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Major Nuclear Safety Lessons




Pressurized water reactor PWR

Containment Structure

Pressurizer Steam
Generator




Boiling water reactor BWR
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Safety and safety objectives (SF-1)

 Safety: means the protection of
people and the environment against
radiation risks

* The fundamental safety
objective is to protect people and the
environment from harmful effects of
lonizing radiation

(LY IAEA
\{\“J



Safety and safety objectives (SF-1)

* Measures to achieve the highest

standard of safety.

* (a) To control the radiation exposure of
people and the release of radioactive
material to the environment;

* (b) To restrict the likeli
might lead to a loss of
reactor core, nuclear c

nood of events that
control over a nuclear

nain reaction,

radioactive source or any other source of

radiation:

* (c) To mitigate the consequences of such
events if they were to occur
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Specificity of Nuclear Power
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Nuclear Safety
« Technical aspects
- Management aspects




Nuclear Safety Concept

Adequate site and 3 essential factors must be In
a complex interaction

GOOD DESIGN
Conservative
approach;

Proven engineering
practices;

Defense in depth
concept;

Design philosophy
of safety systems;...

HUMAN
PERFORMANCE
Qualified & trained
staff;

Organization;

Safety management;
Safety culture;
Documentation..

NUCLEAR SAFETY

OPERATIONAL
SAFETY

Conduct of operation
- adherence to
procedures;

ISI & maintenance;
Surveillance testing;
Self-assessment;
Operating experience
feedback,...




Fundamental Safety Functions:

1) controlling the reactivity,
2) cooling the fuel,

3) confining the radioactive material
and control of operational
discharges, as well as limitation of
acclidental releases
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Defence in depth

® Defence in depth (INSAG-10) -
hierarchical deployment of different
levels of equipment and procedures In
order to maintain the effectiveness of
physical barriers, placed between
radioactive material and workers, the
public or the environment, in normal
operation, anticipated operational
occurrences and, for some barriers, In

accident at the plant
(L) 1AEA



Defence in depth

* Defence In depth — ensures that the
fundamental safety functions are
reliably achieved and with sufficient
margins to compensate for equipment
fallure and human errors

* To the extent possible, provisions at
different levels of defence should be
Independent

(LY IAEA
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Barriers against releases of radioactivity

Site
boundary

Containment _
Population

Distance

Pressure boundar

(LY IAEA
)




Safety and i Fissiop products j

protection SNo;tr(relrart:Soperatlng General means of protection: conservative
systems, y design, quality assurance, safety culture

engineered First barrier: Fuel matrf®
and special safety
features

Third barrier: Primary circuit boundary

First level: Prevention of deviation from normal operation

Second level: Control of abnormal operatiovr\

Third level: Control of accidents in design basis \

Fourth level: Accident management including confinement protection

Fifth level: Off-site emergency response\

Defence in depth - relation between barriers and levels






Safety Systems

plant equipment

items important to safety* items not important to safety*
safety related items* safety systems
protection system safety actuation safety system
system support features

* In this context, an ‘item’ is a structure, system or component.
WHY do we need safety systems?
*To fulfill an important role in defense in depth concept.

*To perform their design safety function in case that normal operating systems

fail, to avoid that anticipated operating occurrences evolve to accident
conditions, or

» To cope with postulated initiating events

(LY IAEA
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Safety systems - main features

* Active

* need external energy
supply (el. power,
compressed air, steam
etc.)

* need actuation signal

High pressure safety
injection system (HPSI)

“Low pressure

Accumulator

Residual heat
removal system

\ 2
Emergency water (S’
storage tank

Reactor

e Passive

*do not need external

energy supply — it is
accumulated (gas
pressure, hydrostatic
liguid pressure etc.)

* do not need actuation

signal — they actuate
when conditions are

met (change of Ap or
AT)



Main requirements for design of NPPs

* Management of safety in design

* Application of defence in depth

* Radiation protection and acceptance criteria
* Design basis of SS&C important to safety

» Safety classification

* Provisions for ISI, surveillance, maintenance
* Ageing

e Human factors
(L) 1AEA



Main requirements for design of NPPs

* Reliability of SS&C

e Common cause failures

* Failure of two or more SS&C due to a single
specific event or cause

* Single failure criterion

* Requirement applied to a system such that it must
be capable of performing its task in the presence
of any single failure

* Fail safe design

* when an element of the considered system fails,
the system is able to meet its design function —
esp. |&C sytems
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Main requirements for design of NPPs

* Redundancy ( 2x100%, 3x100%, 4x50%,4x 100%)

* Independence — physical, electrical, I&C, to assure
single failure criterion

* Diversity — based on different methods, physical or
at least different suppliers

* Safety assessment
* Deterministic
* Probabilistic

(£ 1IAEA
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Equipment qualification

* Safety systems must be able to meet their
safety function under environmental
conditions during accidents and also In case
of following occurrences:

* external — earthquake, flooding, aircraft hits,
iIndustrial explosions;

* internal — pipe whips, flying objects,
environmental parameters (temperature,
pressure, humidity, radiation...)

(£ 1IAEA
)



Safety Management Systems - Definition

* “Those arrangements made by the
organisation for the management of
safety Iin order to promote a strong
safety culture and achieve good safety
performance” (INSAG-13)
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External

Operating organization

Definition of safety requirements
and organization

Y

Planning, control
and support

Y

Implementation

Y

Audit, review
and feedback
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Different APproaches to
Management Assessment

(oNveNTIONAL) [ INNOVATIVE
APPROACH APPROACH
2 / l .




Operational safety

Direct obligation of the operating
organization:

* To ensure physical barriers against
radiological hazards are maintained

* To ensure robust levels of protection
are in place to prevent accidents

* To mitigate consequence of
accidents, should they occur
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Operational Safety - definition

Operational safety of NPP -
protection of employees, the public and

the environment from potential hazards
during NPP operation assured by
means of maintaining proper operating
conditions, prevention of accidents or
mitigation of accident consequences.
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Operational Safety

Safe plant operation is characterized by:

- conservative, safety-oriented decision making

- operating the plant within the design safety
envelope at all times

- ensuring all plant and procedure modifications
are carefully considered for safety conseguences

- maintaining defense-in-depth against unplanned
events and their consequences through high
levels of equipment reliability and human
performance

(LY IAEA
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Operational safety levels

- well trained, competent personnel,

- high quality processes, tools and facilities,
- strong application of programs in the field,
- reliable process systems,

- available safety systems,

- detection and correction of problems - OE
- strong presence of Safety Culture.
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Operational Safety

INCIDENTS

* Series of weaknesses leading to major consequences

* Incident could have been avoided if any one of the
weaknesses was detected beforehand

* Many of the weaknesses
causing errors were in bt o g
existence before the aism =

Incident (latent weaknesses).

Some were well known and P - P ——
tolerated by management.

(LY IAEA
)



Why Do Events Happen? (Swiss Cheese Model)

Past Errors Result in Latent Weakness in “Defence in
Depth” of Organisations, Processes and Equipment

Significant
Events

o O
O (Consequences)

_ O
Active Errors by

Individuals Result in O
Initiating Action (s)

Dr. James Reason, Managing the Risks
of Organisational Accidents, 1997.




TYPICAL PRECURSORS OF INCIDENTS

* Acceptance of low standards of performance
* Line management and workers not held accountable

* Performance weaknesses not recognized or corrected

* Insufficient direction provided for conduct of plant ac*@“s
* Deficient control room activities 4?-
* Inadequate procedures l l

* Ineffective training

* Insufficient use of operating experience

* Root causes of abnormal events not determined
* Design configuration not controlled

* Increasing trend of human errors
¢ AL
Gy IAEA
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Attributes of excellent plants

* Personal involvement of management in
directing improvements

e Effective communication in all levels of the
organization

* High standards set and visible throughout the
whole organization and shown in the plant

* Strong focus of line management on goals
* Clear and visible processes

* Leadership development programme for
supervisors

(£ 1IAEA
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Attributes of excellent plants

* Willingness and ability to learn from
experience

* Cultivation of teamwork
* Effective corporate support
* Long-range outlook in developing plans

* Effective plant configuration control
programme

* Delegation of responsibility to the lowest level
 Enthusiastic, stable staff
* Strong training programmes

(£ 1IAEA
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Attributes of excellent plants

* Effective and efficient use of manpower

* Workers motivated to assume
responsibility

* Managers accepting constructive
criticism from lower levels

* Managers attentive to workers problems
* Pro-active behaviour of staff

* Information flow between management
and workers

(£ 1IAEA
)



Key Common Operational Issues

* Maintaining competence
* Application of acceptable standards
* Questioning attitude

* Organisational “complacency”/Loss of
focus/Organisational drift

e Poor communication
* Loss of “oversight”

* Management of change (often involving
contractorisation)

* External pressures

(£ 1IAEA
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METHODS OF SELF-ASSESSMENT




Conclusions

* Safety Is a paramount requirement for future of
nuclear power

* Safety objective require that NPPs are
designed/operated so as to keep all sources of
radiation exposure under strict control

* Several successive physical barriers for the
confinement of radioactive material are put In
place; the safety objective can be achieved by
maintaining integrity of the barriers, which in
turn is ensured by fulfiiment of 3 fundamental
safety functions
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Conclusions

* Implementation of the defence in depth
ensures that the safety functions are
reliably achieved with sufficient
margins to compensate for equipment
fallures and human errors

* Defence in depth is a deterministic
approach, which is however closely

related and normally complemented by
probabilistic approach; but, defence in
depth can not be replaced by PSAs

(LY IAEA
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Conclusions

* Possible challenges to the safety
functions are dealt with by the
provisions (measures) established
at a given level of defence which
Include inherent safety characteristics,
safety margins, active and passive systems,
procedures, operator actions, organizational
measures, safety culture aspects

(LY IAEA
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Main relevant documents

°* Fundamental Safety Principles,

Safety Standards Series No. SF-1, IAEA,
Vienna (2006)

* Basic Safety Principles for

Nuclear Power Plants, 75-INSAG-3

Rev.1, INSAG-12, A report by the
International Nuclear Safety Advisory
Group, IAEA, Vienna (1999)
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Main relevant documents

* Defence in Depth in Nuclear Safety, INSAG-
10, International Nuclear Safety Advisory Group, IAEA,

Vienna (1996)
* Assessment of defence in depth for

nuclear power plants, Safety Report Series No.
46, |IAEA , Vienna (2005)

 Safety of Nuclear Power Plants: Design,
Safety Standards Series No. NS-R-1, IAEA, Vienna (2000)

o Safety of Nuclear Power Plants:

Commissioning and Operation Specific Safety
Requirements
Series No. SSR-2/2, IAEA, Vienna (2011).

(LY IAEA
\{\qu



,-\_m\

fuLuQ.lAlUl Atomic Energy . \_).JJL'},/





