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6 SECY-77-439 “Single Failure Criterion” 00000000000 0O0O" The Single Failure Criterion ,
as a design and analysis tool, has the direct objective of promoting reliability through the enforced
provision of redundancy in those systems which must perform a safety-related function.”
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The definitions of the different levels of DiD were set as to mirror escalation from normal
operation to accident so that if one level fails, a higher level comes into force. This does not
mean that the situations considered in one level are systematically resulting from a failure of
systems/features associated to the previous level of defence. The different levels of DiD were
set as to cover the different situations that need to be considered in the design and operation
of the plant. The approach was intended to provide robust means to ensure the fulfilment of
each of the fundamental safety functions® of:

(1) Control of reactivity;
(2) Removal of heat from the reactor and from the fuel store;
(3) Confinement of radioactive material, shielding against radiation, as well as limitation

of accidental radioactive releases.

In the early stage, the concept of Defence-in-Depth included three levels:

Then, the concept of Defence-in-Depth for the current operating reactors was further devel-
oped to take into account severe plant conditions that were not explicitly addressed in the
original design (hence called “beyond design conditions”), in particular lessons learned from
the development of probabilistic safety assessment and from the Three Mile Island accident
(USA 1979) which led to a severe core melt accident and from the Chernobyl accident
(Ukrainian Republic of USSR 1986). These developments led to two additional levels in DiD
(see INSAG 10 — 1996):

Levels of
defence in
depth

Objective

Essential means

Associated plant
condition categories
(for explanation - not
part of original table)

Levels of
defence in
depth

Objective

Essential means

Associated plant
condition categories
(for explanation - not
part of original table)

Level 1

Prevention of abnormal

operation and failures

Conservative design and
high quality in
construction and operation

Normal operation

Level 1

Prevention of abnormal
operation and failures

Conservative design and
high quality in
construction and opera-

tion

Normal operation

Level 2

Control of abnermal oper-
ation and detection of
failures

Control, limiting and pro-
tection systems and other
surveillance features

Anticipated opera-
tional occurrences

Level 2

Control of abnormal oper-
ation and detection of
failures

Control, limiting and pro-
tection systems and other
surveillance features

Anticipated opera-

tional occurrences

Level 3

Control of accident within
the design basis

Engineered safety features
and accident procedures

Design basis acci-
dents (postulated
single initiating
events)

Level 3

Control of accident within

the design bhasis

Engineered safety features

and accident procedures

Design basis acci-
dents (postulated
single initiating
events)

(0) RHWGO Reactor Harmonization Working Group

DiD0O Defence-in-Depth

Level 4

Control of severe plant
conditions, including pre-
vention of accident pro-
gression and mitigation of
the consequences of se-

vere accidents

Complementary measures
and accident management

Multiple failures

Severe accidents
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Refined structure of the levels of DiD

The refined structure of the levels of DiD propesed by RHWG is as follows:

Levels of
defence in
depth

Objective

Essential means

Radiological conse-
quences

Associated plant
condition cate-
gories

Level 1

Prevention of
abnormal opera-
tion and failures

Conservative design
and high quality in
construction and
operation, control of
main plant parame-
ters inside defined

limits

Level 2

Control of abnor-
mal operation and

failures

Control and limiting
systems and other

surveillance features

No off-site radiologi-

cal impact (bounded

by regulatory operat-
ing limits for dis-

charge)

Normal opera-
tion

Anticipated op-
erational occur-

rences

Level 3
(1)

3.b

Control of acci-
dent to limit ra-
diological releases
and prevent esca-
lation to core melt

conditions ‘!

Reactor protection
system, safety sys-
tems, accident pro-

cedures

Additional safety

features® accident

procedures

No off-site radiologi-
cal impact or only
minor radiological

impact @

Postulated single

initiating events

Postulated mul-
tiple failure

events

Level 4

Control of acci-
dents with core
melt to limit off-

site releases

Complementary safe-
ty features™ to miti-
gate core melt,
Management of acci-
dents with core melt

(severe accidents)

Off-site radiological
impact may imply
limited protective

measures in area and

time

Postulated core
melt accidents
(short and long

term)

Level 5

Mitigation of radi-
ological conse-
quences of signifi-
cant releases of
radioactive mate-

rial

Off-site emergency
response

Intervention levels

Off site radiological
impact necessitating
protective

measures‘s)

@ Even though no new safety level of defence is suggested, a clear distinction between means and
conditions for sub-levels 3.a and 3.b is lined out. The postulated multiple failure events are consid-
ered as a part of the Design Extension Conditions in IAEA SSR-2/1.

) Associated plant conditions being now considered at DiD level 3 are broader than those for existing E
reactors as they now include some of the accidents that were previously considered as “beyond defi
sign” (level 3.b). For level 3.b, analysis methods and boundary conditions, design and safety asfi
sessment rules may be developed according to a graded approach, also based on probabilistic in-!

propriately justified. However the maximum tolerable radiological consequences for multiple fail-
ure events (level 3.b) and for postulated single failure events (level 3.a) are bounded by Objective r

©) The task and scope of the additional safety features of level 3.b are to control postulated common
cause failure events as outlined in Section 3.3 on “Multiple failure events”. An example for an addi-
tional safety feature is the additional emergency AC power supply equipment needed for the postu-
lated common cause failure of the primary (non-diverse) emergency AC power sources.

The task and scope of the complementary safety features of level 4 are outlined in Section 3.4 on
“Provisions to mitigate core melt and radiological consequences”. An example for a complementary
safety feature is the equipment needed to prevent the damage of the containment due to combus-
tion of hydrogen released during the core melt accident.

@ It should be noted that the tolerated consequences of Level 3.b differ from the requirements con-
cerning Design Extension Conditions in IAEA SS5R-2/1 that gives a common requirement for DEC:

“for design extension conditions that cannot be practically eliminated, only protective measures
that are of limited scope in terms of area and time shall be necessary”.

© Level 5 of DiD is used for emergency preparedness planning purposes.
02. Accidents without core melt

® ensuring that accidents without core melt induce no off-site radiological impact or
only minor radiological impact (in particular, no necessity of iodine prophylaxis, shel-
tering nor evacuation®).

* reducing, as far as reasonably achievable,

o the core damage frequency taking into account all types of credible hazards
and failures and credible combinations of events;

o the releases of radioactive material from all sources.

e providing due consideration to siting and design to reduce the impact of external
hazards and malevolent acts.

33 R . . . . .
In a deterministic and conservative approach with respect to the evaluation of radiological conse-
quences.

34 P . . .
However, restriction of food consumption could be needed in some scenarios.
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Defense in L. .. Safety Class (O) . .
Depth level Definition Plant condition category Frequency 0oo0oo0oo0oo Redundancy Design objectives
Non-Nucl
on-Nuclear N+0
Prevention of deviations from the . oBoPOOOODOD
Level 1 . Normal operation ad
normal operation Class 3
N+1
goooobooooo
Level 2 Prov1s¥ons for anticipated Anticipated Operational Occurrences 10%y <p Class 3 N+1
operational occurrences (AOO)
Postulated ident initiated b
.. . ostuiate . accident imtate Y 103/y<p<10?/y Class 2 N+2 (Class 2)
Level 3a Provisions for accidents, single event; Class 1 00
Control postulated accidents Postulated accident initiated by <10% Class 3 N+1 (Class 3) OOoLoCAOODO
single event; Class 2 P Y goooood
Type A:  AOO or Class 1 postulated
accident combined with a N+1
CCF of fet, t
Provisions for accidents, o4 salely system
Level 3b Control design extension Type B: Multiple failure event 107/y<p<10¥y Class 3 N+0
diti
conditions Type C: Rare event
(Extreme weather condition N+0
or Air Plane Crash) CDF<1E-5/a(*)
Level 4 Mltlgatlon.((i)f tile consequence of a Severe accident p <10%/y Class 3 N+1 137Cs 100TBq O O
severe acciden <5E-T/a(*)
Mitigation of the consequences of
Level 5 any major release of radioactive ad ad ad ad O
materials

(*) 0DDDDDODODODODODOD0O0O0O0O000

0 00 OYVL B.1 draft2, Safety Design of Nuclear Power Plants, 22 December 2011
YVL B.2 draft4, Safety Classification of Systems, Structures and Components in Nuclear Facilities, 21 September 2011
YVL 2.8 Probabilistic Safety Analysis in Safety Management of Nuclear Power Plants, 28 May 2003 0O O

(O0) SafetyClass 00000000000 000D0O0O0O0OO0O0DODOOO0OODOOOOOOODOOOOOOOOOOOOO
Class 10000RPVOOOCOCOOCOCOCOCOUOCOCOCOOUOOOOOOClass20 RPSOECCSOODODOODOOOOOOOOOOOOOODOOOODOOClass30000O
O0OO0OO0O0OO0OODefensein Depthlevel OO OODOOOCOOCOOCOOCOOCOOCOONon NuclearOOOOOOOOOOOOOOOOOO ISO9%001000
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Appendix F: Nuclear Power Reactors — Licensing-Basis Events 0 00 [
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Figure F-3 Event Categories and |AEA Defense-in-depth
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Figure F-4 Licensing-basis Events, Documents and Programs
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Appendix F: Nuclear Power Reactors — Licensing-Basis Events 0 0 0

Traditional Approach
. limited set of design-basis accidents
o upper bound assumptions
o stylized, conservative models
o single failure criterion
. safety margins
. mechanistic and physical models
. analytical conservatisms
. well suited to support design activities
A
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Appendix B: Risk Management — Analyses and Deliberation O 0 [
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