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Prevention/ Mitigation preparedness Radiation Risks
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2.1 GENERAL NUCLEAR SAFETY OBJECTIVE

13. Objective: To protect individuals, society and the environment ,
by establishing and maintaining , in nuclear power plants ,
an effective defence, against radiological hazard.




Table 2-1. Nuclides, half-life and radioactivity for a 1000 MWe PWR
e e e e s e

lodine

Caesium & Rubidium

Tellurium & Antimony

Alkaline Earths

Volatile Oxides

lodine

Caesium

Rubidium
Tellurium

Antimony
Strontium
Barium
Cobalt
Molybdenum

hnetium
Ruthenium

Yttrium
Zirconium
Niobium

Lanthanum
Cerium

aseodymium
Neodymium
Neptunium
Plutonium

Americtum

| Z‘Im'rc

1 ¥ Te

Half-life {days)

39

0.875
0.0366

11000
18.7
0.391
109
0.048
0.34

0.179
52.1
11030
0.403

1920
2.8
0.25
395
0.185
366
1.5

2.516
6.290
1.258
3.145
4.440
6.290
7.030

0.2775

0.111

0.00096
0.2183
0.0407
1.147
0.1961
0.481
444
0.225
1.221
3478
0.1369

0.925
1.813
0.1443

0.002109
0.000777
0.000777

Total activity (E
193

fioactivity

MCi)

120
150
150
150
160
150
130
85
130
60
1640
0.057
0.021
0.021
34
0.0017

Total activity (MC1)
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2.2. RADIATION PROTECTION OBJECTIVE

16. 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. (IAEA - INSAG-12)
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2.3. TECHNICAL SAFETY OBJECTIVE

19. Objective : To 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 , (1AEA - INSAG-12)
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3.2.1 Defence in depth

46. Principle: To compensate, for potential human and
mechanical failures, a defense in depth concept is
Implemented, centered on several levels of protection
including successive barriers, preventing the release of
radioactive material to the environment. The concept
Includes protection of the barriers by averting damage to
the plant and to the barriers themselves. It includes
further measures to protect the public and the
environment from harm in case these barriers are not
fully effective. (1AEA - INSAG-12)




1 Reactor Qslb)sx ‘)

2 Reactor coolant pump

3 Steam generator L‘gg A S uT L

4 Pressurizer J ’ ’ ’
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1) containment: pre-stressed concrete (2 m thick)

2) secondary containment: steel

3) accumulator tank

4) concrete shield

5) protection against missiles

6) water-cooled fuel pool

7) control rod drives

8) steam generator

9) reactor pressure vessel

10) reactor core : consists of a large number of fuel elements composed of fuel rods Q




Implementation of D in D in AES2006
AES-2006 ability to withstand external impacts

Hurricanes, tornadoes

Estimated maximum wind speed
with an occurrence rate of once
every 10,000 years - 58m/s

Aircraft impact
20t falling at a speed
of 200m/s

Shock wave 1 B ) ' Floods

with a frontal - T L Guaranteed to
pressure of 30kPa " B X withstand floods of
occurrence rate of on
-+, every 10,000 years

Seismic impact

Maximum estimated earthquake
~ force 8 on the MSK-64 scale
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Plant States

Operational State Accident Conditions
Normal Operation Anticipated Design Bases | Beyond Design Bases Accident
Operational Occurrence Accident (BDBA)

Without significant Severe

Core Damage Accident
Degree of Severity

10E-2 10E-6 Rare Frequency [ Ev/y]
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Normal Operation Anticipated Design Bases Beyond Design Bases Accident

Operational Occurrence

10E-2

Accident

10E-6

Without significant

(BDBA)

Core Damage

Rare

Severe
Accident

Degree of Severity

[

»

Frequency [ Ev/y]
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TAELE I. LEWVELS OF DEFENCE I DEPTH IM EXISTING PLANMTS

Lavals

Oibjective Eszandal means

Lenal 1

Preverdon of abnomal Coosearvative dasizn and high
operation and filures qaality in comstraction and
opeTation

Ciomtrol of 2brormal Cootrel, Envitng and
operation and detaction protection systems and other
of friluras surveillames fsatres

Comtrol of accidents withdn Enpnzered safety feaburas
the dasizn basis and accident procedimes

Control of severs plant condl-  Coonplemeriany measares
tioms, including prevention and accident manazemeni
of accident prograssion and

nitzation of the conssquenss

of severs accidents

Mo zation of radiclegical CHE-slte emeTgancy response
comsaquences of siznificam

Teleases of radivactve
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Safety and protaction
Systams, anginearad
and spacial safaty
featuras

Figsion products

Mormal oparating

systams General maans of protection: consarvativa

dasign, guality assurance and safety cultur

First barriar Fual matrix

Third barrier: Primary circuit boundary

First leval: Prevention of deviation from nomal oparation

Second level: Control of abnormal operation i\-

Third level: Control of accidants in design basis \

Fourth leval: Accidant managemant including confinement protaction

Fifth leval: Off-site ameargency response N
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3.2.2. Accident prevention

56. Principle: Principal emphasis is placed on the
primary means of achieving safety, which is the
prevention of accidents, particularly any which could
cause severe core damage. (IAEA - INSAG-12)

3.2.3. Accident mitigation

63. Principle: In-plant and off-site mitigation measures
are available and are prepared for that would
substantially reduce the effects of an accidental release

of radioactive material. (1AEA - INSAG-12)




05 39 EBS pogio 4 Loai o5 99 Ly s & U9
19> ;len 9 Sy Joo!

TABLE I LEVELS OF DEFENCE IM DEPTH IN EXISTING PLANTS

Layzls (hectve Eszendal means -
Lawal [ Preverdon of abnommsl Comservadve desizn and kigh = O
operaizom and failure: quality in constmaction and O C
opETatien o O
()
Cantrol of 2boormal Control, Emiting and g &
operation and detzcion protecion sysi=ms mmd othar
? fa! surveillanes famre:
Comimol of acc :|.EI1|:: witiic ~ Enginzered safery feamrss
: and accident procedimes
Commol of severs plant condl-  Complamentany: maasirss — g
11-:m. u:- ]w.m.,pm-ﬂt-:u: and accident memazemen: % =
8 @®©
S o
SigHt of Q5
of severe accidents =
< =

Mz J1LH]1H|:]':|::11H]D‘,_:II:!|]

Teizasas of radioac |:|1-.=
manenal

(Off-alie emMETEENCY [RSpONE
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Principles

-

Actions

1. Accident prevention:

1st level: Prevention of upset operating conditions by
means of:

- Safety margins in design and dimensioning
- Quality assurance and control
In-service inspection
- Reliable monitoring of operating
conditions
- Inspection and maintenance
- Training of operating personnel

2nd level:Mitigation of upset operating conditions to
prevent them from developing into accidents
by means of:
- Safety-oriented design (self-regulating
features)
Limitation systems
- Fault alarms in the control room

2. Accident mitigation:
Design basis accidents

1. Due to internal incidents

- Loss of coolant accident up to
and including guillotine break of
a reactor coolant pipe

- Loss of feedwater accident up to
and including guillotine break of
a feedwater pipe

- Rupture of a main steam line

- Reactivity disturbances in the
reactor core

2. Due to external impacts
- Earthquake
- Aircraft crash
- Blast wave

Principles and actions
involved in reactor safety

3rd level: 1. Passive engineered safeguards, protective
barriers against the escape of radioactive
substances or radiation:

Crystal lattice of fuel

Fuel cladding tube

Reactor coolant pressure boundary
Concrete shielding

Containment surrounding reactor coolant
system

Reinforced concrete shield building and
isolation from ground water

. Active engineered safeguards for
maintaining the integrity of the barriers

Reactor trip system

Containment isolation system
Residual heat removal system
Emergency feedwater system
Emergency power supply system

Actuating system: Reactor protection
system

Design principles: Redundancy
Diversity
Physical separation
Fail-safe principle
Automation

TABLE I. LEVELS OF DEFENCE IN DEPTH IN EXISTING FLANTS

Lanals

Objective

Eszaptdal means

Laval |

Preventon of abnoraal
gperaton and faitures

Commol of abormal
operaton and detacdon
of failres

Comtrol of accidents within
the dasizm basis

Comfrol of severs plant condi-
foms, inclidng prevenbon

0f accident progression and
nrfization of the consequensa:
0f severe aocidents

Mitizatiom of radiolosgical
comsaquences of siznfoand
Teleses of radicecte
maenals

Conservadve desizn and high
quality I constraction and
OpETation

Coatrol, Emitmg and
profection systms and other

srveillames faafures

Enpinzered safary feanmres
and accident procedimes

Complemeniary massrss
and accident meamazement
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Safety Principles

Responsibility Regulatory
Of Operating Control &
Organization Verification

Safety
Culture

Defense —in — Depth Strategy

Defense — in — Depth Accident Accident
Concept Prevention Mitigation

General Technical Principles

QA Operating
Proven Self-assessment Human Safety Radiation experience Operational
Engineering | Peer Reviews Factors Assessment protection | Safety Research  |Excellence
(New) (New) (New)

Specific Principles

Site Design Fabrication Commissioning Operation Accident Decommissioning Emergency
Construction Management Preparedness
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TABLE 1. PLANT STATES CONSIDERED IN THE DESIGN

Operational states

Accident conditions

Normal Anticipated operational Design basis accidents Design extension conditions
operation occurrences (DBA) (DEC)
(NO) (AOO) without
significant with core
fuel melt
degradation
> 10 E-2 10 E-2 - 10 E-6 10E-4 -10E-6 < 10E-6
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Earlier Concept

P Beyond Design Basis

. . e -——
Design Basis (Accident Management)

SSR-2/1, 2012

Plant Design Envelope »l«—DBeyond Plant_ _
Design Envelope

nditions

ctically
iminated

)Y IAEA 4

International Atomic Energy Agency
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Approach to the Demonstration of
Practical Elimination

The hypothetical accident conditions that require a specific demonstration of their
“practical elimination” include at least following categories:

1. Events that could lead to prompt reactor core damage and consequent
early containment failure
a. Failure of a large component in the reactor coolant system
b. Uncontrolled reactivity accidents
2. Very energetic phenomena in severe accident conditions for which
technical solutions for maintaining containment integrity cannot be
ensured.
a. Core meltdown at high pressure (Direct Containment Heating)
b. Steam explosion
c. Hydrogen explosion
d. Containment boundary melt-through
e. Containment failure due to fast overpressurization
3. Non confined severe fuel damage
a. Severe accident with containment by pass.
b. Significant fuel failure in a storage pool
SV IAEA ,

Internal tional Atamic Energy Agency
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THE CONCEPT OF PRACTICAL ELIMINATION

a) For likely or non-
aviidble evenis

Categories of plant states

P, L canarios

or events with
FEC CONSEqUEnCes
stre fow

kil ihood

=
Resistance ‘I:IJmit: of
S5Cc for DE

Safety Limits

Acceptanice criteri

1.00E+DO 1,00E-01 1,00E-02 1,00E-03 1.00E-O43 1.00E-05 1,00E-05 1,00E-06
Freguencies of ccurence per year for plant states



THE CONCEPT OF PRACTICAL ELIMINATION

-
<

Plant Design Envelope €—=Beyond Plant ),
Design Envelope

— Plant DCSigl’l Envelope

Design Envelope

Operational Acceptance
Criteria Criteria

Acceptance Acceptance

Criteria Criteria
Consequences

limited in time and area

HPME=High Pressure Melt Ejection

MCCI=Molten Core Concrete Interaction |

= Beyond Plant

39



S A 0l g 3 90 D195 (Gubd diubr 49 Lo 9 99 Ly 8 509 4
o5 g o Alizo b Curdg (51 ¢ O juaen g b pinans ¢ B 0l (21 )b Sl

<€ Plant design envelope >

Design Extension Conditions

Without
significant fuel
degradation

With core melting
(severe accidents)

Loads and conditions generated by External & Internal Hazards (foé each plant state)

Criteria for functionality, capability, margins, layout ar:id reliability (for each plant state)

Design éasis of safety

Design Basis of features for DECs
including SSCs necessary to control DECs

Design basis of equipment for Safety Systems
Operational states including SSCs necessary to Featuresto Featuresto
control DBAs and some prevent core mitigate core melt
AOCe melt (Containment
systems)

FIG. 2. Main elements of the design basis of SSCs for different plant states.
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Plant States
Operational State Accident Conditions
Normal Anticipated Design Bases Beyond Design Bases
Operation Operational Accident Accident (BDBA)
Occurrence
Lowis g5 98 31 Jud
Without Severe atd ’
significant Accident
Core
Damage
10E-2 10E-6 Rare
< Plant design envelope >

Design Extension Conditions

Without
significantfuel With core:melting

degradation (severe accidents)

Loads and conditions generated by External & Internal Hazards (for each plant state)

Lowis 9593 3 vy

Criteria for functionality, capability, margins, layout and reliability (for each plant state)

Design Basis of safety

Design Basis of features for DECs
including SSCs necessary to control DECs

Design basis of equipment for Safety Systems
operationa| states including SSCs necessary to Features to Features to
contol D:g;a"d Some prevent core | mitigate core melt
S

melt (Containment
systems)
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Plant equipment

Items important to safety Items not important to safety

Safety related systems Safety systems [ Safety features for DEC ]

FIG. 1. Plant equipment.
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Value of parametersthat can
produce a cliff-edge effect

Uncertainties

Safety limits established by the
codes or by the regulatory body
(different for different S5Cs)

Value of parameters
determined with conservative
assumptions and methods

Value of parameters
determined with realistic Uncertainties
assumptions and methods

FIG. 3. Margin (safety margin) and cliff edge effects.




CONSIDERATIONS FOR BEYOND DESIGN BASIS EXTERNAL HAZARDS

IN NPP SAFETY ANALYSIS ,Transactions, SMiIRT-23 , 2015

Table 1. Factors to consider in safety margin determination for External hazards for a hypothetical site/plant

Hazard/Criterion Fault Seismic Coastal River Tornadoes ACC Explosions Volcanoes
Disp Ground flood Flood
Motion
Cliff Edge 2 | 5 4 3 3 3 3
Lack of Warning 2 (%) 1 (*) 2 3 2 3 5 3
Uncertainties 4 4 4 3 4 2 2 4
Insufficient 4 | 3 2 3 3 3 4
experience
Combination 3 4 4 3 2 1 | 3
Concomitant 3 4 4 3 3 - 3 4
Extent of Common 2 5 5 4 3 2 2 5
Cause
TOTAL 20 20 27 22 20 18 19 26
(*) Assuming an automatic seismic scram system 1s installed, otherwise these may be 3 - 5.
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IAEA-DID approach of SSR-2
Level of Objective Essential design means Essential operational Level of
defence means defence
Approach 1 Approach 2
Prevention of abnormal Conservative design and high | Operational rules and normal
Level 1 operation and failures quality in construction of normal | operating procedures Level 1
operation systems, including
monitoring and control systems
Control of abnormal operation Limitation and protection Abnormal operating
and detection of failures systems and other surveillance | procedures/emergency
Level 2 features operating procedures Level 2
3a Control of design basis Engineered safety features Emergency operating Level 3
accidents (safety systems) procedures
(postulated single initiating
events)
Level 3 Control of design extension Safety features for design Emergency operating
conditions to prevent core extension conditions without procedures da
3b melting core melting
Control of design extension Safety features for design Complementary emergency Level 4
conditions to mitigate the extension conditions with core | operating procedures/ severe
Level 4 consequences of severe meilting. Technical Support accident management 4b
accidents Centre guidelines
+«——
Mitigation of radiological On-site and off-site emergency | On-site and off-site
consequences of significant response facilities emergency plans
Level 5 releases of radioactive Level 5
materials
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TAELE 1. LEVELS OF DEFENCE IN DEPTH IN EXISTING PLANTS

Lavzls

B

Eszendal means

Level of
defence

Approach 1

Objective

Lowsi o5 93 3 Wy

Essential design means

Essential operational
means

Level of
defence

Approach 2

Leval 1

Prevention of abnomal
operation and filnres

Ciomtmol of abrormal

operation 2nd detsion
o8 filras

Comsemvatve dasizn and kzgh
qualify in consimction and
TG

Coatrol, Imiting and
proieciion sysiems amd other
mzillanca Ssamue;

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

Commal of accidents within

of accident progression and

nitizaton of the ConssquEnses

07 severs accidents

BEnzation of radiclogical
comssguences of siznificam
Teiases of radioactve
mameral

Enpinzered safiety franmrss
and accident procedirss

DEIpeenary Madsiies
and accident memazemen

Cif-siie emeTgency Tesponse

Control of design
basis accidents

Engineered safety features
(safety systems)

Emergency operating
procedures

Control of design
extension conditions
to prevent core melt

Safety features for design
extension conditions
without core melt

Emergency operating
procedures

Level 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 4

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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TAELE I LEVELS OF DEFENCE I DEPTH IN EXISTING PLANTS

Lavals

(becdve

Eszendal means

Level of
defence

Approach 1

Objective

Lowsi o5 g9 3f

Essential design means

Essential operational
means

Level of
defence

Approach 2

Leval |

Prevendon of abnomsl
operation and falures

Comimol of aboormal
operation and defzcion

of filras

Commmal of accidents within
fhe dasizn basis

fioms, inchuding prevention

of aocident prograssion and
nrtizaion of the consaquensa:

o sevems aorjdends

Cpmservadve desizn and kigh

quality I comstmaciion and
ORI

Cootrol, Emiting and
protecton sysiems md ofher
surveillance famres

Enpinzered safary featuras
and accident procedimss

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

Control of design
basis accidents

Engineered safety features
(safety systems)

Emergency operating
procedures

Control of design
extension conditions
to prevent core melt

Safety features for design
extension conditions
without core melt

Emergency operating
procedures

and accident memazement

Level 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 4

BEtzation of radiological
oomssqenres of siznifoant
Telzases of Tadinactive
maEnal

OfE-slie emergency [Rapomse

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
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Principl

1. Accident prevention

2. Accident mitigation
Design basis accidents

1. Due to internal incidents

- Loss of coolant accident up to
and Including guillotine break of

actor coolant pipe

~ Loss of feedwater accident up 1o
and including guillotine break of
a feedwater pipe

~ Rupture of a main steam line

~ Reactivity disturbances in the

2. Due to external impacts.
- Earthquake
- Aircraft crash
- Blast wave

Principles and actions
involved in reactor safety

15t level

2nd tevel

3rd level

Prevention of upset operating conditions by

- Safety margins in design and dimensioning

Quality assurance and control

- In-service inspection

- Reliable monitoring of operating
conditions

~ Inspection and maintenance

- Training of operating personnel

Mitigation of upset operating conditions to

prevent them from developing Into accidents

by means of.

- Safety-oriented design (self-regulating
features)

- Limitation systems

- Fault alarms in the control room

1. Passive engineered safeguards, protective
barriers against the escape of radioactive
substances or radiation:

- Crystal lattice of fuel

~ Fuel cladding tube

~ Reactor coolant pressure boundary

- Concrete shielding

- Containment surrounding reactor coolant
system

~ Reinforced concrete shield building and
isolation from ground water

2. Active engineered safeguards for
maintaining the integrity of the barriers

- Reactor trip syste:

~ Containme: ion system

- Residual heat removal system

- Emergency feedwater system

- Emergency power supply system

Actuating system: Reactor protection

Design principles: Redundancy
Diversity
Physical separation
afe principle
n

IplEmeniATY I

and ac

dent management

Level of
defence

Approach 1

Level 4

Level 5

Lowis o593 3 Uy

Objective Essential design means

Prevention of Conservative design and
abnormal operation high quality in construction
and failures of normal operation
systems, including
monitoring and control
systems
Control of abnormal | Limitation and protection
operation and systems and other
detection of failures | surveillance features

Control of design Engineered safety features
basis accidents (safety systems)

Control of design Safety features for desig
extension conditions | extension conditions
to prevent core melt | without core melt

Control of design

 features for design
extension conditions | extension conditions with
to mitigate the core melt.

consequences of
severe accidents

Technical Support Centre

Mitigation of On-site and off-site
radiological emergency response
consequences of facilities

significant releases

of radioactive

materials

Essential operational Level of
means dEfEl] ce

Approach 2

Operational rules and
normal operating
procedures Level 1

Abnormal operating
procedures/emergenc

. Level 2
operating procedures

Emergency opera
procedures
Emergency operating
procedur

Complementary emergency
operating procedures:
severe accident
management guidelines

On-site and off-site
emergency plans

Level 5




TABLE 5.
STATES

EXAMPLES OF ACCEPTANCE CRITERIA FOR DIFFERENT PLANT

Level of
defence

Objective

Associated plant
state

Criteria for maintaining
integrity of barriers

Criteria for limitation of
radiological consequences

Level 1

Prevention of
abnormal
operation and
failures

Normal operation

No failure of any of the
physical barriers except minor
operational leakages

Negligible radiological impact
beyond immediate vicinity of the
plant. Acceptable effective dose
limits are bounded by the general
radiation protection limit for the
public (1 mSv /year™ commensurate
with typical doses due to natural
background), typically in the order
of 0.1 mSv/year.

Control of
abnormal
operation and
detection of
failures

Anticipated
operational
occurrence

No failure of any of the
physical barriers except minor
operational leakages

Negligible radiological impact
beyond immediate vicinity of the
plant. Acceptable effective dose
limits are similar as for normal
operation, limiting the impact per
event and for the period of 1 year
following the event (0.1 mSv/y)

Level 3a

Control of
design basis
accidents

(DBAs)

Design basis
accident

No consequential damage of
the reactor coolant system,
maintaining containment
integrity, limited damage of
the fuel

No or only minor radiological
impact beyond immediate vicinity of
the plant, without the need for any
off-site emergency actions.
Acceptable effective dose limits are
typically in the order of few mSv.

Level 3b

Control of
DECs without
significant fuel
degradation
(prevention of
accident
progression
into severe
accident)

Design extension
condition without
significant fuel
degradation

No consequential damage of
the reactor coolant system,
maintaining containment
integrity. limited damage of
the fuel.

The same or similar radiological
acceptance criteria as for the most
unlikely design basis accidents

Level 4

Control of
DECs with
core melt
(mitigation of
consequences
of severe
accidents)

Design extension
condition with
core melt (severe
accident)

Maintaining containment
integrity

Only emergency countermeasures
that are of limited scope in terms of
area and time are necessary

Level 5

Mitigation of
radiological
consequences
of significant
releases

Accident with
releases requiring
implementation of
emergency
countermeasures

Containment integrity
severely impacted, or
containment disabled or
bypassed

Off-site radiological impact
necessitating emergency
countermeasures

Loy 5599 by (s & 509
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3. GERMAN DEFENCE IN DEPTH CONCEPT

Internationally, the defence in depth concept consists of five subsequent levels [4-8]. The Safery

Requirements for existing nuclear power plants published in 2013 define a sophisticated defence in depth
concept for German NPPs. It is characterized by the first four levels of defence in depth:

— Level 1: normal operation;
Level 2: abnormal operation;
— Level 3: design basis accidents;
— Level 4: design extension conditions;
o levelda: ATWS;
e  Leveldb: multiple failure of safety system;
e  leveldc: accidents with severe fuel assembly damages.
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Level1and2 (NO and

AOO)

* Obeying dose limits
according to radiation
protection ordinance

* Dose minimization
(ALARA) according
to §6 of the radiation
protection ordinance

* Monitoring of
releases via defined
release paths

oIT 8 g,

Level 3 (DBA)

* No exceedance of
emergency planning
levels according to
§49 of the radiation
protection ordinance

* |n addition, dose
minimization
according to §6
radiation protection
ordinance haveto be
obeyed

= Analysis of all
possible releases

paths
A

Level 4a, 4b, and 4c

(DEC)

* Minimizing of on-site
and off-site

\ radiological
H consequences
* Exclusion of

*Earlyreleases (early
failure of bypassof
containment)

+Large releases
(requiring wide area
and long term counter
measures off-site)

FIG. 1. Radiological safety objectives on different levels of defence in depih in Germany.
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TABLE1  REQUIRED BARRIERS ON DIFFERENT LEVELS OF DEFENCE IN DEPTH FOR FUEL IN
THECORE ANDSTORED IN THE SPENT FUEL POOL

Fuel in the core Spent fuel pool
* Fuel cladding * Fuel cladding
* Pressure retaining wall + Containment / compensating retention
+ Containment function
* Fuel cladding * Fuel cladding
* Pressure retaining wall « Containment / compensating retention
+ Containment function
* Fuel cladding
EIEEE « Pressure retaining wall
+ containment

| Level 4b At least on barrier

Maintaining the integrity of the containment as long as possible

In case of fuel elements stored
Level 4c outside a containment:
Maintaining the integrity of the
surrounding building as long as
possible
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Plant states
Level existing NPP new NPP
1 Normal operation Normal operation Normal operation Normal operation
2 Abnormal operation AOO AQO AQO
3 Accidents (DBA) DBA 3g | Postulsiedsingel DBA
initating events
da Very rare events . . o
3b Postulated multiple DEC without significant
Events involvi DEC without core melt failure events fuel degradation
4 4b multiple failure of
safety equipment
Accidents involving 4 | Postulated core melt ,
e = DEC with S accidents DEC with core melt
assembly damages

[ o ]

FIG. 2. Comparison German defence in depth concept with IAEA and WENRA approaches.
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TABLE I LEVELS OF DEFENCE IM DEPTH IN EXISTING PLANTS

Layzls (hectve Eszendal means -
Lawal [ Preverdon of abnommsl Comservadve desizn and kigh = O
operaizom and failure: quality in constmaction and O C
opETatien o O
()
Cantrol of 2boormal Control, Emiting and g &
operation and detzcion protecion sysi=ms mmd othar
? fa! surveillanes famre:
Comimol of acc :|.EI1|:: witiic ~ Enginzered safery feamrss
: and accident procedimes
Commol of severs plant condl-  Complamentany: maasirss — g
11-:m. u:- ]w.m.,pm-ﬂt-:u: and accident memazemen: % =
8 @®©
S o
SigHt of Q5
of severe accidents =
< =

Mz J1LH]1H|:]':|::11H]D‘,_:II:!|]

Teizasas of radioac |:|1-.=
manenal

(Off-alie emMETEENCY [RSpONE
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Level of

defence

Approach 1

Normal
. Level 1
Operation
Level 2
Sever
Accidents

Objective

Prevention of
abnormal operation
and failures

Control of abnormal
operation and
detection of failures

Control of design
basis accidents

Control of design
extension conditions
to prevent core melt

Control of design
extension conditions
to mitigate the
consequences of
severe accidents

Mitigation of
radiological
consequences of
significant releases
of radioactive
materials

Essential design means

Conservative design and
high quality in construction
of normal operation
systems, including
monitoring and control
systems

Limitation and protection
systems and other
surveillance features

Engineered safety features
(safety )

Safety features for design
extension conditions
without core melt

Safety features for design
extension conditions with
core melt.

Technical Support Centre

On-site and off-site
emergency response
facilities

Level of
defence

Essential operational
means

Approach 2

Operational rules and
normal operating
procedures

Abnormal operating
procedures/emergency
operating procedures

Emergency operating Level 3
rocedures

Emergency operating
procedures

Level 4

Complementary emergency
operating procedures/
severe accident
management guidelines

On-site and off-site
emergency plans

Accident
Prevention

Accident
Mitigation
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