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SUB-CHAPTER 3.2 — CLASSIFICATION OF STRUCTURES,
SYSTEMS AND COMPONENTS

1. PURPOSE OF CLASSIFICATION — APPROACH
FOLLOWED

The safety of the plant is dependent on the performance of its Structures, Systems and
Components (SSCs) in normal, hazard and fault conditions. The effect on nuclear safety of the
failure of a structure, system or component depends on its significance and role.

The main purpose of a classification scheme is to help ensure that the plant is designed, |
manufactured, constructed, commissioned and operated so that the appropriate level of
reliability and integrity is achieved for its SSCs.

The classification process involves the systematic assessment of the importance to nuclear
safety of each component and its allocation to a safety class on the basis of this safety
significance. The safety class allocated to a component defines the design, testing and
maintenance measures to be applied in its design, construction, commissioning, and operation.

The classification approach presented in this sub-chapter has been adapted from UK and other
recognised international guidance and represents a ‘functional’ approach to classification. This
approach has been developed under the Classification of SSC [Ref-1]. The steps in the
classification approach can be summarised as follows:

1. Identify safety functions and assign categories based on their importance to safety.

2. ldentify the Safety Feature Groups (SFGs), Systems and Safety Features (SFs)
which fulfil the safety functions, and assign a classification based on the importance
of the safety functions they perform.

3. Link the classification to a set of requirements for design, construction and
operation, which will ensure that the components that perform or contribute to the
safety functions expected are at the required level of quality.

The consequences of the classification approach are far-reaching and extend to operational
requirements, e.g. in-service inspection, periodic testing, etc.

The structure of the sub-chapter is as follows:

Section 2 provides the definitions, the main international and UK guidelines that form the basis
of the classification approach and an overview of the classification process.

Section 3 describes the first step of the methodology, explains the types of safety functions, and
how they are categorised.

Section 4 defines the classification approach applied to safety feature groups, and safety
features. The section also explains in detail the criteria for assigning safety class to a safety
feature group and a safety feature and finally to every component.
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Section 5 defines the architecture requirements that apply at the level of the safety feature
groups and the safety features.

Section 6 defines the architecture requirements that apply at the level of systems.
Section 7 explains how the safety classification is linked to design requirements for the
components. The different types of requirements are defined and an explanation is given of how

they are applied.

Section 8 defines the role of the structures, the criteria for assigning safety classification and the
associated requirements.

Section 9 explains the methodology for PSA review of classification.

2. OVERVIEW OF THE CLASSIFICATION METHODOLOGY

2.1. DEFINITIONS

The classification methodology uses a number of definitions, which are essential for presenting
UK EPR classification methodology. The definitions are listed below:

Accident Accident refers to PCC-3 and PCC-4 events or RRC sequences.

Anticipated Operating
Occurrence (AOO)

“An operational process deviating from normal operation which is
expected to occur at least once during the operating lifetime of a
facility but which, in view of appropriate design provisions, does
not cause any significant damage to items important to safety nor
lead to accident conditions” (IAEA Safety Glossary, 2007 Edition
[Ref-1])

AOO can be referred as PCC-2 events.

Controlled State / Non-
hazardous stable state

“[The] state of the plant, where stabilisation of any transient has
been achieved, the reactor is sub-critical, adequate heat removal
is ensured and radioactive releases are limited.” (IEC 61226
[Ref-4])

A controlled state is considered to be a non-hazardous stable
state in the analysis of PCC-2 to PCC-4 plant events.

“Prevention or control of releases of radioactive material to the
environment in operation or in accidents.”

“Confinement is closely related in meaning to containment, but
confinement is typically used to refer to the safety function of
preventing the ‘escape’ of radioactive material, whereas
containment refers to the means for achieving that function.”
(IAEA Safety Glossary, [Ref-1])

Confinement is used within the functional approach of this sub-
chapter.

Confinement /
Containment

Component

See Structures, Systems and Components

Design Basis Event /
Design Basis Sequence

A design basis event is a Postulated Initiating Event that may
occur. It relates to PCC and hazards events. Design Basis
Sequences are fault sequence involving postulated failures.
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Diverse line of protection
functions

See Line of defence in depth.

Duty system

These systems are part of the Safety Related Systems (SRSs).
The “duty” systems represent the normal operational equipment
used within a NPP. They are often systems whose prime function
is not safety related but failure could threaten safety by placing a
demand on a safety class 1 system.

Final State / Non-
hazardous stable state

For the RRC-A and the functional diversity analysis, a final state
can be defined as, the core is sub-critical, the decay heat is
removed by primary or secondary systems, and the activity
releases remain tolerable, consistent with the objectives of these
safety analyses.

A final state is considered to be a non-hazardous stable state in
the analysis of RRC-A events and the functional diversity.

First line of protection
function

See Line of defence in depth.

Front-line safety feature

The main safety feature performing a Lower Level Safety
Function, (In contrast to the safety features performing support
functions for this Lower Level Safety Function. (IAEA DS367
[Ref-2])

Function (Safety
Function)

“[A] specific purpose or objective to be accomplished, that can be
specified or described without reference to the technical means of
achieving it". (IEC 61226 [Ref-4])

Fundamental Safety
Function

See Main Safety Function

Line of defence in depth

I&C definition from Safety principles applied to the UK EPR I&C
architecture [Ref-5]: Set of systems that work together in order to
prevent escalation from anticipated operational occurrence to
accident conditions or to stop the accident progression and bring
the plant to a non-hazardous stable state.

Several lines of defence in depth are defined in the safety
principles [Ref-5] in accordance with SAP EKP.3 [Ref-6]:
* Preventive line of defence in depth

0 operational functions

0 preventive safety functions

* Main line of defence in depth required to be composed of:
o afirst line of protection and
o adiverse line of protection for frequent postulated initiating
events
* Risk reduction line of defence in depth composed of:
0 a back-up line
0 asevere accident line

Lower Level Safety
Functions

Safety Functions decomposed from a Plant Level Safety Function
with a level of defence in depth. (IAEA DS367 [Ref-2])

Main line of defence

See Line of defence in depth
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Main Safety Function

One of the three high level safety functions: Control of fuel
reactivity, Fuel heat removal, Confinement (also known as
Fundamental safety function)

Non-hazardous stable
state

“State of the plant, where stabilisation of any transient has been
achieved, the reactor is subcritical, adequate heat removal is
ensured and radioactive releases are limited.

Note - A transient is considered to be stabilised when, for all
safety significant parameters, the margins (e.g. between the heat
removal capacity and heat generation) are either stable or
increasing, or sufficient margin remains to cover all expected
physical processes.” (IEC 61226 [Ref-4])

It encompasses both the controlled (PCC-2 to PCC-4 events) and
the final (RRC events and functional diversity analysis) states.

Normal Operation

The operating condition in which the plant parameters are within
normal range (i.e. PCC-1, no PCC-2 to PCC-4 or RRC event has
been initiated).

Operating Conditions

The condition in which the plant is operating under normal and
faulted conditions (PCC, RRC, Hazards) considered in the safety
analysis and for which a safe shutdown state must be reached
(e.g. Controlled and Safe shutdown states for PCC analyses, Final
state for RRC-A sequences, ...).

Operational functions

See Line of defence in depth.

Physical separation

Separation by geometry (distance, orientation, etc) or by
appropriate barriers or by a combination thereof. (Safety principles
applied to the UK EPR I&C architecture [Ref- 5])

This definition corresponds to “segregation” in HSE SAPs [Ref-6]

Plant Level Safety
Functions

Safety Functions derived from the Main Safety Functions, on the
highest level. Plant level safety functions are defined
independently of the operating condition. (IAEA DS367 [Ref-2])

Postulated Initiating
Event (PIE)

“An event identified during the design as capable of leading to an
anticipated operational occurrences [AOQ] or accident conditions”
(IAEA Safety Glossary [Ref-1])

Preventive Safety
Functions

See Line of defence in depth.

Risk reduction functions

See Line of defence in depth.

Safety

“In this document, ‘safety’ refers to the safety of persons in relation
to radiological hazards.” SAPs [Ref-6]

Safe shutdown state

State reached after the controlled state is achieved, where the
core is subcritical, residual heat removal is established on a long-
term basis, and radioactive discharges remain acceptable.

Safety Category

A reflection of the safety significance of the Lower Level Safety
Functions in terms of predefined categorisation rules.

The terms ‘category’ and ‘class’ are sometimes used as
synonyms. For the purpose of clarity in this sub-chapter, the term
‘category’ is reserved for the safety functions and the term ‘class’
for the SFG/SF, electrical and I&C systems and components.

Safety Class

A reflection of the safety significance of an SFG, an SF, a system
or a component in terms of predefined classification rules.

UKEPR-0002-032 Issue 04
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Safety Feature (Sub-
system)

Group of components generally belonging to a single system and
working together to achieve a single action which is part of an
SFG. They are in essence mechanical features, I&C
instrumentation features, I&C automation features and electrical
features.

Safety Feature Group

All the components that must work together to perform a Lower
Level Safety Function. This will include the Front line and Support
components and associated 1&C actuation. A Safety Feature
Group is composed of one or several Safety Features.
Derived from: “All the SSCs required to perform a ‘function
important to safety’ should be identified and grouped into ‘feature
groups’’. Depending on the design, a particular SSC can be
allocated to more than one function, and thus could be assigned to
several feature groups.” (IAEA DS367 [Ref-2])

Single Failure Criterion
(SFC)

“A single failure is a failure which results in the loss of capability of
a system or component to perform its intended safety function(s),
and any consequential failure(s) which result from it.

The single failure criterion is a criterion (or requirement) applied to
a system such that it must be capable of performing its task in the
presence of any single failure.” (IAEA Safety Glossary [Ref-1])

Based on this, UK EPR SFC is defined as detailed in
Sub-chapter 3.1.

Structures, Systems and
Components (SSC)

A physical means of fulfilling a function, encompassing all of the
elements (items) of a facility or activity which contribute to
protection and safety, except human actions.

“Structures are the passive elements [generally corresponding to
the civil structures]: buildings, vessels, shielding, etc.

A system comprises several components, assembled in such a
way to perform a specific (active) function.

A component is a discrete element of a system. Examples of
components are wires, transistors, integrated circuits, motors,
relays, solenoids, pipework, fittings, pumps, tanks and valves.”
(IAEA Safety Glossary [Ref-1])

In this document a system in this context is a safety feature (see
definition above), a component is a mechanical, electrical or 1&C
element identified to perform a function, generally a component is
a motor, a sensor, a pipe, a pump, a tank, a valve, a switchboard,
an 1&C device.

Support components /
Support Safety Feature

Components (such as component cooling, lubrication, as well as
energy supply) belonging to a supporting Safety Feature, which
support a front-line Safety Feature to fulfil its safety functions.

UKEPR-0002-032 Issue 04

1 All the SSCs working together to perform one function are in one safety feature group. All the safety
feature groups that work together to mitigate the consequences of a particular postulated initiating
event form a ‘safety group’ (see the IAEA Safety Glossary, 2007 edition).
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System In this document this generally refers to the ECS code, which is a
unigue 3-letter code assigned to each system (e.g. the reactor
coolant system is the RCP [RCS]) but this can also refer to:

o0 the general term of system used in IAEA documents and
other standards, when quoted text is taken from a
reference,

o0 a safety feature (see above), when explaining this term.

2.2. BACKGROUND

The UK EPR classification methodology is based on meeting the objectives of the HSE Safety
Assessment Principles (SAPs) [Ref-4], IAEA requirements NS-R-1 [Ref-1], IAEA guidelines
DS367 [Ref-2] and consideration of IEC 61226 [Ref-3]. A brief description of these texts is
reproduced here.

2.2.1. Safety Assessment Principles
The ONR uses the Safety Assessment Principles (SAPs) [Ref-1], together with the supporting |
Technical Assessment Guides (TAGS), to guide regulatory decision making in the UK nuclear
licensing process.
The SAPs provide ONR inspectors with a framework for making consistent regulatory judgments |
on nuclear safety cases. The principles are supported by TAGs and other guidance. The SAPs
also provide current and prospective nuclear site licensees with information on the regulatory
principles against which their safety submissions will be judged. However, the SAPs are not
intended as design or operational standards, reflecting the non-prescriptive nature of the UK
nuclear regulatory system.
The SAPs state that: “The safety functions to be delivered within the [nuclear] facility, both
during normal operation and in the event of a fault or accidents, should be categorised based on
their significance to safety” as follows:
A safety categorisation scheme could be determined on the following basis:

a) “Category A — any function that plays a principal role in ensuring nuclear safety.

b) Category B — any function that makes a significant contribution to nuclear safety.

c) Category C — any other safety function “

It is further suggested that the methodology for applying this scheme should consider the
following points:

e ‘“the consequence of failing to deliver the safety function;

¢ the extent to which the function is required, either directly or indirectly, to prevent,
protect against, or mitigate the consequences of initiating faults;

e the potential for a functional failure to initiate a fault or exacerbate the
consequences of an existing fault;

o the likelihood that the function will be called upon.
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The categorisation of safety functions should take no account of any redundancy, diversity or
independence within the design - these aspects relate to the SSCs required to deliver the safety
function.”

The categorisation assigned to each safety function should be used to classify the SSCs
required to deliver that safety function.

2.2.2. |AEA Standards — NS-R-1 and DS367

IAEA safety standard series NS-R-1 [Ref-1] establishes the principle of classification of NPP
SSCs according to their importance to safety.

The main requirements for this classification process are summarised below:

e “All SSCs, including software for instrumentation and control (I&C), that are
important to safety shall be first identified and then classified on the basis of their
function and significance with regard to safety.

They shall be designed, constructed and maintained such that their quality and
reliability is commensurate with this classification.

o The method for classifying the safety significance of a SSC shall primarily be based
on deterministic methods, complemented where appropriate, by probabilistic
methods and engineering judgement, with account taken of factors such as:

1. the safety function(s) to be performed by the item;
2. the consequences of failure to perform its function;
3. the probability that the item will be called upon to perform a safety function;

4. the time after a postulated initiating event at which, or the period throughout
which, it will be called upon to operate.

e Appropriately designed interfaces shall be provided between SSCs of different
classes to ensure that any failure in an SSC in a lower safety class will not
propagate to a system classified in a higher class.”

The IAEA Safety Guide DS367 [Ref-2] provides guidance on how to meet the requirements for
identification of safety functions and classification of SSCs established in IAEA Safety
Requirements NS-R-1 [Ref-1] and in particular how to ensure appropriate quality and reliability
of SSCs. The process applied to UK EPR SSCs classification follows the main proposals in this
sub-chapter.

2.2.3. |IEC Standards — IEC 61226 and IEC 61513

IEC 61226 [Ref-1] has been adopted as a British Standard and builds on the requirements
established in NS-R-1 to provide guidance on the categorisation of functions according to the
importance to safety of these functions. Although IEC 61226 [Ref-1] concerns the categorisation |
of 1&C functions, the methodologies it suggests are applicable to other areas.
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IEC 61226 [Ref-1] extends the categorisation strategy discussed in section2.2.2 and |
establishes the criteria and methods to be used to assign the functions of an NPP into three
levels reflecting the importance to safety (A, B and C). A non-classified category is used for
functions with no significant safety role.

IEC 61226 [Ref-1] accepts that the national application of the principles and criteria may assign |
differing nomenclature to categories A, B and C but states that the principles, criteria and
associated requirements should be upheld.

IEC 61513 [Ref-2] provides the link between the categorisation of functions, and the
classification of I&C systems (instrumentation and control systems and equipment) which
perform them.

2.3. OVERVIEW OF UK EPR CLASSIFICATION

The purpose of a classification methodology is to ensure that the SSCs are systematically
designed, constructed, and operated so as to fulfil the safety functions they perform and,
ultimately, the fundamental safety functions, with an appropriate level of quality.

The classification process provides a structured, clear and logical method to identify the
necessary safety requirements for all SSCs important to safety. This allows the identification of
appropriate design solutions to fulfil the fundamental safety functions, and also provides
confidence to the plant operator and the regulatory bodies that the standard of design and
construction is of sufficient quality.

This section describes the overall UK EPR methodology for categorising functions and
classifying SSCs in line with the applied standards discussed above.

The classification methodology can be divided into four general areas:
1.
2.
3.

4.

The iterative classification process is applied firstly at the concept design stage, and then
reviewed during the subsequent design stages.

This methodology is practically applied as an iterative top-down process providing links from
safety functions down to components. As part of this balanced classification scheme, the
completeness of this top-down methodology is confirmed by applying a bottom-up check
ensuring that all components of a system and all structures have been, at least once in the
process, linked to a function, safety or non-safety related, that will justify its classification or non-
classification. At the end of the process, depending upon the level of detail in the PSA, a PSA
check will be performed to complete the analysis such that a balanced approach between
deterministic and probabilistic methods is achieved.

Identify inputs to the classification process;
Categorise safety functions;
Classify safety feature groups, systems, safety features and components;

Assign requirements to safety feature groups, systems, safety features and
components.
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The classification methodology is summarised below:

Inputs

Functional
Approach

S5Cs
classification
&
requirements

Verification

2.4.

As described in detail in Chapter 17, “UK Health and Safety Legislation places a duty on all
companies to conduct their operations such that the risk posed to their workers and members of
the public is As Low As Reasonably Practicable (ALARP).” Chapter 17 provides information to
show that the UK EPR design meets the UK ALARP requirement.

The design and manufacturing requirements resulting from the classification level assigned in
the methodology are applied iteratively at each design stage, to ensure that the plant achieves
the appropriate level of reliability and integrity in operation (see section 7).

Any shortfalls with respect to these classification requirements, should be justified on a case-by-
case basis with an analysis performed to resolve any safety concerns, to demonstrate that no
further reasonably practicable improvements could be implemented to improve the design and

” "
Analyzes of the Process, Faults & Hazards of the EPR

International standards and SAPs

Definition of the Safety Functions

= general goals to ensure the Main Safety
Functions

v

Categorisation of Safety Functions

Definition of Safety Feature Groups and
classification

= Gathering of Safety Features working together

to achieve the safety functions y

*

Az=ign Safety Classes to Safety Features,
components and systems (1)

.

= Gathering of components belonging to the
Lfamf: system {mechanical, electrical, HVAC, etc.Ll

i

Assign Requirements to the components and

: - 1&C and electrical systems are classified at system level, bazed

on the highest zafety clazz of the Fz they are supporting.

- Zupport systems [specific electrical system [earth circuit] and
HYALC [OWL [SBYEE] DEL [3CWS], D¥Lnew and DELnew]), as
EFGs and EFz are not available in GDA, will be classified at systgm
level. EFGIEF approach will then be applied during Muclear Site
Licensing, replacing the global system clazsification.

As=zign Safety Classes to
Structures

= structures role regarding
components

structures (design, EMIT=,...)

Vertfication of Safety Categories & Classes using
Safety Analyses, Fault Schedule, Hazards
schedule, and PSA

ALARP PRINCIPLES AND CLASSIFICATION

that the risk has therefore been reduced to ALARP.
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Sub-chapter 17.5 provides operational guidance to comply with the requirements of the UK EPR
ALARP methodology [Ref-2], which is based on the TAG on demonstration of ALARP [Ref-1]. In
summary, an ALARP assessment corresponds to a decision making process to identify the
ALARP design.

3. SAFETY FUNCTION DEFINITION AND CATEGORISATION

3.1. DERIVATION OF SAFETY FUNCTIONS

IEC 61226 [Ref-1] defines a function as a “specific purpose or objective to be accomplished that
can be specified or described without reference to the physical means of achieving it”. A safety
function should therefore be categorised based on its safety significance.

There are three main safety functions which are necessary for achieving the overall safety
objective of protecting people and the environment from harmful effects of ionising radiation:

— Control of fuel reactivity;

— Fuel heat removal;

— Confinement of radioactive material.
These main safety functions are at too high a level to allow physical solutions to be developed,
S0 it is necessary to derive more detailed safety functions which are specific to the plant type or

technology. For the EPR this has led to the development of Plant Level Safety Functions
(PLSF).

3.2. DEFINITION OF PLANT LEVEL SAFETY FUNCTIONS (PLSF)

PLSFs are functional capabilities based on the EPR design process, which are defined in order
to satisfy the main safety functions. The PLSFs have evolved from PWR standards such as
IAEA NS-R-1 Safety Requirements [Ref-1], good practice (including Sizewell B) and analysis of
the EPR plant design process.

The PLSFs define at a high level the specific safety requirement or objective and do not refer to
a physical means of achieving the functional and performance requirements.

A list of PLSFs is provided below:

Main Safety
Function

Plant Level Safety Function

R1 - Control core criticality

Control of fuel R2 - Reactor shutdown and maintain core sub-criticality
reactivity R3 - Prevent uncontrolled positive reactivity insertion into the core

R4 - Maintain subcriticality of fuel stored outside the reactor coolant system
but within the site

H1 - Maintain Reactor Coolant System water inventory for core cooling
H2 - Remove heat from the core to the reactor coolant
H3 - Remove heat from the reactor coolant to the ultimate heat sink

Fuel heat
removal
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Main Safety

Function Plant Level Safety Function |

H4 - Remove heat from fuel stored outside the reactor coolant system but |

within the site

C1 - Ensure confinement of radioactive material by fuel cladding |

C2 - Ensure confinement of radioactive material by Reactor Coolant |

Pressure Boundary

Radioactive C3 - Ensure confinement of radioactive material by reactor containment
material C4 - Ensure confinement of radioactive material outside of RCPB

confinement  [C5 " Ensure confinement of radioactive material from fuel stored outside the
reactor coolant system

C6 — Limit the release of (radioactive waste and airborne) radioactive
material

O1 - Prevent the failure or limit the consequences of failure of a component
or a structure whose failure would cause the impairment of a plant level
safety function

02 — Maintain and control environmental conditions within the plant for
operation of safety systems and for habitability for personnel necessary to
allow performance of operations important to safety

Other

The pseudo main safety function (called “Other” in the table above) is defined in order to
address transverse safety functions. These functions in particular relate to:

e Hazard prevention and mitigation, with functions whose failure could lead to the
impairment of one or more of the original three fundamental safety functions,

e Monitoring of plant operation and conditions or other functions,
e Radiation protection functions,
e Auxiliary support to safety functions.

In order to provide a list of safety functions at an appropriate level of detail, the Plant Level
Safety Functions are broken down into Lower Level Safety Functions (LLSF).

3.3. DEFINITION OF LOWER LEVEL SAFETY FUNCTIONS (LLSF)

The LLSF combines the objective of the PLSF with a level of defence in depth to convey the
physical means of achieving the functional and performance requirements. According to the
levels of defence in depth defined in the Safety principles applied to the UK EPR 1&C
architecture [Ref-1], the different types of NPP LLSFs identified are as follows:

e The gperational functions (level 1 of defence in depth) which ensure normal plant
operating conditions are maintained, with the plant parameters within their normal
operating range (i.e. PCC-1 conditions, with no PCC-2, PCC-3, PCC-4 or RRC
events initiated), for primary temperature control, primary pressure control, core
cooling for outage, fuel handling, etc. This includes:

0 Non-safety related functions which perform a role only in industrial, non-
nuclear safety related processes. These functions are screened-out of the
categorisation process as they have no nuclear safety role, and their failures
have no impact, on the plant safety.
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o0 Safety related functions which perform a nuclear safety related role, even
limited, as their availability is of significance to provide the first level of defence
in depth (e.g. control of operating parameters within prescribed limits). The
safety related functions are also commonly referred to as “duty” functions in
the UK.

e The preventive safety functions (level 2 of defence in depth) are implemented
explicitly for the prevention/avoidance of deviations from normal operation,
following failure of functions required in normal operation (e.g. limitation function
implemented to maintain important plant physical parameters within prescribed
limits, prevention of hazards).

e The main line of defence in depth (level 3 of defence in depth) comprising:
o First line of protection safety functions and,

o Diverse line of protection safety functions for frequent postulated initiating
events.

These safety functions are implemented to control the fault within the design basis
by stopping the accident progression and bringing the plant to a non-hazardous
stable state.

e The risk reduction line of defence in depth (level 4 of defence in depth) safety
functions implemented to control conditions beyond the design basis including the
prevention of fault progression and mitigation of the consequences of severe
accident.

The Lower Level Safety Functions are categorised based on their importance to safety. The
definitions for the categorisation and their assignment criteria are presented in section 3.4.

When defining the Lower Level Safety Functions, the level of detail and description should be fit
for their final purpose, i.e. the classification of components.
3.4. LOWER LEVEL SAFETY FUNCTION CATEGORISATION
The safety functions to be delivered within the facility, both during normal operation and in the
event of a fault or accident, are categorised based on their significance to safety. The
importance to safety of a function depends on the:

e consequences of failure to perform its function;

e probability that the item will be required to perform a safety function;

e time after a postulated initiating event at which, or the period throughout which, the
safety function is required.

This section provides definitions of the categories that may be assigned to safety functions. The
criteria that shall be applied to the assignment of functions to categories are also provided.

Function categories are applied at the level of the Lower Level Safety Function. In other words,
categories reflect the importance to safety of the Plant Level Safety Function within a specific
operating condition.
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There are three categories to be considered: A, B and C. These categories are based on the
definitions presented in the SAP ECS.1 [Ref-2]:

e Category A — any function that plays a principal role in ensuring nuclear safety.
e Category B — any function that makes a significant contribution to nuclear safety.
e Category C — any other safety function.

From these main definitions, the function categories are defined in detail below according to
IEC 61226 [Ref-1].

The categorisation process is a top-down process, starting with the review of category A criteria
and assessment of the adequacy of the criteria with respect to the importance to safety of the
LLSF. The figure below illustrates this process:

Entry in
the
process

Review of
category
A criteria

If not...

Review of
If one of the calegory
criteria is B criteria
applicable to -
the LLSF, Review of
then... cate_gor_y
C criteria
\

Category A Category B Category C
LLSF LLSF LLSF R

3.4.1. Category A

According to IEC 61226 [Ref-1], “Category A denotes the functions that play a principal role in
the achievement or maintenance of NPP safety to prevent DBE from leading to unacceptable
consequences. This role is essential at the beginning of the transient when no alternative
actions can be taken, even if hidden faults can be detected. These functions play a principal role
in the achievement or maintenance of the non-hazardous stable state.

Category A also denotes functions whose failure could directly lead to accident conditions which
may cause unacceptable consequences if not mitigated by other category A functions.”

In general, safety functions, whose failure would lead rapidly to beyond design basis
consequences, and safety functions which perform an essential role in the mitigation of a design
basis event are assigned to category A.
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According to IEC 61226 [Ref-1], the following functions are category A:

a) Functions required to reach the non-hazardous stable state, to prevent a DBE from
leading to unacceptable consequences, or to mitigate its consequences;

b) Functions, the failure or spurious actuation of which would lead to unacceptable
consequences, and for which no other category A function exists that prevents the
unacceptable consequences;

¢) Functions required to provide information and control capabilities that allow specified
manual actions necessary to reach the non-hazardous stable state [after DBE].

Examples

The plant level safety function “R2 - Reactor shutdown and maintain core sub-criticality” under
accident conditions leads to the definition of the lower level safety function “Negative reactivity
fast insertion under PCC-2 to PCC-4 conditions”. This LLSF ensures sub-criticality of the core,
meeting one of the criteria of the controlled state, and is assigned to category A since it is
required to reach the controlled state.

The plant level safety function “C2 - Ensure confinement of radioactive material by Reactor
Coolant Pressure Boundary” under normal conditions leads to the definition of the category A
lower level safety function “Prevention of RCS pressure vessel rupture”.

3.4.2. Category B

According to IEC 61226 [Ref-1], “Category B denotes functions that play a complementary role
to the category A functions in the achievement or maintenance of NPP safety, especially the
functions required to operate after the non-hazardous stable state has been achieved, to
prevent design basis event (DBE) from leading to unacceptable consequences, or mitigate the
consequences of DBE. The operation of a category B function may avoid the need to initiate a
category A function. Category B functions may improve or complement the execution of a
category A function in mitigating the consequences of a DBE, so that plant or equipment
damage or activity release may be avoided or minimised.

Category B also denotes functions whose failure could initiate a DBE or worsen the severity of a
DBE. Because of the presence of a category A function to provide the ultimate prevention of or
mitigation of the consequences of a DBE, the safety requirements for the category B function
need not be as high as those for the category A function.”

In general, the safety functions whose failure would cause a PCC-3 or PCC-4 event are usually
assigned to category B unless it can be demonstrated that the subsequent PCC-3 or PCC-4
event only leads to a minor challenge to plant safety. The failure of safety functions leading to
PCC-2 events cannot lead to such level of importance to safety.

According to IEC 61226 [Ref-1], the following functions are category B:

a) Functions required after the non-hazardous stable state of a DBE has been reached,
to prevent it from leading to unacceptable consequences, or to mitigate the
consequences;

b) Functions required to provide information or control capabilities that allow specified
manual actions necessary after the non-hazardous stable state has been reached to
prevent a DBE from leading to unacceptable consequences, or mitigate the
consequences;
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¢) Functions, the failure of which during normal operation, would require the operation
of a category A function to prevent an accident whose study is required;

d) Functions to reduce considerably the frequency of a DBE as claimed in the safety
analysis; [Although the classification of SSC, or SFG or safety related system must
be fully consistent with the probabilistic and frequency claims given in section 9].

e) Plant process control functions operating so that the main process variables are
maintained within the limits assumed in the safety analysis, if these control functions
are the only means of control of these variables. If different means are provided,
clause a) of section 3.4.3 may apply ;

f) Functions used to prevent or mitigate a radioactive release or fuel degradation
outside of the limits and conditions of normal operation as defined in the safety
analysis;

g) Functions that provide continuous or intermittent tests or monitoring of functions in
category A to indicate their continued availability for operation and alert control room
staff to their failures, if no alternative means (e.g. periodic tests) are provided to
verify their availability.

Examples

The plant level safety function “H3-remove heat from the reactor coolant to the ultimate heat
sink” under accident conditions leads to the definition of the lower level safety function “feeding
water to the steam generators under PCC-2 to PCC-4 conditions”. This LLSF ensures the core
cooling in the long term after reaching the controlled state, meeting one of the criteria of the safe
shutdown state; it is assigned to category B.

3.4.3. Category C

According to IEC 61226 [Ref-1], “Category C denotes functions that play an auxiliary or indirect
role in the achievement or maintenance of NPP safety. Category C includes functions that have
some safety significance, but are not category A or B. They can be part of the total response to
DBA but not be directly involved in mitigating the physical consequences of the accident, or be
functions necessary for beyond design basis accidents.”

In general, the failures of safety functions which lead to an anticipated operational occurrence
(PCC-2 event) are usually assigned to category C.

According to IEC 61226 [Ref-1], the following functions are assigned to category C (criteria C-m
is applied in addition to those presented in IEC 61226):

a) Plant process control functions operating so that the main process variables are
maintained within the limits assumed in the safety analysis not covered by clause e)
of section 3.4.2. In case a combination of category C functions is used, a justification
of sufficiency shall be provided;

According to national practices, a possible acceptable application of clause a) of
section 3.4.3 is the combination of a control function and a suitably justified manual
actuation based on independent alarm(s)

b) Functions used to prevent or mitigate a minor radioactive release, or minor
degradation of fuel, within the NPP design basis;
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A minor release or minor fuel degradation is considered to be that which falls within the
normal limits and conditions of operation (e.g. discharge limits).

c) Functions that provide continuous or intermittent tests or monitoring of functions in
category A and B to indicate their continued availability for operation and alert control
room staff to their failures, and are not classified category B according to clause g of
section 3.4.2;

d) Functions necessary to reach the safety probabilistic goals including those to reduce
the expected frequency of a DBE; [Although the classification of SSC, or SFG or
safety related system must be fully consistent with the probabilistic and frequency
claims given in section 9].

e) Functions to reduce the demands on a category A function, as claimed in the safety
analysis;

f)  Functions to monitor and take mitigating action following internal hazards within the
NPP design basis (e.qg. fire, flood);

g) Functions to warn personnel or to ensure personnel safety during or following events
that involve or result in release of radioactivity in the NPP, or risk of radiation
exposure;

h) Functions to monitor and take mitigating action following natural events [more
generally external hazards] (e.g. seismic disturbance, extreme wind);

i) Functions provided for the benefit of the accident management strategy to reach and
maintain a safe state [final state] for beyond design accidents;

j) Functions provided to minimise the consequences of severe accidents;
k) Functions which provide access control for the NPP.

It should be noticed that the licensee will implement access control arrangements in
accordance with ONR (CNS) requirements.

m) Some additional functions which are not necessary to demonstrate the ability of the
design to maintain the safe shutdown state, but which can nonetheless be required
to maintain it between 24 hours and 72 hours after the event. (This criterion comes in
addition to those presented in IEC 61226 [Ref-1]).

3.4.4. Non-Categorised

Any function which does not meet any criteria of the three basic categories above is directly
screened out of the categorisation process and non-categorised (i.e. functions which are
considered as non-safety related).

It is important to note that boundaries and interfaces of such non safety related functions with
safety functions have to be handled, at the level of systems, safety features and safety feature
groups, according to the rules defined in section 4.2.
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3.5. SAFETY FUNCTION CATEGORIES AND LLSF TYPES

The above criteria used to categorise any function are subject to interpretation, hence the
following table clarifies the criteria by providing a link to the types of LLSF defined in section 3.3,
thereby identifying the safety functions of the NPP and the relevant criteria to be analysed.




PRE-CONSTRUCTION SAFETY REPORT

UK EPR

CHAPTER 3: GENERAL DESIGN AND SAFETY ASPECTS

SUB-CHAPTER: 3.2

PAGE

:18/70

Document ID.No.
UKEPR-0002-032 Issue 04

Criteria

Type of LLSF

Operational
functions

Preventive
functions

Main line or risk
reduction line
functions

Functions required to reach the non-hazardous stable state, to prevent a DBE from leading to unacceptable
consequences, or to mitigate its consequences;

YES

Functions, the failure or spurious actuation of which would lead to unacceptable consequences, and for which no
other category A function exists that prevents the unacceptable consequences;

YES

YES

Functions required to provide information and control capabilities that allow specified manual actions necessary
to reach the non-hazardous stable state.

YES

Functions required after the non-hazardous stable state of a DBE has been reached, to prevent it from leading to
unacceptable consequences, or to mitigate the consequences;

YES

Functions required to provide information or control capabilities that allow specified manual actions necessary
after the non-hazardous stable state has been reached to prevent a DBE from leading to unacceptable
consequences, or mitigate the consequences;

YES

Functions, the failure of which during normal operation, would require the operation of a category A function to
prevent an accident whose study is required;

YES

YES

Functions to reduce considerably the frequency of a DBE as claimed in the safety analysis;

YES

Plant process control functions operating so that the main process variables are maintained within the limits
assumed in the safety analysis, if these control functions are the only means of control of these variables.

YES

B-f

Functions used to prevent or mitigate a radioactive release or fuel degradation outside of the limits and
conditions of normal operation as defined in the safety analysis;

YES

YES

YES

B-g

Functions that provide continuous or intermittent tests or monitoring of functions in category A to indicate their
continued availability for operation and alert control room staff to their failures, if no alternative means (e.qg.
periodic tests) are provided to verify their availability

YES




PRE-CONSTRUCTION SAFETY REPORT

UK EPR

CHAPTER 3: GENERAL DESIGN AND SAFETY ASPECTS

SUB-CHAPTER: 3.2

PAGE

:19/70

Document ID.No.
UKEPR-0002-032 Issue 04

Criteria

Type of LLSF

Main line or risk

Operational | Preventive ; .
. . reduction line
functions functions X
functions

Plant process control functions operating so that the main process variables are maintained within the limits

C-a |assumed in the safety analysis not covered by B-e). In case a combination of category C functions is used, a YES
justification of sufficiency shall be provided;

C-b Fun_ctlons L_JS.ed to prevent or mitigate a minor radioactive release, or minor degradation of fuel, within the NPP YES YES YES
design basis;
Functions that provide continuous or intermittent tests or monitoring of functions in category A and B to indicate

C-c [their continued availability for operation and alert control room staff to their failures, and are not classified YES
category B according to B-g);

C-d Zugég(.)ns necessary to reach the safety probabilistic goals including those to reduce the expected frequency of YES YES YES

C-e |Functions to reduce the demands on a category A function, as claimed in the safety analysis; YES

Cf E(L)Jgg;!ons to monitor and take mitigating action following internal hazards within the NPP design basis (e.g. fire, YES YES YES
Functions to warn personnel or to ensure personnel safety during or following events that involve or result in

C-g . S . L . YES
release of radioactivity in the NPP, or risk of radiation exposure;

C-h [Functions to monitor and take mitigating action following natural events (e.g. seismic disturbance, extreme wind); YES

Cii Functions provided for the benefit of the accident management strategy to reach and maintain a safe state for YES
beyond design accidents;

C-j |Functions provided to minimise the consequences of severe accidents; YES

C-k |Functions which provide access control for the NPP. See section 3.4.3
Some additional functions which are not necessary to demonstrate the ability of the design to maintain the safe

C-m |shutdown state, but which can nonetheless be required to maintain it between 24 hours and 72 hours after the YES

event.
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4. CLASSIFICATION

4.1. IDENTIFICATION AND CLASSIFICATION OF SAFETY FEATURE
GROUPS, SYSTEMS, SAFETY FEATURES AND COMPONENTS

As introduced in section 2.3, the third step of the classification approach is to identify and
classify the systems, safety feature groups, safety features and components that are required to
achieve the safety functions. Depending upon the situation, the physical means of achieving the
functional and performance requirements could be either through a system or a part of a system
that is called a safety feature. The need for a safety feature is dependent on the level of
complexity of the system, with the objective to assist in the classification of individual
components by grouping them according to their common role.

Typically for an 1&C system as an outcome of the classification process, a safety class will be
assigned at the system level, while for a mechanical system the components, within the system,
that form part of the function are identified. In this way, the classification is performed at an
appropriate level.

Specific terminology is defined as part of the classification process.

4.1.1. System

“System” is defined in section 2.1 as the EPR coding system (ECS) as defined in the UK EPR
design and corresponds to typical international usage for PWRs (e.g. main coolant system,
emergency core cooling, etc.). For the UK EPR, these systems are assigned a unique ID under
the ECS.

4.1.2. Safety Feature

A safety feature (SF) is a part of a system that contributes to a given safety function (a LLSF as
described in section 3.3). It is important to recognise that a system is typically not involved in the
achievement of a single unique safety function; rather a system may have multiple safety
features and provide multiple functions.

Accordingly, a safety feature is a group of components (see definition in section 2.1), actuated
manually, automatically or passively, usually belonging to the same system, which contributes to
the achievement of a safety function. For example, the safety feature “LHSI injection to the RCP
[RCS] cold leg”, which is part of the SIS [RIS] system, is limited to LHSI pump, pipework and
valves and not the entire SIS [RIS] system.

4.1.3. Safety Feature Group

A safety feature group (SFG) is a concept that groups all the associated safety features that are
required to ensure a safety function. Indeed, the main safety feature, also called the frontline
safety feature, is grouped with a number of other safety features belonging to supporting
systems (e.g. mechanical, 1&C, electrical, HVAC, etc.). A safety feature group is this group of
safety features, generally one frontline safety feature and its supporting safety features, which
together perform a LLSF (Lower Level Safety Function).
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It should be noted that:

1. The identification of the safety features of a safety feature group is an iterative process.
At the end of this process, the boundaries of each safety feature and consequently
those of each SFG are clearly identifiable.

2. A SFG is composed of the safety features required to ensure the LLSF; a safety feature
is composed of the components required to ensure the LLSF.

3. As structures have specific functions different from mechanical, electrical and 1&C
components, their safety classes and associated requirements are defined in section 8.

4.1.4. 1&C and Electrical Systems

For 1&C and electrical systems, the approach is able to provide the level of classification of 1&C
and electrical components that contribute to the correct functioning of the 1&C and electrical
systems that are identified within SFs/SFGs.

Typically, an I&C or electrical system gathers a set of identical 1&C or electrical components with
a common level of classification. Therefore assigning a safety class at the system level for 1&C
and electrical systems is more appropriate as an outcome of the classification approach.

Consistent with the SFG approach, i.e. based on the highest safety class of the SFs they are
supporting, 1&C and electrical systems will be assigned a safety class at the system level rather
than component level.

4.1.5. Other Support Systems

The classification approach developed in this document is to be applied in detail in the frame of
the site licensing studies.

While SFGs and SFs are not available to provide more detailed information in GDA, support
systems such as specific electrical system (earth circuit notably) and main HVAC systems (DVL
[SBVSE], DEL [SCWS], DVL,ey and DEL,e,) will be assigned a safety class at the system level,
based on the highest safety class of the SFs they are supporting.

SFG/SF approach will then be applied during Nuclear Site Licensing, replacing the global
system classification.

4.2. BOUNDARIES AND INTERFACES

While defining systems, safety features and safety feature groups, boundaries and interfaces
will be identified and established.
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When interfaces exist between a higher and a lower safety class SFs (or SFGs), the
component(s)® at the interface is (are) classified at the highest safety class in order to ensure
that a failure in the SF/SFG with the lower safety class will not propagate to a higher safety
classified SF/SFG.

For that purpose, specific rules are defined in section 7.4.3.2 for mechanical isolation devices of
pressurised circuits, section 7.4.5 for electrical components and section 7.4.6 for 1&C
components.

4.3. SAFETY CLASSES APPLIED TO SAFETY FEATURE GROUPS,
SAFETY FEATURES AND COMPONENTS

4.3.1. Introduction

Safety classes reflect the importance to safety of the components contributing to a safety
function performed through the safety feature groups and safety features. Consequently, the
assigned safety class facilitates the design choices and represents the level of robustness that
will be required in the construction and operation phases of any component. In this section,
robustness is described from a design perspective (component development process, choice of
technology, quality assurance level, codes and standards applied, etc.).

As recommended in DS367 [Ref-1], the classification system is independent of the technology
employed. It is primarily based on deterministic methods, complemented, where appropriate, by
probabilistic insights and engineering judgement with due account taken of the:

a) category of safety function to be performed by the safety feature group;

b) consequences of failure to perform its function;

c) probability that the safety feature group will be required to perform a safety function;

d) the time after any initiating fault at which, or the period during which, it will be
required to operate.

4.3.2. Safety Classes applied to Safety Feature Groups

In general, the safety class of a SFG should correspond to the safety category (i.e. category A
corresponds to safety Class 1, category B to Safety Class 2 and category C to Safety Class 3)
of the safety function (LLSF) ensured.

The safety class assigned to a safety feature group reflects the categorisation of the most
important to safety LLSF (i.e. leads to the highest category LLSF) to which it contributes.

¥ One or several components means:

. one or two isolation components if needed,

. For mechanical safety features, one or two isolation valves and if the operation of the
valve(s) is required to fulfil the isolation function, the associated electrical and 1&C support
components.
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The mapping of the Safety Classes is the following:

o Safety Class 1 — any SFG that forms a principal means of fulfilling a category A
safety function

e Safety Class 2 — any SFG that:
0 makes a significant contribution to fulfilling a category A safety function, or

o provides a diverse means of fulfilling a category A safety function (in addition
to the principal means, safety class 1 SFG that fulfils the function) or

0 provides a principal means of ensuring a category B safety function.
o Safety Class 3 — any SFG that:
o0 contributes to a category B function in addition to a safety class 2 SFG, or

o0 provides a principal means of ensuring a category C function.

4.3.3. Safety Classes applied to Safety Features and Components

As a general principle, a safety feature will be classified at the same level as the most highly
classified SFG to which it contributes. Accordingly, the components belonging to a safety feature
will be classified at the same level as the safety feature.

When redundancy is required between two components, both are classified identically.

In certain circumstances, there may be a limited number of safety features (or components) that
are one class lower than the SFG (or safety feature) to which they contribute. In such cases,
adequate justification must be provided to demonstrate that this lower class is the suitable one
through an ALARP analysis. Judgement must be exercised taking into account such factors as,
but not limited to:

e the importance of the safety feature (or component) (e.g. whether it is required to
reach the non-hazardous stable state or required after);

o whether or not a malfunction would affect the safety function it delivers; and

e whether or not a malfunction of the equipment would be revealed during normal
operation.
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4.3.4. Overview of Safety Classes applied to Safety Feature Groups, Safety

Features and Components

The figure below presents an overview of the classification process.

SEG

Safety Feature - Components

Safety class 1

—)] Safety class 1

Safety class 2

p—] Safety class 2

Function
Category A
Category B —
Category C —-

Safety class 3

——)1 Safety class 3

It should be noted that:

1. The arrows show the main links between functions, SFGs, safety features and
components, whereas in certain circumstances (see above) and only where adequate
and acceptable justification can be provided, it is appropriate for a safety feature
(component) that is one class lower than the corresponding category of safety function to

contribute to that safety function.

2. The arrows from category A to safety class 1 and safety class 2 indicates that a category
A function may be fulfilled by a safety class 1 SFG fulfilling the first line of protection and
a safety class 2 SFG that acts as a diverse line of protection. A diverse line is required

for frequent faults.

4.4. SAFETY CLASSES APPLIED TO SYSTEMS

Under the explanations and conditions developed in sections 4.1.4 and 4.1.5, 1&C systems,
electrical systems and other support systems will be assigned a safety class at the system level,
based on the highest safety class of the SFs/SFGs they are supporting (see section 4.3.3) as an

outcome of the classification approach.

5. ARCHITECTURE REQUIREMENTS APPLIED TO SAFETY

FEATURE GROUPS

As introduced in section 2.3, the fourth step of the classification approach is to link the

classification to a set of requirements.
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Architecture requirements applied to SFGs are essential for designing robust lines of defence
consistent with their importance to safety, captured in the safety class. Such requirements
strengthen the system design:

e Qagainst single faults and associated consequences (Single Failure Criterion) by
requiring redundancy, physical separation;

e by ensuring its availability in the requested situation (qualification, protection against
hazards including seismic requirements);

e by providing high availability of the SFG either intrinsically through high reliability or
through the application of periodic tests in plant operation.

The level of architecture requirements is derived from the category of functions (A, B or C) to be
achieved and is assigned to safety feature group.

As stated previously in section 3.3, there are different types of functions according to each level
of defence in depth, consequently, the level of architecture requirements are defined per line of
defence for a given SFG, as described in sections 5.2.1 to 5.2.4. Before detailing these
requirements, a brief introduction to the set of architecture requirements is provided in
section 5.1.

The level of architecture requirements depicted in sections 5.2.1 to 5.2.4 shall be achieved in
order to ensure an adequate and reliable design. If, in a few cases these requirements could not
be met, the adequacy of the proposed design shall be demonstrated through an ALARP
analysis (see section 2.4).

Some requirements are assigned at the SFG level (e.g. robustness against single failure,
physical separation and EMIT); whereas, robustness against earthquake, robustness against
LOOP and qualification for accident conditions are also assigned at the component level.

As structures have specific functions different from mechanical, electrical and 1&C components,
the requirements applicable to structures are defined in a dedicated section 8.

5.1. DEFINITION OF THE ARCHITECTURE REQUIREMENTS

5.1.1. Robustness against Single Failure - Redundancy

The UK EPR definition of single failure is given in section 2.1 and is based on the redundancy
requirement defined in Sub-chapter 3.1:

“[...] This requirement for redundancy assists in ensuring high reliability of safety classified
safety feature groups designed to maintain the plant within its deterministic design basis.[...] The
single failure taken into account is a random failure independent of the initiating event [..] A short
term single failure of a component belonging to the safety feature group is considered for both
active components and passive components.”

The passive and active failures to be considered are defined in detail in Sub-chapter 3.1.
Generally, the passive single failure is considered through the active components of the SFG.

As an example the passive failure of a pipe on a closed pipe and pump single circuit has similar
effects as the failure of the pump, i.e. the circuit is not providing water.
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In the particular case, if the failure of a passive component is not assumed and is not
encompassed by an active failure, adequate and acceptable justification must be provided
through an ALARP analysis to demonstrate that this is acceptable. Judgement must be
exercised taking into account, but not limited to, such factors as those described in IAEA NS-R-1
[Ref-1]: “In the single failure analysis, it may not be necessary to assume the failure of a passive
component designed, manufactured, inspected and maintained in service to an extremely high
quality, provided that it remains unaffected by the PIE. However, when 