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. [NEERBi 272 700, KEHEE L TRl 2Bl 2 2k L HHEZTE D 5 2 L 2546
$1CdH %] Itis an important and at the same time challenging task to determine a set of safety

requirements and criteria that would aid in answering the question, How safe is safe enough? In

order to achieve the fundamental safety objective of protecting people and the environment from

harmful effects of ionizing radiation, a set of detailed technical requirements and criteria, both
qualitative and quantitative, can be formulated as safety goals.
. (Ll Y 227 %W 2 FEIREA 24 2H] Criteria
< IAEA/SF-1' Principle 6: Limitation of risks to individuals. Measures for controlling

radiation risks must ensure that no individual bears an unacceptable risk of harm. Criteria
for what constitutes an ‘unacceptable risk’ need to be established.

<~ IAEA General Safety Requirements (No. GSR Part 4)2 Requirement 16: Criteria for

judging safety. Criteria for judging safety shall be defined for the safety analysis.

< [HDEE INSAG-122% 5% L 73, EHW & EBNBEZ A L — B
B %A HEE D REJENG & % W 02253 % 5] Several countries refer to the INSAG-12
report, as a basis for their national set of quantitative safety goals. The growing importance
of establishing a consistent and coherent hierarchy of safety goals for NPPs and other

nuclear installations on the basis of the consideration of both quantitative and qualitative

! TAEA/SF-1 (2006), Fundamental safety principles, Page 11.

2 JAEA/GSR Part 4 (2016), Safety assessment for facilities and activities, Rev.1, Page 25.

3 TAEA/INSAG-12 (1999), Basic safety principles for nuclear power plants 75-INSAG-3 Rev. 1. General
objective: To protect individuals, society and the environment by establishing and maintaining in nuclear power
plants an effective defense against radiological hazard. Radiation protection objective: To ensure in normal
operation that radiation exposure within the plant and due to any release of radioactive material from the plant
is as low as reasonably achievable, economic and social factors being taken into account, and below prescribed
limits, and to ensure mitigation of the extent of radiation exposure due to accidents. Technical safety objective:
prevent with high confidence accidents in nuclear plants; to ensure that, for all accidents taken into account in
the design of the plant, even those of very low probability, radiological consequences, if any, would be minor;
and to ensure that the likelihood of severe accidents with serious radiological consequences is extremely small.
The target for existing nuclear power plants consistent with the technical safety objective is a frequency of
occurrence of severe core damage that is below about 10~ events per plant operating year.
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concepts has been widely recognized.
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> REHFCBT 2 -BEoER (BLlEo—Hik. Bk slExfo—H itk 44
HEE & RER o —H M, &)
(B : ZeBEEofl . (BE) . G (2 v 77 4 7 v 25, B & Fra8 v 5. IRIDM

& a I 2 =7 —v a2 V)] Objectives

The primary objective of this TECDOC is to assist in creating a greater understanding of the

establishment, use and communication of safety goals for nuclear installations in Member States.

This TECDOC sets out the advantages and benefits of developing a hierarchical organization of

safety goals. It provides practical guidance and examples on establishing a consistent and

coherent hierarchical set of safety goals for nuclear installations.

The TECDOC provides practical guidance on the safety goals that are needed for use in an

integrated risk-informed decision making (IRIDM) process. The use of safety goals for

communicating with stakeholders and other purposes is also discussed.

[HEEICcO VT, LPNIHHA (Framework, 7L — 247 —72) ZFIHL 7225, BIER
JEH§i&E (Hierarchy, b T 7% —) 1cfi—L7z]

[£ TECDOC (3 P& E DA 5D 2 240/ 3 5 235, BRI X2 HIEEORE D BIEH
3% EDHEEST® 2] This TECDOC discusses the advantages of a hierarchical structure of

safety goals and their use but does not recommend any particular set of safety goals because it is
the responsibility of each Member State to determine how nuclear safety is assured.
af e At ]
> REHEOER
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> KEAREEZRET SEMLEE
1.3. Scope
J The scope of this TECDOC is concerned_only with radiation and nuclear safety.
o [1986 4F USNRC %4 HIRBERAIHIC DWW, FT IR BT 0@ R T, Bk
A INDY R 2778 EDPRRIE)
. GpsE s
S RI—=TOHEICDNT
2. [%“2HEDRE{L] A General Hierarchy of Safety Goals

2.1. Approaches
. [WENRA, MDEP & NPSAG DREE#2E L, KeEHEOMEICIZ, Haor~
D BJEEED L= BT S v L~ S EARNIC A D L~ v HEARN % 4 FiE
DL~ ORI LRI IED L~ LGB OWS g # B# D17 722 £ TH 3] The

hierarchical approach covers the entire range of levels, from the highest (society) to the lowest

(technology and facility specific) level, referring three examples of safety goals hierarchies
developed by WENRA (Western European Nuclear Regulators Association), MDEP
(Multinational Design Evaluation Project) and NPSAG (The Nordic PSA Group).

2.2. Types of safety goals
. UETER. &R, PEMmIY. HERGRNZ 2 HEP REME I 5, OB
X ORI BRI 7 fligx & B L 72 < . T EHESEIEIRICIKEST 2560 5

%] The_highest level safety goal would be expected to remain unchanged over all life cycle

phases, while lower level safety goals may be different for different life cycle phases, and may

also change during the life time of an installation. Both operational states and accident conditions

need to be considered.

Safety Goals

(All life cycle stages)

Operational states = Accident conditions

Qualitative Quantitative Qualitative Quantitative

Deterministic/ Deterministic/
Probabilistic Probabilistic

5 USNRC (1986), Safety goals for the operations of nuclear power plants, policy statement, 51 Federal Register
30028. This policy statement focuses on the risk to the public from nuclear power plant operation. These are the
risks from release of radioactive materials from the reactor to the environment from normal operations as well
as from accidents. The Commission will refer to these risks as the risks of nuclear power plant operation. The
risks from the nuclear fuel cycle are not included in the safety goals. These fuel cycle risks have been considered
in their own right and determined to be quite small. The possible effects of sabotage or diversion of nuclear
material are also not presently included in the safety goals. At present there is no basis on which to provide a
measure of risk on these matters.
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Figure 1 Types of safety goals and field of application

2.3. Hierarchical approach to safety goals

2.3.1.

[ E & DL TE] The hierarchy is to be applicable to all types of nuclear installations. The

hierarchy is to be applicable to all relevant lifetime stages. The hierarchy is to cover the applicable

states of the installation, e.g. operational states and accident conditions.
(TAEA FARZ 2RI J U0 e L o #451%] The hierarchy is to complement and_be in
agreement with the structure of the IAEA Fundamental Safety Principles and Safety Standards.

(ZER55% & ©—E 1] The hierarchy is to be consistent with the structure and intents of

defense-in-depth and support its implementation.

[ M1z JE % FEAH{L] The Top Level safety goals express overall requirements on society level,
while lower levels will successively detail the top level goals.

(&g o HEED—~H1:] Safety goals on different levels are to be consistent and traceable,
allowing to derive lower level goals from higher level ones.

[ A7 %4 HEEAS Technology-neutral, FA7ZdD %4 HERA Technology-specific] Higher

level safety goals are as far as possible to be technology neutral, while lower level goals are

expected to be increasingly technology specific.

UEM: & EmrL e HEEA[FIRFICIAE S % ] The hierarchy is to include qualitative as well

as quantitative safety goals.
[520F X, T VX, aIa=r—2 a3 VvORFER#E] The structure is

to be clearly and unambiguously defined, making it easy to understand, implement and

communicate.

[TAEA D74 HEERE S MES] Proposed hierarchy of safety goals

IAEA DRFEICH H 5 L5, WAL, R EBEICLN g - 2535 —
) et B 2 g 2 72 9 2 ¢, i aln oz s 2 TR o SR 2 i8R
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FITATRE R TENCY R & LiAEhn, BFEZHIULT 2 0L bl h b ks,

¢ RIS KeEHFRCET 2R, [ReER] 5% - 2 XeHR24H LT 2007, 71
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232, [BEfroLBEEE., FFOERECTERINDG L@, BERMLEIC X K

2.3.3.

2.3.4.

2.3.5.

EFanszebdsd Wz, B EEIZEE &M USNRC © Mission®)] Top level
safety goals

In many countries, nuclear safety is ultimately governed by qualitative safety goals at the society

level, which are often defined in nuclear legislation but may also be issued by regulatory

authorities. These safety goals may have a wider scope than nuclear.

Upper level safety goals
Upper Level safety goals are expressed in more detail than the Top Level safety goals, providing
a bridge to the more detailed technical safety goals at the Intermediate and Low Levels. Upper

Level safety goals are typically technology neutral and have a site-wide scope thus providing a

basis for Intermediate and Low Level safety goals

Intermediate level safety goals
Intermediate Level safety goals are normally to a large extent technology neutral but can include
the highest level safety goals for application to specific technologies. Intermediate Level safety

goals are aimed to cover crucial general safety principles and provisions such as defense-in-depth,

safety margins, physical barriers (including considerations related to independence and
protection of barriers), and redundancy and independence.

Low level safety goals

TR S R REICBE T 2k, [ReEEE] BE - RELeHERLEL T 2007, 11
~—3/, UTNL-R-497, 2018 4 3 H

8 RTRIMIEE S, ffiay T NI oD MMz U <. NEEREEESF S 2 L BETIH
HIZB &S offidyTdH %, https://www.nra.go.jp/nra/gaiyou/idea.html

® USNRC, Mission: The NRC licenses and regulates the Nation's civilian use of radioactive materials to
provide reasonable assurance of adequate protection of public health and safety and to promote the
common defense and security and to protect the environment. https://www.nrc.gov/about-nrc.html
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*  The Low Level safety goals are technical and aim at assuring the nuclear installation meets the
higher level safety goals, by addressing siting, design and operational aspects of a nuclear

installation. Quantitative deterministic safety goals may relate to maximum or minimum values

of crucial parameters, such as fuel temperature, pressure or water levels. Quantitative

probabilistic safety goals are expressed as frequencies or probabilities of unacceptable states or

consequences._Low level safety goals can constitute requirements or acceptance criteria for

design and operation.
. GpsE s
> LR EEE L REE. KO OBR
> TRLORIERmN & MR LK 2 H AR

3. [L&eHEFDEH &iEF] Derivation of Safety Goals
3.1.  [Top-Down 172 /ji%] Derivation

J These_higher-level safety goals could be qualitative and/or quantitative, and aim at helping in

making the assessment that nuclear installations have achieved an acceptable level of safety for

individuals and society in general. The determination of Intermediate and Low Level safety goals

makes possible the coherent use of a set of safety goals at the organizational and technical level

that relates to the established safety goals on higher levels.
J Although safety goals on Top and Upper Levels are less likely to be changed (particularly if

legally established), safety goals on the lower levels may be changed more frequently.

32, [ZLHEOERICAT — 27 F 1L X —D%%E|] The roles of stakeholders involved in the

definition of safety goals
«  [%2EER [2ToERDZDDHD| L) ThHY, [RTOERIELEHE
D AT — 27 k)L K —]] Safety goals are intended to reflect the interests of the public, not only
those who are directly involved in nuclear safety.
. (& B2 0% 4 BEE O FE R (ZEOBUF & B, 2 0T OJg O 5KEICHHIY /O
FRPERT, TEOR2HEORE I T FEE OHEl S HE] Atthe higher levels

(mostly Top and Upper levels), it is the responsibility of Government, or one of its agencies, to

define what constitutes an acceptable level of risk. These safety goals will be enshrined in legal
or other mandatory documents.

*  Atlevels below the Top Level, as the goals become more technology and facility specific (mostly

Intermediate and Low Levels), the role of the regulatory body becomes more important.

*  The input of various expert technical organizations and the licensee becomes more significant in

the definition of the two lower level safety goals. The input of various_expert technical

organizations and the licensee becomes more significant in the definition of the two lower level

safety goals. In some countries, Low Level safety goals may be defined by the licensees and
approved or accepted by the regulatory body.

*  This progression is outlined in the IAEA Safety Fundamentals which states “The government is
6



3.3.
33.1
3.3.2

3.3.3.

responsible for the adoption within its national legal system of such legislation, regulations, and

other standards and measures as may be necessary ...” and “Governments and regulatory bodies

thus have an important responsibility in establishing standards ...” The Safety Fundamentals also
states that the licensee must fulfil its “responsibilities ... in accordance with applicable safety
objectives and requirements as established or approved by the regulatory body”. Further

statements include, “In addition, detailed criteria may be developed to assist in assessing

compliance with these higher level objectives, principles and requirements, including risk criteria

that relate to the likelihood of anticipated operational occurrences or the likelihood of accidents
occurring that give rise to significant radiation risks.”
(GpsE s
$ REHEORT — 7 kX — % Wi
$ HEOREHBEOYIEICZ OEIEH L BIRE % AT
[E 7 & & JEM O MHBIEAR] Safety goals within the hierarchy
Top level safety goals
Upper level safety goals
[TH EHE : —#fyic, NEEREE%5F 5] The definition of Upper Level safety goals

determines the requirements for adequate protection. This interpretation is an important and key

step for the feasibility and acceptability of the hierarchical structure of safety goals.
(FEBEEE: & Ero BEE2 —@ BT 2720, V27 & ol (AL BERTIC)
%38 A L. Adequate Protection DA RET 5, ZDfFIE, KEHEO ML ZH
xR EET L, HlziE, ¥F—7—F& LT, EH#-#%IE <. Public perception & L
TO MGG LR ) X 7 BRARREEER ), fEsoEH © Y R 7 f#255347] The Upper

Level safety goals imply that justification of the facility or activity in terms of providing an

overall benefit is required before a facility can operate or an activity is performed. This
justification is generally made at a government or regulatory body level depending on the nature

of the facility or activity. Justification requires assessment of_the benefit and whether it can be

achieved by the facility or activity in a way that does not outweigh the radiation risks.
(HRIEE : PEofaift, VA 27 DRA] Intermediate safety goals

Intermediate Level safety goals cover crucial technical safety provisions relating to_optimization

of protection and limitation of risks such that general safety principles are addressed e.g. defense-

in-depth, safety margins, physical barriers (including considerations related to independence and

protection of barriers), and redundancy and independence. Safety goals on Intermediate Level

also include site level requirements, e.g. related to risk of total releases from the site rather than

from individual facilities on the site (e.g._overall LRF or LERF for the site), or site level

requirements related to the capability to handle external hazards (e.g. design of site protective

features, effects on shared resources or systems or on emergency preparedness in cases where
several facilities are subject to the same event).

[t i ek X < o i#E23177] Radiation Protection Safety Goals for Normal Operations
7




Intermediate Level safety goals for limitation of risks are usually expressed as dose limits (which
are based on the recommendations of the ICRP) that are not to be exceeded but with the
requirement to reduce doses below these levels as low as reasonably achievable (ALARA) taking
account of societal and economic factors.

(FE 57 23147] Effective Defense-in-Depth

[TUEM: & 28 23147] Sufficient Redundancy and Diversity

[N ) 7 O¥&RED B & FEAT 1%, L2 HEE] Independence, Protection of Barriers, and Safety
Functions

[NV 7 DHZH1E] Effective Barriers: the fuel matrix, the fuel cladding, the boundary of the

reactor coolant system and the containment structure.

3.3.4. Low level safety goals

For operational states, Low Level safety goals are in general related to the performance of SSCs
and the provision of the operational requirements, e.g. operating procedures for normal
operation and for anticipated operational occurrences. Whilst safety goals related to external
hazards at the site level are included in the Intermediate Level safety goals, detailed
requirements in the form of Low Level safety goals may be included within the design basis

(e.g. seismic fragility-related requirements for SSCs). The Low Level safety goals may include

detailed specification of the safety margins. These margins may be dependent on the technical
specifications of SSCs, properties of materials used and production processes, etc. Thus, Low
level safety goals are often defined on one or more of the following headings for an installation
or facility:

As part of the Low Level safety goals, there may be multiple sub-levels of safety goals, defining

subsidiary (or surrogate) goals. These also need to be consistently defined, e.g. regarding safety

goals addressing LRF and CDF.

Deterministic safety goals may include:

< Required number of trains in safety systems

<> Maximum fuel clad temperature

< Design requirements against internal hazards and external hazards
Probabilistic safety goals, i.e. quantitative safety goals specifying the frequency of a specific
consequence, may include:

< Off-site consequence level (could correspond to PSA Level 3)

<~ Radioactive release from plant level (could correspond to PSA Level 2)

< Core or fuel damage level (could correspond to PSA Level 1)

<> Lower technical criteria; numerous possibilities exist (barrier strength, safety function,

safety system, etc.)
af e At ]
< FEERGE 2 v 7- L e HEEOE R Top-Down 771k
< HEEHERZEOEHRETED OIS LT, HEHEORKG 2% 0k oliifricE
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[z HEEDIEHiik] Applications of a Hierarchy of Safety Goals
[UXﬁm@%Kl53V7747VX?ﬁ1927&ﬂ%ﬁ%tf&39X7%@Wﬁ

IKHEDERE D 7= D ICIEH . RO R HEEDEME 2 MR T 2 O3 WEE 7225, Thio BER

R L CHAT 2 it 2 EfEc& 20T, 2 v 7747 v AFHfi 237 6E.] Compliance

assessment: Assessing whether the overall objectives of safety goals are met through assessment of

safety cases and on-site inspection.

The general approach for assessing compliance with the hierarchical structure of safety goals is

a bottom-up process.

Compliance with top level and upper level safety goals: It is not expected that licensees are

required to demonstrate compliance directly at these levels. Due to their very general statements,

qualitative safety goals are not directly enforceable. Therefore, they have to be translated into

numerical objectives that can be compared with experience and with analytical predictions.

Compliance with intermediate level safety goals: This set of safety goals allows explicit
assessment of compliance of a site’s safety performance. Generally, demonstration of compliance
at this level is provided by the licensee when seeking approval or renewing an operating license
from the regulatory body.

CHLHY R 25, BRHE, B, T FikSE 2 W C ML EED 2 v 77 4 7 v Z5H
% Ffii 3 %] Compliance with low level safety goals: Technology specific safety goals are

related to safety objectives of SSCs, and are partially defined in_national and international

industrial standards, or national and international nuclear safety standards.

< Compliance with many Low Level safety goals requires the use of analytical techniques
(e.g. thermal hydraulic analysis or PSA). These analyses are to be carried out by the
licensee and used in the safety management of the facility or activity. The compliance
assessment is reviewed by the regulatory body.
UERMLEBFICNT 223y 7747 v ZFHHN. RERmI PRI = Fikz
WM %, A e BYEE 2 L L TAR 2 HIE T A, AT 2 E A h v

»1F 72 \»] Compliance with quantitative safety goals: Quantitative safety goals are defined

mainly on the lower levels of the hierarchical structure of safety goals. Examples of quantitative

values that can be subject to safety goals are probability/frequency figures for various types of

risks or conditions that may result in risk (core damage frequency, barrier strength, release
frequencies etc.) and requirements related to different plant states.
(Ym0, FEFOREFHIHMEFTF L L va—F22 LItk EENRLEH
BEoayv 7747 v AFHliZ1T 5] Compliance with qualitative safety goals: Demonstrating
9



compliance with qualitative safety goals is not as straightforward as for quantitative safety goals.
Concepts such as, effective DiD features, operating procedures including Severe Accident
Management Guidelines (SAMG), radioactive waste management policies, and overall
requirements for management of safety are important factors. These concepts describe generally
accepted practices that, when followed, permit nuclear sites to meet the qualitative safety goals.

Assessment of compliance with these goals may be achieved by a review of the licensee’s safety

analysis, including organizational safety policies that have been established.

*  Trade-off and integrated compliance
4.2, [H & FFREATHEE~ DR HIMY : BXGE. i, SUE. XA VT F VY A F A b Lo g

MERR. BR ARG S EHm, ©HZ4 L v 2 —] Regulatory and licensing applications

4.2.1. Application of safety goals in design
*  The hierarchy of safety goals, as an intrinsic part of the design approach, also allows engineering,

management and quality assurance processes to be used in demonstrating compliance with safety

goal requirements.
4.2.2. Application of safety goals during operations
*  Operating limits and conditions
<> The hierarchical structure of safety goals can assist in determining how to handle these
situations, e.g. supporting the development of allowed outage times addressing the
requirement to control risk increase due to equipment unavailability.
*  Control of modifications
<> When undertaking modifications to the facility or operational procedures during its
lifecycle, safety goals can be used for ensuring that safety is maintained.
*  Maintenance planning
<> Safety goals can be used to assist in planning maintenance activities to ensure that safety
is maintained when SSCs important to safety are taken out of service.
*  Site wide considerations for multi-facility sites
< In a hierarchy of safety goals, the identification of safety requirements for a site and the
individual facilities on the site allows better understanding of the relative risk posed by
each of these facilities.
*  Emergency preparedness
<> The structure of safety goals can provide the basis for developing this program by setting
both high level societal goals and detailed technology requirements.
*  Periodic safety review
< When a periodic safety review (PSR) is performed, the safety goals can be used as a
baseline, against which to review the current safety provisions and past operating
performance.

4.3.  [IRIDM ~®D 5] Use of safety goals in integrated risk informed decision making (IRIDM)

*  The main goal of the IRIDM process is to define the most balanced decision among several
10



possible options by considering different key elements (e.g. mandatory requirements,
deterministic, probabilistic, economical, security considerations). One of the major factors that
has to be taken into consideration in the IRIDM process (typically falling in the mandatory
requirements considerations) is the level of compliance with existing safety goals. The weighted

approach employed in the IRIDM process allows assienment of different importance to the

specific levels of safety goals being considered in the decision making.
44, [EY7RY 2 7EBOEMICIE, cnd ) 27 FHEOMBAN T, ) 27 HFHER T,
o) R ERH L AROBICE T, Y R/RRE ) 22 Bk 2 RT3 2 LARAR
THY, “eEHERZDaIa=r—va itk 3ESEE LGEHEI RS 2 & 2

& 3] Safety communication

*  Communication between the regulatory body and the public
< TAEA recommends that all countries should create and implement instruments that
enhance transparency, openness and participation of the interested parties considering the
guidance provided by IAEA Safety Standards Series No.GSG-6. In this context, the use of
safety goals could be an invaluable aid to developing understanding the way in which the
risks from ionizing radiation are being managed.
. (R 2 BIHIHIE > Performance-based BHlHIEIC B WTd, KLHFEITAMNTD
%] Communication between the regulatory body and the licensee/license applicant
<> The licensee needs to understand the regulatory requirements to be complied with and how
they assure that the higher level safety goals are achieved.
< In a prescriptive regime, the regulatory body may also set the lower level goals for the
license application. The structure of safety goals may help demonstrate to the licensee that
the goals are both necessary and sufficient to assure safety.
< In a_goal-setting regime, the licensee may be responsible for defining the lower level
requirements. Therefore, the structure of safety goals provides an important tool to
demonstrate that the lower level goals will satisfy the higher level goals.
*  Communication between the operating organization and the public
<> An adequate level of safety in terms that are understandable and meaningful to the public
(the Top and Upper Level goals can assist this);
<~ A structure for implementation at the technical level which gives confidence that all
elements of safety provision are adequately covered.
. (R H]
S REHEREHT % 720 offE L FHERIE
- WY RN &
- iREF - BRYEEAEfET 5 2 &

O AENES ReRRICET 2R, [RaPR] %5 - 2eReRzLHE 5007
20 ~—¢’, UTNL-R-497, 2018 4 3 H
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- Al & R - IRk TS 2 &
S avIIA4AT v RGHEIC, BEOWEICRT Z L2 &0, LRloSTE - f5E -
HE & SRARHY I B 5 2

The structure starts from the overarching requirements for safety, that are detailed further in a
hierarchical top-down way. A description of the structure and the general features of safety goals at
various levels within the suggested four-level hierarchy have been provided.

*  For countries which are in the beginning of development of their nuclear power programs, the

approach described in this TECDOC may assist in developing a consistent and coherent view of

the safety goals to be pursued.
*  For countries with developed nuclear power programs, this TECDOC may be useful in

benchmarking the existing safety goals for_consistency and coherence in covering all aspects

important to nuclear safety.
o [GhxiosnH]
$ KREHEOER
& REHEOMN (HE)
$ KEHEOEH

(% E D L4 HEEDFA/ % A E] Safety Goals in Different Countries
*  Canada
*  Germany
*  Sweden
. UK
e US

(&% L 7z B iig o5 % A1) Examples of Safety Goals Hierarchies

e  WENRA
e MDEP
e NPSAG

Example of an Approach for Defining [.ow Level Probabilistic Safety Goals (Objectives)
Main constituents of a probabilistic safety goal [4 D DHFE]

*  Definition

e  Scope

e Target
12



8.2.

8.3.

8.4.

8.5.

The application of the safety goal

(Mo LEHEORKIC 4 DOEENVE, FEOER, WEOHE, YV A7HEE. )

A 7 FEEEDFFAAE] Definition of a probabilistic safety goal:_a consequence, a metric for the

consequence, a risk metric, and acceptance level of the risk metric

Off-site consequence level (could correspond to PSA Level 3)

Concept

Definition

Example

Consequence

Defines the health effects and the
individual/group to which the safety
goal applies.

Accident resulting in a dose to individuals
off-site.

Metric Qualifies the consequence (in this case | Dose received in the interval 10 to 100 mSv
“health effect”) in terms of a measurable
magnitude.
Risk metric Defines how the risk is to be expressed. | Frequency of achieving a dose rate m the
interval defined.
Frequency/ Defines specific levels related to the | The UK approach involves the definition of
probability frequency/probability. a basic safety limit (BSL) not to be exceeded

(except 1n exceptional circumstances), and a
basic safety objective (BSO), below which
the risk 1s considered to be broadly
acceptable.

BSL: 1xE-4/year

BSO: 1xE-6/year

Radioactive release from plant level (could correspond to PSA Level 2)

Concept

Definition

Example

Consequence

Defines the consequence related to the
release.

Unacceptable release with respect to long-
term ground contamination.

Consequence

Qualifies the consequence (in this case
“release

Sweden: Release of Cs-137 in excess of an

measure causing long-term ground | amount corresponding to 0.1% of the core
contamination”) 1 terms of a | nventory m a 1800 MWt reactor
measurable magnitude. (equivalent to about 103 TBq of Cs-137).
Finland: Release of > 100 TBq of Cs-137.
Risk metric Defines how the risk of exceeding the | Sweden: No risk metric has been defined by
specified consequences 1s to be | SSM. However, it 1s stated that a release
expressed. exceeding the lmut shall be “extremely
unlikely”, indicating consideration of an
occurrence frequency.
Finland: Frequency of exceeding the
release limit.
Frequency/ Defines specific levels related to the | Sweden: “Extremely unlikely” has been
probability frequency/probability. interpreted to indicate a limit between 10

and 107 per year.

Finland: The criterion is defined as a
frequency limit, which is set to 5-107 per
year.

Core or fuel damage level (could correspond to PSA level 1)
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8.6.

Concept

Definition

Example

Consequence

Defines the consequence related to the
fuel overheating.

Severe core damage

Metric Qualifies the consequence (in this case | “Severe” 1s not qualified, but previous
“severe core damage”) in terms of a | versions of the safety policy have referred to
measurable magnitude. 10 CFR 50.46 (local fuel temperature above

1204 °C).

Risk metric Defines how the risk 1s to be expressed. | Frequency of exceeding the limit.

Note: As long as “severe” is not defined,
there is some vagueness in the definition of
the risk metric.

Frequency/ Defines specific levels related to the | The criterion is defined as a frequency target,

probability frequency/probability. which is set to 1-107 per reactor year.

Lower technical criteria (SSC Level); numerous possibilities exist in terms of PSA and/or non-PSA

criteria (barrier strength, reliability of safety function, reliability of safety system, etc.)

Concept

Definition

Example

Consequence

Defines the consequence related to the
fuel overheating.

Loss of contamment ntegrity (resulting in
an unacceptable release) after core damage
has occurred.

Metric Qualifies the consequence (in this case | Must be based on the metric already defined
“loss of containment integrity”) in terms | for the criteria on the levels of core damage
of a measurable magnitude. and release.

Risk metric Defines how the risk is to be expressed. | Probability of exceeding the metric related
to the release criterion, after the metric
related to the core damage criterion has been
exceeded.

Frequency/ Defines specific levels related to the | The criterion 1s defined as a conditional

probability frequency/probability. probability, with a limit set to 0.1.

Note: This criterion can be used both if the
higher level criteria are defined as single
criteria and if they are ALARP criteria with
a limit and an objective.

14




9. FIt®
* IAEA-TECDOC-1874 2> b it L 7z 5l 2 Tac D 0 CHH T 5
i D 4R i R
1. REHEL LRV R7 2T 28 E L L <. “e @Y
=iy - ANUEREIERSF2R 720, REeHEE U CREll B Bk & A
EEDDLILPMETH D
LR HELRET 2 BHIEH
- EHMIoLX2HEOREBRTE IZEOBUT L., Zo TofEo
FOE IR Y R oKE2ERT, THOL2BEDOKE T
FEHEOE O HE
BEABED AT — 7 F L& —%fEIC
- RERHER [2ToER0ZODID] 52 Thh, [£T
DERPLLEAED AT — 7 AN & — |
2. friE-o - LCEAEEZENT 5720 O L B EHEE
S S - EHoERAEICRT L
L x D% - fERF - R RHT o L
i - EHoOEEERBAENRL L

- FHiORNTEI S EEEZ DL L

- EHmEAT RS - RSB 2 &

IV T IAT VA, BEOREICORT L2 EY, Lo

fah - FRHEZ R ICEE R 5 2

- TEEMNREEFICHT a2y 7747 v 2, PE R
FKim) e FiE2 Ml 2., FHOfE & A EZ i L <A&R
RHET 256, PEPIEEZLVEWIT RN

- M & FFRRRT RS~ IR HGI ¢ BXEE. EiR, SUE. A v TV A
A LB, BRARPKE ], E L eL e —

IRIDM ~ D

WY 7R ) 2 7 EBoEMICIE, 2hd ) R7EHEOMBHANT, VX

7EMERT, TV A 7ERE L AROMICEVT, VR ZIEHRE

YR 7@ G T 2 B RTHY, “RBEFTZZDaI 2

—r—vavick 3 lEEEE LRI WS C EX I NS

15




3.

EoR N
7'a & &

it

% I o B ERhGE 0 3%5t (B 1:78 TECDOC O Page 16,17, # 2: F &g
DX &)
Z 4 HEE O BE RS & o 7%

Society —
Technology
L —
Site —
Facility y Low Level .b r z:t;.oclosy

Operational states : Accidentconditions

e A ——— ———
ONer o s W) 0 ikt & TSI B BN A8 7 & N E R R DI T %
g %> - 2 R d 2 A 42
HORO B S IR OAL I & 5 g | IR OIOEEIILIED L 2 5 RS
_ VA7, AROHBEEICB TS a0 | 7, U0 DR et 5
A HEE 27 D88 oA TV K S 7 ok L B S L% A21E, MBOBRIC X 5350 HARRD S 7253
racng RS T RREETEEEES  Ebke ) 22 0GR S E R AR
b MENHETHS
TS O REHE ) 2 7 e i
;. - i TAIEIEOR SN ) 2 7 5T
L H R — X B HEERIERE | ooy Zaﬁﬁiﬁﬂ’jﬁiﬁiuftﬁ %
RS | et [ BREIH '
e TR | (Cs"Hetit | pprepim
F A E KA | HRREH R 100 TBq #i#) | (CDF/CFF HH Cs" it
(Surrogate) (CDF/CFF H#%) 100 TBq ﬁ*ﬁfﬁ% 1(;—5/”14],';

ZEEFICET 3 —HtoEx (BLEo—Ht, Rk shuxMHo—

B, “2HE e FEhi#Eo—HiE, 7Y)

- —HRDOEIT INSAG-12 5% L7-25, ENWN e ERBMWEEL S
L7=—BMW2H 3 R HIEOBERES % 088D 5

- WENRA. MDEP & NPSAG D[tz 2% L, K2 HIEORE
ITiE, 2D LD SO L ~_v, FAITK S 7 L ~ovps
LEAMNCEE DL~ HARWREHEED L~ Ol &4t
JGD L~ EHTEH OREE Z BEO -2 L TH B

- v~ R FE L EE#, RemEo %

RS % s 72 Z A HEE D& 1E Top-Down J7i%

HEREZEOEHETEDONS Z LT, HEAEDO R 2% kg

DIEfTICEHETH Y, ) A7 OS2 BEY AT 2 081D 5

PROEmI B L EREREIE 2 &0 72 FIE S0 %Mtk & 2 oE )5

%

16




PIE & i

A — T DEEIC DT

- 1986 “F USNRC K& HIEBURFE IS o WT, Ji 1) FERT Ol
BRRT, BB A4 20D Y 227 75 &35 5RAk

KA 72 (Prescriptive) MHIHIE (Jit, {4) < Goal-setting (Risk-informed,

Performance-based) Bl HIEE (J&, K, M) iIcBWTH, RRHEFEITER

{ONEPIP

HiE - 5157
o L
AR I

THEEE e, NEBRREEZSTS

FEBE: & EfioEEE —EEMKLT 2720, V227 LolE (B
fifE-CHERRRYIC) ZEA L. Adequate Protection DHEAFZHRET 5, T
DEIX, KEBEOR AL A2 BEE T2, PlzlE. ¥—7
— F& LT, h#e%iE <. Public perception & L CToHuiHHL & I
FAEY Ry RARDREETE, MB0EH O Y R 7 80T

I EEE © o ad ., U R 27 ORRA

TLOREHEDOHEKIC 4 D DERPHE, B DER. B DI,

VX 7R, D R 7RO R AE

i AR o

L HEO RS IX, EofRE% ML 72 (Country-specific) Y & 7

M i e 1B (MO0 YERRM & ERN L2 EE) 2FIHT 2 < & icgifE
A R BH 5,
EAYARIN & 0 % 4 H S o B s o Holig

- USNRC o%4:H#E s UKHSED* v v FEF AL D HEE
HERZA - HARDRIHIHIEE 2 5K L, 432 0 T Wi HIE O R EEE % 35655
a B IY K LD D
RIS - FEEREE oL
i a7z - IAEA EEARZRJFHI R ML eARHE & O RA1E
B S - HEbiEE o8

- Thiofd#xiEMl

- HEogeEEO—HME

- k7o %4 HEED Technology-neutral . iz @ & 42 H % 23
Technology-specific

- B EBRNLEBEERRIFICHFET 5

- FYRTI AR TNE, Il v a VORGEEFE

Ik

17



