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1. INTRODUCTION

BACKGROUND

1.1 The publication of IAEA Safety Standards Series No. SSR-2/1, Safety of Nuclear Power
Plants: Design in 2012, and its subsequent revision in 2016_as; SSR-2/1 (Rev. 1) [1].F4
introduced changes to the requirements for the design of nuclear power plants. (NPP)- Thes
changes include measures for strengthening the lapplication implementation-of the concept a

= (D

defence in depth as followsby-means-of the-follewing:

a)  Including design extension conditionslamong the plant states to be considered in the desigr;

Commented [AKE1]: In line with SSR-2/1 (Rev. 1), | have
changed this to ‘application” when talking about the concept
of DiD DiD. When talking about safety provisions/safety
measures, I have left it as ‘implementation’ (also when
talking about DiD as a shorthand for measures)

(BEC);
b) Ensuring in the design that |Practicathy-eliminating™plant fevent sequences that [could lea

j=

to lanresult-in early radioactive release [releases-or a large radioactive release?® have bee

=

‘practically eliminated’releases?;
c) _Including design features to enablefer-erabling the use of non-permanent equipment fo
power supply and cooling.

=

e——The incorporation of these aspects into designs of in new nuclear power plants will affeqt<
designs requires specific guidance for the design and the necessary safety assessment. Although
specific guidance is provided in safety guides for the design of safety features related to thesg
aspects, overarching guidance on their application to the plant design and on their safet
assessment is necessary in a single safety guide.

1.2 1AEA Safety Standards Series No. GSR Part 4 (Rev. 1), Safety Assessment of Facilitie
and Activities [3]{2} establishes high level requirements for performing the safety assessmer]

S
t
for eovering-the-wheleHifetime—of-all types of facility and activity, including assessment of
defence in depth. | However these-high level requirernents-are—notsufficientlydetailedfofr

ensuring the thorough performance of the safety assessment for ruclearpowerplants design- |

Specific requirements for safety assessment and safety analysis of nuclear power plants are

established in SSR--2/1 -(Rev. 1) [1]. [1};-and-these-need-to-be-considered-to-address-specifi
OSRCEE S R DO RE S SRS DO SV DR s

oR

LINTERNATIONAL ATOMIC ENERGY AGENCY, Safety of Nuclear Power Plants: Design, IAEA Safety Standards
Series No. SSR-2/1, IAEA, Vienna (2012).

3 An ‘early radioactive release’ in this context is a radioactive release for which off-site protective actions would be
necessary but would be unlikely to be fully effective in due time. A ‘large radioactive release’ is a radioactive release for whid
off-site protective actions that are limited in terms of lengths of time and areas of application would be insufficient for the
protection of people and of the environment [1, 2].

4 The possibility of event sequences arising may be considered to have been practically eliminated if it would b
physically impossible for the event sequence to arise or if these event sequences could be c0n5|dered with a hlqh Ievel
confldence to be extremely unllkely to arise [l 2] An—ca 2 i Hoact

©

=

+h@'

Commented [AKE2]: | have removed DEC and DBA. They
don’t appear often enough to warrant their retention (only 64
and 36 times, respectively)

Commented [AKE3]: this is too ‘active’: you are talking
here about what the changes in SSR-2/1 are, not what one is
actually doing in a plant

Commented [AKE4]: definitely not ‘plant states’? As in
para 4.3 of SSR-2/1 (Rev. 1)? (We went through this
discussion for SSG-61, but just double checking here. | have
made a few changes throughout for consistency)

Commented [AKE5]: I’ve changed ‘result in’ to ‘lead to’
for consistency with SSG-61 too

Commented [AKE6]: changed throughout to singular
(because we don’t like to talk about plural bad things)

in the footnotes | have added a reference to both SSR-2/1
(Rev.1), which uses this exact language, and also to the 2018
Glossary, from which the footnotes are adapted. You
definitely need a reference to the Glossary early on in this SG

Formatted: Normal, Space After: 0 pt, No bullets or
numbering

Commented [LHJ7]: The requirements in GSR Part 4
(Rev. 1) are very general or high level if compared to SSR-
2/1 (Rev. 1), and without too much detail when considering
NPPs.

If not “high level” could be say “general”?

Commented [NM8R7]: By definition, GSR means general
safety requirements. No need to specify further here.

Commented [AKE9]: no need to justify the next sentence J

Commented [LHJ10R9]: OK, but how do reach this SG,
then? Can be mentioned:

However, further guidance is needed to ensure the throughout
assessment of the effective implementation of these aspects
for nuclear power plants.

|
+

sentence here. It is fine as it is. This is only the

Commented [NM11R9]: You do not need an additional
BACKGROUND section of the publication.
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OBJECTIVE

1.3 The objective of this Safety Guide is to provide recommendations for the design of new
nuclear power plantsplantsiNPPsplantsNPPs on the lapplication fimplementation—of selected

requirements in SSR-2/1 (Rev. 1) [1]{4]}thatare related to defence in depth and the practical
elimination of plant event sequences that could leadleading to an early radioactive
releasereleases or a large radioactive release. This Safety Guide also providesreleases—Fhe
recommendations in relation to design aspects of defence in depth-in-this-Safety-Guide-are
foeused-on—design—aspeets, in particular on those aspects associated with design extension
conditions. DEC. This Safety Guide is also aimed at addressing at a high level the safety
assessmentrelated-to-these-cesiga-aspeeis:

[Commented [AKE12]: we always use application
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1.4 This Safety Guide is intended for use by organizations involved in the verification, review
and assessment of safety of nuclear power plants. It is also intended to be of use to organizations

involved in the design, manufacture, construction, modification; and operation of nuclear powefr
plants, and in the provision of technical support for nuclear power plants, as well as b
regulatory bodies.

SCOPE

1.5 This Safety Guide applies primarily fto new land based stationary nuclear power plant
with water cooled reactors, designed for electricity generation or for other heat productio
applications (such as district heating or desalination)| (see para 1.6 of SSR-2/1 (Rev. 1) [1]).

St~ 1= 107

is recognized that for reactors cooled by other media or reactors based on innovative desig
concepts, some of the recommendations in this Safety Guide might not be applicable or full
applicable, or judgement might be needed in their application.

1.6 For nuclear power plants|designed in accordance with earlier standards, this Safety Guid

4%

=

might also be useful when evaluating potential safety enhancements of such designs, fg
example, as part of the periodic safety review of the plant.

1.7 The scope of this Safety Guide is focused on the implementation and assessment of the
design safety measures described in para. 1.1. 2-These measures play an important role in th

applicationimplementation of the concept of defence in depth| for achieving a balance design 9

NPP, which constitutes the primary means of both preventing accidents-and mitigating thethei
consequences of accidentssheuld-they-oeeur, in accordance with Principle 8 of IAEA Safet
Standards Series No. SF-1, Fundamental Safety Principles [4].

1518  [3}-Asdescribed in para. 2.13 of SSR-2/1_(Rev._1) [1].[i}-the-implementationgf

defence in depth at nuclear power plants comprises flve5 levels. Plant states consldered in th
desngn

< T |—h D

radteaem;ereteases correspond to one or more Ievels of defence in depth. tThls Safety Gmde i

5
structured in terms of the deS|qn of safetv provisions necessarv for each plant state, rather thah
for each level if
defence in depth. In this way, the S|qn|f|canc and importance of design extension conditionp

for the safety approach is emphasized. Lin-relation-to-these-aspests: |

1—6—h’h|s Safety Guide con5|ders the assessmenttn—addttten—te—anttetpated—epe#attene

- Ul g

Dder:v;ler -Therefore, this Safetv Guide was developed to prowde guidance on that aspect.

N =

Commented [AKE13]: | think it is important to have up
front exactly the same scope as SSR-2/1 (Rev.1).

Unless you intend a different scope —
should be very clear about that

in which case you

Commented [AKE14]: is this needed? they might not be in
operation yet

|

Commented [LHJ15R14]: | do not think so. Many MS
will be reluctant to accept this paragraph which means they
need to apply modifications to meet the objective set with the
practical elimination of plant event sequences.

[ Commented [NM16R14]: ok

[ Commented [AKE17]: yes?

Commented [AKE18]: this concept is not well established,
or used much in this Safety Guide. | suggest not introducing it
here

Commented [LHJ19R18]: balance here is related to the
means for prevention and mitigation considered in the design,
to avoid designers to put all efforts only in the mitigation,
such as the use of non-permanent equipment to cope with
severe accidents during the medium-term phase of the
accident progression and not only for the long-term.

Commented [NM20R18]: | will agree with Katherine that
this needs to be deleted. If you keep it, you will need to
explain what it means.

Commented [AKE21]: | have taken this from Section 3. It
seems to explain why the SG is addressed in terms of plant
state rather than level of Did

| Commented [AKE22]: this is kind of a repetition of the

previous para and the bit about DEC A and DEC B doesn’t
need to be introduced yet

{ Commented [AKE23]: SSG-2 is mentioned below, you

don’t need it here too.
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1.7—A-key reguirement-for-the design-of a-nuclear power-plant-is-the-independence,-asfar-as
practicable—between—tevels of defence in depth and; in a—general-mannerparticular the
assessment of Hlndependence of safety—fea&wes—fepDEG—(espee%#ea&wes—fewmﬂganﬂgm

faeters%hakeambe#}eueaus%ehdependeﬂéeshbemwwuctures, systems and

components. However, factors that could cause dependence between structures, systems and

environmental factors, operational or human factors, and external or |nternal hazards, are

recognized-as-relevant-butare-not addressed in detail in this Safety Guide. |

Commented [AKE24]: actually, it considers many types of
dependence in a general manner. The examples in the next
para are examples of CCF, not functional dependence

pepmanenpeqmpmem—fer—ensurmq addltlonal backup sources such as emergency pewepsuaply

and—ter—eeelmg cagabllltle —as—a—resu#ef—the—lessens%amed—#em—t%—Fu@shma—Da%m

durlnq the long term phase of acmdents conditions and after inthe-very rare events (e.q., natural

external hazards exceeding the magnitude considered for the design, derived from the hazard
evaluation for the site), where the capability and availability of design features mstalled on-site
might be affected y

i deri ‘ Lations ite.

Commented [AKE25]: this is not part of scope, i.e. it is not
explaining something that is left out of the scope. It is moved
to Section 5
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1.91.10  The Safety Guide doesguide-is not-intended-te provide specific recommendations
for the design of particular safety features for design extension conditionsBEC or for any othe
plant state considered in the design. Such recommendationsFhese are provided in Safety
Guidesthe-safety-guides for the design of various types of plant system, such asfer-instance-
IAEA Safety Standards Series Nos SSG-56, Design of the Reactor Coolant System and
Associated Systems for Nuclear Power Plants [5].f4}; SSG-53, Design of the Reactor
Containment and Associated Systems for Nuclear Power Plants [6],{5}; SSG-34, Design
Electrical Power Systems for Nuclear Power Plants [7].f6}; and SSG-39, Design
Instrumentation and Control Systems for Nuclear Power Plants [8].fA-

=

1.101.11  This Safety Guide does not consider the specific safety analyses to be carried out
for different plant states, as these arethis-is addressed in IAEA Safety Standards Series,

SSG-2 (Rev.-1), Deterministic Safety Analysis for Nuclear Power Plants [1].f8}; ssgj
Development and Application of Level 1 Probabilistic Safety Assessment for Nuclear Power
Plants [10].f9}; and SSG--4, Development and Application of Level 2 Probabilistic Safety
Assessment for Nuclear Power Plants [11],{26%; as appropriate. However, this Safety GuideFhi

o’

safetyguide takes into account hewever-the recommendations providedguidance in thes|
publicationsthem.

STRUCTURE
1431.12 Imseafe%yegeudeeeenwnsesiwe%eeneesene%%eneexesﬁSectlon 2 sets outthy

reqmrements in SSR-2/1 (Rev 1) [1] that govern the approach to design of nuclear power plant]

relating to the avoidance of unacceptable radiological consequences. [[4}-ane-GSR-Part-4-(Rey-

H-[312H2}-on which the recommendations inguidance—is—based—H—also—introduces—semp

relevant-concepts—and-explanations-on-the-topics—covered-by this Safety Guide_are based. |-

Section 3 provides recommendations on the implementation and assessment of design extensio

conditions within the concept of defence in depth, and on BEC—ineluding—the—aspectof
independence of the between-safety-provisions-atthe-correspending-levels of defence in depth.

Section 4 provides recommendations on the application of the concept of practical elimination
of event sequences that could lead to an early radioactive releasereleases or a large radioacti\;t

=

releasereleases. Section 5 provides recommendations on strategies—for-the implementation
design provisions for enabling the use of non-permanent equipment for power supply and
cooling.

|

Commented [AKE26]: there are no GSR Part 4
requirements duplicated in Section 2

|

|

Commented [AKE27]: Section 2 doesn’t really do that
anymore. (Earlier drafts did)

|
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1141.13  Annex | provides examplesinformation-on-the-demonstration of casesa-commonly
recognized-set of practical elimination.events-or-plant-conditions-that-need-to-be-demenstrated
te-have-been-practicathy-eliminated- Annex Il provides some considerations for the application

of recommendations included in this Safety Guide to nuclear power plants designed to earlier
standards_when evaluating potential safety enhancements of such designs, for example, as part
of the periodic safety reviews.
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2. -DESIGN APPROACH WHEN-CONSIDERING THE RADIOLOGICAL
CONSEQUENCES OF ACCIDENTS

19

2.1 [This [Safety Guide is focused on fthe design features in a nuclear power plant for fth

protection of the public and the environment in accident conditions, which should be assesse
regarding compliance with a number of requirements in SSR-2/1 (Rev. 1) [1]. Thes
requirements pertain to the general plant design and particularly on the capability of the plan
to withstand, without unacceptable radiological consequences, accidents that are either morg

— 1D

24

Commented [AKE28]: this para is the only para in this
section that does not quote requirements, and as such it seems
better to have it at the beginning of Section 2, rather than in
the middle

{

Commented [AKE29]: inserted because of IEC comment at
cc

severe than design basis accidents or that involve additional failures.

242.2 Requirement 5 of SSR-2/1 (Rev. 1) [1]{] states:

“The design of a nuclear power plant shall be such as to ensure that radiation doses
to workers at the plant and to members of the public do not exceed the dose limits,
that they are kept as low as reasonably achievable in operational states for the entire
lifetime of the plant, and that they remain below acceptable limits and as low as
reasonably achievable in, and following, accident conditions.”

2:22.3 Paragraph 4.3 of SSR-2/1 (Rev. 1) [1]{] states:

“The design shall be such as to ensure that plant states that could lead to high radiation
doses or to a large radioactive release have been ‘practically eliminated’, and that there
would be no, or only minor, potential radiological consequences for plant states with a
significant likelihood of occurrence.”

232.4 Furthermore, para. 4.4 of SSR-2/1 (Rev. 1) [1]{}} states:

“Acceptable limits for purposes of radiation protection associated with the relevant
categories of plant states shall be established, consistent with the regulatory
requirements.”

2:42.5 [FurtherFhe requirements on criteria and objectives relating torecalledrecalled ih

paras—2-3—2.5—establish—the—need—for radiological consequences of different plant states
considered in the de5|qn mcludlnq accident condltlons MnekenlybeleamaeeeptabLeJMS

an@mere%peaﬁc-a”yiemee@en&e%&ﬂens are also establlshedspeemed in SSR 2/1 (Rev 1
[11.EA}; namely:

— “Criteria shall be assigned to each plant state, such that frequently occurring plant states
shall have no, or only minor, radiological consequences and plant states that could give rise

5 Plant states leading to high radiation doses are equivalent to plant states leading to early radioactive release. |

|

Commented [LHJ30R29]: | did the proposal of that text
based on the IEC comment, so agree.

Commented [AKE31]: this makes it look like there are
requirements for the specific plant systems addressed in this
guide, but it’s not really the case (and SCOPE also says it’s
not true). Hence deleted

|
|

Commented [LHJ32R31]: Agree, the text was related to
the requirements for the general plant design, but there are no
recommendations for them here.

Commented [LHJ34R33]: If deleted, we are missing part
of the message here which is the ALARA.

Commented [AKE33]: this repeats the paras above, so |
deleted this sentence

Commented [NM35R33]: We are not missing anything,
because we have the quote in para. 2.2

|
|
|
|

Commented [AKE36]: you’ve already quoted para 4.3 of
SSR-2/1, so | deleted this sentence

Commented [LHJ37R36]: If deleted the key point made
here related to plant event sequences that need to be
practically eliminated is missing.

|
|
|
|

Commented [NM38R36]: It is not missing, it is covered in
the quoted paras of SSR-2/1 (Rev. 1). It will be worse to
repeat the same things.
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to serious consequences shall have a very low frequency of occurrence” (para. 5.2 of SSR-
2/1 (Rev. 1) [1141).4h-

— “A primary objective shall be to manage all design basis accidents so that they have no, or
only minor, radiological consequences, on or off the site, and do not necessitate any off-site
protective actions” (para. 5.25 of SSR-2/1 (Rev. 1) [1]{4}f} in relation to design basis
accidents).

— “The design shall be such that the possibility of conditions arising that could lead to an
early radioactive release or a large radioactive release is ‘practically eliminated”” (para. 5.31
of SSR-2/1 (Rev. 1) [11{3f] in relation to design extension conditionsBEC).

— “The design shall be such that for design extension conditions, protective actions that are
limited in terms of lengths of time and areas of application shall be sufficient for the
protection of the public, and sufficient time shall be available to take such measures” (para.
5.31A of SSR-2/1 (Rev. 1) [1]{}{2] in relation to design extension conditionsBEC). |

— The same or similar technical and radiological criteria as those for design basis accidents

may be considered for these conditions to the extent practicable. Radioactive releases
should be minimized as far as reasonably achievable.” (para. 7.46 of SSG-2 (Rev. 1) [8] in

relation to DEC).

&h&eeMammeni—s#uetu#&and—Hs—sys%ems—As |nd|cated in para. 2. 10 of SSR—-2/1( Rev. 1) [_]_

25 JE}—<...Measures are required to be taken to ensure that the radiological«
consequences of an accident would be mitigated. Such measures include the provision of
safety features and safety systems, the establishment of accident management procedures
by the operating organization and, possibly, the establishment of off-site protective
actions by the appropriate authorities, supported as necessary by the operating
organization, to mitigate exposures if an accident occurs.”%-

2.7 _In accordance with para. 2.13 (4)-of SSR-2/1 (Rev. 1) [1]:};

“...ThetThe safety objective in the case of a severe accident is that only protective actions
that are limited in terms of lengths of time and areas of application would be necessary
and that off-site contamination is avoided or minimized”.

2:6—Harmful radlologlcal consequences to the publlc can eHbyLarlse nly from the occurrence

6 The establishment of off-site protective actionsarrangements belongs to-the level 5 of defence in depth and is outside
of the scope of this Safety Guide. Requirements regarding such arrangements are established in IAEA Safety Standards Series
No. GSR Part 7, Preparedness and Response for a Nuclear or Radiological Emergency [1231].

8

[ Field Code Changed ]
[ Field Code Changed J
[ Field Code Changed }
[Commented [LHJ40R39]: OK ]
[ Field Code Changed J

Commented [AKE39]: deleted because

1) it’s not a requirement from SSR-21 (Rev. 1), as the
chapeau would suggest

2) it is addressed elsewhere in the text anyway

Formatted: Indent: Left: 1. cm, No bullets or numbering

[Commented [AKE41]: this is all just introductory stuff }
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272.8 Recommendations on radiation protection in the design of nuclear power plants ar
provided in IAEA Safety Standards Series No. NS-G-1.13, Radiation Protection Aspects o
Design for Nuclear Power Plants [13].f£2}; and recommendations for protection of the publi
and the environment are provided in IAEA Safety Standards Series No. GSG-8, Radiatio
Protection of the Public and the Environment [14].[£3}

0 —h D
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3. IMPLEMENTATION AND ASSESSMENT OF DESIGN EXTENSION
CONDITIONS WITHIN THE CONCEPT OF DEFENCE IN DEPTH

OVERALL IMPLEMENTATION OF DEFENCE IN DEPTH

3.1 The concept of defence in depth for the design of nuclear power plants is described in
paraspara:s 2.12-2.14 of SSR-2/1 (Rev. 1) [1]. As stated in para. 2.14 of SSR-2/f4(Rev. 1) [1]:

“A relevant aspect of}-}—Fhis-section-addresses the implementation of defence in depth
for a nuclear power plant is the provision in the design of a series of physical barriers, as
well as a combination of active, passive and inherent safety features that contribute to the
effectiveness of the physical barriers in confining radioactive material at specified
locations. The number of barriers that will be necessary will depend upon the initial
source term, considering the amount and isotopic composition of radionuclides, the
effectiveness of the individual barriers, the possible internal and external hazards, and the
potential consequences of failures.”

343.2 overal-apphication-of-Requirement 7 of SSR-2/1 (Rev. 1-[11{H-[1]1H-F4H] on the
applicationimplementation of defence in depth in the design of nuclear power plants,—which
states that:

“The design of a nuclear power plant shall incorporate defence in depth. The levels+
of defence in depth shall be independent as far as is practicable”.

3:23.3 ParagraphsSubseguent-parasgraphs 4.9 to 4.-13A of SSR-2/1 (Rev. 1) [1] develop
this overarching requirement. The specific focus of this Safety Guidesafety-guide is on the
reactor core as the main source of radioactivity with special emphasis on design extension

conditions. VAs—pe{—para 2—14—91%SR-2L}(ReV 1) [1]—a—FelevaHt—aspeet—ef—the—mqplememaHen

3334 For the implementation-of-safety provisions at each level of defence in depth, the
followingthere—are-three-main aspects—of-importance that should be demonstrated are—as

follows:

(@) The performance of the safety provisions implemented at that level to maintainpretect the
integrity of the barrier(s)| that should be protected;

(b) Fhe-Adequate reliability of the safety measures-provisions required at that level so that it
can be assured,te-demonstrate with a sufficient level of confidence, that a certain plant
condition can be brought under control without needing—the need to

[Formatted: Indent: Left: 1cm

Commented [AKE42]: this is a quote. It is moved up to
where this para is first mentioned, rather than swapping back
and forth between quotes of various different bits of SSR-2/1
(Rev. 1)

[Commented [AKE43]: I think you don’t need this.

implementintervention-of the safety provisions associated withimplemented-for the next

level;

10

Commented [LHJ44]: The important point here is not only
the implementation of the additional safety features for the
next level but the performance.
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(c) The independence, as far as applicable, of the safety provisions at that level, including

their physical separation’—and—segregation, from the safety provisions associatefl
withimplemented-at the previous levels of defence in depth.

3.5 Frequently, for purposesAn-asseciation of design safety and operational safety, th
various levels of defence in depth are associated to the various with-plant states considered i
the design.is-freguently-undertakenfor-design-safety-and-eperational-safety- The introductiol
of design extension conditions amongBECn the plant statesdesign-basis has resulted int
different interpretations in differentby-Member States regarding the correspondence betwee
the plant states considered in the design and the levels of defence in depth. Two,twe of thes|

approacheswhich are represented in Table 1. In Approach 1, depicted on the left hand side g

Table 1, design extension conditionsappreach-1-(i-e-the-assoeiation-of DEC without significan
fuel degradation are associated cere—mekting—to level 3_of defence® in depth, In thi

14
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approach,Table 1); each level has a clear objective that reflectsebjectives—+egarding th
progression of anthe accident and the protection of the barriers, i.e. level 3 is implemented t

D
prevent fuel damage to-the-reactorcore-and level 4 is implemented to mitigate severe accidents
t

and preventfer—preventing off-—site contamination. Design extension conditionsDECDE
without significant fuel degradation could be understood as those representative fventaccider
accident sequences finvolving either a single initiating eventeventsevents of very low frequency

or_an anticipated operational occurrence, AOO or frequent design basis accident DBA
combined with multiple failures, which are considered in the design in order to prevent bot
reactor core melt _and melting of fuel stored in the spent fuel pool®. Therefore, i
ApproachRadielegical-aTherefore, for approach 1, acceptable limits on predicted radiologicd
consequences for design extension conditionsBEC without eere—melt—significant fug
degradation are-may be the same as or similar to acceptableasforBBA limits for design basi
accidents. Furthermore—Adse, the physical phenomena associated with design basis accident
and design extension conditionsin-ease-eF-BBA-ard-DEC without significant fuel degradatio
are similar, although there mightmaymay be are-differences in the analysis. In contrast, th|
physical phenomena associated with design extension conditions with core melt kever

S = — T o 17 &

W D

accidents-are characterized-by-completely different.

3.6 In-physical-phenomena. Approach 2, depicted on-(i-e- the right hand sidegreuping O
Table 1, design extension conditionsBEC without significant fuel degradation and desig

1j
L
extension conditions with core melt are grouped togetherand-core-melt-and-with-core-melt ip
X
s

level- 4 of defence in depth. This approach} emphasizes the distinctionditferentiation betwee
the set of rules to be applied for DEC and DBA when considering both for their design extensio

7 Physical separation is separation: Separation by geometry (distance, orientation, etc.), by appropriate barriers, or by
a combination thereof [2]... INTERNATIONAL ATOMIC ENERGY AGENCY, IAEA Safety Glossary: 2018 Edition, Nor]
serial Publications, 2019.)

8 “DEC without core melting” corresponds to “DEC without significant fuel degradation” as presented in IAEA Specif
Safety Requirements, SSR-2/1(Rev. 1).

9 There is consensus that design extension conditionsDECDEC without significant fuel degradation are mainl
identified as a result of Levellevellevel 1 probabilistic safety assessment. (PSA). Further details of the deterministic selecti
of eventaccidentaccident sequences considered in the design extension conditionsDECDEC without significant fugl
degradation are providedcancan be found in para.paragraph 3.40 of SSG-2 (Rev. 1) [9].).).

o
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conditionsand-forsafety-assessment-to-be-applied-for DEC-and-the-set of rules-to-be-applied-for

design basis accidents, both in the design and in the safety assessment.

3:43.7 to—DBBA-_Despite theirthethe differences, both of thesethosethose approaches
aresupportsupport, in compliance with para. 5.29 (a) of SSR-2/1(Rev. 1) [1) [1] and support, ],
the implementation at the design stage, to the extent practicable, of the independence among
safety systems, safety features for prevention of severe accidents and safety features for

mitigation of events considered in the design extension conditionssevere accidents.

TABLE-Fable 1: LEVELS OF DEFENCE IN DEPTHLevels-of Defencen-Depth

Commented [AKE49]: | would prefer to use the wording in
para 5.29(a) of SSR-2/1 (Rev. 1)

Formatted: Space After: 0 pt, Allow hanging
punctuation, Adjust space between Latin and Asian text,
Adjust space between Asian text and numbers, Font
Alignment: Auto

Level of Objective Essential design Essential operational means Level of
defence means defence
Approach Approach
1 2
Prevention of Conservative Operational limits and
abnormal Robust design and | conditionsconditionsrHesconditionsres
operation and high quality in and normal operating procedures
failures construction of
Level 1 , Level 1
normal operation
systems, including
monitoring and
control systems
Control of Limitation and Abnormal operating procedures and/or
abnormal protection systems | ‘emergency operating procedures
Level 2 operation and and other Level 2
detection of surveillance
failures features
Control of design | |SafetyEngineered | Emergency operating procedures
basis accidents safety features
3a SR Level 3
Control of design | Safety features'® Emergency operating procedures
Level 3 extension for design
conditions to extension
3b| prevent core conditions without 4a
melting significant fuel
degradation!! eere Level
- J 4
Control of design | Safety features'2 SevereComplementary-emergency
extension for design operating-procedures/-severe accident
conditions to extension management guidelines
Level 4 mitigate the conditions with b
consequences of | core melting*-.
severe accidents

Commented [AKE50]: this would be the normal term used
in the ‘plant equipment’ definition in the glossary

10 Safety features is understood as additional safety features for design extension conditions, or safety systems with an

extended capability to prevent severe accidents (paragraph 5.27 of SSR-2/1 (Rev. 1)).

11 Such safety features are understood as additional safety features for design extension conditions, or as safety systems

with an extended capability to prevent severe accidents (see para. 5.27 of SSR-2/1 (Rev. 1)) [1].

12 Safety features is understood as additional safety features for design extension conditions, or safety systems with an

extended capability to mitigate severe accidents (paragraph 5.27 of SSR-2/1 (Rev. 1)).
B A-Sate gatdresare-thae as-additi atetyteature tgnrexten
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Technical support

Commented [AKE51]: only SAMG is used in our SGs.
You could add ‘complementary EOPs’ in a footnote, but
actually this is not the right SG for introducing this term
(SSG-54 would have been a better place)

centreSuppert
Centre |
Mitigation of On-site and off-site | On-site and off-site emergency plan§
radiological emergency and procedures|
consequences of | response facilities
Level 5 onseq P Level 5
significant releases
of radioactive
materialmaterials
Level of Objective Essential design means Essential operational Level of
defence means defence
Approach 1 Approach 2
Prevention of Conservative design and Operational rules and
abnormal operation | high quality in construction | normal operating
Level 1 and failures of normal operation procedures Level 1
systems, including
monitoring and control
systems
Control of abnormal | Limitation and protection Abnormal operating
Level 2 operation and systems and other procedures/emergency Level 2
- detection of failures | surveillance features operating procedures -
Control of design Engineered safety features Emergency operating Level 3
32 | basis accidents (safety systems) procedures
Level 3 Control of design Safety features for design Emergency operating
extension conditions | extension conditions procedures 4a
3b | to prevent core melt | without core melt
Level 4
Control of design Safety features for design Complementary emergency
extension conditions | extension conditions with operating procedures/ 4b
Level 4 to mitigate the core melt. severe accident
consequences of Technical Support Centre management guidelines
severe accidents
Mitigation of On-site and off-site On-site and off-site
radiological eMergency response emergency plans
Level § consequences of facilities Level 5
significant releases
of radioactive
materials

Normal operationOperation and anticipated operational occurrencesAnticipated
Operational-Oceurrences

3:53.8

Operational states comprise two sets of plant states: normal operation an

anticipated operational occurrences. [Modes of normalNessaat operation include startup, powe

operation, shutting down, shutdown, maintenance, testing and refuelling and arecomprises—

I

series-of plant-operating-modes defined in the documentation governing the operation of the

D

13
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plant (Jsuehas the operatlonal Ilmlts and COﬂdItIOI‘lSJMB Qpepaﬂenauzﬁut&and—eendmen&e;

1teaeter—r:eafueuhcrgL Plant states other than normal operation are reached elther dlrectly by the

occurrence of a postulated initiating eventevents—for-the-applicable-moedes—ef-operation or
through a failurefailures in mltlgatlng the consequences of such an eventeven%&m&heﬂ#spplae&

363.9

Paragraph 4.13 of SSR-2/1 (Rev. 1) [1] states:

“The design shall be such as to ensure, as far as is practicable, that the first, or at most the
second, level of defence is capable of preventing an escalation to accident conditions for
all failures or deviations from normal operation that are likely to occur over the operating
lifetime of the nuclear power plant.”

Therefore, to maintain the integrity of the first physical barrier for the confinement of
radioactive materialmaterialsmaterials (i.e. the fuel cladding) and to prevent a significant
release of primary coolant, design provisions for operational states should have adequate

capabllltles tomme_megnwmwmammm

(a)  Preventpreventprevent failures or deviations from normal operation by means+

ofimplementingimplementing a robust design and in compliance with proven engineering
practices and high -quality standards|/commensurate with their importance of these design
provisions to the safety};

(b)  Detectdetectdetect and intercept deviations from normal operation and return the plant to
a state of normal operation;

()(c) Prevent anticipated operational occurrences, once they start, from evolving into design
basis accidents.arrest the progression of plant transients (i.e., AOO) once they start, to

avoid an evolution to design basis accident conditions, for which the actuation of the
engineered safety features, safety systems and the application of emergency operating
procedures are foreseen.

3+73.10 The reliability of safety provisions required for anticipated operational occurrences
should be such that the frequency of transition tointointo a design basis accident is lower than
the value Censistent-with-of theuhlghest frequency of postulated initiating events for design

basis accidents (usually lower than 1072 per reactor-year).)Fhe-rehiability-of safety-provisions

14 Tn some States, the term ‘technical specifications’ is used instead of the term ‘operational limits and conditions’.
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Design basis accidentsBasis-Accidents

3.83.11  Requirement 19 of SSR-2/1 (Rev. 1) [1] states:

“A set of accidents that are to be considered in the design shall be derived from
postulated initiating events for the purpose of establishing the boundary conditions
for the nuclear power plant to withstand, without acceptable limits for radiation
protection being exceeded.”

3.93.12  Paragraph 5.24 of SSR-2/1 (Rev. 1) [1] states:

“Design basis accidents shall be used to define the design bases, including performance
criteria, for safety systems and for other items important to safety that are necessary to
control design basis accident conditions”

3.103.13  Paragraph 5.25 of SSR-2/1 (Rev. 1) [1] states:

“The design shall be such that for design basis accident conditions, key plant parameters
do not exceed the specified design limits. A primary objective shall be to manage all
design basis accidents so that they have no, or only minor, radiological consequences, on
or off the site, and do not necessitate any off-site protective actions.”

Consequently, specific design provisions (i.e. safety systems) should be implemented to prevent
and mitigate the radiological consequences of design basis accidents by preventing BBAS
through-the-prevention-of significant fuel damage and maintaining thelintegrity of maintain-the
containment (i.e. by preserving the structuralfunetional integrity_of the(by ensurin
containment structure and maintaining its associated ystems®®). The objective of the safet

systems is functions, para. 1.3 of SSG-53 [6])-tr-erder to limit the radiological consequence
forte the public and the environment to the extent that no additional safety features or loff-sit

protective actions special-rreasures-are necessaryreguired for the protection of the public.

12

192

3.143.14  Design basis accidents originated by are{postulated events-aecidentsinitiating event
that are not expected to occur during the lifetime of the plant. The most frequent accidentsevend
categorized as design basis accidentsBBAs should have an expected frequency typically belo

1072 per reactor-year. Design basis accidentsBBAs should include both rare and petentiat singl

initiating events and-alseas well as-frequent single initiating events that failed to be controlle
atin the second level of defence in depth. The setextentextent of postulated initiating event
considered for design basis accidentsinin DBA should cover all challenges to the safet
functions and barriers withforfor which the safety systems are designed to cope. Safety with.

D <
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=)

=

15 The containment and its associated systems are described in para. 1.3 of SSG-53 [5]. |
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actions,human-interventions-fora-sufficiently-long period-of time-and-their reliabitity-should-be

very-high: Safety systems should be designed and constructed (e.g., considering significant
conservative margins and sufficient redundancy) as well as maintained to ensure sufficient
reliability. Safety design concepts, such as Sconservative safety margins and redundancy, lare
required ko be applied in their design and construction, and the environmental conditions

considered in their a level of reliability (e.q., through qualification programme should
correspond toandand/or adequate protection) commensurate with the performance of their
intended safety function under the loads and adverse environmental conditions induced by
design basis accidents, postulated internal and external hazards-lpestulated-internalinin-ternal
and—external-hazards. Further specific recommendations on therelatedrelated to design of

specific safety systems for nuclear power plants are provided in the corresponding Safety

Gwdes [5- Slbpecmc safety qundes Safety%ystemsshemd%&desrgmdrt&enswﬂh%relmble

Design extension conditions

3.433.15  Requirement 20 of SSR-2/1 (Rev. 1) [1] states:

“A set of design extension conditions shall be derived on the basis of engineering
judgement, deterministic assessments and probabilistic assessments for the purpose
of further improving the safety of the nuclear power plant by enhancing the plant’s
capabilities to withstand, without unacceptable radiological consequences, accidents
that are either more severe than design basis accidents or that involve additional
failures. These design extension conditions shall be used to identify the additional
accident scenarios to be addressed in the design and to plan practicable provisions
for the prevention of such accidents or mitigation of their consequences.”

3.143.16  Paragraph 5.30 of SSR-2/1 (Rev. 1) [1] states: “

“In particular, the containment and its safety features shall be able to withstand extreme
scenarios that include, among other things, melting of the reactor core. These scenarios
shall be selected using engineering judgement and input from probabilistic safety
assessments.”

3453.17 To meet the requirements presenteddeseribed in paras 3.1543 and 3.1634, two
separate categories of design extension conditions should be identified: design extension

16
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conditionT without significant fuel degradation® and design extension conditions with cor|
melting.*

Design extension conditions without significant fuel degradation

3.163.18 A-clear process for the comprehensive identification of the-design extensio
conditions Wlthout 5|gn|f|cant fuel degradatlon te—be—eens&dered—m—the—elesrgn—should b
developed.
SSG-Q—(_Fev—l)_LEﬂ-[S]—Paragraphs 3.39t0 3 44 of SSG 2 (Rev. 1) [1]%945449 prowd
recommendations for the identification of design extension conditions BEES-without significan
fuel degradation.

3473.19  In general, the mitigation of design extension conditionsBEE without significan
fuel degradation should be accomplished by specific-safety features specifically designed an|
qualified for such conditions. Alternatively, design extension conditions without significan
fuel degradationthey can be mitigated by available safety systems that have not been affecte
by the events that led to the design extension conditionsBEE under consideration_and that ar
capable and qualified to operate under the associatedrelatedrelated DEC environmentc

condmonsDEG without significant fuel degradation is established in some MembeFStates i
termseensideration of their frequencies_of occurrence.- Very low frequency initiating event
are treated as design extension conditionsBEE without significant fuel degradation.—In othe
Member—States, design extension conditionsBEC without significant fuel degradation ar
postulated for complex sequences involving multiple failures, whereas very low frequency
postulated initiating events are treated as design basis accidents.BDBAs:

lU-“U’J—JI—)_l(D O T 1t~

3.20 The objective—safety analyses of design basis accidentsofirofin—BBA and desig
extension conditionsir—BDEC without significant fuel degradation share is—the—similg
safetyamesafety objectives, ramelynamely, to maintain the integrity of barriers and to preven
core damage or damage to the fuel in the [spentirradiated fuel poolsterage (see para paras 7.2
and 7.45 of SSG---2 (Rev 1) Jl]) ).). —leu{—they—dmei;m—the—range—ea‘—#equenetes—m—sem

W 00 =+ [ [

.\u

3183.21 Design basis accidents and design extensionBeth—accident conditions withoyt
significant fuel degradation arediffer also distinguished in termsthe-implementation of the
application of different design requirements, and in the use of different acceptance criterig;
design-requirements-or approaches for performing safety analysis. Thus, forin design extension
conditions without significant fuel degradation the following apply:

(a) Less stringent design requirements than for design basis accidents might pe DBAreaemaf,

be—applied:; for example, safety features—equipment required for design extensio

6 ‘Design extension conditions without significant fuel degradation’ are also termed ‘design extension conditio
without core melting’,

17 In some States, these categories of design extension conditions are denoted respectively as ‘design extensiop
conditions A’ (without significant fuel degradation) and ‘design extension conditions B’ (with core melting),

2]
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conditionsDECDEC, without significant fuel degradation may be assignedareare allowed, to
have, a lower safety class than safety systems;,, cempliance-with-the single failure criterion

is applied at the function level (i.e. functional redundancy) but isandand not

appliedrequiredrequired, at the system level (i.e. no system redundancy among systems is

Formatted [—j

Commented [AKE81]: it’s not clear whether ‘to the extent
practible’ fits with the single failure criterion example, or
with the diversified support systems example

applied)]and supportingis-netregquired)-but to the extent practicable, support systems (ie-e.q. |

cooling systemsourcesource) and 1&C systems (i-e-€.d. [the signal for anticipated transients

without scram signal) may be more diversified than supporting systems and I&C

systemswithwith regard to those, used for desiqn basis accidentsDBADBA andeguipment

estimate methods, are acceptable for the safety analysis_(see para paras 7.35 to 7.44 and \

7.47 to 7.55 of SSG 2 (Rev. 1) [11{99); [l]{l4}[1]{4})

as forreleases of radioactive material-for design extension conditions without significant

fuel degradation may be identical or similar to those for design basis accidents,—but '
theDBADBA, whereas-acceptance-criteria—used-for-design-extension-conditions-without
significantfuel degradation—may—be-may be

acceptance-criteria-fordesign-basisaceidents (see paraparas 7.32 to 7.33 and 7.46 of SSG- |

2 (Rev. 1) [1]{OI11f4I[11F4]).

3.493.22  [f\Where it is possible to useutitise available safety systems {providedprirarily-for
DBAs)-to respond to design extension conditionsBEC without significant fuel degradation,
safety analysis is still required to demonstrate their effectiveness: see Requirement 42 of SSR-
2/1 (Rev. 1) [1]. The safety-—This analysis should-may use less conservative methods and

Commented [AKE82]: is this i.e.? Is it the only relevant
support system?

Commented [LHJ83R82]: It is not really the cooling
system, it is the cooling source, cooling system might be
associated to HVAC, which could be also diversified, but
here the example is the cooling source, which is different than
for safety systems used for DBA.

Formatted: Font: 12 pt

Commented [AKE84]: is this i.e.? is it the only relevant
1&C system?

Commented [LHJ85R84]: It is an example
Commented [NM86R84]: Then e.g. instead of i.e.

Formatted

Formatted

Formatted

alajal DR

Formatted: Font: 12 pt

Commented [AKE87]: is this what is meant by
‘radiological limits’?

Commented [LHJ88R87]: It should be “The acceptable
criteria related to the radiological consequences...”

assumptions than [required—for design basis accidentsDBA (otherwise there would be no \

differentiation between design basis accidentsBBA and design extension conditions without
significant fuel degradation). Nevertheless, thereBEC-DEC)—Fhere should still be high
confidence in the results of the safety analysis and the safety margins to avoid cliff -edge effects
should be demonstrated to be adequate (see paras 7.54 to 7.55 of SSG---2 (Rev. 1) [1]).

3.23 Design extension conditions As-indicated-in-para—3-1+74-BEC-without significant fuel
degradation have the potential to exceed the established capabilities of safety systems.-designed

for-the-mitigation—of BBAs: However, design basis accidents arethe—analysis—of DBAs-is

required to be analysed in a conservative mannerﬂ see para 5.29 of SSR-2/1 (Rev 1) [1].carried
A ia- Therefore,
for de3|qn extension condmons Wlthout S|qn|f|cant fuel deqradatlonﬂtheeeenelmenseesenbe&m

para-paragraphs 3.39 t0 3.44 in SSG-2, (Rrev.1) [1]{4} 3-27-(a)-it mightmay be possible to show
that some safety systems, with censervative-an extended capability tapacity margins-embedded

in their design, would be capable of, {and be qualified for,.},} mitigating the conditionsevent
under consideration, based on best estimate analyses and on less conservative assumptions_than
the assumptions used for design basis accidents.

- Aslfendienteddnpon G0l S0 D ey T8 the cope orsinilarteehpieal
and-radiologicaleriteria-as—these—for design basis accidents, [Ffor [design extension-may-be
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considered-for-these conditions without significant fuel degradation, radioactivete-the-extenrt
practicable—Radioactive releases should be minimized as far as reasonably achievable.

3.213.25 Anticipated operational occurrences and design basis accidents combined with
rultiple-failures in safety systems should be considered as part of the list of designBesigh
e*ten&en—eendmensDEC Wlthout S|gn|f|cant fuel degradatlon —sheu«ld—lee—eensrtdeped—fer

DBAs (see para. 3. 40}éle)41 of SSG-2 (Rev. 1) [9] In S]Jhesemeledewmany plﬂdemgnz
such conditions include-the anticipated transienttransients without scram and station blackout,
i.e.{defined-in-SSG-34-as loss of the preferred power supply concurrent with a turbine trip angl
unavailability of all standby AC power supplies (see SSG-34 [7]).5>

3:223.26  Desigh-extension—conditionsDEC without significant fuel degradation should als
be considered to identify provisions to be implemented to reduce to-acceptablelevelsth
frequency of severe accidents caused by [fallures of safety systems. Such provisions shoul

u_‘(u 1=

includein-the-mitigation-of some DBAsto-acceptabledevels by, if possible, the-use-ofadditional, \

diverse measures to cope with common cause failures of safety systems.

3:233.27
degradation [reinforceseontribute—to—achieve the fundamental _safety objective by:
reinforeingement-of-the-robustness of the design to cope with fer-some complex and unlikel

1)

failure sequences_and balancesbalanunqbalancmq the overall risk proflle of the plant.
Therefore, theA "

Feasenablyeepaetmableup;e\mrshte—rmpreve—safe%tlhe rellablllty of safety systems an|

safety features for design extension conditionsrequiredrequired to cope with DEC withoy
significant fuel degradation should be jsufficiently high| that-eneugh, such as the escalation to
severe accident—for-DEC—withoutsevere accidents—significant—fuel-degradation—to—onhyb|
pestulated-is very unlikely to occur.exeeptionaty-and-to-occur-with-a-very-low-frequeney-

Design extension conditions with core melting

f s
(I)Wr—'-\k—l—km*d-rll)

3.243.28 In accordance with para. 5.9 of SSR-2/1 (Rev. 1) [1].} and with consideration g
R&DB—results_ from research and development, a set of representative acciden
conditionsaeeidents with core melting should be postulated to provide inputs for the design o
the containment and of the safety features ensuring its functionality. This set of representativ
accident conditionsaeeidents should be considered in the design of khe—corresponding-safet
features for design extension conditions with core meltingBEC and should representbe-a-set-f
bounding cases that envelop other severe accidents with more limited degradation of the core.

O ———h [+ —h

3.29 Paragraphin-accerdance-with-par- 6.68 of SSR--2/1_(Rev—(Rrev. 1) [1] states [footnot
omitted]:

D
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“For}—fer reactors using a water pool system for fuel storage, it should be
demonstrated that the design shall be such as to prevent the uncovering of fuel
assemblies in all plant states that are of relevance for the spent fuel pool so that the
possibility of conditions arising that could lead to an early radioactive release or a
large radioactive release is ‘practically eliminated’ and so as to avoid high radiation
fields on the site.”

325 —Hence, significant fuel degradation in the spentirradiated fuel pool shouldsterage-is not«
be postulated as part of this set of a-design extension conditions; rather it is required to be
considered among the conditions to be practically eliminated (see Section 5). endition-

3.263.30  The accident conditions chosen as design extension conditions with core melting
should be justified based—on_the basis of engineering judgement and insights from the
probabilistic safety analyses: see SSG-53 [65] and SSG-2 (Rev. 1) [9f8]. A detailed analysis
should be performed and documented to identify and characterize beth—accident
conditionsaeeidents that couldean lead to core damage and alseaceidentconditions thatean also
challenge or bypass the containment. All accident conditionsfthat could leadFernuelear power
plants designed-according to SSR--2/1, (Rrev.-1) [1]; accidents-involving core M}g}%
should be postulated as design extension conditions, even though BEC -irrespective-of the-fact

thatthe design provisions taken in accordance with the requirements of SSR-2/1 (Rev. 1) [1] to \‘

prevent such accidents will eenditions-make the probability of core damage very low. Aspects
that affect the accident progression and that influence the containment response and the source
term should be taken into account in the design of the-safety features_for design extension
conditions with core melting: see para. 3.42 of -as-indicatedtr-SSG-53 [65].

3.273.31 The capability and the reliability of the safety features for design extension
conditionste-cepe-with-BEC with core melting should be evaluated to ensure that they are
adequate for the safety function that they need to fulfil.

3.283.32  The challenges to plant safety presented by design extension conditionsBES with
core melting, and the extent to which the design may be reasonably expected to mitigate their
consequences, should be considered in establishing procedures and guidelines.
Recommendations in this regard are provided in IAEA Safety Standards Series No. SSG-54,
Accident Management Programmes for Nuclear Power Plants [1534]

3.33 Radioactive releases from the containment in a severe accident should remain below the
safety limit to allow sufficient time for implementation of off-site protective actions. Beyond
this time, releases mighteould exceed the safetythis limit but should still be well below the
acceptable limits for design extension conditions Hrit-with off-site protective actions in place.
[Radioactive releases should also —are-be well below what is considered a large radioactive
releasel Moreover, as stated in para 4.100 of aceerdingto-SSG-53 [6]:

“Atf5}—at the design stage, a target leak rate should be set that is well below the safety
limit leak rate (i.e. well below the leak rate assumed in the assessment of possible
radioactive releases arising from accident conditions)”.
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This may be achieved by provision of adequate filtered containment venting or other design
features or alternative measures,

3.34 As stated in paras 3.44 and 3.45 of SSG-53 [6]]

3:29 “Multiple-tha
contatament-confinement function—H-a-contatnment-venting-system-is—inchided-in-th

da h d-on * racnrt?’ . o a nrote a ons-h a hap

implemented and—muttiple means to control the pressure build-up in accident condition
inside the containment should be implemented_and venting (if any [is included in th
design] should be used only as a last resort... the use of the venting system should na
lead to an early radioactive release or a large radioactive release]”.” according—tp

$5G--53 [5}-

3.303.35 A safety assessment of the design should be performed with consideration of the
progression of severe accident phenomena and their consequences, and the achievement of
acceptable end state conditions and should take into accountaddressing applicable topicd|l
issues, More detailed information on the range of physical processes that could occur followin{y

core damage is provided in parapar. 7.66 of SSG-2 (Rev. 1) [98].

ASSESSMENT OF THE IMPLEMENTATION OF FHE-DEFENCE IN DEPTH CONCEPRT

12}

3:313.36  The implementation of defence in depth in the design of a nuclear power plant; i
required to be assessed to ensure that the safety provisions for each level areis adequatel

<<

designed to meet the objectives of that levelits-geals in terms of prevention, detection, limitatio
and mitigation. Requirement 13 of GSR Part 4 (Rev. 1) [3]2]}; states:

=

“It shall be determined in the assessment of defence in depth whether adequate
provisions have been made at each of the levels of defence in depth.”

D

3.323.37  ParagraphsParas 4.45-4.48A of GSR Part 4 (Rev. 1) [3] establish2}—centaH
additional requirements on this-assessment of defence in depth.

P A+ U7 +h

3.343.38 The performance and reliability of safety provisions for alldifferent plant state
should be assessed, taking into consideration an applicable set of analysis rules, the level of ris
and thetheir safety significance of the safety provisions. The—Such safety provisions should b
designed to maintain the integrity of the barriers to the extent necessary for the relevant plant
state, or to mitigate the consequences of postulated failures. The assessment should provide
evidence that the performances and reliability of the safety provisions associated with
correspending—to—each level of defence in depth is adequate. The assessmenti should

1|

(2]

demonstrate that, for each krediblepestmaedcredible \initiating event, the risk has been reduce
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to a level that is as low as Ireasonably achievablepracticable, considering also all consequences
of internal hazards and/er external hazards that could cause the event. The assessment should
consider insights from the assessment of engineering aspects and from deterministic safety
analysis and probabilistic safety assessmentanahysis, as appropriate for eachthe different plant
statestates.

E2.00 TheFhecorrectimplementation-otf-therequirementsmphes-that-the multiplicity of

the levels of defence is not a justification to weaken the effectiveness efficiency-of some levels
by relying on the effectivenessefficacy of other levels. In a sound and balanced design,
structures, systems and components atSSEs-ef each level of defence are characterized by a
reliability commensurate withte their function and their safety significance, andpreviding
reasonable safety margins_are provided.

3.363.40  The defence in depth conceptstrategy-in-the-design-ofa-nuelear-pewerplant should
be applled forteall mdm%ﬂvﬂsources bf radlatlon presentin the nuclear power plant tha%eeuld

aeeeum—erg%aded—app#eaeh—ésee%—l-} The foIIowmg are examples of sources of radlatlon Ilkely
to that-sheuld-be present in a nuclear power planteensidered:

— The reactorReacter core; <

— Fresh nuclear fuel, irradiatedspent fuel and fuel casks;

— Neutron sources and other radioactive sources;

— Airborne radioactive materialaetivity in buildings;

— Piping and process equipment containing radioactive material (e.g. the reactor coolant
system, reactor cooling systems, auxiliary systems, heating, ventilation and air
conditions systems of HVAC-ef-the controlled areas, gas and liquid effluent treatment
systems, solid waste treatment systems).

3.373.41  For radieactive-sources of radiation other than the reactor core and the huclear fuel,
defence in depth should be implemented in accordance with fellewing-a graded approach, with
approprate-account taken of the fact that many-radieactiveseurces-do-not-guatifyforall five
levels of defence in depth will not be appropriate for many sources of radiation within the plant.
Account should-—Fer—censistent—implementation,—account—needs—te be taken of the risk
represented by the amount and type of radioactive material present;-in-the-nuclear-pewer-plant;
the potential for its dispersion owingedue to itsthe physical and chemical nature—ef-these
preduets; and the possibility of nuclear, chemical or thermal reactions that could occur under
normal or abnormal conditions and the kinetics of such [reactionsevents. These characteristics
will differ for different sources of radiation and will influence the necessaryreguired number of

levels of defence in depth and the strength of each levelthesetevels—de-pending—on—the
radioactive-souree.

3.383.42  The physical barriers included in the designwithin—a—facHity are an important
consideration when assessing the adequacy of the implementation of the defence pth-in depth.

implementation- For each identified source of radiation, the physical barriers (including the
lreactor coolant pressure boundary and the containment boundary) bewndaries)-should be

identified and an-evaluation-of-their-the robustness of their designs should be evaluated in - '
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accordance withprevided-taking-inte-aceount a graded approach. The following aspects should
be assessedtaken-into-account in the evaluation:

(@) Each barrier should behave-been designed with an appropriate margin and the evaluatiof+
of-robustness of the various barriers should be evaluatedeenducted by applying a gradegl
approach based on the basis-ef-the-radiation risks or ef-the safety class of the equipment
forming the barrier.

(b) Appropriate codesCedes and standards should be used for the design and
manufacturemanufacturing or construction of barriers-should-be-appropriate, and prove
materials and technologies should be used infer the manufacturemanufacturing 0O
construction-sheuld-be-used.

(¢c) All loads and combinationseembination of loads that can apply to the barriers in
operational states and accident conditions, including loads caused by the effects of the
internal hazards and external hazards considered in the design, should be identified_and
calculated and should be shown to be less than the applicable limits.

(d) The number of barriers provided in the design should be justlfled and—Fhe Lassessmen%e
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should offer the best protection for workers and the publlc that may be reasonabl
expected.

(e) Valves, their control equipment and other equipment thatis-used in the barriersbarrig
beundary to prevent radioactive releases ko-lpreventradioactivereleases release-shoul
behave—been designed to ensure structuralbarrier integrity of the barriers in acciden
conditions.

(f)  Any deviation of a barrier from its normal configuration (e.g.sueh-as open containmedb
to accommodate certain activities when the plant is in a shutdown state) should be
justified by demonstrating that adequate protection is maintained in spite of the temporary
configuration (or operation) of the barrier.

o

—

3:393.43 An analysis of the various mechanisms that could challenge or degrade the
performance of the safety functions should be carried out in order to assess the adequacy of the
safety provisions that are implemented to prevent the occurrence of such mechanisms or to

stop theirthe progression.—ef-such—mechanisms: To the extent that different degradaticj:
mechanisms could necessitate different safety provisions, the adequacy and effectiveness of
eachevery safety provision should be assessed for each degradation mechanism.

3.403.44 The adequacy and effectiveness of safety provisions should be assessed by
performing deterministic safety analyses modelling the plant response to a given initiating event
for different boundary condltlons representatlve of each plant state. Each Qlant state —epeFaHend

] should be characterlzed by a type of transiept—s afety analy5|s with ap
applicableasseciated set of analysis rules, level of conservatism and gcceptancesafety criterieL

Recommendations on conducting deterministic safety analyses for the different plant states are

provided in SSG-2 (Rev. 1) [89].

3.413.45 The performance of safety provisions at each level of defence in depth is assessed
through assessment of engineering aspects and deterministic analysis involving the use of
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validated and verified computeraralysis codes and models to demonstrate that acceptance

criteria are met_and that there are sufficient margins to avoid cliff -edge effects. Further
recommendations are (further guidance is provided in paras 5.14-5.39 of SSG-2 (Rev. 1) [9].8])-

3:423.46  The reliability analysis of safety provisions for the different plant states, as
indicated in para. 3.3934, typically uses probabilistic techniques and takes into account the plant
layout and either protective provisions against or qualification for the effects of hazards, and
potential commonalities in the design, manufacturemanufacturing, maintenance and testing
ofbetween redundant and diverse equipment.

3.433.47  Statements of reliability should be supported by equipment reliability data
thatwhich is shown to be relevant to the [structure, system or component !Lnstauaﬁembeing

assessed, as well as supported by to-test data, the use of proven technologies and engineering

practices, and feedback from operating experience. Statements ofFhe reliability should also be
supported by verification of compliance of the structure, system or componentSSE with the
applicable set of design requirements. Reliability analyses for different systems or levels of
defence in depth can be integrated into a probabilistic safety anahyses-assessment to evaluate
overall plant risk metrics, such as core damage frequency or frequencies_of early radioactive

releases or large radioactive releasesearhyrelease-frequencies.

3:443.48 It should be verified that adequate diversity has been implemented in the design of
systems fulfilling the same fundamentalfundamental - safety function in different plant states if

a common cause failure of those systems would result in unacceptable damage to the fuel or
unacceptable radiological consequences.

3:453.49  The reliability of structures, systems and componentsEeguipmentfor-required for
controlling anticipated operational occurrences should be such that they are capable of is-aimed
at—reducing the number of challenges to safety systems_ and of contributing to

preventingpreventprevent the occurrence of design extensionDEC:DEC—H—should—be

3.463.50  The reliability of the-safety systems should be such that the collective contribution
to the core damage frequency of failing to control design basis accidentsBBAs does not exceed
the safety goals of the plant (e.g. for new nuclear power plants typically below 10-5 per reactor-
year). Design extension conditionsBEC without significant fuel degradation should be
postulated for specific low frequency event sequences as appropriate to achieve the safetysuch
goals,

3.473.51 Any vulnerabilities that could result in the complete failure of a safety system
should be identified and it should be assessed whether such a failure,# in combination with a
postulated initiating event.events-they could escalate to a core melt accident. [Foraceidents.

Usualy,fer each_such combination analysed, if the consequences exceed those acceptable for
design basis accidentsBBAs, and mightmay cause a core melt with unacceptable frequency,
separate, independent and diverse safety features, which are unlikely to fail by the same
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[ Commented [LHJ163R162]: Great, agree.

{ Formatted: Font color: Auto

24



Draft Safety Guide DS508 Step 1089 |

common cause, should be implemented -(e.g. an alternate AC power supply in case of athe totdl

Ioss of the emergency power supply, or a separate and diverse decay heat removal chain).};

A 2

targets: The reliability of safety features c0n5|dered for deS|qn extension conditionsDECDE

without significant fuel degradation should be such that it cancouldcould be demonstrated, wit
a sufficient level of confidence and considering applicable analysis rules (see paras 7.45-7.5
of SSG-2 (Rev. 1) [1]), that they are capable of preventingtoto prevent core damage with
frequency higher than the established probabilistic targets.

|2 | & s e | S o P R 3

3:493.53 The capability and reliability of safety features for design extensio

conditionsspecifically-designed-to-mitigate-the-consequences-of BEC with core melting shoul
be sufficientadeguate to ensure that the integrity of the containment integrity—will not b
jeopardized during any postulated core melt sequence. However, since the analysis of core mel

and its impact on the integrity of the containment tategrity-is associated withsurrouneedb
considerable uncertainties, the reliability claimed for suchthese safety features should b

considered with cautioneautiously-in-consideration-of-these-uncertainties.

3.503.54 It should be demonstrated that the reliability of safety systems and safety feature
for design extension conditionsBEC is not limited by the reliability of their supportingit

support systems.
[INDEPENDENCE \BETWEEN LEVELS OF DEFENCE IN DEPTH

=~ =~ (D

19

L2 2]

3.513.55  Paragraph 4.13A of SSR-2/1 (Rev. 1) [1] states:

“The levels of defence in depth shall be independent as far as practicable to avoid the
failure of one level reducing the effectiveness of other levels. In particular, safety features
for design extension conditions (especially features for mitigating the consequences of
accidents involving the melting of fuel) shall as far as is practicable be independent of
safety systems.”

Commented [AKE164]: this section had a lot of repetition
and disordered presentation of ideas. But | hope the changes
haven’t removed the technical intent

welanentaneﬂ%eefeee&m%ep%kFSome [addltlonal heneraLplanedestgFHequwements i

SSR--2/1 -(Rev. -1) [1] contributeaddress-aspects-contributing to ensuring the independence o

the levels of defence in depth. For example, the sharing of structures, systems or component
for executing functions in different plant states is one factor that could compromise th
independence of the levels of defence in depth.i- Requirement 21 of SSR-2/1 (Rev. 1) [1
states:
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“Interference between safety systems or between redundant elements of a system
shall be prevented by means such as physical separation, electrical isolation,
functional independence and independence of communication (data transfer), as
appropriate.”

For protection systems and control systems, in particular, Requirement 64 of SSR-2/1 (Rev. 1)
states:

“Interference between protection systems and control systems at the nuclear power
plant shall be prevented by means of separation, by avoiding interconnections or by
suitable functional independence.”

Regarding supporting systems and auxiliary systems, Reguirement-24-of-in-SSR-2/1{(Rev-—1)+

Estates-Requirement 69 of SSR-2/1 (Rev. 1) [1] states:

“The design of supporting systems and auxiliary systems shall be such as to ensure
that the performance of these systems is consistent with the safety significance of the
system or component that they serve at the nuclear power plant.”

3.533.57  The potential for common cause failures is a second factor that can compromise the
independence of the levels of defence in depth. Typical root causes of common cause failures
are undetected human errors in design or manufacturing, human errors in the operation or
maintenance, inadequate equipment qualification or inadequate protection against internal or
external hazards. Requirement 24 of in SSR-2/1 (Rev. B-F}-states:

“The design of equipment shall take due account of the potential for common cause
failures of items important to safety, to determine how the concepts of diversity,
redundancy, physical separation and functional independence have to be applied to
achieve the necessary reliability.”,

3—54—|Because of these factors Defenee—m—dep%h—;s—a#essenﬂal—p%ef—nueleappewepplam

3.553.58  Itisrecognized-inthe tAEA-safety-standards-that full independence of the levels of
defence in depth cannot be achieved. Fihm—is—dﬂe—te—se\mal—faeteps—and—een%m—semh—as—a

%The de5|gn of a nuclear power plant should consider all potentlal causes of
dependencies and implementan approach should be implemented to remove them to the extent

reasonably practicable. Robust independence is-essential-and-should be implemented among

26

[ Formatted: No bullets or numbering }

[Formatted: Font: Not Bold ]

Commented [AKE167]: several reasons to delete this: it’s
not the right place for explaining what DiD is, the
terminology (e.g.the word pillar) is not usual for the

standards, it repeats ideas from SCOPE

{ Commented [AKE168]: this sentence is a repetition of para

4.13A, using a should statement }

Commented [AKE169]: this sentence just abbreviates what
you go into detail on later, hence deleted

[ Commented [AKE170]: repeated above J




Draft Safety Guide DS508 Step 1089 |

systems whose simultaneous failure would result in conditions having harmful effects for

people or the enwronment Fe%seasen—mpapasﬁ%aﬂéé%@eﬁssw—@es%

al

3.57—As far as practicable, the sharing of systems or parts of them for executing functions for
different categeries-ef-plant states should be avoided. However, since this might not be alwayp
practical or possible, it should be ensured that within the event sequence ef-events—that
t
L
L

mightray follow a postulated initiating event, a system credited to respond in a given plar
state willeendition-should not have been needed for a preceding plant state. As emphasized i
para. 4.13A of SSR/2-1 (Rev. 1) [1], this eonditien-condition—This-is especially important whe
safety systems are to be credited for the mitigation of design extension conditions (see parg.
3.65).BEC-
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3.60 Requirement 21 of SSR-2/1 (Rev. 1) [1] states: |

“Interference between safety systems or between redundant elements of a system

shall be prevented by means such as physical separation, electrical isolation,
functional independence and independence of communication (data_transfer), as

appropriate.”

And Requirement 24 of SSR-2/1 (Rev. 1) [1] states: «

“The design of equipment shall take due account of the potential for common cause+
failures of items important to safety, to determine how the concepts of diversity,
redundancy, physical separation and functional independence have to be applied to
achieve the necessary reliability.”

3.59 Therefore, systems and components within the same safety division® and required for=
different plant states should be protected from one another by physical separation or protective
structures, as appropriate, to ensure they can perform their intended function in a situation

Where It IS AE-SYStemMSaRa—EcomponRen buSee—tor—aHterenftpian ate AROtHE—De-Sepafatea

3.603.61 The systems needed for different plant states in-accordance-with-the-defence-in
depth-eoneeptshould be functionally isolated from one another in such a way that a malfunction
or failure in any plant state does not propagate to another. However, practical limitations of

design necessitate pHow-exemptions to such functional isolation, ;-each of which should be

justified. Thus, it is a common practice to use some safety systems for certainseme anticipated
operational occurrences. For example, the intervention of the protection system mightray be
necessary to shut down the reactor for some anticipated operational occurrences that cannot be
controlled by the limitation system. For most reactor designs, the reactor trip system is a safety
system that is also needed for the control of some anticipated operational
occurrences. AQOSAOOS: In such cases, it should be shown that there is no practicable
alternative to use of the safety system to cope with the anticipated operational occurrence, and
that the use of the safety system for such an occurrence does not present a significant limitation
on the use of the safety system to mitigate a design basis accidentBBA.

3.613.62  The systems intended for mitigating severe accidents should be functionally and
physically separated from the systems intended for other plant states. [However, kafetySafety

features for design extension conditionsBEE with core melting may, for good reasons, also be
used for preventing severe core damage if it can be demonstrated that such usethis will not
undermine the ability of these safety featuressystems to perform their primary function if

18 Safety divisions may group redundant safety systems and their support and auxiliary systems. The redundancy
concept is applied to safety systems among different divisions to prevent their impairment due to a single failure, since they

are required to perform the same intended safety function.
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conditions do evolve into a severe accident. As an example,{e-g- a power supply intended fg
design extension conditionsBEC with core melting could be used,connected if necessary, t
power equipment for design extension conditionsBEE without significant fuel degradation.}-

o=

IASSESSMENT OF THE INDEPENDENCE OF THE LEVELS OF DEFENCE IN DEPTH

3.63 Engineering assessment, deterministic and probabilistic methods should be used to asses|
the independence of the levels of defence in depth. The structures, systems and component
needed for each postulated initiating event should be identified, and it should be shown b
means of engineering analyses that the structures, systems and components needed fa
implementing each level of defence in depth are sufficiently independent from those for th
other levels. A postulating initiating event is generally a bounding event covering differen
kinds of initiating failure and so it might be difficult to list all equipment for normal operatio
that might initially be affected by the postulated initiating event for particular design extensio
conditions. For this reason, the crediting of systems for normal operation in the safet
assessment of design extension conditions should be considered with extreme caution an
should be adequately justified. The adequacy of the independence that is achieved for each leve
of defence in depth should also be assessed by probabilistic analyses.

12}

12}

= = 19> £

3.633.64  Fheassessmentofthe-implementation-of-defence-in-depth should demonstrate that

independence between successive levels of defence is adequate to limit the progression of
deviations from normal operation and to prevent harmful effects to the public and the

environment if an accident occurs. The sheuld-aceidents-oceur—For-thispurpose-the-assessment

of the independenceimplementation of the levels of defence in depth should aim to verify that

Commented [AKE178]: Consider adding a subheading
here

the vulnerabllltles for common cause fallures between structures systems and componentd;

t
are clalmed to be mdependent have been |dent|f|ed and removed to the extent practlcable Such
common cause failure might have originated in the layout, design, manufacture, operation or
maintenance, In ladditionkr-partieutar, functional dependence between structures, systems an

Commented [AKE179]: the assessment of the
implementation of defence in depth was the previous section

Commented [LHJ180R179]: previous section was related
to considering independence of levels of DiD at design, here
we assess how that achieved.

componentsdependenceies should be removed or justified.

3.643.65 The assessment should demonstrate that the—safety features—systems that ar
intended to respond first in an accident are not jeopardized by the initiating event. Th
assessment should demonstrate that the operability of the safety systems is not jeopardized by
failures in systems designed for normal operation. Following an_initiating event, the failurels
occurring in anticipated operational occurrences should not compromise the capability of safety

systems to manage a design basis accidentthe-eventif-esealatingto-a-BBA.

3.653.66  The assessment should demonstrate that a failure of a supporting:

system is not capable of simultaneously affecting parts of systems for different plant states in a
way that the capability to fulfil a safety function is compromised. For this purpose, the
assessment should provide evidence that the reliability, redundancy, diversity and

O D
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independence of supporting systemsthe-suppert-service is commensurate with the significance
to safety of the system being supported.

3.663.67  An assessment should be conducted of the independence of structures, systems and
componentsSSEs that mightray be necessary at different levels of defence in depth to mitigate
the consequences of a single hazard or a likely combination of internalinexternatinexternal or
externalinexternal hazards |(natural and human induced hazards) on the plant.—sheuld—be

condueted: It should be demonstrated that the postulated initiating event and the failures
induced in the plant cannot result in common cause failure of the structures, systems and
componentsbetreen-the-SSCs necessary for #s-mitigation of the hazard at different levels of
defence in depth. In particular, the necessary safety features for design extension conditions for
core melting should always remain available.
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4. PRACTICAL ELIMINATION OF[PLANT \EVENT SEQUENCES THAT COULD

LEADEEADING TO AN EARLY RADIOACTIVE RELEASERELEASES OR A
LARGE RADIOACTIVE RELEASERELEASES

4.1 Paragraph Fhe-concept-of practical-elimination-is-introduced-inpara—2.11 of SSR-2/
(Rev. 1) [1]}-whieh states [footnote omitted]:

=

that—"Plant event sequences that could result in high radiation doses or in a larg
radioactive release have to be ‘practically eliminated’... An essential ...”—TFhis-is—#f

a3
objective is thatef the necessity forde&gn—bet—as—mehea{ed—m—tlcns—paragmph off-sitp
A
e

protective actions to mitigate radiological consequences be limited or even eliminated i
technical terms, although such measures might still be required by the responsibl
authorities”. |

4.2 [-In relation to the fourth level of defence in depth, para. 2.13 of SSR-2/1 (Rev. 1) [1

states [footnotes omitted]:

“Eventalse-introduces-the-expectation-that-event sequences that would lead to an early

radioactive release or a large radioactive release are required towiH be ‘practicall
eliminated’.”

43 Although —TFhe—foetnotes—to—the termrelevarft

paragraph-provide further clarification-as folows:
— R early radloactlve release’-is predomlnantly used in wth&eentext—w%adwaew

T

s +h - &

4243  |itshouldbeclarified—that“high radiation doses’ appears in para. 2.11 ang

Requirement 5 of SSR-2/1 (Rev. 1) [1]. It should be interpreted to mean such doses as woulg

occur as a result of an l&ndiearly radloactlve release Fel-e&ses—&FH}e{—f:u-l-l-}LequiVﬂ-l-eﬂt—mm—T

ation becaus
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4:34.4 The concept of RWith-regarding the-to-design—practical eliminationelimination is
normally appliedeensidered-te—refer only to those events or sequences of events that could
leadleading to or involvetrvelving significant fuel degradation, i.e. a <severe accidentaceident’,
for which the confinement of radioactive materialmaterials cannot be reasonably achieved. The
practical elimination of such plantFhese event sequences is requiredhave to be ensured
byeonsidered-in-the design [1].fer—practical-elimination’; either ensuring that the plant event
sequence is physically impossibleby—physical—impeossibility (see also paras. 4.343030-
4.353131) or because the plant event sequence is considered, with a high level of confidence,
to beby-being extremely unlikely to arise (see also paras. 4.363232-4.43).38)-te-eceurwith-a

high-level-of confidence:

4.5 The concept of “practical eliminationelimination” should be appliedeensidered as part of
the overall safety approach tofer the design of nuclear power plants, as set out in
sectionaeeordance-with-Chapter 2 of SSR-2/1 (Rev. 1) [1]. As a result of the implementation of
the first, second, third and fourthfeur levels of defence in depth, the likelihood of an off-site

radioactive release that could potentially resultreleases—resulting from an accident will the

fathure-of-the-prevention-and-mitigation-of severe-aceidents-should-be very low. However, it is

necessary to verify that there would not be credible plant conditions that could noteannet be
effectively mitigated and which could thus lead to unacceptable radiological consequences.
This is where the aim of the “practical eliminationelmination” concept lies: to reinforce the
implementation of defence in depth at a plant by a focused analysis of those conditions having
the potential for #unacceptable radiological consequences|

44.6 radioactivereleases’—Practical elimination should not be seen as an alternative to
mitigation of the consequences of a severe accident (i.e. implementation of the fourthritigation:
instead;—efficient and fifth levels of defence in depth); rather, the application of practical

eliminationreliableprovisions should be in addition to the provision of safety features for design
extension conditions withimplemented,-if they are reasonably practicable, to-mitigate-any core
melting, and on-site_and off-site_emergency response facilities. [Moreover, the practical
elimination of event sequences that could lead to a large radioactive release or an early
radioactive release does not remove the need for emergency preparedness and responserekt
conseguenee, in accordance with principle 9 of SF-1 [3] and the requirements of GSR Part 7

[12] the-defence-in-depth-conceptif they-are-reasonably-practicable-

4.7 [The concept of practical elimination lshould | be applied only in relation to jstant plant

event sequences that could lead to an early radioactive release or a large radioactive release, for

which reasonably practicable technical means for their mitigation cannot be implemented.
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Heeessapy—t&demermﬁatephaene%ehwuanen-by—she\mgqusthnq the phvsmal |mp055|b|||t
of the accident or by proving with-a-high-degree-ofconfidence-that such-severe-aceidents-woull
Deesdremeleanllebe

4-7—SSR-2/1 (Rev. 1) [1] does not provide quantitative acceptance criteria for the radiologica
consequences of accident conditions, norer for the magnitude of what is to be considered as |
largeradioactiverelease or an early radioactive release or a large radioactive release.- In som
Member-States an early radioactive release is defined for considering-a specific site specifi
considering restrictions on implementingte-implement off-site protective actions in ameasurel
timely manner. In some Member-States, acceptable limits on radioactive releases for purpose|
of fer-radiation protection, andas-well-as probabilistic criteria or target values for the purpos

of demonstrating athe low frequency of a core damage accident-eraceidentseguences-leading
te»radJreaewHeleases have been established, con5|stent W|th the-any regulatory requirement

>m

relies primarily on a deterministic evaluation and should notcannotcannot be soIeI
demonstrated by demonstrating showing the compliance with suchthesethese probabilisti
values.
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41049  The conceptAs—part of the—everall-safety—approach,—the—practical elimination

elimination’—cencept-should be applied inte a new nuclear power plﬂ F from an early stage,
when it isit’s more practicable to design and implement additional®® safety features. The

incorporation of such features should beis an iterative process, which should use-usirg insights
from engineering experience, and from deterministic safety analyses and probabilistic safety
assessmentanakyses in a complementary manner.

IDENTIFICATION OF RELEVANT PLANT EVENTPOTENTIAL SEVERE ACCIDENT
SEQUENCES

RABICACTNVERELEASE

4.10 The first step in demonstrating the practical elimination of plart-event sequences that
could lead to an early radioactive release or a large radioactive release is the identification of
such plant event sequences. This identification process is expected to result in a list of plant
event sequences, which can be grouped into a smaller set of plant conditions among the severe

accidents identified for the plant. The identification process should be justified and supported
by relevant information.

4.11 Inasevere accident, large quantities of radioactive substances are likely to be present and
not confined in the fuel or by the reactor coolant system. In addition, severe accident
phenomena that can generate large amounts of energy very rapidly. Together, this can make it
impossible to ensure the containment integrity, thus giving rise to unacceptable radiological

conseqguences.

411 11fl a severe accident occurs, it is necessary to ensure that radioactive material released

from the nuclear fuel will be confined. In particular, in situations of limited confinement, for
example in accidents involving fuel storage or when the containment is open and cannot be
closed in time, or where there is a containment bypass that cannot be isolated, the only way to
prevent unacceptable radiological consequences is to prevent the occurrence of such a-severe
accidents. |In such cases, it may be necessary to demonstrate practical elimination by justifying
proving the physical impossibility of the accident or by proving with a high degree of
confidence that such severe accidents would be extremely unlikely.

4.12 [Therefore, the issue when considering whether a particular plant event sequence should

be to-practically eliminated eliminate-a-severe-aceident-sequence-is the potential for the event

sequence to lead to a failure of thea confinement function-failure.

4.13 To help ensure that the demonstration of practical elimination is manageable, the whole
set of individual plant eventaceident sequences that might lead to an unacceptable radioactive
release [should leeuld-be grouped to form a limited number of bounding cases or typestype of

accident conditions. TheFhus—the following five general types_of plant event sequences

19 Such additional safety features include‘Adéi P—is—intended—here—to—deseribe any design provision that is
implemented following an p;aeﬂeal—elwmaﬂea—assessment supportingte—suppert the demonstration of <practical
eliminationelimination” of some plant aceident-event sequences. Some;-censidering-that-seme design provisions will already
have been implemented to support other safety objectives and analyses and can also supportparticipate-in the demonstration_of
practical elimination.
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shouldeewld be considered, depending on their which-sheuld-be-assessed-fer-applicability fort{a
specific designs:

(@ Plant eEvents kequences Events-that could lead to prompt reactor core damage an{j<
consequent early containment failure, such as:
(i) Failure of a large pressure-retaining component in the reactor coolant system; “
(ii) Uncontrolled reactivity accidents.
(b) Plant EeventSevere-accident sequences that could lead to early containment failure, such<
as:
(i) Highly energetic direct containment heating; “
(ii) Large steam explosion;
(iii) Explosion of combustible gases, including hydrogen and carbon monoxide.
(c) Plant eventSevere-aceident sequences that could lead to late containment failure, such ag:«
(i) Basemat penetration or containment bypass during molten coriumesriume concretg-
interaction;
(if)  Long term loss of containment heat removal;
(iii) Explosion of combustible gases, including hydrogen and carbon monoxide.
(d) Plant event sequences Severe-accidentsaccidentaceident-with containment bypass, such+
as:
(i) A losskess of coolant accident with the potential to drive the leakage outside of the-

containment via supporting systems (i.e. ] loss of coolant accident in an interface

systemﬁ%@@As%M&ee%m%ﬁen%mgh&be&e@p&rdmed%&he

a g o o g 5l
b

(i)  Plant event sequences producing a consequential CcontainmentCentainment

bypass eensequenﬂal—te—}seve;e—aeeidem—pregeessten]r(eg an_induced steam

generator tube rupture);

(iii) Alevere-accidentplant event sequence with core melt and Severe-aceidentin which

the containment is open21 (e.g. in the shutdown state).

(e) Significant fuel degradation in a spentsterage fuel poolland-uncentrotled releases?. bl

4.14 The Elassification-and-grouping in para. 4.1412 is consistent with the recommendation

Ty

provided in SSG-53 [65] and SSG-2 (Rev. 1) [9]. and highlights8};-highlighting some example

Ty

20 As the containment function might be jeopardised by the initiating event, any escalation to significant fugl
degradation has to be analysed and. where relevant, considered for ‘practical elimination’

2L InCurrentlyOn many LWR designs, the technology used for equipment hatches mightmay not be fast enough to
ensure re- closure and restoration of the contalnment |ntegr|ty before a radloacnvestgnmeantaewny release oceurs. Ihe#efep—,

red-forpractical ination”,
22 Mest-Several plant designs-in-varieus-States locate the spent fuel pool outside of the containment, given the slo
kinetics of accidents likely to lead to severe damage of the fuel assemblies stored in the spent fuel pool. The timescales_ involvel

enable the |mp|ementat|on of on-site or off 5|te preventlon or protectlve measures. msepnewsmqstderedﬂastheﬁbestehete

leeated—wp%eaetepbu#dmguHowever thls does mean that any occurrence of S|gn|f|cant fuel degradatlon in the pent fu
pool would directly lead to a large radioactive release. Therefore, any plant eventaceident sequence with significant degradatiof
of the fuel assemblies stored in the spent fuel pool has to be considered for “practical eliminationetimination”,
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of plant event sequences (e.g. severe accident conditions) for consideration for practical
elimination.

4.144.15  -censideration—Other classification—or—grouping—criteria for _grouping are also
possible. The Nete-alse-that-the-consequences offrem the accidents in para. 4.1442(c)(i) and

4.1432(c)(ii) could in fact be mitigated by the implementation of reasonable technical means.
In such cases, for scenarios not retained within the scope of consideration for practical
elimination, evidence of the effectiveness and an appropriate reliability of the mitigation should
be provided.is-reeessary- To facilitate the grouping proposed, each type of plant eventaceident
sequence should be analysed to identify the associated combination of failures or associated
physical phenomena that are specific to the plant design, and which have the potential to lead

confinement function. largeradioactive-release:

4-154.16  The identification and groupingappreach described in paras 4.1442 and 4.16 should
combined3-cormbines, when relevant, the following approaches:

(a) W phenomenological (top-down) approach, in which eensiders—any—phenomena are
considered that might challenge the confinement safety-function before or in the course
of a severe accident, in order to define a comprehensive list of plant event sequences,
i.e.severe-aceidents as listeddeseribed in para. 4.1412;

(b) A sequence-oriented (bottom-up) approach, in which all plant event reviews-any-accident
sequence that could leadleading to a severe accident are reviewed.- For each sequence,
any challenge to the confinement safety—function is assessed (this might involvemay
reguire evaluation of the loads on theente containment and of possible release routes via
leakages and bypasses). The sequence-oriented approachFhis supplements the
phenomenologicaltep-devw approach with a-broader screening to identify allany relevant
plant event sequencesaecident-seguence.

4-164.17  All possible normal operating modes of the plant (e.g. start-up, power operation,
shutdown, refuelling, maintenance) should be considered in the identification—process_of
identifying relevant event sequences, including operating modes with an open containment.

4-474.18  All plant locations and buildings where nuclear fuel is stored should be considered
in the identification—process_of identifying relevant plant event sequences, including the

spentirradiated fuel poolstorage.

IDENTIFICATION AND ASSESSMENT OF SAFETY PROVISIONS FOR
DEMONSTRATING PRACTICAL ELIMINATION
4184.19 FollowingFo—achieve the relevant  event

identificationebjectives  of

v NPPg \a

sequencespfa aH-eHHRaton—gestghe N vy 3
shert list-of accident seenarios, and grouping them into a smaller set of plant conditions, [as the

next step, the designer should undertake anurdertake assessment aimed at jdentifying safety
provisions in the form of design and joperational features that could be implemented;-eitherfor
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achieving-demonstrating ritigation-o o 0 acei ondition-o
qsrpractlcal elimination_of each relevant plant k;endﬂmnevent sequence. L—In this assessment Commented [LHJ233]: For consistency, we should
the mention “plant event sequence”

followmg aspects should be conS|dered

(a)  The state of the art in nuclear science and technology:

()(b)Experience |including-the—industry—experience—from the operation of nuclear powelr

plantsNPP and from accidents;
{b)(c) ProvenFhe technical and industrial preven-feasibility of safety provisions;
(d) The capability of the safety provisionsprovisionprovision to provide sufficient marging
for dealing with uncertainties and to avoid cliff edge effects;
{e)(e) Potential Fhe-petential drawbacks of safetyadditional provisions, which-that might onl

become evident after the plant is put into operationpet—be—seen—immediately (e.g.
operational constraints or spurious eperatoractionactuationsaction);

{e)(f) The Kineticskinetic of the-adhverse severe accident phenomena that might threaten th
containment integrity or its leaktightness;

{e}(g) Avoiding theThe-ne need to conductexecute on-site actions or use ef-off-site personngl
orstaff-and equipment.

11

4-194.20  The identification of safety provisions necessitates a comprehensive analysis of th
physical phenomena involved and it mightmay be necessary to further refine the identification
of eventelementary-aceident sequences performed in accordance with the approaches describeg
in para. 4.17%4.

4.204.21  The designer should lestablish a decision Fhis-identification-aims-at defining-severgh
options to-be submitted-to-the-decision-making process ffor determiningestablishing reasonabl

@D

practicable safetydesign-ane-eperational provisions to achieve practical elimination. Severgl
options for safety provisions should be developed and submitted to the decision making process.

4214.22 [Thel |safety—design—of provisions identifiedconsideredconsidered to ljustif

achievedemonstrate the for-practical elimination of relevant eventaccidentaccident sequences

should be associated,identified done-on a case -by -case basis,-and,where relevant,-associatef)

to the appropriate level of defence in depth or plant state at which the event sequence efevents
would need to be interrupted to prevent unacceptable radiological consequences. It should b
verified that the appropriate engineering design rules, such as fail safe actuation and protectio
against common cause failures induced by internal and external hazards; and technicg
requirements ffor the safety provisions in that level of defence in depth or plant state jhave bee

11
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followed, to ensure that the safety provisionsthey would achieve their safety function withy
previde sufficient margins to account for uncertainties, under the prevailing conditions, e.g. th
harsh environmental conditions associated withte a severe accident. Infapplying the engineerin

11

design rules and technicalassigning requirements, where relevant, appropriate testing should b
applied, operational procedures should be followed, and, in operation, surveillance-moenitoring
as well as in-service testing and inspection should be conductedeonsidered. The engineering
design rules and technical requirements should be applied at all steps in the development of th

D

4%

37

" [ commented [NM250R248]: ok )

| commented [AKE251]: is assigning requirements the same

Commented [AKE248]: | think you need to explain what
you mean by ‘appropriate’ rules, and link it back to the
introductory sentence of the para

[ Commented [LHJ249R248]: Text added ]

as applying requirements? In that case, this seems to be a
repeat of the subsequent sentence

but if it means ‘determining the requirements to be applied’
then we’d need to reword the sentence
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safety provisions, from design to operation, including their manufacture, construction or
implementation at the plant, and theiren-sie; commissioning and periodic testing.

4.224.23 Safety provisions for ﬁu&ﬁMﬂqaehiedeemonstratianesig;FpFe\Asien—and
operational-provisionfor practical elimination of some severe accident conditions could include
operational provisions as well as design provisions, and as such they could involve the
performance of operator reguire-human-actions te-be-performed (e.g. the opening of primary
circuit depressurization valves to prevent high-pressure core melt conditions). In such cases, this
ease a human factor assessment should be part of the justification supportingreeded-te-support
any claim for high reliability of operator actions. The human factor Examples-ofitems-the

assessment should addressinclude-as-part-of the followingdetermination-of-high-reliability-are
as follows:

(@) The availability of information given to operating personnel to perform the actionsactien
from the control room or locally, and the quality of the procedures or guidelines to
implement the actions.:

(b) The environment for performing the action (e.g. access to the local area, components to
be handled, identification of thecempenents location of components,ane ambient
conditions). If localleeat actions are expected to be takenduring—a-severe-accident in
harsh environmentalenvironmentalzardeusenvironmentalzardeus conditions, this is-are
likely to reduce the necessary reliability for demonstration of practical elimination.;

(c) The timescales for performingte-perferm the actionsaction, including sufficient margin to
achieve the expected outcomesit.

4.234.24  Some safetydesign-and-operational provisions claimed to contribute towards for-the
“practical elimination® of some eventsevere-aceident sequences could be vulnerable to petentialt
human errors that might have occurred prior to the onsetaceident—This-fype of the accident.
Such human errorserror could introduceeause latent risks to-be-introduced-that might prevent
successful operation of a system or component when it iswhen called upon during an event or
accident. In such casesa-ease, the kystem or componentSSCs used to performeeliver the action

Commented [LHJ252]: Could be say justifying instead of
achieving?

should be subject to relevant operational provisions (e.g. periodic testing, in-service inspection
and surveillance, inspeetions_and monitoring,—eemmissioping—qualification tests following
maintenance aetivities_and; periodic system alignment checks) to limit the risk from human
errors of this type-ef-human-error.

”The design of the plant shall also provide for an adequate margin to protect items
ultimately necessary to prevent an early radioactive release or a large radioactive release
in the event of levels of natural hazards exceeding those considered for design, derived
from the hazard evaluation for the site.”
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2

Therefore, certain safety provisions [for achievingiustifyingdemonstrating practical eliminatioh

—

should be [designed to withstand relevant internal and external hazards (i.e. hazards tha

consequential to the accident condition or likely to arise concurrently), with appropriate margir.

4.254.26  Where safetydesign provisions for achievingjustifyyngdemonstrating practicg

elimination and-eperatienal-provisions-rely on support functions, the relevant supporting-an
systems shouldl-the latter are all be designed to the standards necessary to ensure thatthe-SSC|

they-suppert-wilt have same level of separation, diversity, and robustness to hazards as th

safetymain-design_provisions they support, or that the safetymain-desigh provisions are—e+-b
tolerant to the loss of support functions.

O T I —

DEMONSTRATION OF ‘PRACTICAL ELIMINATIONEEIMINATION>
General-Aspects

4.264.27 The overall effectiveness of the safety provisions identified by the designer t
justiflachievedemonstrate practical eliminationpracticallypractically eliminate large or earl

L=y

releases should be demonstrated through a safety assessment thatwhichwhich include
engineering _judgement, _deterministic _analyses and _probabilistic _assessments. _[Th

demonstratlon of practlcal ellmlnatlon should \be conductedbe—based—en—the—assessmen{—e

3% w-\U

eens+dered as part of the de5|gn and safety assessment process for the plant, |ncIud|ng th

necessary inspection and surveillance processes during manufacturemanufacturing,
construction, commissioning and operation.

4.274.28  The safety provisions developedmeasures to prevent the event sequences in each of
the groupseategeries in para. 4.1412 from occurring should all be previded—and—their
5
i

effeetiveness—should-be-analysed. None of the phenomena or accidentand-plant condition
indicated should be overlooked because of their low likelihood of occurrence. Credible;by
credible research results should be employedand-dedicated-means-to-minimize-the-identifietl

WP S T=+h ‘(D 172}

risks-are-necessary to support the-safety-claims_of effectiveness of the safety provisions.

4.284.29  For each aceident-sequence-group of event sequences considered for “practicg
eliminationelimination’, an assessment shouldhas—te be performed to demonstrate th
effectivenessaceeptabitity of the associated safety provisions. Either itdesign—H should b
demonstrated that it is physically impossible for the eventaccidentaccident sequence eenditiof
to arise (see paras 4.34 and 4.35) or it shoulder_fer-the-accident sequence eendition-to-b
demonstratedextremely—unlikehrto—arise, with a high level of confidence, that the ever
sequence is extremely unlikely to arise (see paras 4.36 to 4.43). The justification of practica
elimination of an event sequence should preferably rely on a demonstration of the physicg
impossibility of its occurrence. If this is not achievable, it should be demonstrated, with a hig
level of confidence, that it is its extremely unlikely to occur.

T+ (D P (D (D =

= - —
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4.294.30  As evident from shewn-in para. 4.1442, the various eventaeeident sequences to be
considered for “practical eliminationelsination” are inherently rather different-in-essence. As
a consequence, their demenstrations-of-practical elimination shouldetminationare-expeeted
te be demonstratedprevided on a case -by -case basis-reflecting-this-variety.

4-304.31  Uncertainties due to limited knowledge of some physical phenomena, in particular
theseresulting-frem-severe accident phenomena, shouldhave-te be considered when conducting
engineering analyses as well as deterministic safety analyses and probabilistic safety
assessment, so thatanalyses-to-ensure a high level of confidence in the result can be assured.}t

4.32 Computer codes and calculations used to support the demonstration of “practical
eliminationekmination should be verified and validated and models used should reflect best

understanding of the physical phenomena involvedsheute-reflect best practicesknowledge so as

to provide acceptable prediction of the eventaecident sequences and the phenomena involved.
Section 5 ofphenomena- SSG-2 (Rev. 1) [9] provides recommendationsfurtherguidanece on the
use of computer codes for the-deterministic safety analyses (see Section 5 of SSG-2 (Rev. 1)

[8])-

Practical elimination of event sequences because they would be physically

impossiblePhysical-tmpossibility

4.33 Where a claim is made that an eventaccidentaccident sequence caneendition-that-needs
te be ‘practically eliminated because itelminated> is physically impossible, it should be
demonstratedis-nreeessary-to-demonstrate that the inherent safety characteristics of the system
or reactor type are suchensure that the eventaccidentaccident sequence eenédition-cannot, by the
laws of nature, occur and that the fundamental safety functions (see Requirement 4 of SSR-2/1
(Rev._ 1) [1]) will always be are-fulfilled.

4.34 In practice, the demonstration of physical impossibility appreach—is limited to very
specific cases. Demonstration of physical impossibility cannot rely on measures that
involverequiring active components or operator actions. luman-interactions-Should such-acase
arise, it would be heavily challenged.- An lexample is the practical elimination of eeue-be-the

effect of heterogeneous boron dilution, for which the main protection is provided by-easuring

first by injecting a limited volume of injection of non-borated water which does not allow that
effect to happen and second because of thesecondaand seconda-a negative reactivity coefficient
for all possible combinations of the reactor power and coolant pressure and temperature. In this

case, physical-impessibiity—apphies-only to-a prompt reactivity insertion accident_could be

considered physically impossible.
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Practical elimination of event sequences considered, Extremely-unlikely-to-arise-with a

high level of confidence, to be extremely unlikely to arise

4.35 The demonstration that certain plant sequences are xtremely| unlikely occur should rel

on the assessment of engineering aspects, deterministic considerations, supported b
probabilistic considerations to the extent possible, taking into account the uncertainties due t
the limited knowledge of some physical phenomena. Although probabilistic targets can be se
(e.g. frequencies of core damage or of radioactive releases), the demonstration of practicg
elimination cannot be approached only by probabilistic means.prebabHisticathy- Probabilisti
insights should be used only inte support of deterministic and engineering analyses
Meetinganalysis-for-the-demeonstration-of practical-ehmination—Also—meeting a probabilisti

target alone is not a justification to exclude further deterministic and engineering analysesth
analysis and possible implementation of additional reasonable safety provisionsdesign—¢
operational-measures to reduce the risk. Thus, thea low probability of occurrence of an acciden
with core damage is not a reason for not protecting the containment against the condition
generated by such an accident. In contrastfaet, design extension conditions with core meltin
are requiredneed to be postulated in the design, in accordance with Requirement 20 of SSR+{
2/1-(Rev. 1) [1].

T — 1o

S = e e S BT

eventacudentacudent sequence caneendmen—te be practlcally eliminatedeliminated” shoul

consider the following, as applicable:

(@ An adequate set of safety provisions, including both equipment and
organizationalerganisatienal provisions;
(b) The robustness of these safety provisions (e.g. adequate margins, adequate reliability,
qualification agaiast-for the operationaleperation conditions);
(c)  The independence between these safety provisions (i.e. an adequate combination of
redundancy,-and physical separation, diversity and; functional independence).

4.37 Deterministic analysesanalysis of severe accidents should be performed using a realisti
approach (see Option 4 in tableFable 1-Section-2 of SSG-2 (Rev. 1) [9]),8}) to the exten
practicable. Because explicit quantification of uncertainties mightmay be impractical owinges
to the complexity of the phenomena and insufficient experimental data, sensitivity analyses
should be performed to demonstrate the robustness of the results and to support the conclusiongs
of the [severe aceident-analyses. Sensitivity studies could also be used to confirm the adequacy

™ —~+ CJ

of alconservative bounding analysis.

4.38 If probabilistic arguments are used to support a claim When-it-is-elaimed-that a particulg
eventaccident accident sequence aceident-condition-has been practically eliminated, it shoul

M%p#@h%%&#g&mﬁs}—ﬁ—need&—t&be ensuredtaken—+nto-account that th

cumulative contribution of all the different [event sequences| considered does noteases-canng

O [+ (D L —

exceed the target for-large-or-earhy—release-frequency for early radioactive releases or larg
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radioactive releases, ifwhere such a target has been claimed by the NPP-designer or operating
organization/-eperater in theits safety assessment of the plantrepert or has been established by
the regulatory body.

4.39 The validity jof anythe probabilistic models jmodel-used should be checked against the |

kventdedicated-accident sequence at hand.eendition-to-assess. Assumptions made in support of

this checkferthe-proof should be well justified and validated.

4-384.40 The limitations of and uncertainties associated with the models used in
demonstration of practical elimination should be identified, taking into accountbearing-in-mind
that limitations of probabilistic safety assessment studies are associated with the probabilistic
modelling, as well as the supporting deterministic best-estimate studies.

4.394.41  IfWhen the eventaceident sequence to be “practically eliminatedeliminated” is the
result of a single initiating event, such as the failure of a large pressure-retaining component?®
in hormal operationpperational-states, the demonstration of practical elimination should rely on

the substantiation that aehieving—a high level of quality is achieved at all stages of the lifetime
of the component, i.e. its—tfetime: design, manufacturemanufacturing, implementation,
commissioning and; operation  (including  periodic  testing and in-service
surveillancerrenitoring, if any) so ascouldcould be achieved to prevent the occurrence and
propagation of any defect liable to cause the failure of the component. Hence, M@hg
occurrence of the single initiating event (e.g. failure of a large pressure-retaining component)
and-ef the-facility)-or the consequential event (i.e. uncontrolled reactivity accident) shouldreeds

to be considered for “practical eliminationelimination’.

4-404.42  |PWhen the eventaceident sequence to be “practically eliminatedetiminated” is the
result of an eventaceident sequence in whichwhere the confinement function degradesis
degraded before the-core melt occurs, then it shouldeore-melthas-to be demonstrated, prevented
with a high degree of confidence, that core melt will be prevented.— This means that, at least,
the usual levelstines of defence in depth should be implemented (i.e. for anticipated operational
occurrences, design basis accidentsAOOS-DBA and design extension conditionsBEC without
fuel degradation) with enhancements, asand-enhance-them-when necessary| to prevent design
extension conditions with core melt. L

DOCUMENTATION OF THE APPROACH TO PRACTICAL ELIMINATION

441443 The safety analysis report of the plant should reflect the measures taken to
demonstratete-justify the practical eliminationpracticathy-eliminatione of eventaccidentaccident

Commented [AKE281]: I’ve made this more wishy-washy
because above you emphasise that one is not supposed to rely
on probabilistic
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sequences eonditions-arising-that could lead to an early radioactive release or a large radioactive
release. The safety analysis report should include, either directly or by reference, all elements
of the demonstration, including the approach used to identify such eventeenditions accident
sequences, the design and operational safety provisions implemented to ensure that the

2 |nNete—that—in some Member—States, this demonstration |s assomated W|tht9 other concepts such as
‘incredibilitytneredibility of failure’, ‘high integrity component’, ‘nonEaihus e . . -breakable
component’, rather than withte the concept of “practical e|lm|nat|0nehm-m—aﬁeﬁ—eeﬂeep¥
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possibility of such eventeonditions—accident sequences arising has been <practicall
eliminatedeliminated” and the corresponding analyses.

43
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5. IMPLEMENTATION OF DESIGN PROVISIONS FOR ENABLING THE USE OF
NON-PERMANENT EQUIPMENT FOR POWER SUPPLY AND COOLING

5.1 As an application of RequirementSSR-2/4+requirement 14 of SSR-2/1 (Rev. 1) [1]; the
design basis foref items important to safety at-nuclearpower-plants-should be takeestablished
taking into account the most limiting conditions under which they need to operate or maintain
their integrity. This includes the conditions resulting from ratural-external ratural-hazards. In
accordance with Requirement 17 of SSR-2/1 (Rev. 1) [1], the effects ofFhe external hazards
and relevant combinations of hazards te-be-considered—as-perreguirement-17-6f SSR-2/1-are
required to be evaluated. Thisidentified—and—their—relevant—severityto—achieve—adequate
protection-of-the-public-and-the-environment is done isdefined as part of the site evaluation for
the plant (see IAEA Safety Standards Series No. {SSR-1. Site Evaluation for Nuclear
Installations [16]{16]).(SSR-1)-

5.2 There have been cases in which some external natural hazards, such as extreme<
earthquakes, floods and tsunamis, have exceeded the levels of external hazards considered for
the design.-as—a-resultfrom-the-site-evaluation. Paragraphs 5.21 and 5.21A21-A of SSR-2/1
(Rev. 1) [1] state that adequaterequire-sufficient margins are required to be provided in the
design to protect against external hazards for such cases.?*-in-the-design®.

5.3 To provide resilience against levels of external hazards exceeding those considered for
design, several requirements are established inderived-from-the-hazard-evaluationfor-the-site;
SSR-2/1 (Rev. 1) [1] regardingintredueed the inclusion ofreedto-inelude featj (TS in the design
to enable the safe use of non-permanent equipment for the following purposes®

(@) Restoring the necessary electrical power supplies (see—para. 6.45A of
SSR---2/1- (Rev. -1)- [1]);

(b)  Restoring the capability to remove heat from the containment (see—para. 6.28B of
SSR---2/1 (Rev. 1) [1]);

(c) Ensuring sufficient water inventory for the long term cooling of spent fuel and for
providing shielding against radiation (see-para. 6.68 of SSR-2/1 (Rev. 1) [1]).

5.4 The use of non-permanent equipment for other similar purposes, such ase-g- the removal
of residual heat from the core is not explicitly required, but is not excluded. |

54—|N0n-permanent equipment lis primarilv intended for preventinq unacceptable radioactive

conseqguences

lest—but—net—te—bet#eregetawneansteaehtevethese#uneﬂenslln the Ionq term after an acudent
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use of non-permanent equipment are....

24 Some States take a more formal approach to this issue by setting a higher level of hazards that has to be considered
in design, although with realistic analysis assumptions and possibly relaxed failure criteria and acceptable limits for purposes

of radiation Qrotection.

% These requnements in SSR 2/1 (Rev l) [1] were the result of feedback from the Fukushlma Danch| acmdent and

the stress tests or similar types of investigation conducted thereafter. Therefore, these measures were primarily introduced with
the occurrence of extreme external hazards in mind, although it is not explicitly indicated in SSR-2/1 (Rev. 1) [1].
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A and after

very rare events (e.g. natural external hazards exceedlnq the levels con5|dered forBEC:

5.5 Consistent with the intentions of para.=~51-anrd—+~64-£SSG-2{Revv—design, deriveq
from11) [8]%, the hazard evaluation for aim of the site) for which the capability and availabilit
of design features installed on-site might be affected. The aim of the use of non-permanentus
of such equipment is to restore safety functions that have been lost, [but it should not to be th

9%

9%

regular means for copingtoto cope with accident sequences for DEC in the short -term phas
for design basis accidents or for design extension conditions (see also parasof the of th

accident. 7.51 and 7.64 of SSG-2 (Rev. 1)).

5.5—To meetin-orderto-approach the requirements set out in para. 5.3implementation-of desigh
features—for—using—hnen-permanent—equipment, levels of natural hazards exceeding thos

considered for design, i.e. those derived from the hazard evaluation for the site, should b
con3|dered and their consequences should be evaluated as part of the defence in depth approach.

D

3%

3%

19

5.6 Particularly for external hazards, if the design basis for the plant is well established, it i

expected that the frequency of occurrence of a natural hazard of a severity significantl

exceeding a-well-established-design-basis-derived-from-the levels considered for design will b

site—evaluation—is—very low. However, as such frequencies are generally associated wit

significant uncertainties, i-is-very-impertant-to-understand-the behaviour of structures, system
and componentsSSEs to loading parameters resulting from fer—levels of external hazard

exceeding those considered forbeyene-above the design should be well understood.

T <O

[ 2 Lo

5.65.7 _|Anevaluation should be conducted to demonstrate thatbasis; the plantjwould sheuh

jrom

Iz

be able to cope with a hazard of a severity exceeding the levels considered for the design a
followsthe-situation:

=3

e To a certain extent, on the basis of the demonstration of the behaviour{margin} of a se
of structures, systems and components SSCs-{that are necessary to reach a safe state,};
against the resulting loading of such a situation;

o After the main effects of the hazard have passedhazards, and/or in addition to this, oh
the basis of the use of non-permanent equipment to restore the necessary safety
functions.

575.8 For each relevant scenario involvingef an external hazard of
design basis, the evaluation should identify limitations on the plart-response capabilities of th

a level beyond tht<
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plant eapabHity-and sheuld-define-a strategy should be defined to cope with these limitations.
Theln-the evaluation should also identify; the various coping provisions, accident management

27 These requirements in SSR 2/1 (Rev. 1) [1] were the result of the feedback from the Fukushima Daiichi accident and
the stress tests or similar types of investigation conducted by Member States thereafter. Therefore, these measures were
primarily introduced with the occurrence of extreme external hazards in mind, although it is not explicitly indicated in SSR 2/1
(Rev. 1) [1].
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measures and equipment (i.e. fixed or non-permanent equipment stored on_the -site or off the -
site)); that will be used to restore the safety functions and to reach and maintain a safe state.
The-sheuld-be-identified—Sueh-an evaluation should include the following:

(@) A robustness analysis of a relevant set of items important to safety to estimate the extent
to which those items would be able to withstand levels of natural hazards exceeding those
considered for design;

(b)  An assessment of the extent to which the nuclear power plant would be able to withstand
a loss of the safety functions without there beingreaching unacceptable radiological
consequences for the public and the environment;

(c) TheA-definition-of-the coping strategies to limit and mitigate the consequences of the
scenarios that could leadleading to a loss of relevant safety functions;

(d) An estimate of the necessary resources (i.e.ir—terms—ef human resources, equipment,
logistics and communication) to confirm the feasibility of the coping strategies.

5.9 Some aspects of the use of non-permanent equipment and the associated safety
assessment addressed-in-this-Safety-Guide-cannot be fully considered in detail at the plant
design stage and should be considered in-more-detail-during-the commissioning and operation
stagesphases. However, specific provisions should be considered to ensure fradiation protection |
of operating personnel protection for the use of non-permanent equipment should be considered
. at the design stage of new nuclear power plants or duringatat the implementation of
modifications, where applicable, for nuclear power plants designed tofromfrom previous
standards.

5.85.10  [The kvaluation should consider the possibility that multiple units at the same site
could be simultaneously affected by such an extreme external hazard.

505.11  The plant response and the coping strategiesstrategy for a-tevel-of-external hazards
exceeding the levelsthese considered for design-derived-from-the-hazard-evaluation-forthesite
should be assessed based on a realistic approach and should be supplemented where relevant
(e.g. in the case of cliff edge effectseffect) by sensitivity analyses where assumptions in the

modelling or where important operator actions by-eperating-personnel-are identified as essential
factors for the credibility of the strategy.

5405.12 The coping strategies should be defined, and the associated coping provisions
should be specified and designed taking into account the mestunrfaveurable-possible scenarios,

in accordance with para.-defined-accerding-te 5.86.

5415.13 To make the coping strategies more reliable, an adequate balance should be
implemented between fixed equipment and non-permanent equipment.-should-be-implemented-
This balance should be defined in accordance witheensidering-the-coping-time; the time for
which each coping strateqy will need to be implemented (the ‘coping time’), the time for
installation_of the non-permanent equipment, flexibility of using equipment for different
purposes, human reliability, the availability of human resources and the total number of

operator actions by-eperating—persennel-needed for the whole coping strategy. The use of
permanent fixed equipment should be preferred for the implementation of short-term actions.
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However, use of non-permanent equipment should be considered as backup to fixed
fatled-installed equipment that might fail, including for short -term actions, as it canmay provid
innovative and diverse means to further reduce risk-and-should-be-considered.

542514 The use of non-permanent equipment should be such that the time period needed
for thetheir installation and putting intoin service of the equipment is less than the define
coping time, with a specified margin allowed for time sensitive operator actions. Appropriat
time margins should be established for implementing operatorte-implement actions before th
occurrence of a cliff edge effect.—should—be—established- This time period should b
derivedbased, where possible, on the basis of times recorded during drills, or using-other
approaches for validating operatorthe actions.-of-eperating-personnek The ability to deliver an
operate non-permanent equipment on time under adverse conditions at the site_should also b
demonstrated, particularly ;ane-for events that could involveirvelving significant degradatio
of infrastructureinfrastructures and roads caused by extreme hazards on the site and off the sit
Considerations; should alse-be given to storing i
permanent equipment at a distance from the units ean-be-ofadvantage-in the case of som
extreme natural hazards.

to maintain operator proficiency in the use of the equipment and associated procedures. ToB+i
sheuld-consider-to the extent reasenably-possible, drills should consider -the conditions of red|
emergencies.

5445.16  Once the coping strategies have beenare defined and validated, guidance for th;
operators, as well as thetheir technical basis of the strategies, should be established an
documented (e.g. in emergency operating procedures or severe accident managemer
guidelines).

== >

5455.17 To ensure the success and reliability of the coping strategies, the
performanceperformances of the necessary coping provisions should be specified, ang
equipment should be designed and, when relevant, qualified in accordance with appropriate
standards to ensure its functionality during and after conditions caused by an extreme external
hazard or other extreme conditions-taken-inte-consideration.

19

5465.18 The appropriateness of the coping strategies and coping provisions, and th
feasibility of implementation under environmental conditions caused by extreme natura
hazards ander the radiological consequences of the accident (radiation—and—releases—o
radioactive-materials)y-should be evaluated.

- —
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ANNEX I. HEUSTRATHON OF POTENTIAL-CASES OF PRACTICAL |
ELIMINATION

FAILURE OF A LARGE COMPONENT IN THE REACTOR COOLANT SYSTEM

I-1. A sudden mechanical failure of a single large component in the reactor coolant system
could initiate an event in whichwhere reactor cooling would be lost in a short time and

pressure wave or a missile would damage the containment boundary. The safety provisions fo
defence in depth previsions-would not be effective in a such situation and an early radioactiv
release or large radioactive release couldwould follow. This is a very exceptional type o
initiating event for which safety systems and safety features are not designed for itsthei
mitigation and therefore it needs to be demonstrated that thetheir likelihood of such an initiating
event occurring would be certainly so low that itthey can be excluded, i.e. “practically
eliminatedeliminated?, from consideration. This is particularly importantessential-at-least for
the reactor vessel, in which a break would eliminate the capability of holding and cooling the
core. In addition, the likelihood of a failure of the pressurizer or theare steam generator shell
fatlure-need to be shown to be extremely low, or alternatively it needs to be demonstrated that
a failure of the pressurizer or [th_esteam generator shell would not lead to unacceptablp

R=RTD = W

consequences forte the containment.

1-2.  The safety demonstration needs to be especially robust and the corresponding assessment
suitably demanding, soin-erder that an engineering judgement can be made for the following
key aspects of each large component in the reactor coolant systemtepies:

(@) The most suitable composition of materials needs to be selected:;

(b) The metal component or structure needs to be as defect-free as possible;

(c) The metal component or structure needs to be tolerant of defects;

(d) The mechanisms of growth of defects need to be known;

(e) Design provisions and suitable operating practiceseperation-practice need to be in plac+e
to minimize thermal fatigue, stress corrosion, embrittlement, pressurized thermal shock
and over-pressurization of the primary circuit;

(f) EffectiveAn—effective in-—service inspection and surveillance and chemistry contrdl
programmes needpregramme-reeds to be in place during the manufacturemanufacturing,
construction, commissioning and the operation of the equipment, so that-te-detect any
defectsdefect or degradation mechanisms are detected and to ensure that the-equipment
properties are preserved over the lifetime of the plant.

I-3. In addition, evidence needs to be provided to demonstrate that the necessary
integrity of large components of the reactor coolant system will be maintained for the mogt
demanding situations.

1-4.  Several sets of well--established technical standards are available for ensuring reliabilit
of large pressure vessels, and the demonstration of “practical eliminationelimination” of vessql
failures of the pressure vessel has toean be based on rigorous application of these technical
standards. SuchFhe technical standards also provide instructions for verification of the state of
the pressure vesselvessels during the plant-lifetime of the vessel.

I-5.  The practical elimination of failures of large components is thus achieved by the essentigt
means-of thefirst level of defence in depth and does not relywitheut-relying on the subsequent
levels of defence in depth.
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1-6.  The demonstration, -ef-lew-fature-likelihood-with a high level of confidence, of a low
likelihood of failure could be supplemented by a probabilistic fracture mechanics assessment,
which is a widely recognized and commonly used technique. Probabilistic assessment in the
demonstration of practical elimination, and especially in this case, is not to be restricted to the
use of Boolean reliability models_(-e.g. fault trees or event trees) or failure rates derived from
the statistical analysis of observed catastrophic failures. Probabilistic fracture mechanics
includes-assessments address aspects such as ef-material fracture toughness_and; weld residual
stress, ete—which in turn considereensiders deterministic analysis, engineering judgement and
the measurements of monitored values-as-weH.

FAST REACTIVITY INSERTION ACCIDENT IN A LIGHT WATER
REACTORACCIDENTS |

ap - WRs

I-7. Fast reactivity accidents can be very energetic and have a potential to destroy the fuel,
fuel cladding and other barriers. As far as possible, thetFhetFhe prevention of such accidents is
toneeds-tomay be ensured at the first level of defence in depth by proper design of the reactor
coolant system and the core, or at the third level of defence in depth33 by provision of two

[ Commented [AKE313]: there is no (b) }

diverse, independent means of shutdown.

+-71-8. —The first level of defence in depth11 ofmain-pretectionis-may be provided by the
core nuclear characteristics (such as the negative reactivitypowerpower coefficient in light
water reactors),of reactivity in LWR) an-everatnegativereactivity-coefficient-which, under all
possible combinations of reactor power, neutron absorber concentration, coolant pressure and
temperature, suppresses any increase inthus-could suppressing reactor power inerease-during
any disturbances and eliminate any eliminating—the—uncontrolled reactivity excursion.
Therefore, this is a case-with-help-of the-laws of rature{demonstration of practical elimination
by physical impossibility of the event sequence.eenditions):

$-8.1-9.  |An uncontrolled reactivity excursion could potentially be caused by sudden

insertion of a cold or under-borated water slug into a reactor core. Nevertheless, all potential
risks of sudden changes in the coolant properties need to be identified and prevented by design
provisions. [In this case, the demonstration of practical elimination is because the event sequence

is considered; physically impossible to occurwith-a-high-level-ofconfidenceto-be-extremely
unlikely to-eecur.

+9:1-10.  Therefore, theThe demonstration of practical elimination relies primarily on
impossibility of reactivity excursions through a core design with overall small or negative
reactivity coefficients, supported by other design measures to avoid or limit

excursionsinsertions of reactivity, Whiche.g-injection-of water with-low boron-concentration-in

the—ecore—that can be evaluated deterministically and probabilistically as appropriate to
demonstrate that the conditionsthey are extremely unlikely to occur.

+10.1-11. A moreMere complex situationsiuations could arise however if criticality can be
reached during a severe acmdentaeerdems This has been a topic of concern forin specific core
meltdown scenarios in reactors _ for which | where-the control rod material

has a lower melting point and eutectic formation temperature than the fuel rods. A potentially
hazardous scenario might occur if the reactor vessel were reflooded with un-borated water in a
situation when the control rods have relocated downwards but the fuel rods are still in their
original position. This could result in re-criticality of the fuel, likely resulting in thea generation
of additional heat on a continuing or intermediate basis, depending on the presence of water.
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This is again an aspect to be analysed by considering the design provisions and severe accident
management features together, lin order to be able to demonstratete-reach-aplausible-conelusioh

that the plant sequenceeendition has been practically eliminated_because it is considered, with
a high level of confidence, to be extremely unlikely to occur.

DIRECT CONTAINMENT HEATING

I-12. In a pressure vessel reactorreacters, core meltdown at high pressure could cause a violen
discharge of molten coriumeeriume material into the containment atmosphere and this woul
result in direct containment heating from the hot melt and exothermic chemical reactions. Ever
sequences involving highHigh pressure core melt situations-therefore need to be practicall
eliminated by design provisions to depressurize the reactor coolant system when a meltdown i
found unavoidable, so that the conditions are considered, with a high level of confidence, to b
extremely unlikely to occur.

T+ X

T w»n T

142.1-13. —In | pressurized heavy water reactor, in contrastreacters, direct containment

heating due to ejection of the molten coriumeeriume at high pressure is practically eliminated
because pressure tubes would fail rapidly at high fuel temperature. This would
depressurizedepressurise the primary system before significant core melting can occur. This is
a case of practical elimination of the event sequence owing to its physical impossibility.

1-12:1-14. Any high pressure core meltdown scenario would evidently be initiated by a small
coolant leak or boiling of the coolant and release of steam through a safety or relief valve. For
such situations, there needs to be-a-design provisions in placesbjective to ensure, with a eervedt
the-high level of confidence, that such small coolant leaks or boiling of the coolant insteal
Wwould result inpressurecore-melt-to a low pressure core melt sequence with a high reliability,

so that high pressure core melt conditions can be practically eliminated. The depressurization
needs to be such that very low pressure can be achieved before anya discharge of molten
coriumeeriume from the reactor vessel can take place. In addition©n-the-otherhand, it is
important that dynamic loads from depressurization do not cause a threat to the essentigl
containment structures. Design provisions need to be in place to ensure, with a high level of

confidence, that any high pressure core meltdown scenario this-does not occur.

1-13:1-15. Dedicated depressurization systems have been installed in existing plants and
designed for new plants. At pressurized water reactors, such systems-they are based on simplg
and robust devices and straightforward actions by operating personnel that eliminate the risk of
erroneous automatic depressurization but provide adequate time to act if thewhen need arise(j.
At boiling water reactors, the existing steam relief systems generally provide means for
depressurization, with possibly some modifications in valve controls to also ensure reliable
valve opening and open valve positions atin very low pressures.

1-14:1-16. A deterministic analysis is necessary to demonstrate the effectiveness of the
depressurization system in preventing direct containment heating. Traditional probabilistic
safety assessment techniques are adequate to demonstrate a high reliability of the
depressurization systems, including the initiation of the systems by operating personnel. In this
way, the-practical-ehmination-of-direct containment heating could be demonstrated, with a hig
level of confidence, to be extremely unlikely to occur, based on a combined deterministic an
probabilistic assessment of specific design provisions.

| =

53

Commented [AKE323]: | think you cannot say plausible
here. It doesn’t mean the same at all as ‘high level of
condifidence’

[Commented [AKE324]: a new para, a new situation

Commented [LHJ326R325]: Yes, it is. Since the potential
consequences of the high pressure core melt ejection there is
a need to perform a fast depressurization

Commented [AKE325]: I don’t think you mean that a high
pressure melt is converted to a low pressure melt sequence (in
reality)

Commented [AKE327]: where are you going with this
statement? see the proposal for another sentence straight after
this one

Commented [LHJ328R327]: Dynamic loads from
depressurization are important see para. 7.26 of SSG-56. It
should be also mentioned that here.




Draft Safety Guide DS508 Step 108
LARGE STEAM EXPLOSION

+45.1-17. The interaction of the reactor core melt with water, known as fuel-coolant
interaction, is a complex technical issue involving a number of thermal-hydraulic and chemical
phenomena. Fuel-coolant interactions mightmay occur in-vessel, during flooding of a degraded
core or ifwhen a molten core relocates into the lower head filled with water. Such interactions
mightFhey-ray also occur ex-vessel, ifiren molten core debris is ejected into a flooded reactor
cavity after the vessel failure. Each of the scenarios might lead to an energetic fuel-coolant
interaction, commonly known as ‘steam explosion’, which represents a potentially serious
challenge to the integrity of the reactor vessel and/or the containment-integrity.

1-16.1-18. The conditions of the triggering of athe steam explosion and the energy of explosion
in various situations have been widely studied in reactor safety research programmespregrams.
The risks of steam explosion cannot be fully eliminated forin all core meltdown scenarios in

whichwhere molten core might dropmay-be-dropped to water.

-47:1-19. For the practical elimination ofeliminating steam explosions that could damage the
integrity of the containment-barrier, the preferred method is to avoid the dropping of molten
core into water for allin-ary conceivable accident scenarios. Such approach is used in some
pressurized water reactors where reliability of external cooling of the molten core has been
proven and in some new reactors with a separate core catcher. In some existing_boiling water

reactors and in some new designs ofédesignhed boiling water reactors, the molten core would s
al-severe-aceident-seenarios-drop to a pool below the reactor vessel in all severe accident
scenarios and wouldaré_be solidified and cooled in the pool. In allasy such circumstances in
which thewhere molten core drops to water, it needs to be proven with arguments based on the
physical phenomena involved in the respective scenarios that the risk ofrisks—from steam
explosion damagingte the containment integrity hashave been practically eliminated_owing to

the physical impossibility of the event sequence. —TFhe-rele-efprobabiistic-safety-assessment
Lp-this-dlemenstation - —there-is-onaatal—sver~lmitad:

EXPLOSION OF COMBUSTIBLE GASES: HYDROGEN AND CARBON MONOXIDE

1-18:1-20.  Hydrogen combustion is a very energetic phenomenon, and a fast combustion
reaction (detonation) involving a sufficient amount of hydrogen would cause a significant threat
to the containment integrity. Dedicated means to prevent the generation of hydrogen and its,

accumulation atofof hydrogen in critical concentrations, and to eliminate hydrogen detonation|

are needed at all nuclear power plants, although different means are preferred for different plant
designs.

1-19:1-21. In boiling water reactor containments, which-that are all relatively small, the main
means of protection|against hydrogen generation and accumulation is filling of the containment

with inert nitrogen gas during power operation. In large, pressurized water reactor
containments, the current practice is to use passive catalytic recombiners or other devices that
control the rate of the oxygen and hydrogen recombination_against hydrogen detonation.

1-20.1-22. It is also necessary to ensure and confirm with analysis and tests that circulation of
gases and steam inside the containment provides proper conditions for hydrogen recombination
and eliminateseliminate excessive local hydrogen concentration, taking into account
thateenecentrations—Furthermere; the risk of hydrogen detonation increases if steam providing
inertization is condensed.
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1-2%1-23. The consequences of hydrogen combustionCenseguences will depend onbg
sensitive-to the highest conceivable rate and the total amount of hydrogen generation inside the
containment. Some-of-the-current core catchers that are currently installed in nuclear powejr
plants can significantly reduce or even eliminate the-ex-vessel hydrogen generation in anthp

F

accident phase-when the molten core has dropped to the catcher, and this could bring-rrajg
reduetion—also considerably reducete the total amount of hydrogen generated inside th
containment.

}-22.1-24. In particular, FtheThe design provisions for preventing hydrogen detonation Lalst[ {
Thi

heed to be assessed in order to demonstrate the practical elimination of this phenomenon.
assessment also includes the consideration of hydrogen propagation and mixing inside the
containment.

1-23:1-25. Carbon monoxide can be generated in a severe accident if molten core discharged
from the reactor vessel interacts with concrete structures. The amount and timing of carbon
monoxide generated depend on the particular core melt scenario, the type of concrete and
geometric factors. Mixtures of carbon monoxide and air can be also explosive, although this
chemical reaction is less energetic than the-hydrogen combustion and the burning velocity i
also lower. Therefore, the contribution of carbon monoxide to the risks to the
containment integrity has generally received less attention. However, _the presence of carbo
monoxide increases the combustible gas inventory in the containment and influences also
flammability limits and burning velocities of hydrogen. Therefore, the influence of carbon
monoxide needs to be considered_so as to demonstration the —A—practical elimination %f
hydrogen combustion. A design provisionsmeasure to minimize the impact of carbon monoxid
is the use concrete with low contents of limestone.

LONG TERM LOSS OF CONTAINMENT HEAT REMOVAL

1-24:1-26. _In a situation where core decay heat cannot be removed by heat transfer systems to
outside of the containment and further to an ultimate heat sink, or in a severe accident wherb
the core is molten and is generating steam inside the containment, cooling of the containment
atmosphere is a preferred meansrean for preventing its overpressure.

1-25.1-27. _There are several examples, from both existing plants and from new plant designs,
of robust dedicated containment cooling systems that are independent of safety systems and
mightmaymay be capable of supporting theaa demonstration oftoto practical elimination ap

considered-to-practically-ehiminate-therisk-of containment rupture by overpressure.

1-26:1-28. An alternative to cooling ofis—to—eliminate the containment is elimination df
containment overpressure by means of venting. This is necessary especially in some boiling
5

water reactors, where the size of the containment is small and pressure limitation mightmay by
needed for design basis accidents and design extension conditionsbeth-in-the-BDBA-as-weH-4
in—DBEC with core melt. The existing—venting systems in existing plants prevent
overpressurization at the cost of some radioactive release involved in the venting, also in the
case that the venting is filtered. However these might-—ay be acceptable strategies for seve’rf
accident management if technically justified given the risk levels and an appropriate assessment
of the decontamination factors for the strategy.

overpressurization, but the-stabilization of the core and the cooling of the containment are sti
necessary in the longer term.

+-27:1-29. Containment venting avoids a riskthreat to_the containment integrity due t‘)
|
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1-28:1-30.  The safety demonstration needs to be based on the capability and reliability of the
specific measures implemented in the design to cope with the severe accident phenomena.
LevelA—level 2 probabilistic safety assessment can be used to demonstrate the very low
probability {i-e—practical-elimination)-of event sequences that could leadieading to a large
radioactive release, i.e. the practical elimination of long term loss of containment heat removal
owing to its being considered, with a high level of confidence, to be extremely unlikely to
arisereleases.

CONTAINMENT PENETRATION BY INTERACTION WITH THE MOLTEN CORE

1-29:1-31. In-the-event-of a severe accident in which the core has melted through the reactor
vessel, it is possible that containment integrity could be breached if the molten core is not
sufficiently cooled. In addition, interactions between the core debris and concrete can generate
large quantities of additional combustible gases, hydrogen and carbon monoxide, as well as
other non-condensable gases, which could contribute also to eventual overpressure failure of
the containment.

1-30:1-32. Alternative means have been developed and verified in extensive severe reacter
accident research programmesproegrams in this area conducted in several Statespatienalhy and
also with#n international co-operation. The means suggested include the following:

(@) Keeping of the molten core inside the reactor vessel by cooling the vessel from outside;
(b) Installing a dedicated system or device that would catch and cool the molten core as soon

as it has penetrated the reactor vessel wall.

1-34.1-33. _In both approaches, cooling of the molten core generates steam inside the
containment, and it is also necessary to provide features for heat removal from the containment
that are independent, to the extent practicable, of those used in more frequent accidents.

+32.1-34.  While probabilistic safety assessment can play a role ines assessing the reliability
of establishing external reactor vessel cooling or the core catcher cooling (if provided), the
demonstration of the practical elimination of melt through of the containment boundary melt
through-relies extensively on deterministic analysis of the design provisions, to demonstrate
that such containment penetration can be considered, with a high level of certainty, to be
extremely unlike to arise.

SEVERE ACCIDENTS WITH CONTAINMENT BYPASS

1-33. Containment bypass can occur in different ways, such through circuits connected to the<
reactor coolant system that exit the containment or as a result of defective steam generator tubes
(for pressurized water reactors). Severe accident sequences with non-isolated penetrations
connecting the containment atmosphere to the outside andas-wel-as severe accident sequences
during plant shutdown with the containment open also need to be considered as containment
bypass scenarios. Failures of lines exiting the containment and connected to the primary system,
including steam generator tube ruptures, are at the same time accident initiators, whereas other
open penetrations only constitute a release path in accident AH-these-conditions. Nevertheless

all these event sequences have to be “practically eliminatedeliminated> by design provisions

such as adequate piping design pressure and isolation mechanisms.
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1-35. The safety demonstration for elimination of bypass sequences includesneeds-te-include a
systematic review of all potential containment bypass sequences and coverseever all
containment penetrations.

I-36. |[Requirement 56 of IAEA Safety Standards Series No. SSR-2/1 (Rev. 1), Safety dff

Nuclear Power Plants: Design} [I-1] Establishes the minimum isolation requirements fof

various kinds of containment penetrationpenetrations. The requirement addresses aspects of
leaktightness and leak detection, redundancy and automatic actuations, as appropriate. Specific
provisions are given also for interfacing failures in the reactor coolant system. National
regulations address in more detail what are the applicable provisions for containment isolations
and prevention of containment bypass or interfaceinterfaceing systems loss of cooling
accidents.

1-37. Based on the implementation of the design requirements or specific national regulations
and the in-service inspection and surveillance practices at the plant, the analysis has to assesp
the frequency of bypassing mechanisms. This analysis, although of probabilistic nature, needs
to combine aspects of engineering judgement and deterministic analysis in the probabilistic
calculations, and always to be based upon the redundancy and robustness of the design, the
application of relevant design rules, e.g. fail safe actuation, as well as the pertinent inspection
provisions and operational practices, similar to the previous cases. While the analysis of
isolation of containment penetrations or steam generators is amenable to conventional fault tree
and event tree analyses, with due consideration of failures in power supplies, isolation signa&s
and operatorhuman actions, other analysis aspects mightmay involve the use of other
probabilistic methods together with deterministic methods and engineering judgement to
demonstrate the practical elimination of containment bypass. This would lead-er-ere-hand to
defensible low frequency estimate of the bypass mechanisms associated withte eac
penetration. In addition-based—On-the-other-hand, the reliability of design provisions for th
isolation of bypass paths based upon conventional probabilistic assessmentsanalysis woul
complement the demonstration that event sequencessevere-accidents with containment bypas
have been practically eliminated.

SIGNIFICANT FUEL DEGRADATION IN THE SPENTIRRADIATED FUEL STORAGE |
POOL

1-38. Facilities for spent fuel storage need to be designed to ensure that event sequences thg
could lead to an early the-petential-for-highradiation-deses-or-radioactive release or a larg
radioactive releasereleases to the environment are practically eliminated. To this end, it i
necessary to ensure that spent fuel stored in a pool is always kept covered by an adequate laye
of water. This involvesreguires the following:

= T U [+

(@) A pool structure that is designed against all conceivable internal hazards and external
hazards that could damage its integrity;

(b) Avoiding siphoning of water out of the pool;

(c) Providing sufficientlyredundant—andsufficiently reliable means (e.g. such as applyin
redundancy, diversity and independence see para. 3.7 of IAEA Safety Standards Seriep
No. SSG-63, Design of Fuel Handling and Storage Systems for Nuclear Power Plants [I-
2]) for pool cooling that eliminate the possibility of long lasting loss of cooling functior,
i.e. for the time needed to boil off the water;

(d) Reliable instrumentation for pool level monitoring;

(e) Appropriate reliable means to compensate for any losses of water inventory. ‘
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1-39. Risks for mechanical fuel failures need to be eliminated by the following means:

(@) A design that ensures that heavy lifts moving above the spent fuel stored in the pool are
avoided;
(b)  Structures that eliminate the possibility of heavy lifts dropping on the top of the fuel.

1-40. In designs where the spent fuel pool is outside the containment, the uncovering of the fuel
would lead to fuel damage and a large radioactive release could not be prevented. Means to
evacuate the hydrogen would prevent explosions that could cause further damages and prevent
a later reflooding and cooling of the fuel. Therefore, it is necessary to ensure by design
provisions that the uncovering of spent fuel elements has been <practically
eliminated.etminated>

1-41. In some designs, the spent fuel pool is located inside the containment. In this case, even
though the-spent fuel damage would not lead directly to a large radioactive release, the amount
of hydrogen generated by a large number of fuel elements, the easy penetration of the pool liner
by the molten fuel without means to stabilize it, among other harsh effects couldweuld
eventually lead to a large radioactive release. Therefore, it is also necessary to ensure by design
provisions that also in this case the uncovering of spent fuel elements has been “practically
eliminatedehminated™.

REFERENCES TO ANNEX |

I-1] INTERNATIONAL ATOMIC ENERGY AGENCY, Safety of Nuclear Power Plants:
Design, IAEA Safety Standards Series No. SSR-2/1 (Rev. 1), IAEA, Vienna (2016).

F—[1-2] INTERNATIONAL ATOMIC ENERGY AGENCY, Design of Fuel Handling and
Storage Systems for Nuclear Power Plants, IAEASpecificSpecific Safety Standards
Series No. Guides, SSG-63, IAEA, Vienna (2020).
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ANNEX II.
APPLICATION OF THE CONCEPTS OF DESIGN EXTENSION CONDITIONS ANI
PRACTICAL ELIMINATIONTOFO NUCLEAR POWER PLANTS DESIGNED TO
EARLIER STANDARDS

11-1. Paragraph 1.3 of IAEA Safety Standards Series No. SSR-2/1 (Rev. 1), Safety of Nuclealr
Power Plants: Design} [11-1] states:

=

“It might not be practicable to apply all the requirements of this Safety Requirements
publication to nuclear power plants that are already in operation or under construction. In
addition, it might not be feasible to modify designs that have already been approved by
regulatory bodies. For the safety analysis of such designs, it is expected that a comparison
will be made with the current standards, for example as part of the periodic safety review
for the plant, to determine whether the safe operation of the plant could be further
enhanced by means of reasonably practicable safety improvements.”

This implies that the capability of existing plants to accommodate accident conditions not
considered in their current design basis and the practical elimination of event sequencesptadt
conditions that couldean lead to an early radioactive releasereleases or ate large radioactive
releasereleases need to be assessed as part of the periodic safety review processes (ENISS)-with
the objective of further improving the level of safety, where reasonably practicable. (ENISS)-

11-2. The concepts of design extension conditions and practical elimination of event sequences
that could lead to an early radioactive releasereleases or a large radioactive releasereleases ar
not tetath-new. In fact, the tast-concept of practical elimination was already introduced in th
2004 |AEAfermer Safety Guide for the design of the reactor containment?, and both concep
mightmay have been applied partially in the design of some existing nuclear power plantg,
although not necessarily in a systematic way. Over time, design features to cope with condition
such as station blackout or anticipated transients without scram have been introduced in many
nuclear power plants. Some plant-conditions-or-event sequences_that could lead to an earl
radioactive releasereleasesreleases or a large radioactive releasereleasesreleases—to—b;
practicalhy-eliminated have been addressed also in many designs already, although a specifi
demonstration of in—acecordance—with—the eencept—of-practical elimination of such ever
sequences has not been carried out.

T+ CJ D

11-3. In relation to practical elimination, a number of measures mightmay have been taken for
instance, for the prevention of a break in the reactor pressure vessel, for fast reactivity insertion
accidents or for severe fuel degradation in the spentirradiated fuel poolsterage. However,
demonstration that the existing safety provisions are sufficient to claim the practical elimination
of such event sequenceseenditions might not have been conducted: in the way required by
IAEA Safety Standards Series No. SSR-2/1 (Rev. 1), Safety of Nuclear Power Plants: Design
[11-1] and as recommended in this Safety Guide.

1I-4. However, l—is—impertant—to—note—hewever,—that an accident condition commonl

considered as a design extension condition in a new nuclear power plantplants (e.g. statio

<

=

28 See para. 6.5 of INTERNATIONAL ATOMIC ENERGY AGENCY, Design of Reactor Containme!
Systems for Nuclear Power Plants, IAEA Safety Standards Series No. NS-G-1.10, IAEA, Vienna (2004), whic
has been) superseded by INTERNATIONAL ATOMIC ENERGY AGENCY, Design of Reactor Containment an
Associated Systems for Nuclear Power Plants, IAEA Safety Standards Series No. SSG-53, IAEA, Vienna (2019
[11-21.))-

— T o~
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blackout or anticipated transienttransients without scram), canis only be considered a design
extension condition for an existing nuclear power plantsuch if safety features have been
introduced in the original design of the existing plant to mitigate theits consequences_of this
condition..—Otherwiseit-wotld-remain-a-beyend-design-basis-aceident: For the case of station
blackout, an alternate power source capable of supplying power in due time to essential loads
over a sufficient time period until external or emergency power is recovered would be such an
original design safety feature. Likewise, forFfer anticipated transienttransients without scram,
additional design features capable of rendering are-reeessary-te-render-the reactor subcritical in
case of failure in the insertion of control rods, would need to have been included in the original

design. Without such additional design features in -to-prevent-thefailure-of the-original design
these accident conditions would need to be considered to be |peyond the design basis of the

plant reactorcoolantsystem-

11-5. Generally, it is expected that during a periodic safety review or a reassessment of plant
safety, or as part of a request for lifetime extension or similar processes, thea feasibility of
reasonable safety improvements in relation to design extension conditions and practical
elimination would be considered. There can, however, be #mpertant-constraints on installingte
instaHation-of the same type of design features as commonly implemented in the design of new
nuclear power plants, especially for design extension conditions with core melting. In the same
context, there can be constraints on ensuring the independencethe-independeney of safety
provisions relatingrelated to the different levels of defence in depth-wit-reed-to-be-taken-into
aceount.

11-6. Safety provisions for design extension conditions and also design features for the practical
elimination of event sequences that could leadesnditions—teading to an early radioactive
releasereleases or a large radioactive releasereleases are addressed in several Safety Guides
related to the design of plant systems, including SSG-53 [11-2] andthe IAEA Safety Standards
Series Nos: SSG-56, De5|gn of the Reactor coolant and Associated Systems for Nuclear Power
Plants [I1-2}; J
Pewer—lllanis—[H—S] SSG 34 DeS|gn of Electr|cal Power Systems for Nuclear Power Plants
[11-4]; and SSG-39, Design of Instrumentation and Control Systems for Nuclear Power Plants
[11-5]. SSG-53 [11-23] encompasses most of the design features for design extension conditions
W|th core melting, and addresses the event sequences to be con5|dered for practlcal elrmlnatronl,,

53 [lI 23] also contams an append|x in relation to nuclear power plants deS|gned to earl|er
standards that provides recommendations for upgrading of the plant design in relation to these
aspects.

11-7. Safety systems of existing plants were designed for design basis accidents, without
account being taken inef the designpessibitity of the [prevention and mitigation more severe
accidents. However, the conservative deterministic approaches originally followed in the
design might have resulted in the capability to withstand some situations more severe than those
originally included in the design basis for existing plants. As indicated in para. 3.23 of this
Safety Guide3-19, for design extension conditions without significant fuel degradation, it-can
be-acceptable-for postulated initiating events less frequent than those considered for design
basis accidents it can be acceptable BBAs-to demonstrate that some safety systems would be
capable of and qualified for mitigating the consequences of such events if best estimate analyses
and less conservative assumptions are used. For Fhis-is-a-pessibitity-for-existing nuclear power
plants, this is a possibility -to demonstrate the capability for mitigation of design extension
conditions not originally postulated in the design, such as a multiple rupture of steam generator
tubes.
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11-8. The consideration of external events of a magnitude exceeding the original design basis
derived from the hazard evaluation for the site, as itis—addressed in Section 5, is to bIs
considered. While for new nuclear power plants the mitigation of design extension conditions
is generally expected to be accomplished by permanent design features, and the use of non-
permanent equipment is intended only for very unlikely external events of a magnitud
exceeding the original design bamsldewed—frem%eha%%d—evamauen—teqhe—sﬁe for existin
nuclear power plants the use of non-permanent equipment with adequate connection features
can be the only reasonable improvement in some cases. Relying on non-permanent equipment
mightmay be adequate provided there is a justification to demonstrate that the coping time th
prevent the loss of the safety function that the equipment is intended to fulfil is long enough to
connect and put into service the equipment under the conditions associated with the accident.
The recommendations in this regard provided in Section 5 areweuld—be relevant. Nonf-
permanent equipment that would be necessary to reduce further the consequences of events that
cannot be mitigated by the installed plant capabilities needs to be stored and protected to ensure
its timely availability when necessary, with account taken of possible restricted access due to
external events (e.g. flooding, damaged roads) and its operability needs to be verified.

REFERENCES TO ANNEX 11

[11-1] INTERNATIONAL ATOMIC ENERGY AGENCY, Safety of Nuclear Power
Plants: Design, IAEA Safety Standards Series No. SSR-2/1 (Rev. 1), IAEA, Vienna
(2016).

[11-2] INTERNATIONAL ATOMIC ENERGY AGENCY, Design of the Reactor
Containment and Associated Systems for Nuclear Power Plants, IAEA Safety

Standards Series No. SSG-53, IAEA, Vienna (2019).
FH=21[11-3] INTERNATIONAL ATOMIC ENERGY AGENCY, Design of the Reactor

Coolant System and Associated Systems for Nuclear Power Plants, IAEA Safety
Standards Series No. SSG- 56 IAEA, V|enna (2020)

[11-4] INTERNATIONAL ATOMIC ENERGY AGENCY Design of Electrical Power
Systems for Nuclear Power Plants, IAEA Safety Standards Series No. SSG-34,
IAEA, Vienna (2016).

[11-5] INTERNATIONAL ATOMIC ENERGY AGENCY, Design of Instrumentation
and Control Systems for Nuclear Power Plants, IAEA Safety Standards Series No.
SSG-39, IAEA, Vienna (2016).

61

|

Commented [AKE346]: can we delete this to make the
sentence easier to read?




Draft Safety Guide DS508 Step 108

[ Formatted Table

[ Formatted Table

[ Formatted Table

) [ Formatted Table

[ Formatted Table

) [ Formatted Table

[ Formatted Table

) [ Formatted Table

[ Formatted Table

) [ Formatted Table

62

[ Formatted Table




Draft Safety Guide DS508 Step 1089

Sweden

[ Formatted Table

[ Formatted Table

) [ Formatted Table

DEFINITION

63

[ Formatted Table




Draft Safety Guide DS508 Step 108

Practical elimination

[Ensurlnq bv de5|qn - - ifies i <

eéﬁﬁma%ed—lf—bt—weﬂ{d—be—physmally |mp055|ble fepthe—eendmgns—te—anse—or are#—these

conditions—eeuld-be considered, with a high level of confidence, to be extremely unlikely to

arise.=>

he concept of “practical elimination” is applied in relation to event sequencesplant-conditions-that«

eamlead%&eaﬁ%meheaemf&mleasewlarg&md}eaetw&release& for which reasonably |

practicable technical means for theirks, mitigation cannot be implemented.
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