r?§clt]on Tnes Heat removal by Low Head Actuation Manual Class 2 Fie SAS PCSR Sub-chapter 16.1.3.3.4 or 16.1.3.3.3 | by the 2h batteries and the 4 EDGs. In case
at removal coolant to the ultimate heat A Generators - Emergency Front. Syst. & s(Jo rages Emergency Core Cooling Front. Syst. MHSI + LHSI for electrical supply diversity (see below | of failureof the 4 EDGs there are 2 Station
sink shutdown mode System (ECCS) RCP stop - Manu RRC-A Station Black-out) Black-out diesels starting the EFWS pumps
of trains 1 and 4.
Activ. & Elec Manual Class 2 FiB SAS
Front. Syst. RCP
UDG-DG start-up
Actuation Actuation Manual ClLETe £2 :
Front. Syst. Front. Syst. UDG-DG
consequences of failure of a .
structure, system or SG safety valves opening Secondary overpressure studies of Sub-
X ° A Essential component protection Essential Class1| F1A s ©
component whose failure Actuation Actuation Passive chapter 3.4.1.5 illustrate
could cause Te, impairment of Front. Syst. Front. Syst. MSSV
P N 4 The overpressure protection is ensured
Maintain integrity of the Hot overpressure protection .
Confinement X Reactor Coolant Pressure A RCS overpressure protection RCS i Class 1 F1A - Primary overpressure .studles of Sub thanks to the 3 PSVs. I'.Can be.
Boundary Actuation Passive Actv & Elec Passive chapter 3.4.1.5 illustrate demopstra;en: thaatprg)VCCF :II" |mpa|r_(he
- operation of the s at the same time.
Front, Syst. PSV Front, Syst. PSV perati !
X Shutdown and maintain core B Compensation for shutdown
sub-criticality moderator effect
[ Actwaton [  Manual |
Heat removal by Steam
M B Generators - Emergency X (Whatever the length of the LOOP, the salgty
shutdown mode Actuaion | Manual | See Appendix A systems actuated are supported by batteries|
Front. Syst. MSRT and EDGs allowing
Transfer heat from the reactor|
coolant to the ultimate heat RCS pressure decrease by
x sink B Energy discharge from Actuation Manual
Front. Syst. PSV
Heat removal in shutdown
X B mode by Residual Heat Activ.&Elec | Manual |
Removal system (RHRS) RHRS
P Low RCP speed
x | Shutdown and maintain core B Negative reactivity fast insertion| ~ Actuation Low RCS loop
sub-criticality
flowrate
Front. Syst. CRDM
Prevention of uncontrolled -
X positive reactivity insertion B RCS overcooling protection - R;'_ chec;kb_sc!(
into the core urbine admission
Front. Sys! valves
[ Actuation |  Manual |
Front. Syst. MSRT The electrical supply of the systems is made|
by the 2h batteries and the 2 Station Black-
[ Actaton |  Manual | out diesels starting the EFWS pumps of
Transfer heat from the reactor B Heat removal by Steam EFWz injection lines trains 1 and 4.
. storages
coolant to the ultimate heat Generators - Emergency

This heat removal is performed with only
two SG after 30 minutes.

sink shutdown mode

Front. Syst EFWS injection lines

& storages

N/A - diversity is applied to frequent initiating event above 10-3/r.y

[ Actuation |  Manual |
Front. Syst. UDG diesels

x | Prevent the failure or limit the RCP T
consequences of failure of a SSSS

structure, system or
component whose failure
X |could cause the impairment of|

a safety function
Front. Syst. MSRT
Maintain integrity of the

X Reactor Coolant Pressure B RCS { Actuation Passive
Boundary Front. Syst. | PSV

B Essential component protection

Transfer heat from the reactor| Heat removal in shutdown
Heat rer X coolant to the ultimate heat A mode by Residual Heat
sink Removal System (RHRS)

This heat removal is ensured once the EDGs have been automatically The automatic start-up of the EDGs ensure
started - this automatic start is Class 1 the heat removal with the LHSI/RHRS trains
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Input to cla:

References Transient phases

afe  Final

state state

SAFETY FUNCTION

Shutdown and maintain core
sub-criticality

I — .@@ S dpiit
— T~ CROM BLOCKAGE

ATWS signal

. i
Hiah concentrated and tigh
pressure boron injection

ATWS signal
Front. Syst. CVCS tank

Prevention of uncontrolled
positive reactivity insertion
o the core

RT checkback
Turbine admission
RT checkback

Front, Syst “Full load MFW
isolation valves

B RCS overcooling protection

Transfer heat from the reactor|
coolant to the ultimate heat
sink.

MSRT

Heat removal by Steam
8 Generators - Emergency

shutdown mode Syst, | EFWS injection fines
¥ & storages

Fror
Activ. & Elec ATWS +SG L

Prevent the failure or limit the
consequences of failure of a
structure, system or

[ Front. Syst. | MSSV

component whose failure
could cause the impairment of|
a safety function

Essential component protection

MSRT

Maintain integrity of the
Reactor Coolant Pressure
oundary

B RCS overpressure protection
Front. Syst.

Despite some differences in the thermal hydraulic transient, the systems involved in the mitigation of the accident are similar to the ATWS Excessive increase in steam flow

Despite some differences in the thermal hydraulic transient, the systems involved in the mitigation of the accident are similar to the ATWS Excessive increase in steam flow

Despite some differences in the thermal hydraulic transient, the systems involved in the mitigation of the accident are similar to the ATWS Excessive increase in steam flow

Despite some differences in the thermal hydraulic transient, the systems involved in the mitigation of the accident are similar to the ATWS Excessive increase in steam flow

Such ATWS are managed by diversified RT in the PAS. The systems involved in the mitigation of the sequences are similar to the ones involved in the mitigation of the related PCC events

described in the fault schedule

Comments

NIA - diversity is applied to frequent initiating event above 10-3/r.y




UK EPR

PRE-CONSTRUCTION SAFETY REPORT

CHAPTER 14: DESIGN BASIS ANALYSIS

SUB-CHAPTER : 14.7

PAGE 141/58

Document ID.No.
UKEPR-0002-149 Issue 03

SUB-CHAPTER 14.7 - TABLE 1: FAULT AND PROTECTION SCHEDULE TABLE: FAULTS AT FULL POWER (24/29)

Input to cla

sification

eferences

Frequenc

Fuel pool trai

Heat remo X

SAFET

Plant L ety Function
Based on EPR pr and
international practice for

WR

Maintain heat removal from
fuel stored outside the reactor
coolant system but within the
site

FUNCTION

L Le afety Function
Combination of the Plant Level
fe d the
nditions of operations
(normal, incident, accident)

Fuel pool heat removal

Heat remova X

Maintain heat removal from
fuel stored outside the reactor
coolant system but within the
site

Fuel pool heat removal

Actuation

Front. Syst.

Actuation

y Functional Groups

Iltem

Manual start-up of the FPCS 3rd

Comments

Maintain heat removal from
fuel stored outside the reactor
coolant system but within the
site

Fuel pool heat removal

Front. Syst.

Actuation

train
Fuel pool heat removal Class 2 F2 SAS
Actuation Manual
Front. Syst. FPCS
Manual start-up of the FPCS 3rd
train
Fuel pool heat removal ) Class 2 F2
Actuation Manual
Front. Syst. FPCS

Manual

Maintain heat removal from
fuel stored outside the reactor
coolant system but within the
site

Front. Syst.

Actuation

N/A - diversity is applied to frequent initiating event above 10-3/r.y

Fuel pool heat removal

Front. Syst.

Actuation

Spent fuel pool water|
level

Front. Syst.

FPCS

Maintain heat removal from
fuel stored outside the reactor
coolant system but within the
site

Fuel pool heat removal

Actuation

Manual

at remo X

Maintain heat removal from
fuel stored outside the reactor
coolant system but within the
site

Fuel pool heat removal

Front. Syst.

Actuation

Water level in the
spent fuel pool with a
setpoint of +18.40 m

Heat rem

Maintain heat removal from
fuel stored outside the reactor
coolant system but within the
site

Fuel pool heat removal

Front. Syst.

Actuation

FPCS

el q Another diverse line:
A“mm.a"cl.'smam:" ot S'SIIRHR Analogical measurement of water level in
suction line (only one valve the spent fuel pool (class 2)
automatically closed isolating the L+
erroneous lining) Manual isolation of SIS/CVCS erroneous
Water Tevelinthe | Class 1| F1A lining (class 1)
Actuation reactor building
transfer
Front. Syst. SIS/RHR
Water make-up to the fuel pool by
Classified Fire Fighting Water
Supply System
Class 2| F1B
Fuel pool heat removal Actuation Manual
Classified Fire
Front. Syst. Fighting Water
Supply System
Manual start-up of a FPCS main
train
Actuation Manual Class 1| F1A
Front. Syst. FPCS
Another diverse line:
PR . Analogical measurement of water level in
FPCS purification pumps switch- the spent fuel pool (class 2)
off (F2) N
[ Manual FPCS purification pumps switch-off|
(class 3)
Fuel pool heat removal Water level in the Class 2 F2 or
Actuation | spent fuel pool with a| Manual closing of the transfer tube isolation
setpoint of +18.60 m valve (class 1 but no redundancy)]
Front. Syst. FPCS
Two other diverse lines:
FPCS purification pumps switch- A) ) .
off (F2) Analogical measurement of water level in
the spent fuel pool (class 2)
+
Fuel pool heat removal Water level in the | Class 2 F2 Manual FPCS purification pump switch-off
Actuation | spent fuel pool with al (class 3)
setpoint of +18.60 m 5
Analogical measurement of water level in
Front. Syst. FPCS the spent fuel pool (class 2)

Water level in the
spent fuel pool with a
setpoint of +18.40 m

Fuel pool heat removal

Front. Syst.

Front. Syst.

FPCS

N/A - diversity is applied to frequent initiating event above 10-3/r.y
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Input to classification SAFETY FUNCTION

Functional Groups
5 Lc r Level Safety Function

el Safety Function € CHO

Comments

VETESEE Ca Combination of the Plant Level

Based on EPR process and  Safety Cat

Function Safety Function and the Safety System

Final
state

international practice for

conditions of operations
(normal, incident, accident)

Item

Water level in the
X Fuel pool heat removal reactor building
Maintain heat removal from Actuation transfert "
fuel stored outside the reactor compartment with a it . R
coolant system but within the setpoint of +17.90 m N/A - diversity is applied to frequent initiating event above 10-3/r.y
site FPCS
X Fuel pool heat removal
Actuation Passive
Front. Syst. FPCS
Maintain heat removal from
R (T fuel stored outside the reactor  di - " T g
Heat removal X coolant system but within the Fuel pool heat removal - - N/A - diversity is applied to frequent initiating event above 10-3/r.y
Ny Actuation Passive
site
Front. Syst. FPCS
Maintain heat removal from
" Ve fuel stored outside the reactor Actuation Passive - PR : P
Heat removal X coolant system but within the Fuel pool heat removal N/A - diversity is applied to frequent initiating event above 10-3/r.y
site
Front. Syst.
Maintain heat removal from Actuation Manual
emova fuel stored outside the reactor i - " R g
Heat removal X coolant system but within the Fuel pool heat removal N/A - diversity is applied to frequent initiating event above 10-3/r.y
site
Front. Syst.
x
Front. Syst. FPCS
X Water level in the
Actuation spent fuel pool with a|
setpoint of +18.0 m
Front. Syst. FPCS
x -
[ Actuation [ Manual |
[ Front Syst | __FPcs |
heat removal from Front. Syst. FPCS
. fuel stored outside the reactor i L : —— .
Heat removal coolant system but within the Fuel pool heat removal N/A - diversity is applied to frequent initiating event above 10-3/r.y
X site
[ Actuation [ Manual |
Front. Syst. FPCS
x [ Actuation [ Manual |
Front. Syst. MHSI
M [ _Actuation [ Manual |
Classified Fire
Front. Syst. Fighting Water
Supply System
x
Actuation
Front. Syst.
X Fuel pool heat removal
Front. Syst. FPCS
X Fuel pool heat removal Water level in the
Actuation spent fuel pool with a|
setpoint of +18.0 m
heat removal from Front. Syst. FPCS
T —, fuel stored outside the reactor  di - " T— g
Heat removal coolant system but within the N/A - diversity is applied to frequent initiating event above 10-3/r.y
X site Fuel pool heat removal -
[ Actuation [ Manual |
Front. Syst. FPCS
x Fuel pool heat removal Actuation Manual
Classified Fire
Front. Syst. Fighting Water
S
X Fuel pool heat removal —
Front. Syst.
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Input to class SAFETY FUNCTION MAIN LINE

- Safety Functional Groups
. _ _ Level Safety Function -
Reference Transient pt s Plant Level Safety Function
Comments
in Safety _ atio
y Based on EPR process and  Safety Combination of the Plant Level
Function Safety Function and the

international practice for
conditions of operations

PCSR Cont E 3 PWR /
Ref - (normal, incident, accident)

Item

Category

Fuel pool trai

Water level in the
reactor building
Actuation transfert
compartment with a
setpoint of +17.90 m

X A Fuel pool heat removal

Front. Syst. SIS

Maintain heat removal from
fuel stored outside the reactor| .
coolant system but within the B Fuel pool heat removal Water level in the

site Actuation  [spent fuel pool with a|
setpoint of +18.0 m

Heat removal X N/A - diversity is applied to frequent initiating event above 10-3/r.y

Front. Syst. FPCS

Fuel pool heat removal | Actuation | Manual

Front. Syst.

Fuel pool heat removal

| Actuaon | Manual |
Front. Syst. FPCS

| Actuaon | Manual |
Front. Syst. MHSI

| Actuaon |  Manual |
Front. Syst. FPCS

| Actuation [ ~ Manual |
Front. Syst. FPCS

Water level in the

Maintain heat removal from

o fuel stored outside the reactor| Actuation | spent fuel pool with a RN . R
Heat removal coolant system but within the Fuel pool heat removal setpoint of +18.9 m N/A - diversity is applied to frequent initiating event above 10-3/r.y
site

Front. Syst. RPE

Water level in the
Actuation |spent fuel pool with a|
setpoint of +18.0 m

Front. Syst. FPCS

Actuation Manual
Classified Fire
Front. Syst. Fighting Water
Supply System

Actuation
Front. Syst.

Maintain heat removal from
fuel stored outside the reactor
coolant system but within the
site

Heat removal X B Fuel pool heat removal Actuation Manual N/A - diversity is applied to frequent initiating event above 10-3/r.y

Front. Syst.

Maintain heat removal from B
Heat removal fuel stored outside the reactor Fuel pool heat removal
- - coolant system but within the p

site

Front. Syst. FPCS

Front. Syst. UDG-DG

N/A - diversity is applied to frequent initiating event above 10-3/r.y
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Input to classification

References
Fault Main Safety
ption Function

PCSR

Category =

Frequency

NISCELLANEOUS

Transient phases

SAFETY FUNCTION

Plant Level Safety Function

Based on EPR process and  Safety
international practice for

Shutdown and maintain core
sub-criticality

Cat

Lower Level Safety Function

Combination of the Plant Level
Safety Function and the
conditions of operations

(normal, incident, accident)

Negative reactivity fast insertion|

AIN LINE

Safety Functional Groups

Item

PZR P

Actuation DNBR

Front. Syst. CRDM

Prevention of uncontrolled
positive reactivity insertion A
into the core

RCS overcooling protection

Heat remc

Transfer heat from the reactor|
coolant to the ultimate heat A
sink

Heat removal by Steam
Generators - Emergency
shutdown mode

RT checkback

valves

RT checkback

Full load MFW

Front. Syst. MSRT

Actuation SGL
EFWS injection lines
& storages

Front. Syst.

Other

TTEveTT e T o T
consequences of failure of a
structure, system or A

component whose failure
s fan i o

Essential component protection

Confinement

X

Maintain integrity of the fuel
cladding

Prevention of unacceptable
core power distribution

POWER OPERA

eac

Control

Shutdown and maintain core
sub-criticality

Negative reactivity fast insertion|

Front. Syst. MSRT

PZR P

Front. Syst. [ Normal spray valves

PZRP

Actuation PZR L

Front. Syst. CRDM

Prevention of uncontrolled
positive reactivity insertion A
into the core

RCS overcooling protection

RT checkback
valves

RT checkback

Heat removal

Other

Confinement

X
Front. Syst Full load MFW
isolation valves
X
Front. Syst. MSRT
Transfer heat from the reactor| Heat removal by Steam ron &l
coolant to lh(_e ultimate heat A Generators - Emergency
X sink shutdown mode ——
EFWS injection lines
Front. Syst.
& storages
X
PTevVent the Tailure o limit the
consequences of failure of a
X structure, system or A Essential component protection =
component whose failure
canld canse the i i off Front. Syst. MSRT
Maintain integrity of the
X Reactor Coolant Pressure A RCS pi Ire Actuation Passive
Boundary Front. Syst. pPsSv

SUB-CHAPTER 14.7 - TABLE 1: FAULT AND PROTECTION SCHEDULE TABLE: FAULTS AT FULL POWER (27/29

Comments

Emergency boron injection into
the core - diversified
High and high ATWS signal
pressure boron injection ( N-3 rod drop) Cllss 2 2 s ATWS cover
Front. Syst. EBS
Reactor trip - auto
Negative reactivity fast .
insertion Actuation HLP Class 2 F2 SAS
Front. Syst. CRDM
MSIV closure
Actuation SG P Class 1 F1A PS Excessive increase in steam flow study
Front. Syst. MSIV
RCS
Full load MFW isolation (4SG)
Actuation RT checkback Class 2 F2 SAS SAS order in case 9’ ATWS following PS
failure
Front. Syst Full load MFW
- Syst isolation valves
Opening of severe accident
discharge line
I 2 F2 A
Actuation Manual Class SAS
Front. Syst. PDS
Heat removal by Low Head SIS [RIS] in cold le I Sequences of primary bleed and feed
i Actuation Manual iled i
Emersgesr;::fn C(grgccso)olmg | Actuaton }  Manual _ f . oo FiB SAS detailed in case of;’;vgl_l/;oss Of FeedWater|
% Front. Syst. MHSI + LHSI
RCP stop - Manu
Activ. & Elec Manual Class 2| F1B SAS
Front. Syst. RCP
S0 sl e Gpemiy Class 1 F1A ~ Secondary overpressure studies of Sub-
Actuation Passive chapter 3.4.1.5 illustrate
Front. Syst. MSSV.
Normal spray isolation
Prevention of -
core power distribution Actuation Manual Class 2 FiB SAS
Front. Syst. [ Normal spray valves
Emergency boron injection into
the core - diversified
High and high ATWS signal
pressure boron injection (N-3 rod drop) Clasi2 B2 & ATWS cover
Front. Syst. EBS
Reactor trip - auto
Negative reactiviy fast Actuation HLP Class2| F2 | sAs
insertion
Front. Syst. CRDM
MSIV closure
Actuation SG Class 1 F1A PS Excessive increase in steam flow study
Front. Syst. MSIvV
RCS Full load MFW isolation (4SG;
Actuation RT checkback SAS order in case of ATWS following PS
Fullload MFW | 13582 | P2 | SAS failure
Front. Syst.
isolation valves
Opening of severe accident
discharge line Class 2 2 SAS
Actuation Manual
Heat removal by Low Head Front. gISSLRIS = cul;?es Sequences of primary bleed and feed
Emergency Core Cooling Actuation Manual detailed in case of Total Loss Of FeedWater
System (ECCS) Class2| F1B SAS RRC-A
Front. Syst. MHSI + LHSI
Activ. & Elec Class 2| F1B SAS
Front. Syst. RCP
SIS izt VEllES il Secondary overpressure studies of Sub-
Class 1 F1A - .
Actuation Passive chapter 3.4.1.5 illustrate
Front. Syst. MSSV.
Hot overpressure protection
RCS overpressure protection | Activ. & Elec Passive Class 1 F1A = PCSR Sub-chapter 3.4.1.5.2.2
Front. Syst. pPsSv

These transients are not detailed from a thermal hydraulic point of view. There are discussed in the frame of radiological consequences Sub-chapter 14.6
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Input to ¢ ification

Main S
Function

Fault d

Frequency

Fuel pool trans

SUB-CHAPTER 14.7 - TABLE 1: FAULT AND PROTECTION SCHEDULE TABLE: FAULTS AT FULL POWER (28/29)

Transient pha

Heat removal

SAFETY FUNCTION

Plant Level Safety Function

Based on EPR process and  Saf
international practice for
PWR

ety Functional Groups
Lower Level Safety Function g :

Combination of the Plant Level
Safety Function and the Safety System
conditions of operations ltem
(normal, incident, accident)

Water level in the
reactor building
Actuation transfert
compartment with a
setpoint of +17.90 m

Fuel pool heat removal

Front. Syst. SIS

Maintain heat removal from
fuel stored outside the reactor
coolant system but within the
site

Fuel pool heat removal Water level in the
Actuation  [spent fuel pool with a|
setpoint of +18.0 m

Front. Syst. FPCS

Actuation Manual
Classified Fire
Front. Syst. Fighting Water
Supply System

Fuel pool heat removal

Fuel pool heat removal

Front. Syst. FPCS

Heat removal

Maintain heat removal from
fuel stored outside the reactor
coolant system but within the
site

N/A - diversity is applied to frequent initiating event above 10-3/r.y

Comments

Front. Syst. MHSI

| Actuaon |  Manual |
Front. Syst. FPCS

| Actuation [  Manual |
Front. Syst. FPCS

Water level in the
Actuation |spent fuel pool with a|

Fuel pool heat removal setpoint of +18.9 m

Front. Syst. RPE

Water level in the
Actuation  |spent fuel pool with a|
setpoint of +18.0 m

Front. Syst. FPCS

Actuation Manual
Classified Fire
Front. Syst. Fighting Water

Actuation
Front. Syst.

Heat removal

Maintain heat removal from
fuel stored outside the reactor|
coolant system but within the
site

N/A - diversity is applied to frequent initiating event above 10-3/r.y

Actuation Manual

Fuel pool heat removal

Front. Syst.

Heat removal

Maintain heat removal from B
fuel stored outside the reactor
coolant system but within the

site

N/A - diversity is applied to frequent initiating event above 10-3/r.y

[ Actuaon |  Manual |
Front. Syst. FPCS

Fuel pool heat removal

Front. Syst. UDG-DG

N/A - diversity is applied to frequent initiating event above 10-3/r.y
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SUB-CHAPTER 14.7 - TABLE 1: FAULT AND PROTECTION SCHEDULE TABLE: FAULTS AT FULL POWER (29/29)

Input to fication

Transient phs

Main ety
Function
Cont

Category Frequency o
E state

ater inventory

SAFETY FUN

Plant Level Safety Function

Based on EPR process and
international f e for
WR

Shutdown and maintain core
sub-criticality

MAIN LINE

y Functional Groups

Combination of the Plant platform
Level Safety Function and afety  System
the conditions of operations R
(normal, incident, accident)

PZR P
HLP

Negative reactivity fast
insertion

Actuation

Front. Syst. CRDM

Prevention of uncontrolled
positive reactivity insertion
into the core

RT checkback
Front. Syst. Turbine admission valves

RT checkback

Full load MFW isolation

RCS overcooling protection

Heat rer

Maintain sufficient Reactor
Coolant System water
inventory for core cooling

. SIS signal [PZR P
Water injection into the Front, Syst. MSRT
RCS

Actuation
Front. Syst.

SIS signal [PZR P |
MHSI (3 pumps;

Prevention of RCS drainage|

through aukxiliary lines SIS signal [PZR P
CVCS letdown valve

Transfer heat from the reactor|
coolant to the ultimate heat
sink

Heat removal by Steam MSRT
Generators - Emergency

shutdown mode Actuation

EFWS injection lines &

Front. Syst. storages (3 pumps available)

Other X

Prevent the failure or limit the
consequences of failure of a
structure, system or
component whose failure
could cause the impairment of|
a safety function

Essential component
protection

Actuation SGP

Front. Syst. MSRT

Confinement X

Limit the release of
radioactive material from the
reactor containment

Containment building Actuation
isolation

SIS signal [PZR P ]
Front. Syst. Containment isolation valves

Shutdown and maintain core
sub-criticality

Low-low loop flow rate in one
loop
Front. Syst. CRDM

Negative reactivity fast
insertion Actuation

Control

Prevention of uncontrolled
positive reactivity insertion
into the core

RT checkback
Turbine admission valves

RT checkback

Full load MFW isolation
Front. Syst.
valves

RCS overcooling protection

Transfer heat from the reactor|
coolant to the ultimate heat
sink

Front. Syst. MSRT

EFWS injection lines &
storages (3 pumps available)

Heat removal by Steam
Generators - Emergency
shutdown mode

Front. Syst.

Other X

Prevent the failure or limit the
consequences of failure of a
structure, system or

Essential component
protection

MSRT

Control

Shutdown and maintain core
sub-criticality

Comments

Covered by the events “Partial loss of core coolant flow (Loss of one reactor coolant pump)”, “Forced decrease of reactor
coolant flow (four pumps)"” and “Small break LOCA (< DN 50) including a break occurring on the extra boration system injection line (states A and B)”

[Compensation for shutdown|
moderator effect

|__Actaton [ Manual |
Front. Syst.

Maintain sufficient Reactor
Coolant System water
inventory for core cooling

Water injection into the
RCs

| Acwaton [ Manual |
Front. Syst. LHSI

Heat rer

Heat removal by Steam
Generators - Emergency
shutdown mode

[__Actuaton [ Manual |
MSRT

Transfer heat from the reactor|
coolant to the ultimate heat
sink

| Actwaon [ Manual |
Front. Syst. MHSI

Heat removal in shutdown
mode by Residual Heat Actuation Manual
Removal system (RHRS) Front. Syst. MHSI

Activ.&Elec | Manual |

Front. Syst. RHRS

Containment isolation are already effective due to automatic actuation. In case of such automatic actuation failed,
the operator can perform the containment isolation

See Appendix A
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SUB-CHAPTER 14.7 - TABLE 2

Fault and Protection Schedule Table — Definitions

Abbreviation

Description

Reference

Event annual frequency

Potential Consequences
without mitigation (1)

Anticipated
PCC-1 Operational | Plant Condition Category 1 Normal operations - -
Occurrence
(AOO)
conditions
(PCC-310 Local loss of cladding integrit
PCC-2 10° Plant Condition Category 2 | Reference transients 10%/(reactor.year) > f g integnty
; Local fuel pellets melting
included)
PCC-3 Plant Condition Category 3 | Reference incidents | 10™/(reactor.year) < f < 10'2/(react0r.year)
. Global core melting
C'g?ﬁ%i?é Global loss of cladding integrity
PCC-4 Plant Condition Category 4 | Reference accidents | 10°%/(reactor.year) < f < 10/(reactor.year) Fuel dispersion

Note (1).

Consequences of each transient are estimated when cumulating event with SFC (PCC-2, PCC-3 and PCC-4) and LOOP (PCC-3 and PCC-4)
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SUB-CHAPTER 14.7 - TABLE 3

Fault and Protection Schedule Table (Abbreviations)

Abbreviation Description ECS code
ACCU Accumulator
AO Axial Offset
ATWS Anticipated Transient Whithout Scram
CHRS Containment Heat Removal System EVU
Cont P High containment pressure
CVCS Chemical And Volume Control System RCV
DNBR Departure of Nucleate Boiling Ratio
EBS Extra Borating System RBS
EDG Emergency Diesel Generator LHP/Q/R/S
EFWS Emergency FeedWater System ASG
FB Fuel Building
FCD Fast Cooldown
FPCS Fuel Pool Cooling System PTR
HCPL High Core Power Level
HL P Hot Leg Pressure
HLPD High Linear Power Density
LCO Limiting Condition of Operation
LHSI Low Head Safety Injection
MFWS Main FeedWater System ARE
MFWS LL Main FeedWater System Low Load
MHSI Medium Head Safety Injection
MSB Main Steam Bypass GCT
MSIV Main Steam Isolation Valve
MSRIV Main Steam Relief Isolation Valve
MSRT Main Steam Relief Train VDA
MSSV Main Steam Safety Valve
NF Neutron Flux
PAS Process Automation System
PCD Partial Cooldown
PDS Primary Depressurisation System
PSV Pressuriser Safety Valve
PT Partial Trip
PZR Presuriser
PZR L Pressuriser Level
PZR P Pressuriser Pressure
RB Reactor Building
RCP Reactor Coolant Pump
RCS Reactor Coolant System RCP
RT Reactor trip - auto
SAS Safety Automation System
SBO - DG Station BlackOut Diesel Generator LIP/S
SG Steam Generator
SG L Steam Generator Level
SG P Steam Generator Pressure
SIS Safety Injection System RIS
SSS Start-up and Shutdown System AAD
SSSS Stand Still Seal System DEA
TT Turbine Trip
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SUB-CHAPTER 14.7 - FIGURE 1

Primary pressure scale

primary pressure
A

—|— Opening of the 3 PSV — PROTECTION
—— Opening of the 2" PSV — PROTECTION
—— Opening of the 1% PSV — PROTECTION
MAX2 —+— RT — PROTECTION

—1 Sequential rod drop — LIMITATION

—— PZR normal spray ON — CONTROL

LCO —— Alarm
Nominal —— Control
LCO _1_ Alarm

—— ON-OFF heaters ON — CONTROL

MIN2 —— RT — PROTECTION
MIN2 —1+— RT — RRC
MIN3 —— RIS [SIS] actuation signal - PROTECTION

MIN3 —— RIS [SIS] actuation signal — RRC
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SUB-CHAPTER 14.7 - FIGURE 2

SG level scale

SG level

MAX2

MAX2

MAX1

MAX1

LCO

Nominal

LCO

MIN1

MINZ2

MINZ2

MIN3

MIN4

— VDA [MSRT] setpoint increase in SGi

VIV [MSIV] closure } PROTECTION

PC — PROTECTION

—— ASG [EFWS] isolation in SGi — PROTECTION

RT

ARE/AAD [MFWS/SSS] isolation in SGi} PROTECTION

Alarm

Control

—— Alarm

RT — PROTECTION

ASG [EFWS] actuation in SGi — PROTECTION

ASG [EFWS] actuation in SGi — RRC

RT — RRC

Reactor coolant pumps OFF — RRC
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SUB-CHAPTER 14.7 - APPENDIX 1

Diversity in Emergency Operating Procedure

This appendix assesses the diverse means available to reach a stable state from the controlled
state for all the frequent faults. The controlled state is characterised by short-term heat removal
capacity, core sub-criticality and stable core coolant inventory. Hence, the starting point of the
analysis is that the controlled state has been reached following the postulated initiating event
(PIE) and that no failure of any system has occurred up to that point, other than the system
leading to the PIE. Consequently, the three main safety functions, i.e. reactivity control, heat
removal and containment, are already ensured — notably the confinement of radioactive
materials.

The following analysis first explains the necessary steps to connect to the RRA [RHRS] and
then reviews all the frequent events, by event family, to perform the demonstration of diversity.
As the emergency operating procedures described in the PCC fault analyses correspond to the
safe path, the analysis intends to demonstrate that the feed and bleed procedure is adequate to
provide the diversity of the safe path. Subsequently, the objective is not necessarily to
demonstrate a safe shutdown state on RRA [RHRS] but it is to achieve a long-term non-
hazardous stable state, in which the core is sub-critical, residual heat is removed by primary or
secondary systems and off-site radioactive discharges remain acceptable.

A.l. - RRA [RHRS] Connection

The RRA [RHRS] connecting conditions are reached when the reactor coolant system hot leg
temperature is lower than 180°C and the hot leg pressure is lower than 32 bar abs.

Four actions must be performed to reach the safe shutdown state from the controlled state:

e RCP [RCS] boration to ensure the core is sub-critical as the temperature and the
pressure in the reactor coolant system decrease to reach RRA [RHRS] connecting
conditions

e RCP [RCS] depressurisation
e RCP [RCS] cooldown
e Connection to the RRA [RHRS].
The analysis is performed for the frequent postulated initiating events (PIES).

The operational system used to perform the boration is the RCV [CVCS]. It is Class 3 and
therefore cannot be credited in the safety analyses. The RBS [EBS] is the safety classified
means of performing the boration to ensure long-term sub-criticality. Should the RBS [EBS] fail,
the boration can be performed by a combination of Class 2 systems. For instance, boration can
be performed by the bleed and feed procedure, which uses the safety injection system RIS [SIS]
and the severe accident discharge lines.

The operational system used to perform the depressurisation of the reactor coolant system is
the normal or the auxiliary spray. The depressurisation of the reactor coolant system can also be
performed by the safety classified pressuriser safety valves (PSV). Should the pressuriser safety
valves fail, the depressurisation of the reactor coolant system can be performed by the Primary
Depressurisation System (PDS). However, the PDS actuation requires the use of the RIS [SIS]
to compensate for the flow lost through the PDS and to maintain the RCP [RCS] inventory.
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The cooldown of the reactor coolant system is performed during normal operation by the main
steam bypass. The safety classified means to cooldown the reactor coolant system are the
VDAs [MSRT]s. Should they fail, the bleed and feed procedure is actuated if the plant situation
cannot be stabilised without the VDA [MSRT]s.

The connection to RRA [RHRS] can be performed only if the LHSI pumps are available, as one
LHSI train is necessary to ensure the residual heat removal. Should the LHSI pumps not be
available, the residual heat can be removed via the steam generators fed by the ASG [EFWS]
and using the VDA [MSRT]s. MHSI may be required to maintain the reactor coolant system
inventory.

The use of a diverse line may not always be necessary as the plant can be maintained in a
controlled state. In particular, this is true in cases where:

e the automatic actions mitigate the PIE, or

e the integrity of the reactor coolant system and the secondary side are not impaired
so that their inventories can be maintained after a controlled state is reached.

In these cases, the residual heat is removed by the secondary side in the long term because the
steam generator water inventory is high and the reactor coolant system inventory is stable.
Typically, the case of a spurious reactor trip falls into this category and is not analysed here any
further.

The water volume in the ASG [EFWS] tanks provide sufficient inventory to ensure heat removal
for 24 hours at hot shutdown. The ASG [EFWS] tanks can be refilled with water during that time,
via the JAC (fire fighting water supply) system.

A.2. - Frequent postulated initiating events

Frequent PIEs are analysed in the following sections in the light of the arguments provided
above to demonstrate that a suitably classified diverse line exists to bring the plant to a
long-term non-hazardous stable state.

A.2.1. - Increase in RCP [RCS] inventory

The postulated initiating event considered is:

e RCV [CVCS] malfunction causing an increase in reactor coolant inventory
For this event, the diverse line is not necessary as the plant is in a stable state after mitigation of
the initiating event by automatic actions, such as isolation of the RCV [CVCS] charging line on

high pressuriser level.

In a similar manner to the situation after a reactor trip, the plant is stabilised and can
subsequently be maintained in a long-term stable state.

A.2.2. - Decrease in RCS inventory

The postulated initiating events considered are:
e RCV [CVCS] malfunction causing decrease in reactor coolant inventory (state A)

e |nadvertent opening of a pressuriser safety valve
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e Small break (not greater than DN 50) including a break occurring on the Extra
Boration System injection line (State A)

In the case of the RCV [CVCS] malfunction, the initiating event is mitigated by automatic
actions, such as letdown isolation. The plant can remain in the hot shutdown condition in the
long term, even in the event of failure of a system needed to reach the safe shutdown state.
Moreover, reaching the RRA [RHRS] connecting conditions under these conditions is bounded
by the SB LOCA case.

The case of the inadvertent opening of a pressuriser safety valve is similar to that of the SB
LOCA in the phase from the controlled state to the safe shutdown state since at that stage, the
PSV opening discharges steam in a similar manner to the SB LOCA case.

Therefore, the analysis is carried out for the case of the SB LOCA. The controlled state is
reached when the MHSI flow compensates for the break flow rate and the RCP [RCS] inventory
is stable. This ensures sufficient boration in the reactor coolant system. The table below
presents the main and diverse lines of the different stages necessary to reach the safe
shutdown state.

Main line Diverse line
RCP [RCS] boration Emergency boron injection into RIS [SIS] + PDS
the core — Manual
RCP [RCS] cooldown SG Pressure Control — Cooling Not necessary
(VDA [MSRT))
RRA [RHRS] connection Stop MHSI (1 train) - manual No diversity
RRA [RHRS] connection LHSI switch to RHR mode MHSI + EVU [CHRS] +
(1 train) VDA [MSRT] + ASG [EFWS]

Main and Diverse Lines to Reach Safe Shutdown State

A.2.3. - Increase in heat removal

The postulated initiating events considered are:

e Feedwater malfunction — causing a reduction in feedwater temperature

e Feedwater malfunction — causing an increase in feedwater temperature

e Excessive increase in steam flow

e |nadvertent opening of a SG relief train (state A)
For the feedwater malfunction events, as soon as the initiating event is mitigated, by reactor trip
and full load main feedwater isolation, the plant is stabilised. The transfer to the safe shutdown
state is bounded by the excessive increase in steam flow event.
The inadvertent opening of a SG relief train is mitigated by the closure of the main steam relief
train control valve. The plant is then stabilised and heat can be removed by the remaining VDA
[MSRT]s. The transfer to the safe shutdown state is performed in the same way as other events

in which the integrity of the reactor coolant system or the steam lines is not impaired.

The table below presents the main and diverse lines used to reach a safe shutdown state.
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Main line Diverse line

RCP [RCS] boration Emergency boron injection | RIS [SIS] + PDS
into the core - Manual

- Low Load ARE [MFWS] Not necessary
isolation (4 SGs) — manual

RCP [RCS] cooldown SG Pressure Control — RIS [SIS] + PDS

Cooling (VDA [MSRT])
- Steam line isolation (1 SG) | No diversity

— auto
RCP [RCS] RCP [RCS] RIS [SIS] + PDS
depressurisation depressurisation by

pressuriser safety valves
RRA [RHRS] connection RRA [RHR] connection and | VDA [MSRT] + ASG [EFWS]
start-up (no Sl signal)

Main and Diverse Lines to Reach a Safe Shutdown State

A.2.4. - Decrease in heat removal

The postulated initiating events considered are:

Turbine trip

e Loss of condenser vacuum

e Loss of normal feedwater flow

e Small feedwater system piping failure

e |nadvertent closure of one or all main steam isolation valves

The turbine trip is bounded by the loss of condenser vacuum. The latter event leads to a reactor
trip. Under these conditions, the plant can remain in this hot shutdown state as long as boration
is performed and water is provided to the steam generators.

The inadvertent closure of one or all VIV [MSIV]s event leads to a similar scenario with the
additional isolation of the steam generators. After reactor trip, the plant can remain in the hot
shutdown state as long as water is provided to the steam generators.

The bounding event is the loss of main feedwater due to the lower steam generator inventory.
Regarding the loss of main feedwater, if the RBS [EBS] is unavailable, the plant is stabilised by
the use of the ASG [EFWS] and VDA [MSRT]. The transfer to the safe shutdown state is not
necessary as the ASG [EFWS] tank can be supplied with additional water to remove the heat
from the reactor coolant system.

Should the PSVs fail, the increase in RCP [RCS] heat is removed by the secondary side as
demonstrated by the analysis of closure of the 4 VIV [MSIV]s without PSV in the short term. In
the long term, as the failure is postulated on the PSVs, the RCP [RCS] heat can be removed by
the ASG [EFWS] and the VDA [MSRT]s. The plant is stabilised in this configuration. The same
is true if there is a failure on the LHSI (RHR). The plant is stabilised in a non-hazardous stable
state and maintenance can be performed on the equipment.

The table below presents the main and diverse lines used to reach a safe shutdown state.
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Main line Diverse line
RCP [RCS] boration Emergency boron injection RIS [SIS] + PDS
into the core — Manual
RCP [RCS] cooldown SG Pressure Control — RIS [SIS] + PDS

Cooling (VDA [MSRT])
RCP [RCS] depressurisation | RCP [RCS] depressurisation | RIS [SIS] + PDS
by pressuriser safety valves
RRA connection RHR connection and start-up | VDA [MSRT] + ASG [EFWS]
(no Sl signal)

Main and Diverse Lines to reach a Safe Shutdown State

A.2.5. - Electrical power supply fault

The postulated initiating event considered is:
e Short-term loss of off-site power (LOOP)

This case is similar to those identified above, as the short-term LOOP leads to a decrease in
heat removal. Therefore, the table in section A2.4 above presents the main and diverse lines
used to reach a safe shutdown state.

Moreover, the additional failure that can be combined with the LOOP is the loss of the EDGs. It
is demonstrated in PCSR Sub-chapter 16.1 that, in the event of Station Black Out, the safe
shutdown state can be reached. Additional details are provided below.

To reach the safe shutdown state, the systems used must be supplied by power in the long
term. This is true for:

e RBSI[EBS]

e ASG [EFWS]

e RIS[SIS]
The VDA [MSRT]s and PSVs (solenoid pilots) are supplied by two-hour batteries.
Moreover, the two pilots of the third PSV are supplied by electrical divisions 1 and 4, which are
supplied by Ultimate Diesel Generators (UDGSs). The two pilots must open to actuate the safety
valve.
Similarly, the main steam relief control valves of steam lines 1 and 4 are supplied by UDGs.
The LOOP leads to the loss of the reactor coolant pumps, Main Feedwater System (ARE
[MFWS]) and turbine trip. Therefore, the ASG [EFWS] and VDA [MSRT]s are necessary to
mitigate the event. The heat exchange in the steam generators ensures that the reactor coolant
flows by natural circulation due to the temperature difference between the core and the steam

generators. Therefore, heat removal is ensured as long as the water inventory in the steam
generator is sufficient. The plant can be stabilised in the hot shutdown state.
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A.2.6. - Steam generator tube rupture

In the case of steam generator tube rupture, the controlled state is reached when the leak is
compensated by RCP [RCS] water make-up. In the fault studies, SGTR scenarios are
demonstrated up to the end of the short-term phase where the SGTR leak flowrate is terminated
by establishing a pressure balance between the RCP [RCS] and the affected SG (SGa).

The plant can remain in this condition in the long term, without further actions. Boration has
been performed by the RIS [SIS], or the RCV [CVCS] if it is operational, which is more onerous
because it prevents RIS [SIS] actuation.

The reactor coolant system inventory is stable due to the RCV [CVCS] or the RIS [SIS] and
three steam generators contribute to the residual heat removal.

Radioactive releases are stabilised by isolation of the affected steam generator. If operational
systems are available, they can be used to perform their functions. Therefore, the plant can
remain in a long-term stable state. Cooldown occurs without intervention in the steam
generators due to heat losses and causes the temperature of the reactor coolant system to
reduce naturally, allowing the possibility of repairing the impaired systems.

A.2.7. - Reactivity transients

The postulated initiating events considered are:
e Uncontrolled RCCA bank withdrawal at power
e Uncontrolled RCCA bank withdrawal from Hot Zero Power (HZP)
e RCCA misalignment up to control rod drop
e Start-up of an inactive reactor coolant loop at an incorrect temperature

e RCV [CVCS] malfunction that results in a decrease in boron concentration in the
reactor coolant

e Uncontrolled single RCCA withdrawal
These events lead to a reactor trip and do not impair the integrity of the reactor coolant system
and the secondary side so that their inventories can be maintained after the controlled state is

reached. Therefore, the non-hazardous stable state can be maintained in the long term.

A.3. - Conclusions

The use of diverse means to reach the long-term non-hazardous stable state has been
demonstrated, when necessary, for all the frequent initiating events. The feed and bleed
procedure is used in most cases to ensure depressurisation, cooldown and boration. In the other
cases, the plant can remain in a long-term non-hazardous stable state.

Note: Class 1 manual actions with F1A architecture requirements are not required to reach the
safe shutdown state. If they are provided to reach the safe shutdown state, it is due to their
implementation in order to reach the controlled state in the following PCCs: steam line break,
feedwater line break, piping failure on a main cooling train (states A to F).
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Note: Since the initiating event frequencies for the "loss of support systems" events have not yet
been determined, the diverse line for the Emergency Operating Procedures is not analysed in

this revision of the Fault Schedule.
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SUB-CHAPTER 14.7 — REFERENCES

External references are identified within this sub-chapter by the text [Ref-1], [Ref-2], etc at the |
appropriate point within the sub-chapter. These references are listed here under the heading of
the section or sub-section in which they are quoted.

1. LIST OF INITIATING EVENTS

1.2. NSSS DESIGN CONDITIONS (PCC EVENTS)

[Ref-1] Prouillac. Justification of the internal events list for the design conditions of the NSSS. |
Fratec 01 Revision E. AREVA. June 1980. (E).

2. JUSTIFICATION OF THE COMPREHENSIVENESS OF
FAULT PROTECTION

2.3. DEFENCE LINES

2.3.2 Main defence line (protection)

[Ref-1] P. Martinet. Reactor Trip Concept. NLE-F DC 124 Revision B. June 2008. AREVA. (E).

3. PROTECTION SYSTEM I&C ARCHITECTURE

3.1. SAFETY FUNCTIONS

[Ref-1] L. Carfantan. EPR UK - Definition of P/S I&C functions. NEPR-F DC 469 Revision A. |
April 2009. AREVA. (E).
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