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Learning objectives

Upon completion of this session, participants will 

be able to:

• Get acquainted with purpose and scope of the 

safety assessment of a NPP

• Understand the responsibility of different players 

involved in the safety assessment of a NPP

• Get acquainted with IAEA Safety Standards, 

particularly those pertaining to safety 

assessment and design safety of a NPP



Outline

• Why safety assessment is important?

• Overview of IAEA Safety Standards

– Hierarchy, process flow for development

– Commission on Safety Standards

• What is safety assessment?

• Who is responsible for safety assessment?

• What is the purpose and scope of safety 
assessment?

• How is safety assessment performed?

• Deterministic Safety Analysis

• Probabilistic Safety Assessment

• Conclusions
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Nuclear reactor installations worldwide

• As of 24th May 2019*

– 452 nuclear reactors in operation in 31 countries (399 
MWe), for a total 18027 reactor-years of operation

– 54 under construction (55 MWe)

– 173 permanently shut-down

• About 670 Research Reactors have been built to 
date

• About 248 Research Reactors in 48 countries 
continue to operate

4
* Data from IAEA Power Reactor Information System (PRIS), https://pris.iaea.org/PRIS/, as of 24/05/2019 

https://pris.iaea.org/PRIS/


Severe accident, 1986



Severe accident, 2011
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Severe accident, 1979



Defence-in-Depth: 4th Level

– First objective is to protect the containment to prevent 

releases

• Containment cooling

• Containment isolation

• Hydrogen control

• Other systems for severe accidents: 

▪ In/ex vessel retention

▪ Containment venting

• Accident management (SAMG)

– Event sequences that would lead to an early radioactive 

release or a large radioactive release are required to be 

‘practically eliminated’

Reactor pit

IRWST

Spreading area

Sacrificial concrete

Control of severe plant conditions.

Mitigation of severe accident consequences.



Summary of Defence-in-Depth levels

Level of 

defence

Approach 1

Objective Essential design means Essential operational 

means

Level of 

defence

Approach 2

Level 1

Prevention of abnormal 

operation and failures

Conservative design and high 

quality in construction of 

normal operation systems, 

including monitoring and 

control systems

Operational rules and 

normal operating 

procedures Level 1

Level 2

Control of abnormal 

operation and detection of

failures

Limitation and protection 

systems and other 

surveillance features

Abnormal operating 

procedures/emergency 

operating procedures Level 2

3a

Level 3

3b

Control of design basis 

accidents 

(postulated single initiating 

events)

Engineered safety features 

(safety systems)

Emergency operating 

procedures

Level 3

Control of design extension 

conditions to prevent core 

melt

Safety features for design 

extension conditions without 

core melt

Emergency operating 

procedures 4a         

Level 4

4bLevel 4

Control of design extension 

conditions  to mitigate the 

consequences of severe 

accidents  

Safety features for design 

extension conditions with core 

melt. Technical Support 

Centre

Complementary emergency 

operating procedures/ 

severe accident 

management guidelines

Level 5

Mitigation of radiological 

consequences of significant 

releases of radioactive 

materials

On-site and off-site 

emergency response facilities

On-site and off-site 

emergency plans

Level 5
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The International Atomic Energy Agency
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IAEA Department of 

Nuclear Safety and Security

External Events 
Safety Section

NSNI



For operation of facilities or the conduct of activities 

that give rise to radiation risks the fundamental safety 

objective is to protect people and the environment 

from harmful effects of ionizing radiation

The Fundamental Safety Objective

To achieve this measures have to be taken:

• To control the radiation exposure of people and 

the release of radioactive material to the 

environment;

• To restrict the likelihood of events that might 

lead to a loss of control over a nuclear reactor 

core, nuclear chain reaction, radioactive source 

or any other source of radiation;

• To mitigate the consequences of such events if 

they were to occur. 
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IAEA Safety Standards

IAEA has statutory obligation to develop international 

standards of safety

IAEA SAFETY STANDARDS

Wide international consensus 

is achieved through a rigorous  

development process

“To establish or adopt 
standards of safety for the 
protection of health and 
minimization of danger to life 
and property.”

“To provide for the application of 
these standards.”

Article III.A.6 of Statute

• IAEA Safety Standards can be used by States 

as a reference for their national regulations in 

respect of facilities and activities

• The IAEA’s statute makes the safety standards 

binding on the IAEA in relation to its own 

operation and also on States in relation to 

IAEA assisted operations



IAEA Safety Standards

Safety Fundamentals
Global reference point for the high level of 

safety required for use of nuclear energy

Safety Requirements
• Functional conditions that must be met to 

ensure protection of people and environment

Safety Guides
• Guidance to fulfill the requirements

• User-friendly and up-to-date practical 

guidance representing good/best practices

Science-based and high technical quality

Expert consensus – Peer and Member-state review

Transparent and open process
15

Structured QA

process



Safety Standards Hierarchy

16

Global Reference Point 

for a High Level of 

Nuclear Safety



Responsibility 

for 

Safety

Role of 

Government

Leadership and 

Management

for Safety

Justification of 

Facilities and 

Activities

Optimization 

of Protection

Limitation of 

Risks to

Individuals

Protection of 

Present and

Future 

Generations

Protective 

Actions to

Reduce Existing

Or Unregulated

Radiation Risks

Prevention

of Accidents

Emergency 

Preparedness

and Response

Safety Objective
To protect people and the environment from harmful 

effects of ionizing radiation

10 Safety Principles

IAEA Fundamental Safety Principles
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SF-1 Safety Fundamentals

The IAEA Fundamental Safety Principles also require:

Safety has to be assessed for all facilities and activities, consistent with a 
graded approach;

Safety assessment involves the systematic analysis of normal operation and 
its effects, of the ways in which failures might occur and of the 

consequences of such failures;

Safety assessments cover the safety measures necessary to control the 
hazard, and the design and engineered safety features are assessed to 

demonstrate that they fulfill the safety functions required of them;

Where control measures or operator actions are called on to maintain safety,
an initial safety assessment has to be carried out to demonstrate that the 

arrangements made are robust and that they can be relied on;

A facility may only be constructed and commissioned or an activity may only be 
commenced once it has been demonstrated to the satisfaction of the 
regulatory body that the proposed safety measures are adequate.18



Safety Standards Hierarchy

19

Requirements that must be 

met to ensure protection of 

people and environment 

(‘shall’)



IAEA Safety Standards
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Safety Fundamentals

Fundamental Safety Principles

General Safety Requirements

Part 1. Governmental, Legal and 

Regulatory Framework for Safety

Part 2. Leadership and Management for Safety

Part 4. Safety Assessment for 

Facilities and Activities

Part 3. Radiation Protection and 

Safety of Radiation Sources

Part 5. Predisposal Management 

of Radioactive Waste

Part 6. Decommissioning and 

Termination of Activities

Part 7. Emergency Preparedness 

and Response

1. Site Evaluation for Nuclear Installations

2. Safety of Nuclear Power Plants

2.1 Design

2.2 Commissioning and Operation

4. Safety of Nuclear Fuel Cycle Facilities

3. Safety of Research Reactors

5. Safety of Radioactive Waste Disposal 

Facilities

6. Safe Transport of Nuclear Material

Collection of Safety Guides

Specific Safety Requirements



Commission and Committees
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Commission

on Safety Standards

(CSS)

Nuclear

Safety 

Standards

Committee

(NUSSC)

Radiation 

Safety 

Standards

Committee

(RASSC)

Waste 

Safety 

Standards

Committee

(WASSC)

Transport 

Safety 

Standards

Committee

(TRANSSC)

Emergency 

Preparedness 

Safety 

Standards 

Committee 

(EPReSC)



Process Flow for the Development of SSs

22

Outline and work plan
Prepared by the Secretariat

Review by the committees and Commission 
on Safety Standards

Drafting or revising 
of safety standard

by the Secretariat and consultants

Review
by the safety 

standards 
committee(s)

Endorsement
by Commission on Safety Standards

Member
States

Establishment by the IAEA’s 

Director General or BoG
Publication

• SF and SRs approved 

by BoG

• SGs approved by DG



Involvement of Stakeholders

Participation by the different stakeholders (for example, 

regulators, operators, designer and TSOs) during the 

drafting and review phase is a long established practice

23



www-ns.iaea.org/standards/

IAEA

Safety

Standards 

Wheel 

Poster



IAEA Safety

Standards: 
NPPs subset



There is no safety

without safety assessment

26

Safety assessment competence is 

key to making the right decisions in 

design, licensing and operation
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www-ns.iaea.org/standards/

IAEA

Safety

Standards 

Wheel 

Poster



www-ns.iaea.org/standards/

The IAEA Safety Standards on 

Safety Assessment
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Safety Assessment for Facilities and 

Activities Safety Requirements Part 4

30



Safety assessment

Is a systematic process that 

is carried out throughout the 

lifetime of the facility or 

activity to ensure that all the 

relevant safety 

requirements are met by the 

proposed or actual design. 

Safety assessment includes, but is not limited to, 

the formal safety analysis.
31



Safety 
Assessment

Safety analysis

Deterministic

Safety Analysis

Probabilistic

Safety Analysis

Evaluation of 
engineering factors 
important to safety

Safety Assessment and Safety Analysis

• Proven engineering 

practices

• Defence in depth

• Radiation protection

• Protection against 

external hazards

• Selection of materials

• Single failure criterion

• Redundancy, diversity

• Equipment qualification

• Ageing

• Man-machine interface

• …

Two 

complementary

methods

While the assessment of engineering aspects important to safety 

may not be explicitly addressed in the safety analysis, it 

constitutes a relevant part of the safety assessment. For some of 

these aspects, no well-defined acceptance criteria are available 

and therefore the assessment of the compliance with the safety 

requirements is based on good engineering judgement.
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GSR Part 4, Revision 1

RESPONSIBILITY 
FOR SAFETY 

ASSESSMENT

The responsibility for 
carrying out the safety 
assessment shall rest 
with the responsible 
legal person, i.e. the 
person or organization 
responsible for the 
facility or activity.

Req. 
3

“The licensee retains 

the prime 

responsibility for 

safety throughout the 

lifetime of facilities and 

activities, and this 

responsibility cannot 

be delegated.”

IAEA Fundamental

Safety Principles 

34



GSR Part 4, Revision 1

Other groups, such as 

designers, manufacturers, 

constructors, employers, 

contractors, consignors and

carriers, also have legal, 

professional or functional 

responsibilities with regard to 

safety.

The regulatory authority shall review and assess 

submissions on safety from the operators both 

prior to authorization and periodically during 

operation as required. 35



Granting of Authorization (Licence)

Demonstration of

Safety by the

Applicant

Format and content

of submission set-up 

by the regulator

Regulatory Review

and assessment

Communications

with other involved

organizations

REGULATORY 

DECISION

- granting of 

authorization

- authorization with 

conditions

- refusal of 

authorization

Communications

with the vendor

Communications

with external

support organizations

36
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GSR Part 4, Revision 1

PURPOSE OF THE SAFETY 
ASSESSMENT

The primary purposes of the safety assessment 
shall be:

- to determine whether an adequate level of 
safety has been achieved for a facility or 
activity

- whether the basic safety objectives and 
safety criteria established by the designer, the    

operating organization and the 
regulatory body have been fulfilled

Req. 4

> in compliance with the requirements for 

radiation protection and safety as established in 

the International Basic Safety Standards for 

Protection against Ionizing Radiation and for 

the Safety of Radiation Sources
38



GSR Part 4, Revision 1

GRADED 
APPROACH

A graded approach 
shall be used in 
determining the scope 
and level of detail of 
the safety assessment 
carried out in a 
particular State for any 
particular facility or 
activity, consistent with 
the magnitude of the 
potential radiation 
risks arising from the 
facility or activity

Req. 1

SCOPE OF SAFETY 
ASSESSMENT

A safety assessment 
shall be carried out for 
all applications of 
technology that give 
rise to radiation risks 
— that is, for all types 
of facilities and 
activities

Req. 2
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GSR Part 4, Revision 1

PREPARATION 
FOR THE SAFETY 

ASSESSMENT

The first stage of 
carrying out the safety 
assessment shall be 
to ensure that the 
necessary 
resources, 
information, data, 
analytical tools as 
well as safety criteria 
are identified and are 
available.

Req. 5

ASSESSMENT 
OF THE 

POTENTIAL 
RADIATION 

RISKS

The possible 
radiation risks 
associated with 
the facility or 
activity shall be 
identified and 
assessed

Req. 6

40



GSR Part 4, Revision 1

ASSESSMENT 
OF SAFETY 
FUNCTIONS

All safety 
functions 
associated with a 
facility or activity 
shall be specified 
and assessed

Req. 7

ASSESSMENT OF SITE 
CHARACTERISTICS

An assessment of the site 
characteristics relating to 
the safety of the facility or 
activity shall be carried out

Req. 8

41



GSR Part 4, Revision 1

ASSESSMENT OF 
THE PROVISIONS 
FOR RADIATION 

PROTECTION

It shall be determined in 
the safety assessment 
for a facility or activity 
whether adequate 
measures are in place to 
protect people and the 
environment from 
harmful effects of 
ionizing radiation

Req. 
9

ASSESSMENT 
OF 

ENGINEERING 
ASPECTS

It shall be 
determined in the 
safety 
assessment 
whether a facility 
or activity uses, 
to the extent 
reasonable, 
structures, 
systems and 
components of 
robust and 
proven design

Req. 
10
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GSR Part 4, Revision 1
ASSESSMENT 

OF SAFETY 
OVER THE 

LIFETIME OF A 
FACILITY OR 

ACTIVITY

The safety 
assessment shall 
cover all the 
stages in the 
lifetime of a 
facility or activity 
in which there are 
possible radiation 
risks

Req. 
12

ASSESSMENT OF HUMAN 
FACTORS

Human interactions with the 
facility or activity shall be 
addressed in the safety 
assessment and it shall be 
determined whether the 
procedures and safety 
measures that are provided 
for all normal operational 
activities, in particular those 
that are necessary for 
implementation of the 
operational limits and 
conditions, and those that are 
required in response to 
anticipated operational 
occurrences and accidents, 
ensure an adequate level of 
safety

Req. 
11

43
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GSR-4: Safety assessment
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GSR Part 4, Revision 1
ASSESSMENT 
OF DEFENCE 

IN DEPTH
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

Req. 
13

SCOPE OF 
THE SAFETY 

ANALYSIS
The 
performance of 
a facility or 
activity in all 
operational 
states and, as 
necessary, in 
the post-
operational 
phase shall be 
assessed in the 
safety analysis. 

Req. 
14

DETERMINISTIC 
AND 

PROBABILISTIC 
APPROACHES

Both 
deterministic
and 
probabilistic
approaches 
shall be 
included in the 
safety analysis

Req. 
15

46



Integrated Risk Informed Decisions 

Making process (IRIDM)

• IRIDM process is a systematic decision-making 

process that takes account of all relevant safety 

aspects in making a safety decision

• Objective: to provide 

principles and 

suggest approaches 

to apply IRIDM 

process 

• Follows main 

principles listed in 

INSAG-25 report 

47



IRIDM: Integration of deterministic and 

probabilistic elements

48

• Iterative process, before 

getting to a final safety 

decision

• The process can result in 

the identification of new 

design basis events and 

new criteria for deterministic 

safety classification of 

SSCs

• IRIDM involves the 

integration of various 

elements so that the overall 

resolution of the issue 

under consideration is 

commensurate with its risk 

significance and the efforts 

needed to implement it



GSR Part 4, Revision 1

CRITERIA 
FOR 

JUDGING 
SAFETY 

Criteria for 
judging safety 
shall be defined 
for the safety 
analysis

Req. 
16

UNCERTAINTY 
AND 

SENSITIVITY 
ANALYSIS 

Uncertainty and 
sensitivity
analysis shall be 
performed and 
taken into account 
in the results of the 
safety analysis and 
the conclusions
drawn from it

Req. 
17

USE OF 
COMPUTER 

CODES

Any 
calculational
methods and 
computer 
codes used 
in the safety 
analysis shall 
undergo 
verification 
and 
validation.

Req. 
18
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GSR Part 4, Revision 1

USE OF 
OPERATING 

EXPERIENCE 
DATA

Data on 
operational 
safety 
performance
shall be 
collected and 
assessed

Req. 
19

DOCUMENTATION 
OF THE SAFETY 
ASSESSMENT

The results and 
findings of the safety 
assessment shall be 
documented

Req. 
20

INDEPENDENT 
VERIFICATION

The operating 
organization 
shall carry out 
an independent 
verification of 
the safety 
assessment 
before it is used 
by the operating 
organization or 
submitted to the 
regulatory body

Req. 
21

50



GSR Part 4, Revision 1

MANAGEMENT OF 
THE SAFETY 

ASSESSMENT

The processes by 
which the safety 
assessment is produced 
shall be planned, 
organized, applied, 
audited and reviewed

The safety assessment 
shall be periodically 
reviewed and updated

Req. 
22

USE OF THE SAFETY 
ASSESSMENT

The results of the safety 
assessment shall be used:

- to specify the programme for 
maintenance, surveillance and 
inspection;

- to specify the procedures to be 
put in place for all operational 
activities significant to safety 
and for responding to 
anticipated operational 
occurrences and accidents;

- to specify the necessary 
competences for the staff 
involved in the facility or activity;

- to make decisions in an 
integrated, risk informed 
approach

Req. 
23

51



Safety assessment competence is 

key to making the right decisions in 

design, licensing and operation.

52
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Deterministic Safety Analysis

• Deterministic safety analysis 

is the analytical evaluation of 

physical plant performance for all

plant states.

• DSA for a nuclear power plant predict the 

response of an NPP in specific predetermined 

operational states to Postulated Initiating Events 

(PIE); fulfillment of relevant acceptance criteria is 

demonstrated (e.g. maximum fuel temperature)
54



Objectives of DSA

Confirming or demonstrating that

Safety functions can be performed with 
the necessary reliability

Structures are capable and sufficiently 
effective to keep the releases of radioactive 

material below acceptable limits

Barriers to the release of radioactive 
material from the plant will maintain their 

integrity to the extent required

Acceptability of source term and of the 
potential radiological consequences of 

different plant states

Possibility of certain conditions arising 
leading to radioactive release ‘practically 

eliminated’ 

Adequacy of the engineering design



• Executed by means of complex computer codes in 

order to predict the response to postulated initiating 

events (PIEs), alone or in combination with additional 

postulated failures

• Performed to the detail determined by: 

– Actual knowledge of physical, chemical,

structural, material and other phenomena

expected to occur during the computer simulation

– Availability of validated computer

codes:
▪ Current trends towards replacement     of

empirical models with mechanistic ones

▪ Good quality experimental data

– Computer power 

DSA: Approach and Results (1 / 2)



DSA: Approach and Results (2 / 2)

• Rules and acceptance criteria are specific to each plant 

state

– Analyses focus on neutronic, thermohydraulic, 

thermomechanical, structural and radiological aspects,…

– Computational simulations are specific for predetermined 

operating modes and plant states

• Result: space-time dependent 

values of physical variables

– e.g. neutron flux, thermal

power, pressures, temperatures,

flow rates and velocities of the

primary coolant, loads to

physical barriers,…



Technical areas concerned by DSA

• Reactor physics

• Thermalhydraulics

• Fuel behavior

• Material science

• Severe accidents

• Containment behavior

• Atmospheric dispersion

• Equivalent dose

• …



APPROACH

INPUT MODEL

including QA

NPP DATA

ENGINERING 

HANDBOOK

INPUT VALIDATION

PIRT

V & V

CODE

ACCIDENT 

CALCULATIONS

SENSITIVITIES

UNCERTAINTIES

ANALYSIS

REPORTING

SCOPE OF THE ANALYSIS

ASSUMPTIONS

Safety Analysis Methodology
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PSA

Probabilistic Safety Assessment 

is a systematic and comprehensive 

methodology to evaluate risks

associated with nuclear or other 

potentially dangerous facilities.

RISK

Detriment/

Time Unit

=
FREQUENCY

Events/

Time Unit

UNDESIRED

CONSEQUENCES

Detriment/

Event

x

RISK 

for an individual 

to experience an 

airplane crash

10-5

Crash/Year

=

FREQUENCY

10

Flights/Year

UNDESIRED

CONSEQUENCES

10-6

Crash/Flight

x
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INITIATING EVENTS

CORE DAMAGE

SAFETY SYSTEM FAILURE

SEVERE ACCIDENT PROGRESSION

CHALLENGE TO CONTAINMENT

RELEASE OF RADIOACTIVITY

DISPERSION IN THE ENVIRONMENT

HEALTH/ FINANCIAL CONSEQUENCES

LEVEL 1 PSA
Core damage frequency

LEVEL 2 PSA
Large release frequency

LEVEL 3 PSA
Societal risk

Accident sequences modelled by PSA

62



Initiating

Events

(< 100)

Accident sequence

event trees

(event probabilities

from fault trees)

Accident

sequences

(millions)

Initial plant

damage

states

(50 to 100)

Consolidated

plant damage

states

(< 20)

Accident progression /

containment event trees

(branch probabilities with

uncertainties)

Accident progression /

containment event tree

end states

(104 to 106)

Iterative truncation

10-10 ... 10-12 ...

      to convergence

Stop

B
in

ni
ng

 P
ro

ce
ss

Screen on

low frequency

Release

categories

(< 20)

Frequency   *    Consequence

Conditional

consequence

bins

(< 20)

R
is

k 
In

te
g
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ti

o
n

LEVEL 1 LEVEL 1 -2

Interface
LEVEL 2 LEVEL 3

Sensitivity analysis & reconsideration of

low-frequency PDS with high consequences

C
om

bi
ne

 S
im

ila
r 

P
D

S

PSA Process
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Relationship between information 

used in DSA and PSA

There is a very 
close link 

among data, 
information, 
and results of 
DSA and PSA

TH 
calculations to 

assess 
success 

criteria for 
systems 
operation

TH calculations 
to assess time 
windows for 

operator actions

Other 
calculations of the 
load caused by a 
hazards versus 

structural capacity 
to support scenario 

modelling in external 
events PSA (e.g. 
high winds, high 

water precipitation, 
seismic, etc)

Heat and 
mass transfer 
calculations to 

support 
assumptions on 

component 
failures due to 
fires in NPPs
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Relationship between information 

used in DSA and PSA

DSA is increasingly using data and results 
obtained through PSA:

PSA can reveal important initiating 
events that have been missed in the list of 

postulated initiating events analysed in 
DSA

In addition, the significant contributors to 
the risk due to CCF and other 

dependencies identified by PSA are a clear 
subject for DSA considerations

65
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Role of the Regulator

• Regulators are not designers, regulators are auditors!
– What this means is that your job is to probe for weaknesses in 

analyses

• How do you do this?
– Ask questions?

• Good questions require more than a “yes” or “no” answer

– Perform independent audit calculations

– Focus in on typical problem areas
• Code V&V

• Model development

• Code restrictions and applicability

• Challenge the edges of knowledge and experience

• Again, you are an auditor.  Your resources are limited so 
use them wisely!

67



• Many problems arise before analyses is even started

• Some more common examples of areas to probe:

– Quality of information used to build model

• The “licensee/vendor interface”

– Is the code even applicable

– Quality of verification and validation

– Are code restriction being adhered to?

• After analyses are completed

– Were results challenged?

• Do they make sense?

• Sensitivity studies performed?

– Proper independent verification procedures followed?

Most Typical Areas of Concern
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…Thank you for your attention
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