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Safety Fundamentals

Publications in this category comprise basic objectives, concepts and principles 
to ensure safety. The books have a silver cover.

Safety Standards

Publications in this category establish for particular activities or specific appli
cation areas basic requirements which in the light o f experience and the current state 
of technology must be satisfied to ensure adequate safety. The books have a red 
cover.

Safety Guides

Publications in this category supplement Safety Standards by giving recom
mendations relative to the fulfilment of basic requirements and principles on the basis 
of international experience. The books have a green cover.

Safety Practices

Publications in this category provide practical examples and detailed methods 
regarding procedures and techniques which can be used for the application of Safety 
Standards or Safety Guides. The books have a blue cover.

Safety Fundamentals and Safety Standards are issued with the approval o f the 
IAEA Board of Governors; Safety Guides and Safety Practices are issued under the 
authority of the Director General of the IAEA.

There are other publications of the IAEA which also may contain information 
important to nuclear safety and radiation protection, in particular books in the 
Proceedings Series (containing papers presented at symposia and conferences), the 
Technical Reports Series (with emphasis on technological aspects) and the IAEA 
TECDOC Series (containing information usually in a preliminary form).
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FOREWORD

by the Director Genera!

Nuclear power is well established and can be expected to become an even more 
significant part of the energy programmes of many countries, provided that its safe 
use can be ensured and be perceived to be ensured. Although accidents have 
occurred, the nuclear power industry has generally maintained a good safety record. 
However, improvements are always possible and necessary. Safety is not a static 
concept.

The International Atomic Energy Agency, recognizing the importance of the 
safety of the industry and desiring to promote an improving safety record, set up a 
programme in 1974 to give guidance to its Member States on the many aspects of 
the safety of nuclear power reactors. Under this Nuclear Safety Standards (NUSS) 
Programme, some 60 Codes and Safety Guides dealing with radiological safety were 
published in the IAEA Safety Series between 1978 and 1986. The NUSS Programme 
is so far limited to land based stationary plants with thermal neutron reactors 
designed for the production of power.

In order to take account of lessons learned since the first publication of the 
NUSS Programme was issued, it was decided in 1986 to revise and reissue the Codes 
and Safety Guides. During the original development of these publications, as well 
as during the revision process, care was taken to ensure that all Member States, in 
particular those with active nuclear power programmes, could provide their input. 
Several independent reviews took place including a final one by the Nuclear Safety 
Standards Advisory Group (NUSSAG). The revised Codes were approved by the 
Board of Governors in June 1988. In the revision process new developments in 
technology and methods of analysis have been incorporated on the basis of interna
tional consensus. It is hoped that the revised Codes will be used and that they will 
be accepted and respected by Member States as a basis for regulation of the safety 
of power reactors within the national legal and regulatory framework.

Any Member State wishing to enter into an agreement with the IAEA for its 
assistance in connection with the siting, design, construction, commissioning, 
operation or decommissioning of a nuclear power plant will be required to follow 
those parts of the Codes and Safety Guides that pertain to the activities to be covered 
by the agreement. However, it is recognized that the final decisions and legal 
responsibilities in any licensing procedures rest with the Member States.

The Codes and Safety Guides are presented in such a form as to enable a 
Member State, should it so desire, to make their contents directly applicable to
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activities under its jurisdiction. Therefore, consistent with the accepted practice for 
codes and guides, and in accordance with a proposal of the Senior Advisory Group, 
'shall' and 'should' are used to distinguish for the user between strict requirements 
and desirable options, respectively.

The five Codes deal with the following topics:

— Governmental organization
— Siting
— Design
— Operation
— Quality assurance.

These five Codes establish the objectives and basic requirements that must be met 
to ensure adequate safety in the operation of nuclear power plants.

The Safety Guides are issued to describe to Member States acceptable methods 
of implementing particular parts of the relevant Codes. Methods and solutions other 
than those set out in these Guides may be acceptable, provided that they give at least 
equivalent assurance that nuclear power plants can be operated without undue risk 
to the health and safety of the general public and site personnel. Although these 
Codes and Safety Guides establish an essential basis for safety, they may require the 
incorporation of more detailed requirements in accordance with national practice. 
Moreover, there will be special aspects that need to be assessed by experts on a case 
by case basis.

These publications are intended for use, as appropriate, by regulatory bodies 
and others concerned in Member States. In order to comprehend the contents of any 
of them fully, it is essential that the other relevant Codes and Safety Guides be taken 
into account. Other safety publications o f  the IAEA should be consulted as 
necessary.

The physical security of fissile and radioactive materials and of nuclear power 
plants as a whole is mentioned where appropriate but is not treated in detail. 
Non-radiologica! aspects of industrial safety and environmental protection are also 
not explicitly considered. .

The requirements and recommendations set forth in the NUSS publications 
may not be fully satisfied by older plants. The decision of whether to apply them 
to such plants must be made on a case by case basis according to national 
circumstances.
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Operational States

States defined under Normal Operation or Anticipated Operational 
Occurrences.

Normal Operation

Operation of a nuclear power plant within specified Operational Limits and 
Conditions including shutdown, power operation, shutting down, starting, main
tenance, testing and refuelling.

Anticipated Operationai Occurrences*

All operational processes deviating from Normal Operation which are 
expected to occur once or several times during the operating life of the plant and 
which, in view of appropriate design provisions, do not cause any significant damage 
to items important to Safety nor lead to Accident Conditions.

Accident (or Accident State)

A state defined under Accident Conditions or Severe Accidents.

Accident Conditions

Deviations^ from Operational States in which the releases of radioactive 
materials are kept to acceptable limits by appropriate design features. These devia
tions do not include Severe Accidents.

' Examples o f Anticipated Operational Occurrences are loss o f normal electric power 
and faults such as a turbine trip, malfunction o f individual items o f a normally running plant, 
failure to function o f individual items o f control equipment, loss o f power to main coolant 
pump.

 ̂ A deviation may be a major fuel failure, a loss o f coolant accident (LOCA), etc.

1
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Design Basis Accidents

Accident Conditions against which the nuclear power plant is designed accord
ing to established design criteria.

Severe Accidents

Nuclear power plant states beyond Accident Conditions including those 
causing significant core degradation..

Accident Management

Accident management is the taking of a set of actions

— during the evolution of an event sequence, before the design basis of the plant 
is exceeded, or

— during Severe Accidents without core degradation, or
— after core degradation has occurred

to return the plant to a controlled safe state and to mitigate any consequences of the 
accident.

Plant states

Operational states Accidents

Anticipated 
Normal operational 

operation occurrences
Accident

conditions
Severe

accidents

r r .....*....
t
] De.HgH 

] accKfeHM !
) /IcciWen? mgHageynenf )
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Nuclear Safety (or simply Safety) ^

The achievement of proper operating conditions, prevention of Accidents or 
mitigation of accident consequences, resulting in protection of Site Personnel, the 
public and the environment from undue radiation hazards.

Safety Systems^

Systems important to Safety, provided to assure the safe shutdown of the 
reactor or the residual heat removal from the core, or to limit the consequences of 
Anticipated Operational Occurrences or Accident Conditions.

Protection System

A system which encompasses all electrical and mechanical devices and 
circuitry, from sensors to actuation device input terminals, involved in generating 
those signals associated with the protective function.

Safety Actuation System

The collection of equipment required to accomplish the necessary safety 
actions when initiated by the Protection System.

Safety System Support Features

The collection of equipment that provides services such as cooling, lubrication, 
and energy supply required by the Protection System and the Safety Actuation 
Systems.

 ̂ Safety Systems consist o f the Protection System, the Safety Actuation systems, and 
the Safety System Support Features. Components o f Safety Systems may be provided solely 
to perform Safety Functions or may perform safety functions in some plant Operational States 
and non-safety functions in other plant Operational States (see diagram at the end o f  the 
Definitions).

3
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Plant equipment

Items important to safety Items no? important to safety

Safety reiated items 
or systems Safety systems

Protection
system

Safety
actuation
systems

Safety
system
support
features

Acceptable Limits

Limits acceptable to the Regulatory Body.

Active Component^

A component whose functioning depends on an externa) input such as 
actuation, mechanical movement, or supply of power, and which therefore 
influences system processes in an active manner (see Passive Component).

Commissioning^

The process during which nuclear power plant components and systems, 
having been constructed, are made operational and verified to be in accordance with 
design assumptions and to have met the performance criteria; it includes both non
nuclear and nuclear tests.

 ̂ Examples o f Active Components are pumps, fans, relays and transistors. It is empha
sized that this definition is necessarily general in nature, as is the corresponding definition of 
Passive Components. Certain components, such as rupture discs, check valves, safety valves, 
injectors and some solid state electronic devices, have characteristics which require special 
consideration before designation as an Active or Passive Component.

 ̂ The terms Siting, Design, Construction, Commissioning, Operation and Decommis
sioning are used to delineate the six major stages o f the licensing process. Several o f the stages 
may coexist; for example, Construction and Commissioning, or Commissioning and 
Operation.

4
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Common Cause Failure

The failure of a number of devices or components to perform their functions 
as a resuit of a single specific event or cause. ̂

Construction (see footnote 5)

The process of manufacturing and assembling the components of a nuclear 
power plant, the erection of civil works and structures, the installation of components 
and equipment, and the performance of associated tests.

Decommissioning (see footnote 5)

The process by which a nuclear power plant is permanently taken out of 
Operation.

Design (see footnote 5)

The process and the result of developing the concept, detailed plans, 
supporting calculations and specifications for a nuclear power plant and its parts.

Diversity

The existence of redundant components or systems to perform an identified 
function, where such components or systems collectively incorporate one or more 
different attributes.^

Fuel Assembly

A grouping of fuel elements which is not taken apart during the charging and 
discharging of a reactor core.

 ̂ For example, a design deficiency, a manufacturing deficiency, operation and 
maintenance errors, a natural phenomenon, a man induced event, saturation o f signals, or an 
unintended cascading effect from any other operation or failure within the plant or a change 
in ambient conditions.

 ̂ Examples o f such attributes are: different operating conditions, different sizes of 
equipment, different manufacturers, different working principles, and types o f equipment that 
use different physical methods.

5
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The smallest structurally discrete part of a reactor which has fuel as its 
principal constituent.

Functional Isolation

Prevention of influences from the mode of operation or failure of one circuit 
or system on another.

inspection

Actions which by means of examination, observation or measurement deter
mine tlie conformance of materials, parts, components, systems, structures, as well 
as processes and procedures, with defined requirements.

Licence

Authorization issued to the applicant by the Regulatory Body to perform speci
fied activities related to Siting, Design, Construction, Commissioning, Operation 
and Decommissioning of a nuclear power plant.

Operating Organization

The organization authorized by the Regulatory Body to operate the nuclear 
power plant.

Operation (see footnote 5)

All activities performed to achieve the purpose for which the plant was 
constructed, including maintenance, refuelling, in-service inspection and other 
associated activities.

Operational Limits and Conditions

A set of rules which set forth parameter limits, the functional capability and 
the performance levels of equipment and personnel approved by the Regulatory Body 
for safe operation of the nuclear power plant.

Fuel Element

6
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Passive Component ̂

A component the functioning of which does not depend on external input. It 
has no moving part, and, for example, only experiences a change in pressure, in 
temperature, or in fluid flow in performing its functions. In addition, certain compo
nents, which function with very high reliability based on irreversible action or 
change, may be assigned to this category (see Active Component).

Physica! Separation

(1) Separation by geometry (distance, orientation, etc), or
(2) Separation by appropriate barriers, or
(3) Separation by a combination thereof.

Postuiated Initiating Events

Identified events that lead to Anticipated Operational Occurrences or Accident 
Conditions and their consequential failure effects.^

Prescribed Limits'"

Limits established or accepted by the Regulatory Body.

Quaiity Assurance

All those planned and systematic actions necessary to provide adequate confi
dence that an item or service will satisfy given requirements for quality.

 ̂ Examples o f Passive Components are heat exchangers, pipes, vessels, electrical 
cables, and structures. It is emphasized that this definition is necessarily general in nature, 
as is the corresponding definition o f Active Components. Certain components, such as rupture 
discs, check valves, safety valves, injectors and some solid state electronic devices, have 
characteristics which require special consideration before designation as an Active or Passive 
Component.

 ̂ The primary causes o f postulated initiating events may be credible equipment failures 
and operator errors (both within and external to the nuclear power plant), man induced or 
natural events. The specification of the postulated initiating events is to be acceptable to the 
Regulatory Body for the nuclear power plant.

The term 'authorized limits' is sometimes used for this term in IAEA documents.

7
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Redundancy

Provision of more than the minimum number of (identical or diverse) elements 
or systems, so that the loss of any one does not result in the loss of the required func
tion of the whole.

Regulatory Body

A national authority or a system of authorities designated by a Member State, 
assisted by technical and other advisory bodies, and having the legal authority for 
conducting the licensing process, for issuing licences and thereby for regulating 
nuclear power plant Siting, Design, Construction, Commissioning, Operation and 
Decommissioning or specified aspects thereof."

Residua! Heat

The sum of the heat originating from radioactive decay and shutdown fission 
and the heat stored in reactor related structures and in heat transport media.

Safety Function

A specific purpose that must be accomplished for Safety.

Safety Group

The assembly of equipment designated to perform all actions required for a 
particular Postulated Initiating Event to ensure that the limits specified in the design 
basis for the event are not exceeded.

Safety System Settings

Those points of actuation of appropriate automatic protective devices which are 
intended to initiate action to prevent a safety limit from being exceeded in the event 
of Anticipated Operational Occurrences and Accident Conditions.

' * This national authority could be either the government itself, or one or more depart
ments o f the government, or a body or bodies specially vested with appropriate legal authority. 

^  A list o f Safety Functions is given in the Safety Guide 50-SG-D1.

8
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Singie Failure

A random failure which results in the loss of capability of a component to per
form its intended Safety Functions. Consequential failures resulting from a single 
random occurrence are considered to be part of the single failure.

Site

The area containing the plant, defined by a boundary and under effective 
control of the plant management.

Site Personnei

All persons working on the Site, either permanently or temporarily.

Siting (see footnote 5)

The process of selecting a suitable Site for a nuclear power plant, including 
appropriate assessment and definition of the related design bases.

Testing

The determination or verification of the capability of an item to meet specified 
requirements by subjecting the item to a set of physical, chemical, environmental or 
operational conditions.

Ultimate Heat Sink

The atmosphere or a body of water or a combination of these to which residual 
heat is transferred.

Waste Treatm ent

Operations intended to benefit safety or economy by changing the 
characteristics of the waste. Three basic treatment concepts are:

(a) volume reduction
(b) removal of radionuclides from the waste
(c) change of composition.

9
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Mofe on /nrerprefaHOM o/" fexf

When an appendix is included it is considered to be an integral part of the 
document and to have the same status as the main text of the document.

However, annexes, footnotes and bibliographies are only included to provide 
additional information or practical examples that might be helpful to the user.

In several cases phrases may use the wording 'shall consider...' or 'shall... as 
far as practicable'. In these cases it is essential to give the matter in question careful 
attention, and the decision must be made in consideration of the circumstances of 
each case. However, the final decision must be rational and justifiable and its 
technical grounds must be documented.

Another special use of language is to be noted: "  'a ' or 'b ' "  is used to indicate 
that either 'a ' or 'b ',  but also the combination of both 'a ' and 'b ',  would fulfil the 
requirement. If alternatives are intended to be mutually exclusive, "either... or... "  
is used.

10
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1. INTRODUCTION

Purpose

101. This Code is a compilation of nuclear safety principles aimed at defining the 
essential requirements necessary to ensure nuclear safety. These requirements are 
applicable to structures, systems and components, and procedures important to safety 
in nuclear power plants embodying thermal neutron reactors, with emphasis on what 
safety requirements shall be met rather than on specifying how these requirements 
can be met. It forms part of the Agency's programme, referred to as the NUSS 
programme, for establishing Codes and Safety Guides relating to land based station
ary thermal neutron power plants. The Guides listed in Section 3 of the List of NUSS 
Programme Titles, printed at the end of this publication, will be of assistance in 
implementing the present Code.'

102. The document should be used by organizations designing, manufacturing, con
structing and operating nuclear power plants as well as by regulatory bodies.

Scope

103. This Code describes design approaches and design requirements for structures, 
systems and components that shall be met for safe operation and in order to prevent 
or mitigate the consequences of events which could jeopardize safety. These events 
are called postulated initiating events (PIEs). They include many factors, which 
singly or in combination may affect safety and which may:

— be connected with the site of the nuclear power plant and its environment,
— be caused by human action,
— originate in the operation of the nuctear power plant itself.

These PIEs are used to determine the design basis for items of the nuclear 
power plant.

104. Certain other events are not considered in this Code, namely:

(1) Events that are extremely unlikely. (However, see paras 315-317 for 
consideration of severe accidents.)

(2) Events, either man induced or natural, which by themselves would lead to a
general destruction of the region in which the nuclear power plant has been,
erected and against which it cannot be protected.

(3) Accidents of an industrial nature that under no circumstances could affect the 
safety of the nuclear power plant.

' Reference to NUSS documents is made by quoting the Safety Series number only. 
The titles o f the documents can then be found in the list at the end of the book.
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105. This Code does not deal with non-radiological effects of nuclear power plants 
on the environment. Some requirements of Sections 5 and 9 are applicable only to 
water cooled reactors.

106. It should be recognized that the requirements of this Code will continue to 
evolve and will be subject to revision in the light of future experience.

2. SAFETY PHILOSOPHY

Safety objectives

201. The fact that any industrial activity includes certain risks to human beings and 
the environment requires an endeavour to keep these risks low. The typical risk of 
nuclear energy is connected with the potential hazard of ionizing radiation. The final 
goal of nuclear safety, important also for safety design, is therefore:

— to protect site personnel, the public and the environment by establishing and 
maintaining an effective defence against radiological hazards.

202. More specifically, the radiation protection objectives are:

— to ensure during operational states that radiation exposure of site personnel and 
the public remains below prescribed limits and is kept as low as reasonably 
achievable (ALARA)^; and to ensure mitigation of the radiation exposures 
from accidents.

203. With respect to accidents the objectives are:

— to ensure that accidents are generally prevented; to ensure that, for all event 
sequences taken into account in the design of the plant, even those that have 
very low probability, radiological consequences are small; and to ensure, by 
both prevention and mitigation measures, that accidents with high conse
quences are extremely unlikely.

Defence in depth

204. A major contribution to the safety philosophy is provided by the defence in 
depth concept. This concept shall be applied to all safety activities, whether 
organizational, behavioural or design related, to ensure that they are subject to over
lapping provisions so that if a failure should occur it would be compensated for or 
corrected.

 ̂ In the Basic Safety Standards (IAEA Safety Series No. 9), ALARA is referred to as 
'optimization of radiation protection'. In that document the overall system of justification, 
optimization and individual dose limitation is referred to as the 'system of dose limitation'.
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205. The design process shall incorporate defence in depth such that multiple levels 
of protection are provided. Examples of these requirements are:

(1) The provision of multiple means for ensuring each of the basic safety func
tions, i.e. reactivity control, heat removal and the confinement of 
radioactivity;

(2) The use of reliable protective devices in addition to the inherent safety features;
(3) The supplementing of the control of the plant by automatic activation of safety 

systems and by operator actions;
(4) The provision of equipment and procedures to back up accident prevention 

measures, to control the course, and limit the consequences of accidents.

206. As a general requirement, the existence of other levels of defence is not a suffi
cient basis for continued operation in the absence of one level of defence. All levels 
of defence shall be available at all times as specified for the various operational 
modes.

207. A first application of the concept of defence in depth to the design process is 
as follows. A series of echelons of equipment and procedures is provided in order 
to prevent accidents or to ensure appropriate protection in the event that prevention 
fails.

(1) The aim of the first echelon of defence is to prevent deviation from normal 
operation. This requires that the plant be soundly and conservatively designed, 
constructed and operated in accordance with appropriate quality levels and 
engineering practices. To meet this objective careful attention should be paid 
to the selection of appropriate design codes and materials, and to the control 
of fabrication of components and of plant construction. Attention should also 
be given to the procedures involved in plant inspection, maintenance and 
testing, to the ease of access for these activities, to the way the plant is operated 
and to how operating experience is utilized.

(2) The aim of the second echelon is to detect and intercept deviations from normal 
operation conditions in order to prevent anticipated operational occurrences 
from escalating into accident conditions. This recognizes the fact that postu
lated initiating events (PIEs) will occur during the service life of a nuclear 
power plant, despite the care taken to prevent them. This echelon requires the 
provision of specific systems and the definition of operating procedures to 
prevent or minimize damage from such PIEs.

(3) For the third echelon it is assumed that, although very unlikely, the escalation 
of certain anticipated operational occurrences may not be arrested by a 
preceding echelon and so additional equipment and procedures are provided to 
control the consequences of the resulting accident conditions. A further major 
objective of this echelon is to achieve stable and acceptable conditions 
following accident conditions.
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208. Beyond the third echelon there are further contributions to the protection of the 
public and site personnel by specific complementary plant features which would be 
available to mitigate consequences of events beyond the design basis and by plans 
for emergency preparedness.

209. A second application of the defence in depth concept is as follows. A nuclear 
power plant is designed, constructed and operated in such a manner that the radio
active materials are contained within a succession of physical barriers. These 
physical barriers usually include the fuel itself, the fuel cladding, the reactor coolant 
system boundary and the containment envelope. The design shall provide for the 
appropriate effectiveness and for the protection of each of these barriers.

3. GENERAL DESIGN CRITERIA

Radiation protection ̂

301. Measures shall be provided to ensure that radiation protection objectives as 
given in paras 201-203 can be met.

302. Radiological acceptance criteria for the safety design of a nuclear power plant 
shall follow the principle that plant conditions resulting in high radiation doses or

-  radioactive releases shall be of low likelihood of occurrence, and conditions with 
relatively high likelihood shall have only small radiological consequences.

303. There is usually a limited number of sets of acceptance criteria and it is 
common practice to associate these with categories of plant conditions, such as those 
established in this Code: normal operation, anticipated operational occurrences and 
accident conditions. These radiological acceptance criteria shall be set by the 
regulatory body.

304. The design features which facilitate the reduction of radiation doses which 
would be received in decommissioning should be identified.

Safety functions

305. To achieve adequate safety it is essential to take safety into consideration as 
an inherent element of the overall design process. The purpose of the safety approach 
presented in this Code is to maintain the plant in a normal operating state, to ensure 
the proper short term response immediately following a PIE and to facilitate the 
management of the plant following accident conditions.

 ̂ Further guidance on radiation protection in design can be found in Safety Guide
50-SG-D9.
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306. To ensure safety the following general design requirements shall be met:

(1) Means shall be provided to safely shut down the reactor and maintain it in the 
safe shutdown condition in operational states and during and after accident 
conditions.

(2) Means shall be provided to remove residual heat from the core after reactor 
shutdown, including accident conditions.

(3) Means shall be provided to reduce the potential for the release of radioactive 
materials and to ensure that any releases are below prescribed limits during 
operational states and below acceptable limits during accident conditions.

307. The consideration of safety functions is an approach for systematically meeting 
these general requirements. The safety functions shall include all functions that the 
plant systems must perform to ensure plant safety in operational states and during 
and following accident conditions.^

Plant safety characteristics

308. The basic idea of the defence in depth concept is reflected also in certain 
characteristics of the plant which can be formulated as follows.

309. An overall requirement of the plant design is that its sensitivity to PIEs shall 
be reasonably low. The expected plant response to any PIE can be characterized by 
one of the alternatives listed in (a) to (c) below. The plant should be designed and 
operated so that the consequence of any PIE is a sequence as near to the top of this 
list as can reasonably be achieved.

(a) A PIE produces no significant safety related effect or only a change in the plant 
towards a safe condition by inherent characteristics.

(b) Following a PIE, the plant is rendered safe by the action of systems which are 
continuously operating in the state required to control the PIE.

(c) Following a PIE, the plant is rendered safe by the action of systems which need 
to be brought into service in response to the PIE.

Design basis

310. The design basis shall specify the necessary capabilities of the plant to cope 
with a specified range of operational states and accident conditions within the defined 
radiation protection requirements. The design basis typically includes the specifica
tion for norma! operation, conditions created by the PIEs, important assumptions 
and, in some cases, the particular methods of analysis.

 ̂ Further guidance on safety functions and their use can be found in Safety Guide
50-SG-D1.
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JVorfMg/ operan'on

311. The design process shall include consideration of safe normal operation of the 
nuclear power plant to establish a set of requirements and limitations for operation, 
including:

(1) Constraints on process variables and other important parameters;
(2) Safety system settings;
(3) Requirements for maintenance, testing and inspection of the plant to ensure 

that structures, systems and components function as assumed in the design.

These requirements and limitations shall be a basis for the establishment of 
operational limits and conditions under which the operating organization will be 
authorized to operate the plant.

PcMfM/afed evenn (P/E?)

312. The plant design shall recognize that challenges to all echelons of defence may 
occur and design measures shall be provided to ensure that the safety functions are 
accomplished and the safety objectives can be met. These challenges stem from the 
PIEs, which are selected on the basis of deterministic or probabilistic techniques or 
some combination of the two. Different types of PIEs and the possibility of their 
combination are described in the Appendix. It should be noted that independent 
events are normally not considered to occur simultaneously.

rM/M

313. For system and component design, acceptance criteria may be used in the form 
of engineering design rules. These may be set explicitly by the regulatory body using 
applicable standard engineering practices already established in a country or used 
internationally (e.g. the ASME Boiler and Pressure Vessel Code).

314. In determining the design basis of a nuclear power plant various interactions 
between the plant and the environment, including, for example, such factors as 
population, meteorology, hydrology, geology and seismology, shall be taken into 
account. Possible difficulties in off-site services, upon which the safety of the plant 
and protection of the public may depend, such as electricity supply and fire fighting 
services, shall be taken into account.

s For further guidance see the siting Code 50-C-S (Rev. 1) and the associated Safety 

Guides.
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Severe accidents

315. The design bases for normal operation, anticipated operational occurrences 
and accident conditions shall provide a high degree of assurance that no significant 
damage will occur to the reactor core and that releases of radioactive materials will 
stay below prescribed limits for operational states and acceptable limits during 
accident conditions.

316. However, certain (unlikely) event sequences have the potential to cause signifi
cant core degradation. These event sequences are called severe accidents.

317. From the safety point of view it is prudent to consider these accidents in at least 
a limited way. Considerations, however, are not expected to involve the rigorous 
application of conservative engineering practice used in setting design bases, but 
rather could be based upon realistic analyses. Based on operating experience, 
associated safety analysis and results from safety research, design activities should 
include the following:

(1) Important event sequences that lead to severe accidents should be identified for 
a given design.

(2) Consideration should be given to the existing plant capabilities including the 
possible use of some systems beyond their originally intended function and 
design basis, and using some temporary systems to return the plant to a con
trolled state and to mitigate the consequences of the severe accident.

(3) Potential design changes which could either reduce the likelihood of these 
events or would mitigate the consequences, should these events take place, 
should be evaluated. They should be implemented if an overall increase of 
safety can be achieved through a commensurate effort.

(4) Accident management procedures should be established, taking into account 
representative and dominant severe accidents.

Quaiity of plant

318. All safety functions of the structures, systems and components shall be defined, 
and structures, systems and components shall be classified on the basis of their 
importance to safety.

319. Adequate attention shall be given to all aspects of quality, such as design of 
structures, systems and components, selection of materials, specifications, fabrica
tion, construction, installation, procedures for operation, maintenance and testing 
and the provision of highly qualified personnel to ensure high functional reliability 
that is commensurate with the safety functions to be performed. ̂  This relates not

 ̂ For further guidance see Safety Guide 50-SG-D1.
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only to the functional aspects of the process and safety systems together with their 
auxiliary services within the various echelons of defence, but also in particular to 
the set of physical barriers against the escape of radioactive materials.

320. Wherever possible, the equipment shall be designed according to applicable 
approved standards, shall be of a design proven in previous equivalent applications 
and shall be selected to be consistent with the plant reliability goals required for 
safety. Where codes and standards are used as design rules they shall be identified 
and evaluated to determine their applicability, adequacy and sufficiency and shall be 
supplemented or modified as necessary to ensure quality in keeping with the required 
safety function.

321. In the selection of equipment, consideration shall be given to both spurious 
operation and unsafe failure modes (e.g. failure to trip when required). Where failure 
of a system or component has to be expected and accommodated by the design, 
preference shall be. given to equipment which exhibits a predictable mode of failure 
and facilitates repair or replacement.^

Provision for in-service testing, maintenance, repair, inspection and monitoring

322. Structures, systems and components important to safety shall be designed for 
sufficient reliability. They shall, except as provided for below, also be designed to 
be calibrated, tested, maintained, repaired and inspected or monitored with respect 
to their functional capability during the life of the nuclear power plant. The design 
shall be such that these activities can be performed to standards commensurate with 
the importance of the safety functions to be performed, without undue exposure of 
the site personnel to radiation.

323. If the structures, systems and components important to safety cannot be 
designed to be tested, inspected or monitored to the extent desirable, adequate safety 
precautions shall be taken to compensate for potential undiscovered failures.

Design for system and component reliability^

324. This section presents several design measures that may be used, if necessary 
in combination, to achieve and maintain the required reliability commensurate with 
the importance of the safety functions to be performed within all three echelons of 
defence.

 ̂ For further guidance on these aspects see the quality assurance Code 50-C-QA 
(Rev. 1), associated Safety Guides and Safety Guides 50-SG -02, 50-SG -07 and 50-SG-08.

 ̂ For further guidance on the topic o f reliability o f systems and the design measures 
outlined here see Safety Guides 50-SG-D3, 50-SG-D4, 50-SG-D5, 50-SG-D6, 50-SG-D7, 
50-SG-D8 and 50-SG-D13.

18

This publication is no longer valid 
Please see http://www-ns.iaea.org/standards/ 



325. Although no universal quantitative targets can be expressed for the individual 
reliability requirements for each echelon of defence, it is obvious that the greatest 
emphasis should be placed on the first echelon. This is also consistent with the objec
tive of the operating organization that there should be high availability of the plant 
for power production.

326. As a guideline or for use as acceptance criteria agreed upon with the regulatory 
body, maximum unavailability limits for certain safety systems may be established 
to ensure the required reliability for the performance of safety functions.

327. Redundancy, the use of more than the minimum number of sets of equipment 
to accomplish a given safety function, is an important design principle for improving 
the reliability of systems important to safety and for meeting the single failure 
criterion for safety systems (see below). Redundancy enables failure or unavailability 
of one set of equipment to be tolerated without loss of the function. For example, 
three or four pumps might be provided for a particular function when any two would 
be capable of carrying it out. For the purposes of redundancy, identical or diverse 
components may be used.

328. In this Code, safety functions (or systems contributing to those safety 
functions) in which redundancy is necessary to achieve the required high reliability 
are identified by the statement 'assuming a single failure'.

329. An assembly of equipment satisfies the single failure criterion if it is able to 
meet its purpose despite a single random failure assumed to occur anywhere in the 
assembly. Consequential failures resulting from the assumed single failure are 
considered to be an integral part of the single failure.

330. The single failure criterion shall be applied to each safety group incorporated 
in the plant design, where by safety group is meant that assembly of equipment which 
performs all actions required for a particular PIE in order that the limits specified 
in the design basis for that event are not exceeded.

331. To test compliance of the nuclear power plant with the single failure criterion 
the pertinent safety group of equipment shall be analysed in the following way. A 
single failure (and all its consequential failures) shall be assumed to occur in 
sequence at each element of an assembly until all failures have been analysed in that 
assembly. The analyses of each pertinent assembly shall be conducted in sequence 
until all assemblies and all failures have been considered. There are places in later 
sections of this Code where compliance with the single failure criterion is required 
for a specific safety system. The assumption of the single failure in that system is
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part of the process described above. At no time during the single failure analysis is 
more than one random failure assumed to exist.

332. Compliance with the criterion is achieved if each safety group meets its 
purpose when the above analyses are applied, taking into account the effects of the 
PIE on the safety group analysed.

333. In the single failure analysis, the failure of a passive component designed, 
manufactured, inspected and maintained in service to an extremely high quality level 
may not need to be assumed. However, when it is assumed that a passive component 
does not fail, such an analytical approach shall be justified, taking into account the 
total period of time, after the initiating event, that the component is required.

334. Spurious action shall be considered as one mode of failure.

335. Non-compliance with the single failure criterion may be justified for:
(i) very rare PIEs, or

(ii) very improbable consequences of PIEs, or
(iii) withdrawal from service for limited periods of certain components for 

purposes of maintenance, repair or periodic testing (see para. 346).

336. Various national practices may place additional requirements for redundancy 
or diversity on certain safety systems. Additional requirements may result from 
considerations such as the use of components in several safety functions or for both 
safety and non-safety duties, the potential for common cause failures, and limitations 
on the effectiveness of periodic testing.

Diversify

337. The reliability of some systems can be enhanced by using the principle of 
diversity to reduce the potential for certain common cause failures. The causes of 
such potential failures should be examined to determine where the principle of 
diversity could be used effectively.

338. Diversity is applied to redundant systems or components that perform the same 
safety function by incorporating different attributes into the systems or components. 
Such attributes can be different principles of operation, different physical variables, 
different operating conditions, production by different manufacturers, etc.

339. If diversity is applied, care shall be exercised to ensure that any diversity used 
actually achieves the desired increase in reliability in the implemented design. For 
example, to reduce the potential for common cause failures the designer shall 
examine the application of diversity for any similarity in materials, components, and 
manufacturing processes, or subtle similarities in operating principles or common 
support features. If diverse components or systems are used, there should be a
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reasonable assurance that such additions are of overall benefit, taking into account 
the disadvantages such as the extra complication in operating, maintenance and test 
procedures or the consequent use of equipment of lower reliability.

//Mfependence

340. The reliability of systems can be improved by applying the following principles 
for independence in design:

— Maintaining independence among redundant system components;
— Maintaining independence between system components and the effects of PIEs; 

for example, a PIE shall not cause the failure or loss of a safety system or 
safety function that is required to mitigate that event;

— Maintaining appropriate independence between or among systems or 
components of different safety classes

— Maintaining independence between items important to safety and those not 
important to safety.

341. Independence is accomplished in the design of systems by using functional 
isolation and physical separation.

(1) Mo/an'on
Functional isolation shall be used to reduce the likelihood of adverse inter
action between equipment and components of redundant or connected systems 
resulting from normal or abnormal operation or failure of any component in 
the systems.

(2) PAyM'ca? separaMOH an^f JayoMf o/" p/an; cowpowewH
System layout and design utilizing the principles of physical separation shall 
be used as far as practicable to increase assurance that independence will be 
achieved, particularly in relation to certain common cause failures. These 
principles include:

— separation by geometry (distance, orientation, etc.)
— separation by barriers, or
— separation by a combination thereof.

The choice of means of separation will depend on the PIEs considered in the 
design basis, e.g. the effects of fires, chemical explosions, aircraft crashes, 
missiles, flooding, temperature, humidity etc., as applicable.

342. Certain areas in the plant tend to be natural centres of convergence for equip
ment or wiring of various degrees of importance to safety. Examples of such centres

 ̂ A safety class contains safety functions with a similar degree o f importance to safety. 
For further guidance on this point see Safety Guide 50-SG-D1.
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may be containment penetrations, motor control centres, cable spreading rooms, 
equipment rooms, the control rooms and the plant process computers. Appropriate 
measures to avoid common cause failures shall be provided, as far as practicable, 
in such locations.

343. Where practicable, the principle of fail-safe should be incorporated into the 
design of systems and components important to safety for the nuclear power plant, 
i.e. if a system or component should fail the plant would pass into a safe state without 
a requirement to initiate any actions.

/4Mx;7:<3?y serw'cas

344. Auxiliary services necessary to maintain a safe state of the plant may include 
electricity, cooling water, compressed air or other gases, means of lubrication, etc. 
Auxiliary services that support equipment forming part of a system important to 
safety shall be regarded as part of the system important to safety. Their reliability, 
redundancy, diversity, independence, provision of features for isolation and for 
testing of functional capability shall be commensurate with the reliability of the 
system that is supported.

345. Failure of a number of devices or components to perform their functions may 
occur as a result of a single specific event or cause. The event or cause may be a 
design deficiency, a manufacturing deficiency, an operating or maintenance error, 
a natural phenomenon, a man induced event, saturation of signals, a change in 
ambient conditions, or an unintended cascading effect from any other operation or 
failure within the plant. Appropriate measures shall be taken as far as practicable in 
the design to minimize such effects.

oMfagay

346. In the design of a nuclear power plant and its safety systems for reliable 
performance, equipment outages shall be taken into account. The impact of the 
anticipated maintenance, test and repair work on the reliability of each individual 
safety system shall be included in this consideration. If the resultant reliability is such 
that the system no longer meets the criteria used for design and operation, the nuclear 
power plant shall be shut down or otherwise placed in a safe state if the component 
temporarily out of service cannot be replaced or restored within a specified time.
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This time and the actions to be taken shall be defined for each case in advance before 
the start of nuclear power plant operation.

Design for optimized operator performance "

347. In the interest of safety the working areas and working environment of the site 
personnel shall be designed according to ergonomic principles.

348. Systematic consideration of human factors and the man-machine interface 
shall be included in the design process at an early stage of design development and 
continue throughout the entire process.

349. In the control room the operator shall be provided with clear displays of those 
parameters that indicate the current status of all equipment and systems necessary 
to achieve the safety functions outlined in paras 306 and 307 of this Code in a 
co-ordinated manner. Similar provisions shall be made for the supplementary control 
point (see para. 607).

350. The establishment of design principles for the information display and the 
controls is aided if the operator is considered to have dual roles: that of a systems 
manager, including accident management, and that of an equipment operator.

351. In the system manager role the operator needs information that permits him:

(1) To assess readily the general state of the plant whichever condition it is in, i.e. 
normal operation, an anticipated operational occurrence, or an accident condi
tion, and confirm that the designed automatic safety actions are being carried 
out;

(2) To determine the appropriate operator initiated actions that should be taken.

352. In the equipment operator role the operator needs information on parameters 
associated with individual plant systems and equipment.

353. The design shall aim to promote the success of operator actions in the light of 
the time available, the expected physical environment, and psychological pressure. 
The need for operator intervention on a short time-scale should be kept to a 
minimum. The design should take into account the fact that such intervention is only 
acceptable where the designer can demonstrate that the operator has sufficient time 
to decide and to act, that the necessary information on which the operator must base 
a decision to act is simply and unambiguously presented, and that the physical 
environment following the event is acceptable in the control room or at the supple
mentary control point and the access to that control point.

For further guidance see Safety Guides 50-SG-D3, 50-SG-D8 and 50-SG-03.
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Heat transfer to an ultimate heat sink '

354. Systems shall be provided to transfer residual heat from structures, systems 
and components important to safety to an ultimate heat sink. This function shall be 
carried out at very high levels of reliability, during operational states and accident 
conditions. All systems that contribute to the transport of heat, by conveying heat, 
by providing power, or by supplying fluids to the heat transport systems, shall reflect 
in their design the importance of their contribution to the overall heat transfer 
function.

355. The reliability of the systems shall be achieved by appropriate choice of proven 
components, redundancy, diversity, physical separation, interconnections, isolation, 
etc.

356. Natural phenomena and man induced events shall be taken into account in the 
design of the systems and in the possible choice of diversity in the ultimate heat sinks 
and in the storage systems from which heat transfer fluids are supplied.

Protection against fire and exptosion'^

357. Structures, systems and components important to safety shall be designed and 
located to minimize, consistent with other safety requirements, the probability and 
effects of fires and explosions caused by external or internal events. As a minimum, 
the capability for shutdown, residual heat removal and confinement of radioactive 
material shall be maintained. These requirements shall be achieved by suitable 
incorporation of redundant parts, diverse systems, physical separation and design for 
fail-safe operation.

358. Non-combustible or fire retardant and heat resistant materials shall be used 
wherever practicable throughout the plant, particularly in locations such as the 
containment and control room.

359. Fire detection and fire fighting systems of appropriate capacity and capability 
shall be provided. Their initiation shall be automatic where necessary. Fire fighting 
systems shall be designed and located to ensure that their rupture or spurious or 
inadvertent operation does not significantly impair the capability of structures, 
systems and components important to safety.

" For further guidance see Safety Guide 50-SG-D6.
For further guidance see Safety Guide 50-SG-D2.
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360. Structures, systems and components important to safety shall be designed to 
accommodate the effects of, and to be compatible with the environmental conditions 
associated with, operational states and accident conditions, taking into account 
severe accidents as far as practicable. To avoid secondary failures that could increase 
the safety related consequences of the primary event, these structures, systems and 
components shall be appropriately located or protected against dynamic effects, 
including the effects of missiles, pipe whipping, and discharging fluids and flooding 
that may result from equipment failures. If these conditions are not fulfilled, other 
appropriate measures shall be incorporated in the design.

361. If a fluid system important to safety is interconnected with another fluid system 
that operates at a higher pressure, then it shall be designed to withstand the higher 
pressure, or provisions shall be made to prevent the lower design pressure from 
being exceeded, assuming a single failure.

Sharing of structures, systems and components in muiti-reactor nuciear 
power plants

362. Structures, systems and components important to safety should generally not 
be shared between two or more nuclear power reactors. Nevertheless, if such 
structures, systems and components are shared it shall be demonstrated that all safety 
requirements are met for all reactors. In the event of accident conditions involving 
one of the reactors, an orderly shutdown, cooldown, and residual heat removal of 
the other reactors shall be achievable.

Systems containing fissionable or radioactive materials

363. All systems within a nuclear power plant that may contain fissionable or radio
active materials shall be designed to ensure adequate safety in operational states and 
in accident conditions.

Escape routes and means of communication

364. The nuclear power plant shall have simple, and clearly and durably marked, 
safe escape routes with reliable emergency lighting and other building services 
essential to the safe use of these routes. The escape routes shall include the require
ments of industrial safety, radiation zoning, fire protection and plant security.

Effects associated with equipment faiiures'^

'3 For further guidance see Safety Guide 50-SG-D4.

For further guidance see Safety Guide No. 50-SG-D9.
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365. Suitable alarm systems and means of communication shall be provided so that 
all persons present in the plant can be warned and instructed even under accident 
conditions.

366. Communications necessary for safety, both within the nuclear power plant and 
to the outside, shall be assured at all times. This requirement shall be taken into 
account in the design and in the diversity of the communication methods selected.

Control of access to the nuclear power plant

367. The nuclear power plant shall be isolated from the surroundings by suitable 
layout of the structural elements in such a way that access to it can be permanently 
controlled. In particular, attention shall be paid in the design of the buildings and 
site layout, and provision shall be made for supervisory personnel or equipment, to 
guard against unauthorized entry of persons and goods to the plant.

Decommissioning

368. At the design stage, special attention shall be paid to measures facilitating the 
decommissioning of the plant. This attention shall also be directed to keeping the 
exposure of personnel and the public during decommissioning as low as reasonably 
achievable (ALARA) and to ensuring adequate protection of the environment from 
radioactive contamination.

4. REACTOR CORE"

Reactor design

401. The reactor core and associated coolant, control and protection systems shall 
be designed with appropriate margins to assure that specified acceptable design limits 
are not exceeded during any operational states.

402. Components making up the reactor core, or located in proximity to it within 
the reactor vessel, shall be designed and mounted in such a way that they withstand 
the static and dynamic loadings expected in the operational states and accident 
conditions to the extent necessary to ensure safe shutdown of the reactor and cooling 
of the core.

" For further guidance see Safety Guide 50-SG-D14.
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Fuel elements

403. The design of fuel elements shall be such that they will satisfactorily withstand 
their intended exposure in the reactor core despite all processes of deterioration that 
can occur.

404. The deterioration considered shall include that arising from external pressure 
of the coolant, additional internal pressure due to the fission products within the fuel 
element, irradiation of fuel and other materials in the fuel assembly, changes in 
pressures and temperatures resulting from changes in power demand, chemical 
effects, static and dynamic loading, including flow induced and mechanical vibra
tions, and changes in heat transfer performance which may result from distortions 
or chemical effects. Allowance shall be made for uncertainties in data, calculations 
and fabrication.

405. Specified fuel design limits, including permissible fission product leakage, 
shall not be exceeded in normal operation, and conditions that may be transiently 
imposed during anticipated operational occurrences shall cause no significant 
additional deterioration. Fission product leakage shall be kept to a practicable 
minimum. Fuel assemblies should be designed to permit adequate inspection of their 
structure and parts. In accident conditions the fuel elements shall remain in position 
and shall not suffer distortion to an extent that would render post-accident core 
cooling insufficiently effective; specified fuel element limits for accident conditions 
shall not be exceeded.

Reactor core control

406. The provisions of paras 403-405 shall be met under all levels and shapes of 
neutron flux that can arise in all states of the core, including those after shutdown, 
and during or after refuelling, and those arising from anticipated operational 
occurrences and accident conditions. The means of detecting these flux shapes shall 
be adequate to ensure that there are no regions of the core in which the provision 
of paras 403-405 can be breached without being detected. The design of the core 
should sufficiently reduce the demands made on the control system for maintaining 
flux shapes and levels within stipulated limits in all operational states.

Reactor shutdown

407. Means shall be provided which shall ensure capability to shut down the reactor 
in operational states and accident conditions, and shall ensure that the shutdown 
condition can be maintained even in the most reactive situation of the core. The 
effectiveness, speed of action, and shutdown margin of the shutdown means shall be 
such that specified limits are not exceeded.
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408. The means for shutting down the reactor shall consist of two diverse systems.

409. At least one of the two systems shall be, on its own, capable of quickly 
rendering the nuclear reactor subcritical by an adequate margin from operating and 
accident conditions, assuming a single failure.

410. At least one of these two systems shall be, on its own, capable of rendering 
the reactor subcritical from normal operating conditions and of maintaining the 
reactor subcritical by an adequate margin and with high reliability, even in the most 
reactive situation of the core.

411. In judging the adequacy of the shutdown means, particular attention shall be 
paid to failures arising anywhere in the plant which could render a fraction of the 
shutdown means inoperative.

412. The shutdown means shall be adequate to prevent the reactor from uncon
trollably becoming critical. In meeting this provision, deliberate actions that increase 
reactivity during the shutdown state (such as absorber movement for maintenance 
and refuelling actions) and a single failure in the shutdown means shall be taken into 
account.

413. Instrumentation and tests shall ensure that the shutdown means are in the state 
required.

414. For the purpose of reactivity control and flux shaping during normal power 
operation a portion of the shutdown means may be used if shutdown capability is 
maintained at all times.

5. REACTOR COOLANT SYSTEM''

Reactor coolant system design

501. The reactor coolant system, its associated auxiliary systems, the control and 
the protection systems shall be designed with sufficient margin to ensure that the 
design conditions of the reactor coolant pressure boundary are not exceeded during 
operational states. If pressure relief devices are fitted, then their operation even in 
accident conditions shall not lead to unacceptable releases of radioactivity from the 
plant.

Some requirements of this section are applicable only to water cooled reactors. For
further guidance see Safety Guide 50-SG-D13.
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502. The component parts containing the reactor coolant, such as the reactor 
pressure vessel or the pressure tubes, piping and connections, valves, fittings, circu
lators, and heat exchangers, together with the devices by which such parts are held 
in place shall be designed in such a way as to withstand the static and dynamic loads 
anticipated during all operational states and accident conditions.

503. In the design of the pressure retaining boundary, consideration shall be given 
to obtaining characteristics which ensure slow propagation of any flaw (e.g. related 
to detectability of flaws; leak before break). Designs and conditions in which compo
nents of the reactor coolant pressure boundary could exhibit brittle behaviour shall 
be avoided. The reactor pressure vessel or the pressure tubes shall be designed and 
constructed to be of the very highest quality with respect to material selection, design 
standards, inspectability and fabrication.

504. The design shall reflect consideration of all conditions of the boundary material 
under operating, maintenance, testing and accident conditions, with due allowance 
made for deterioration that may occur in service, such as by erosion, creep, fatigue, 
chemical environment, radiation environment and ageing, and for any uncertainties 
in determining the initial state of the components and the rate of possible 
deterioration.

505. The design of the components contained within the reactor coolant pressure 
boundary, such as pump impellers and valve parts, shall be such as to minimize the 
likelihood of failure and associated consequential damage to other items of the 
primary coolant system important to safety during all operational states and accident 
conditions, with due allowance made for deterioration that may occur in service.

Primary pressure boundary in-service inspection

506. Where necessary for safety the primary pressure boundary components shall 
be designed, manufactured and laid out in such a way that it is possible, throughout 
the service life of the plant, to carry out at appropriate intervals adequate inspections 
and tests of the boundary. Provisions should be made to implement a material 
surveillance programme for the reactor pressure vessel and other important 
components as appropriate for determining the effects of irradiation and ageing of 
structural materials.

507. It shall be possible to inspect either directly or indirectly the components of 
the primary pressure boundary according to the safety importance of those compo
nents so as to demonstrate the absence of unacceptable defects or of deterioration.

508. Additionally, monitoring of indicators for the integrity of the primary pressure 
boundary (such as the detection of leakage) shall be provided. The availability of
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such measurements may influence the determination of what inspections are 
necessary for safety.

509. Where the safety analysis of the nuclear power plant indicates that particular 
failures in the secondary cooling system may result in serious consequences, it shall 
be possible to inspect the relevant parts of the secondary cooling system.

Reactor coolant inventory

510. Provision shall be made for maintaining the quantity or pressure of coolant to 
ensure that specified design limits are not exceeded in any operational state, taking 
into account volumetric changes and leakage. The systems performing this function 
shall have adequate capacity (flow rate or storage) to meet this requirement. They 
may be composed of components needed for the processes of power generation or 
may be specially provided for performing this function.

Reactor cooiant cieanup

511. Provision shall be made to remove radioactive substances from the reactor 
coolant, including fission products leaking from the fuel. The capability of the 
corresponding systems shall be based on the specified fuel design limit on per
missible leakage with a conservative margin to ensure that the plant is operable with 
a reasonably low level of circuit radioactivity and that prescribed release limits are 
not exceeded.

Residual heat removal from the core

512. Means for removing residual heat shall be provided. Their safety function shall 
be to transfer fission product decay heat and other residual heat from the reactor core 
at a rate such that specified fuel design limits and the design conditions of the reactor 
coolant pressure boundary are not exceeded.

513. Suitable redundancy, diversity, and design features such as leak detection, 
suitable interconnections and isolation capabilities shall be provided to fulfil these 
requirements with sufficient reliability, assuming a single failure.

Emergency core cooling

514. Core cooling in the event of a loss of coolant accident shall be provided so as 
to limit the escape of fission products. This means that cooling of such efficiency 
shall be assured that:

(1) The cladding temperature will not exceed the acceptable design value for acci
dent conditions (for applicable reactor designs);
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(2) Possible chemical reactions are limited to an allowable level;
(3) The fuel and internal structural alterations will not significantly reduce the 

effectiveness of the means for emergency core cooling;
(4) The cooling of the core will be ensured for a sufficient time.

515. Suitable redundancy, diversity, and design features such as leak detection, 
suitable interconnections and isolation capabilities shall be provided to fulfil these 
requirements with sufficient reliability, assuming a single failure.

Emergency core cooling system inspection and testing

516. The emergency core cooling system shall be designed to permit appropriate 
periodic inspection of important components and to permit appropriate periodic 
testing to ensure:

(1) The structural and leaktight integrity of its components;
(2) The operability and performance of the active components of the system during 

normal operation as far as feasible;
(3) The operability of the system as a whole under conditions as close to design 

basis as practical, e.g. the performance of the full operational sequences that 
bring the system into operation, including operation of applicable portions of 
the protection system, the transfer between normal and emergency power 
sources, and the operation of the associated safety system support features.

6. INFORMATION AND CONTROL FACILITIES

General requirements

601. Instrumentation shall be provided to monitor variables and systems over their 
ranges for normal operation, for anticipated operational occurrences, and for 
accident conditions, as appropriate, to ensure adequate information on plant status. 
Instrumentation shall be provided for measuring all main variables that can affect the 
fission process, the integrity of the reactor core, the reactor cooling systems and the 
containment, and for obtaining any plant information required for the reliable and 
safe operation of the plant. Adequate automatic recordings of measurements of any 
derived parameters which are important to safety, such as subcooling margin of 
coolant water, shall be provided.

For further guidance see Safety Guide 50-SG-D8.
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602. Appropriate controls shall be provided to maintain these variables within 
specified operating ranges. Appropriate means to achieve high reliability should be 
used for the design of control systems.

603. Instrumentation and recording equipment shall be provided to ensure that 
essential information is available for following the course of accident conditions and 
the status of essential equipment, and for predicting, as far as is necessary for safety, 
the locations and quantities of radioactive materials possibly escaping from their 
design locations. A reasonable part of the instrumentation should be adequate to 
provide information as far as practicable about the status of the plant during severe 
accidents and for decisions during accident management.

Control room^

604. A control room shall be provided from which the nuclear power plant can be 
safely operated in all its operational states and from which measures can be taken 
to maintain the plant in a safe state or to bring it back into such a state after the onset 
of accident conditions and such design basis events as are to be used in the design 
of the control room. Appropriate measures shall be taken to safeguard the occupants 
of the control room against resulting hazards, such as undue radiation resulting from 
an accident condition, or toxic gases, which could jeopardize necessary operator 
actions.

605. The layout of the instrumentation and the mode of presentation of information 
shall provide the operating personnel with an adequate overall picture of the status 
and performance of the nuclear power plant.

606. Devices shall be provided to give in an efficient way visual and if appropriate 
also audible indication of operating conditions and processes that have deviated from 
norma! and could impair safety.

Supptementary control point

607. Sufficient instrumentation and control equipment shall also be located at 
preferably a single point which is physically and electrically separated from the 
control room, so that the reactor can be placed and maintained in a shut down state, 
residual heat removed, and the essential plant variables monitored should there be 
a loss of ability to perform these essential safety functions in the control room.

See also paras 347-353. 

See also paras 347—353.
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Emergency control centre

608. An emergency control centre, separated from the plant control room, should 
be provided to serve as meeting place for the emergency staff who will operate there 
in the event of an emergency. Information about important plant parameters and the 
radiological situation in the plant and its immediate surroundings should be available 
there. The room should provide means for communication to the control room, other 
important points in the plant and the emergency organizations in the environment. 
Appropriate measures should be taken to protect the occupants for a reasonably long 
time against hazards resulting from a severe accident, as far as practicable.

7. PROTECTION SYSTEM'"

Protection system functions

701. The protection system shall be designed:

(1) To initiate automatically the operation of appropriate systems including, as 
necessary, the reactor shutdown systems in order to ensure that specified 
design limits are not exceeded as a result of anticipated operational 
occurrences;

(2) To sense accident conditions and to initiate the operation of systems required 
to mitigate the consequences of such accident conditions;

(3) To be capable of overriding unsafe actions of the control system.

Protection system reliability and testability

702. The protection system shall be designed for high functional reliability and 
periodic testability commensurate with the safety functions to be performed. Redun
dancy and independence designed into the protection system shall be sufficient at 
least to ensure that:

(1) No single failure results in loss of protection function;
(2) Removal from service of any component or channels does not result in loss of 

required minimum redundancy unless the acceptable reliability of operation of 
the protection system can be otherwise demonstrated.

703. The protection system shall be designed to ensure that the effects of normal 
operation, anticipated operational occurrences and accident conditions on redundant

^  For further guidance see Safety Guide 50-SG-D3.
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channels do not result in loss of its function, or it shall be demonstrated to be 
acceptable on some other basis. Design techniques, such as testability including a 
self-checking capability where necessary, fail-safe behaviour, functional diversity, 
diversity in component design or principles of operation, shall be used to the extent 
practical to prevent loss of a protection function.

704. Unless adequate reliability is obtained by some other means, the protection 
system shall be designed to permit periodic testing of its functioning when the reactor 
is in operation, including the possibility of testing channels independently to deter
mine failures and losses of redundancy that may have occurred.

705. The design shall be such as to minimize the likelihood that operator actions 
could defeat the effectiveness of the protection system.

Separation of protection and control systems

706. Interference of the protection system and the control systems shall be 
prevented by avoiding interconnections or by suitable functional isolation. If signals 
are used in common by both the protection system and any control system, appro
priate separation (e.g. by adequate decoupling) shall be ensured and it shall be 
demonstrated that all safety requirements of Section 7 of this Code are met.

8. EMERGENCY POWER SUPPLY '

801. After some PIEs, various systems and components important to safety will 
require emergency power. The emergency power supply shall be able to supply the 
necessary power during any PIE assuming the coincidental loss of off-site power. 
The need for power will vary with the nature of the PIE, and the nature of the safety 
duty to be performed will be reflected in the choice of means for each duty, e.g. in 
respect of number, availability, duration, capacity and continuity.

802. Various means of supplying emergency power are available, e.g. water, steam 
or gas turbines, diesel engines and batteries. Power may be supplied directly to the 
driven equipment or through an emergency electrical system.

803. The selected combination of the means to provide emergency power shall have 
a reliability and form which are consistent with all the requirements of the safety 
systems to be supplied, and shall meet its duties assuming a single failure. It shall 
be possible to test the functional capability of the emergency power supply.

For further guidance see Safety Guide 50-SG-D7.
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9. CONTAINMENT SYSTEM"

Purpose of containment system

901. To keep the release of radioactivity to the environment below acceptable limits 
in accident conditions a system of confinement shall be provided unless it can be 
demonstrated that the release of radioactivity can be limited by other means. This 
system may include leaktight buildings or boundaries, pressure suppression 
subsystems, and cleanup installations. Such a system is usually called a containment 
system and can have different engineering solutions, depending on its design 
requirements.

902. The design basis for the containment system shall take into account all identi
fied PIEs. In addition, consideration should be given to the provision of features for 
the mitigation of consequences of severe accidents.

Containment structure strength

903. Calculation of the containment structure, including access openings and 
penetrations and isolation valves, shall be based, with sufficient margin, on the 
internal (over and under) pressures and temperatures and dynamic effects such as 
missiles and reaction forces resulting from the accident conditions. The effects of 
other potential energy sources, including, for example, possible chemical and radio- 
lytical reactions, shall also be considered. Calculation of the required strength of the 
containment structure shall include consideration of the natural phenomena and man 
induced events. Provisions for maintaining containment integrity in the event of a 
severe accident should be considered.

Containment leakage

904. The reactor containment system shall be designed so that the prescribed 
maximum leakage rate is not exceeded during accident conditions. The primary, 
pressure holding, containment may be partially or totally surrounded by a secondary 
confinement for the collection and controlled release or storage of primary contain
ment leakage during accident conditions.

905. The containment structure and other equipment and components relevant to the 
leaktightness of the system shall be designed and constructed in such a way that the 
leak rate can be tested at the design pressure after all penetrations are installed.

"  Some requirements of this section are applicable only to water cooled reactors. For
further guidance see Safety Guide 50-SG-D12.
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Redetermination of the leakage rate of the containment system shall be possible at 
periodic intervals throughout the reactor's service life either at the containment 
design pressure or at reduced pressures that permit estimation of the leakage rate at 
the containment design pressure.

Capability for containment pressure tests

906. The containment structure shall be designed and constructed in such a way that 
before plant operation it is possible to perform a pressure test at a specified pressure 
to demonstrate its structural integrity.

Containment penetrations

907. All penetrations through the containment shall meet the same design require
ments as the containment structure itself. They shall be protected against reaction 
forces stemming from pipe movement or accidental loads such as missiles, jet forces 
and pipe whip.

908. If resilient seals or expansion bellows are used with penetrations, they shall be 
designed to have leak testing capabilities independent of the overall leak rate deter
mination of the containment.

Containment isolation

909. Each line that penetrates the containment, as part of the reactor coolant 
pressure boundary, or is connected directly to the containment atmosphere, shall be 
automatically and reliably sealable in the event of accident conditions in which the 
leaktightness of the containment is essential to prevent the release of radioactivity 
to the environment above acceptable limits. These lines should, therefore, in general 
be fitted with at least two adequate containment isolation valves arranged in series, 
normally one outside and the other inside the containment, and each reliably and 
independently actuated. Isolation valves shall be located as close to the containment 
as is practicable. Containment isolation shall be achievable assuming a single failure.

910. When the application of this criterion reduces the reliability of a safety system 
that penetrates the containment, other isolation methods may be used.

911. Each line that penetrates the primary reactor containment and is neither part 
of the reactor coolant pressure boundary nor connected directly to the containment 
atmosphere shall have at least one adequate containment isolation valve. This valve 
shall be outside the containment and located as close to the containment as is 
practicable.
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Containment air locks

912. Personnel access to the containment shall be through airlocks equipped with 
doors that are interlocked to ensure that at least one of the doors is closed during 
reactor operation and accident conditions.

913. The requirements of para. 912 shall also apply to equipment air locks. 

Containment internal structures

914. The design shall provide ample flow routes between separate compartments 
inside the containment. The cross-sections of openings between compartments shall 
be of such a size as to ensure that the pressure differentials occurring during pressure 
equalization under accident conditions do not result in damage to the pressure 
bearing structure or to other systems of importance for limiting the effects of 
accident conditions.

Containment heat removal

915. The capability to remove heat from the reactor containment shall be ensured. 
The safety function shall be to reduce the containment pressure and temperature after 
any accidental releases of high energy fluids and to maintain them within acceptably 
low levels. If a containment heat removal system is necessary, it shall have adequate 
reliability, diversity and redundancy to ensure that the system safety function can be 
accomplished, assuming a single failure.

Containment atmosphere cleanup

916. Systems to control fission products, hydrogen, oxygen and other substances 
which may be released into the reactor containment shall be provided as necessary:

(1) To reduce the amount of fission products which might be released to the 
environment during accident conditions;

(2) To control the concentration of hydrogen or oxygen and other substances in 
the containment atmosphere during accident conditions to prevent explosion or 
deflagration which could jeopardize containment integrity.

917. The containment atmosphere cleanup systems shall have suitable redundancy 
in components and features, to ensure that their safety functions can be 
accomplished, assuming a single failure.
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Coverings and coatings

918. The coverings and coatings for components and structures within the contain
ment system shall be carefully selected, and the methods of application shall be 
specified, to ensure fulfilment of their safety functions and to minimize interference 
with other safety functions in the event of deterioriation.

10. RADIATION PROTECTION-

Principles

1001. Radiation protection is directed to avoiding any avoidable radiation 
exposure and to keeping any unavoidable exposures as low as reasonably achievable. 
This objective shall be accomplished in the design by:

(1) Appropriate layout and shielding of structures, systems and components con
taining radioactive materials;

(2) Attention to the design of the plant and equipment so as to reduce the human 
activity in radiation fields and reduce the likelihood of contamination of the site 
personnel;

(3) The provision for treatment of radioactive materials in an appropriate form and 
condition, either for their disposal on the site or for their removal from the site;

(4) Arrangements to reduce the quantity and concentration of radioactive materials 
produced and spread within the plant or released to the environment.

1002. Full account shall be taken of the buildup of radiation levels with time in 
areas of personnel occupancy and the generation of radioactive materials as wastes 
with time.

Design for radiation protection

1003. The plant shall be designed to limit radiation exposure both within and 
outside the plant to prescribed limits for the operational states and acceptable limits 
for accident conditions. In addition the ALARA principle shall be applied.

1004. Suitable provisions shall be made in the design and layout of the plant to 
minimize exposure and contamination from all sources of radioactivity. Such 
provisions shall include adequate design of systems and components with respect to 
low radiation exposure during maintenance and inspection, shielding from direct

^  For further guidance see Safety Guide 50-SG-D9.
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radiation, reduction of corrosion product activation by proper specification of 
material, means of monitoring, control of access to the plant, and suitable decontami
nation facilities.

1005. The shielding design shall be such that radiation levels in operating areas 
do not exceed the prescribed limits and it shall facilitate maintenance so as to reduce 
radiation exposure of maintenance personnel. In addition, the ALARA principle 
shall be applied.

1006. The plant arrangement shall provide for control of access into radiation and 
contamination areas and shall also minimize contamination from the movement of 
radioactive materials and personnel within the plant. The plant arrangement should 
provide for efficient operation, inspection, maintenance, and replacement as 
necessary to minimize radiation exposure.

1007. Provision shall be made for appropriate decontamination facilities for both 
personnel and equipment and for handling any radioactive waste arising from decon
tamination activities.

Means of radiation monitoring

1008. Equipment shall be provided to ensure adequate radiation protection surveil
lance in operational states, accident conditions and, as practicable, during severe 
accidents. The following shall be provided:

(1) Stationary dose rate meters for monitoring the local radiation dose rate at 
places routinely occupied by operating personnel and where the changes in 
radiation level during normal operation or anticipated operational occurrences 
may be such that access should be limited during certain periods of time. 
Furthermore, stationary dose rate meters shall be installed to indicate the 
general radiation level at appropriate locations in the event of accident condi
tions and severe accidents. These instruments shall give sufficient information 
in the control room or at the appropriate control position so that plant personnel 
can initiate corrective action if required.

(2) Monitors for measuring the activity of radioactive substances in the 
atmosphere in those areas routinely occupied by personnel and where the levels 
of airborne radioactivity may on occasion be expected to be such as to require 
protective measures. These systems shall give an indication in the control 
room, or other appropriate locations, when a high concentration of radio
nuclides is detected.

(3) Stationary equipment and laboratory facilities for determining the concentra
tion of selected radionuclides in fluid process systems as appropriate and in gas 
and liquid samples taken from plant systems or the environment, during opera
tional states and accident conditions.
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(4) Stationary equipment for monitoring the effluents prior to or during discharge 
to the environment.

(5) Devices for measuring radioactive surface contamination.
(6) Facilities for measuring doses to and contamination of personnel.

1009. In addition to the monitoring within the plant, arrangements shall also be 
made to determine the radiological impact, if any, in the vicinity of the nuclear 
power plant.

Radioactive waste treatment^

1010. Adequate systems shall be provided to treat the radioactive liquid and 
gaseous effluents in order to keep the quantity and the concentration of radioactive 
discharge within prescribed limits. In addition, the ALARA principle shall be 
applied.

1011. Adequate systems shall be provided for the handling of radioactive solid or 
concentrated wastes and for storing these for a reasonable period of time on the site. 
Transportation of solid wastes from the site shall be accomplished according to the 
decisions of competent authorities.

Control of release of liquid radioactive material to the environment

1012. The nuclear power plant shall include suitable means to control the release 
of liquid radioactive material to the environment and to maintain the discharges 
below prescribed limits. The control of release shall take into account the ALARA 
principle.

Control of airborne radioactive material

1013. A ventilation system with appropriate filtration shall be provided:

(1) To prevent unacceptable dispersion of airborne radioactive substances within 
the nuclear power plant;

(2) To reduce the concentration of airborne radioactive substances to levels 
compatible with the access requirements of the particular area;

(3) To keep atmospheric radiological conditions in the nuclear power plant below 
prescribed limits during normal operation and anticipated operational 
occurrences, applying the ALARA principle;

^  For further guidance see Safety Series Nos. 69 and 79 (Management of Radioactive 
Wastes from Nuclear Power Plants, and Design of Radioactive Waste Management Systems 
at Nuclear Power Plants).
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(4) To ventilate rooms containing inert or noxious gases without impairing the 
ability to control radioactive releases; and

(5) To keep the release of airborne radioactive substances to the environment 
below the prescribed limits, applying the ALARA principle.

1014. Filter systems shall be sufficiently reliable and so designed that under the 
expected prevailing conditions the necessary retention factors are achieved. Filter 
systems shall be designed such that the efficiency can be tested.

11. FUEL HANDLING AND STORAGE SYSTEMS ^

Unirradiated fuet handling and storage

1101. The unirradiated fuel handling and storage systems shall be designed:

(1) To prevent criticality by physical means or processes, preferably by the use 
of geometrically safe configurations, even under conditions of optimum 
moderation;

(2) To permit appropriate periodic inspection and testing of components important 
to safety;

(3) To minimize the probability of loss of, or damage to, the fuel.

Irradiated fuel handling and storage

1102. The irradiated fuel handling and storage systems shall be designed:

(1) To prevent criticality by physical means or processes, preferably by use of 
geometrically safe configurations even under conditions of optimum 
moderation;

(2) To permit adequate heat removal under operational states and accident 
conditions;

(3) To permit appropriate periodic inspection and testing of components important 
to safety;

(4) To prevent the dropping of spent fuel during transit;
(5) To prevent unacceptable handling stresses on the fuel elements or fuel 

assemblies;
(6) To prevent the inadvertent dropping of heavy objects such as spent fuel casks 

or cranes on the fuel assemblies;
(7) To permit storage of suspect or damaged fuel elements or fuel assemblies;

^  For further guidance see Safety Guide 50-SG-D10.
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(8) To have proper means for radiation protection;
(9) To provide, for reactors using a water fuel storage system:

(i) means for controiling the chemistry and radioactivity of any water in 
which irradiated fue) is handled or stored;

(ii) means for monitoring and controlling the water level in the fuel storage 
pool and detecting leakage.

12. DESIGN CONFIRMATION ^

Safety analysis

1201. A safety analysis of the plant design shall be performed to establish and 
confirm in an iterative process the design basis for the items important to safety and 
to ensure that the overall plant design is capable of meeting the prescribed and 
acceptable limits for radiation doses and releases set by the regulatory body for each 
plant condition category.

1202. The scope of safety analysis for a nuclear plant includes:

(a) Demonstration that operational limits and conditions are satisfied for the 
normal operation of the plant;

(b) Characterization of the PIEs that are appropriate for the plant design and its 
location;

(c) Analysis and evaluation of event sequences which result from PIEs;
(d) Comparison of the results of the analysis with radiological acceptance criteria 

and design limits;
(e) Establishment and confirmation of the design basis;
(f) Demonstration that the management of anticipated operational occurrences and 

accident conditions is possible by automatic safety system response in combi
nation with prescribed operator actions.

1203. The applicability of the analysis methods shall be verified. The safety 
analysis of the plant design shall be updated in the light of significant changes of plant 
configuration and operating experience.

1204. In addition to the establishment of the design basis from the process as 
described above, the probability and consequences of severe accidents should be 
considered in order

— to ensure that any design basis accident is not on the threshold of a sudden 
escalation of the consequences of PIEs

^  For further guidance see Safety Guide 50-SG-D11.
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— to identify features that could reduce the probability of severe accidents or 
mitigate their consequences, and

— to ensure that adequate emergency procedures have been provided.

1205. Such a probabilistic safety assessment may be a formal requirement of the 
regulatory body.

Equipment qualification

1206. A qualification procedure shall confirm that the equipment is capable of 
meeting, throughout its operational life, the requirements for performing safety 
functions while subject to the environmental conditions (e.g. vibration, temperature, 
pressure, jet impingement, radiation, humidity) existing at the time of need. These 
environmental conditions shall include the variations expected during normal opera
tion, anticipated operational occurrences and accident conditions. In the qualification 
programme, consideration shall be given to the effects of various environmental 
factors during the required life of the equipment (such as ageing). Where the equip
ment is subject to external natural events and is required to perform a safety function 
during or following such an event, the qualification programme shall include the 
conditions imposed on the equipment by the natural phenomena.

1207. In addition, any unusual environmental conditions that can be reasonably 
anticipated and could arise from specific operating conditions, such as during 
periodic containment leak rate testing, shall be included in the qualification 
programme. To the extent possible, equipment that is expected to operate during 
severe accidents (e.g. certain instrumentation) should be qualified for this service.

Quality assurance^

1208. A quality assurance programme including all steps of the design process 
shall be established and implemented. This programme shall be based on require
ments consistent with the Code on Quality Assurance (50-C-QA (Rev. 1)).

^  For further guidance see in particular Safety Guide 50-SG-QA6.
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Appendix

POSTULATED INITIATING EVENTS (PIEs)

Generai

A101. The purpose of this Appendix is to elaborate on the definition and applica
tion of the concept of the postulated initiating event as used in the NUSS programme.

A102. The formal definition of PIE is "Identified event that leads to anticipated 
operational occurrences or accident conditions and its consequential failure effects". 
Examples can range from single events, such as an equipment failure, human errors, 
man induced or natural events, to complex combinations of individual events and 
their failure effects.

A 103. A PIE may be of a type which has minor consequences, such as the failure 
of a redundant component, or it may have serious consequences, such as the failure 
of a major pipe in the reactor coolant system. It is a major safety aim of the design 
to achieve plant characteristics which ensure that the majority of the PIEs have minor 
or even insignificant consequences and that if the remainder lead to accident condi
tions the consequences are acceptable.

A 104. A full range of events must be postulated in order to ensure that all credible 
events with potential for serious consequences and significant probability have been 
anticipated and can be accommodated by the design of the plant. There are no firm 
criteria to govern the selection of PIEs; rather the process is a combination of itera
tion between the design and analysis, engineering judgement and experience from 
previous nuclear power plant design and operation. Exclusion of a specific event 
sequence requires justification. Consideration should also be given to the possibility 
of multiple failures if they would lead to severe accidents. Event sequences of 
extremely low probability may be excluded.

A 105. The number of PIEs to be used in the development of the performance 
requirements for the items important to safety and in the overall safety assessment 
of the plant must be limited to make the task practical and this is done by restricting 
the detailed analysis to a number of representative event sequences^. The represen
tative event sequences identify bounding cases and provide the basis for numerical 
design limits for systems, structures and components important to safety.

^  The phrase 'event sequence' or 'sequence of events' is used in the NUSS Codes and 
Guides to refer to the combination of a PIE and subsequent operator actions or actions of items 
important to safety.
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A106. Some PIEs may be specified deterministically, on the basis of a variety of 
factors such as experience of previous plants, particular requirements of national 
licensing bodies, or perhaps the magnitude of potential consequences. Other PIEs 
may be specified on a probabilistic basis because particular features of the design, 
the location of the plant or operating experience enable their characteristics to be 
quantified in probabilistic term s.^

Types of PIEs 

Equipment failures

A201. Initiating events can be individual equipment failures that could directly or 
indirectly affect the safety of the plant. The list of these events shall adequately 
represent all credible failures of plant systems and components.

A202. The types of failure to be considered depend on the kind of the system or 
component involved. A failure in the broadest sense is either the loss of ability of 
the system or component to perform its function or the performance of an 
undesirable function. For example, a pipe failure could be a leak, a rupture, or a 
blockage of a flowpath. For an active component, such as a valve, the failure could 
take the form of not opening or closing when required, opening or closing when not 
required, partial opening or closing, or opening or closing at the wrong time or the 
wrong speed. For a device such as an instrument transducer, the failure could take 
the form of error outside the permitted error band, absence of output, constant 
maximum output, erratic output or a combination thereof.

Human error

A203. In many cases the consequences of human errors will be similar to the 
consequences of failure of components. Human errors may range from faulty or 
incomplete maintenance operations, to incorrect setting of control equipment limits 
or wrong operator actions.

Other internal events

A204. Fires, explosions and floods of internal origin also have the potential to be 
important influences on the safety performance of the plant and shall be given 
necessary consideration in the compilation of the list of PIEs.

^  Typical listings of PIEs are given in an Annex of Safety Guide 50-SG-D11.
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A205. Examples of external events and the determination of the relevant design 
basis input for the plant are given in the Siting Code 50-C-S (Rev. 1), and its related 
Safety Guides. External natural and man induced events that are credible at a given 
site should have been identified during siting but the list shall be reassessed for 
completeness at an early stage in the design process.

A206. If  the likelihood of failure of a system, component or structure important 
to safety due to natural or man induced external events can be inferred to be 
acceptably low because of adequate design and construction, failure caused by that 
event need not be included in the design basis for the plant.

qfevenfs

A207. Where combinations of randomly occurring individual events could 
credibly lead to anticipated operational occurrences or accident conditions they shall 
be considered as a basis for the design. Certain events may be the consequences of 
other events, such as a flood following an earthquake. Such consequential effects 
shall be considered to be part of the original PIE.

A208. In determining which events to combine, it is useful to consider three time 
periods: (1) a long term period, before the particular event being considered, (2) a 
near term period, including occurrence of the event and its short term effects, and
(3) the post-event recovery period.

A209. It may be assumed that an event which occurs during the first period above 
has been corrected prior to the occurrence of another event if proper provisions for 
its identification have been incorporated in the plant design and if the time needed 
for the corrective action is short. In such instances combinations of such events need 
not be considered.

A210. For the second period above (usually having a duration of hours), the 
expected probabilities of occurrence of the individual events may be such that a 
randomly occurring combination would be considered incredible.

A211. For the post-event recovery period (days or longer) additional events may 
need to be taken into account, depending upon the length of the recovery period and 
the expected probability of the events. For the recovery period it may be realistic 
to assume that the severity of an event which has to be taken in a combination is not 
as great as is required to be assumed for the same kind of event considered over a 
time span corresponding to the whole life of the plant. For example, in the recovery 
period for a LOCA if a random combination with an earthquake is required to be 
considered, the severity could be taken as less than the severity of the design basis 
earthquake of the plant.
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