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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 so 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 
was developed for land based stationary plants with thermal neutron reactors 
designed for the production of power but the provisions may be appropriate to a 
wider range of nuclear applications.

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 o f 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 o f 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 
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.
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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 
o f implementing particular parts o f 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 of 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-radiological 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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O perationat States

States defined under Normal Operation or Anticipated Operational 
Occurrences.

Norm a! O peration

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

A nticipated O perationat O ccurrences'

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

' A deviation may be a major failure, a loss of 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 caus
ing 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
1
I
!
1
I
1 Design 

basis 
1 accidents

Accident management
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Safety — See Nuclear Safety

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 reac
tor or the residual heat removal from the core, or to limit the consequences of Antici
pated 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 of the Protection System, the Safety Actuation Systems, and 
the Safety System Support Features. Components of 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 of the 
Definitions).

3
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Plant equipment

Items important to safety Items not important to safety

Safety ret;________
or systems e-r-t t

Protection
system

Safety Safety
system
support
features

actuation
systems

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- 
nuciear and nuclear tests.

Common Cause Failure

The failure of a number o f devices or Components to perform their functions 
as a result of a single specific event or caused

Construction (see footnote 4)

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.

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

 ̂ For example, a design deficiency, a manufacturing deficiency, operation and main
tenance errors, a natural phenomenon, a man induced event, saturation of signals, or an unin
tended cascading effect from any other operation or failure within the plant or a change in 
ambient conditions.

4
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Decommissioning (see footnote 4)

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

Design (see footnote 4)

The process and the result o f developing the concept, detailed plans, support
ing 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.^

Electric A uxiliary System (EAS)

A system for distributing and connecting power from the plant generator, the 
transmission lines or other off-site power sources to electrical loads (both those 
important to safety and those not important to safety).

Em ergency Power Systems (EPS)

Systems which supply power to Safety Systems, to ensure that the latter are 
able to perform their functions with the necessary reliability both during Operational 
States, and during and following Accident Conditions. They include:

(1) Systems which distribute electric power;
(2) Stand-by sources which generate power or store energy for use when the 

Normal Power Supply or alternate sources are not available (stand-by sources 
may provide electricity, compressed air, steam or some other type of energy).

Norma) Pow er Supply

The power supplied either from the transmission network (grid) or from the 
plant generator.

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

5
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Operation (see footnote 4)

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

O perationa] Lim its 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.

Postulated Initiating Events (PIE)

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

Q uality Assurance

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

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.

Reguiatory 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.^

 ̂ The primary causes of 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.

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

6
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Safety Function

A specific purpose that must be accomplished for Safety. ̂

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 o f the Single Failure.

Site Personnel

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

Siting (see footnote 4)

The process o f 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 o f physical, chemical, environmental or 
operational conditions.

 ̂A list of Safety Functions is given in Safety Guide 50-SG-D1.

7
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NOTE ON THE INTERPRETATION OF THE TEXT

When an appendix is included it is considered to be an integral part o f the docu
ment 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 techni
cal 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... o r . . ."  
is used.

8
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1. INTRODUCTION

BACKGROUND

101. Many systems in a nuclear power plant require power in order to perform their 
safety functions, both in operational states and during or after accident conditions. 
This power may be derived from electricity, compressed air, steam, direct drives 
(e.g. diesel engines that directly drive pumps) or other sources. Depending on the 
design of the systems, such power supplies may be used separateiy or in 
combination.

102. Emergency power systems (EPS) are integral parts of the safety systems and 
serve as safety system support features for the purpose of supplying and distributing 
power to the safety systems and to other designated items important to safety. To 
perform safety functions required for different postulated initiating events (PIEs), 
safety systems are provided in a variety of forms and arrangements, and with various 
combinations of redundancy and diversity. A lack of adequate power supplies, with 
consequential inability of systems to perform necessary safety functions, may result 
in unacceptable releases of radioactivity.

103. The first edition of the present Safety Guide was developed in the early 1980s. 
The text has now been brought up to date, refined in several details and amended 
to include non-electrical diverse and independent power sources.

OBJECTIVE

104. The purpose of the EPS is to provide the plant with necessary power in all rele
vant conditions within the design basis so that the plant can be maintained in a safe 
state after PIEs, in particular during loss of outside (grid) power. The EPS may also

' be effective for some beyond design basis conditions.

105. The objective of this Guide is to elaborate on the basic requirements set out 
in Section 8 of the Code on Design (Safety Series 50-C-D (Rev. 1)) and to give 
guidance to the designer and safety assessor regarding the necessary provisions in 
a nuclear power plant to achieve the objectives related to the EPS functions.

SCOPE

106. This Guide applies to nuclear power plants for which the total power supply 
comprises a normal power supply and an emergency power supply (which may be 
eiectrical or a combination o f electrical and non-electrical).

9
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107. The Guide provides general guidance for all types of EPS — electrical and 
non-electrical — and specific guidance on the design safety requirements and the fea
tures of the electrical and non-electrical portions of the emergency power supplies.

STRUCTURE

108. Section 2 of this Guide covers general guidance and considerations that may 
be useful in connection with the electrical grid configurations, the transmission 
lines', the on-site electrical or non-electrical supplies and other alternative power 
sources, in order to provide high overall reliability of the power supply to the EPS. 
Since the nuclear power plant operator does not usually control off-site facilities, the 
discussion of methods of improving off-site reliability does not include requirements 
for facilities not under the operator's control.

109. Sections 3-7 of this Guide provide safety requirements and recommendations 
that apply to EPS on the site of the nuclear power plant.

110. Section 3 deals with general design principles and the design basis. A separate 
subsection addresses the loss of all AC power supplies as a combination of events 
which could lead to severe core damage. Section 4 deals with general design require
ments while detailed design requirements follow in Section 5. Requirements specific 
to the electrical part o f the EPS are given in paras 503-567 and those specific to the 
non-electrical part (which are essentially the mechanical power sources) are dealt 
with in paras 568-591. Section 6 specifies the design requirements with respect to 
surveillance, testing and maintenance. Section 7 deals with quality assurance, 
testing, design verification and documentation.

2. POWER SUPPLIES

GENERAL

201. The prime requirement for EPS is high reliability. The reliability level in a 
particular plant depends on the specific situation at the plant site (i.e. susceptibility 
to natural and man-induced PIEs), the plant configuration (single reactor or multi
reactor) and the plant design (inherent heat removal capability, plant generator^

' The terms 'electrical grid' or 'grid' are used for that part of the electrical power sys
tem which distributes the electrical power to the ultimate users. The transmission tine is the 
connection from the plant in question to the grid.

 ̂The term 'plant generator' is used to describe the turbine generator that produces the 
electrical output of the nuclear power plant.

10
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capability, etc.). Another important parameter to be considered is the nature of the 
electrical power supplies (small or large, stabie or potentially unstab)e), since a large 
part of the EPS is in genera! electrically based.

202. A number of off-site and on-site measures can be taken to achieve the required 
reliability of the electrical portion of the EPS. These are discussed below. Such 
measures may involve increasing the reliability o f the plant normal power supply^, 
from which the EPS normally draw power, or providing other sources of power to 
EPS when the normal power supply may not be available. Where the reliability of 
the off-site sources is relatively low, the reliability of the on-site capability shall be 
increased so that all the various sa&ty systems have the necessary power available 
for them to perform their safety functions when called upon to do so. This may 
include the use of dedicated power supplies'* to safety systems of special impor
tance.^ In the selection of the combination of measures to be taken, the interaction 
o f alternative measures and the overall reliability the combination provides should 
be carefully assessed. To determine the adequacy of the selected solution the applica
tion of probabilistic safety analysis techniques should be considered.

GRID CAPABILITY

203. During initial site selection of the nuclear power plant an electrical grid stabil
ity evaluation should be performed. Where there is poor grid stability, measures for 
improving the stability may be considered or, if practical, an alternative site with 
greater grid stability may be selected.

204. The stability of the electrical grid is a function of many parameters. They 
include: the system generation and reserve generation during peak and off-peak 
periods; the operating spinning reserve generation, the number and size o f generat
ing units and their characteristics, the number and characteristics of interconnections

' to adjacent power systems; and the number of transmission lines and their charac
teristics, including their protective relay and circuit breaker characteristics.

205. The philosophy employed both in adding new generating capacity and in 
designing the power system network has a direct influence on the stability of the elec
trical grid. For example, load flow studies and stability analysis should determine

 ̂ See Pig. I (Annex 2) for use of some of the terms.
** The term 'dedicated power supply' means equipment that provides, for example, 

pneumatic or electrical power exclusively for a particular application, for example, a separate 
independent electrical turbogenerator to drive pumps and valves or pumps directly driven by 
a steam turbine.

 ̂See Fig. 9 (Annex 2) for a schematic overview.
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the optimum unit size for a particular system together with the spinning reserve 
capacity required to maintain a stable system. The possibie effects o f other grid dis
turbances which could lead to severe fluctuations of system voltage and frequency, 
and which could affect the performance of large electrical machines such as circula
tor pumps, should also be taken into consideration.

206. Of particular importance is the possibility that the loss of the largest operating 
unit on the grid may result in grid instability, leading to collapse of the total system, 
thereby cutting off off-site power to the plant under consideration. Some grid 
systems employ the practice of load shedding of user loads at the subtransmission 
and distribution levels in order to maintain system frequency when there is insuffi
cient generation. As a last resort, the generating units are separated if the frequency 
level drops too low. Because o f their effect on grid stability, these factors should be 
carefully considered in selecting a nuclear power unit for a particular power system.

TRANSMISSION LINES

207. The number of connections to the electrical grid depends on the design capabil
ities o f the whole grid and on the design of the nuclear power plant itself.

208. A single connection may be acceptable in situations where the nuclear power 
plant represents a large proportion of generation on the electrical grid or where the 
grid stability is such that the loss of that nuclear power plant would lead directly to 
the collapse of the grid. In such situations the provision of a second transmission 
connection adds little to the reliability of the EPS; other on-site measures should 
therefore be taken.

209. Where the generation of the nuclear power plant is a small proportion of the 
total generation and the grid is considered stable following the loss of the plant (or 
a unit of the plant), the preferred approach is to provide at least two transmission 
connections between the plant site and the grid. Where more than one transmission 
line is used to connect a nuclear power plant to the grid, these transmission lines 
should be adequately separated or even connected to different grid portions which 
are relatively independent in order to avoid common cause failure of two or more 
lines. The use of more than two connections to the grid may not result in increased 
reliability unless connections to the grid can be made at different points in the grid. 
However, for plants that are located at sites remote from the main grid network it 
may not be practical to run more than a single transmission line.

210. Regardless o f the number of transmission lines to a plant, it is still possible 
to lose all the plant's transmission lines at the same time. Certain natural phenomena,
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e.g. tornadoes, earthquakes and hurricanes, may cause the loss of all transmission 
lines coming into the site. Additionally, all transmission and distribution systems of 
a grid are interconnected; the collapse of a major portion will probably result in the 
failure of most, if not all, of the grid.

211. Nuclear power plants with single transmission lines may have a higher forced 
outage rate due to line tripping. This is particularly important in areas where the fre
quency o f lightning strikes on the line is high, In such cases, either the nuclear power 
plant shall be designed to accept the effects of the forced outages, or measures shall 
be taken to reduce the number of forced outages, possibly by adding additional trans
mission lines.

ON-SITE MEASURES

212. The normal power supply to the EPS of a nuclear power plant generally 
derives its power from the grid via one or more transmission lines, the plant genera
tor or some combination of these. In order to make the least number of transfer 
demands on the plant electrical switchgear, the preferred source o f supply selected 
for normal plant operation should be the more reliable of the two. In cases of loss 
of power from the preferred source under operational states or accident conditions, 
the most reliable of the remaining sources shall be automatically selected.

213. Some nuclear power plants are designed for load rejection on separation from 
the transmission lines and subsequent reduction o f reactor and generator power out
put to a level just equal to the electrical power needs of the disconnected plant ('house 
load')^ without tripping the steam supply or turbine generator. This ability to accept 
load rejection and run back to house load is particularly important in designs where 
a nuclear plant is supplied by a single transmission line from the transmission grid. 

-It is suggested that consideration should be given to the benefits o f this feature in 
the design concept.

214. With a single transmission line connection to the grid, electrical power is 
supplied to the EPS under normal operation from the connection between the plant 
generator and the grid, via the plant's electrical auxiliary system (see Fig. 4 in 
Annex 2). To ensure the supply of power from the grid when the plant generator is 
unavailable, a circuit breaker is required on the generator side of this connection. 
Similarly, to ensure electrical power from the plant generator when power from the 
grid is unavailable, a circuit breaker is required between the generator connection

 ̂ Includes ail electrical toads in the plant.
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and the transmission line connection. The acceptability of this arrangement for sup
plying electrical power to the EPS depends on the use of circuit breakers provided 
between the plant generator and the transmission line. It is essential that these circuit 
breakers be of high quality, fully rated, and capable of standing the maximum current 
they can be subjected to and o f interrupting the rated and fault currents they are 
provided for. This arrangement provides continuous power, either from the plant's 
turbine generator or the transmission line, for all conditions except where faults 
occur between the circuit breakers or there are coincident faults in the plant generator 
and the transmission line. In addition to these provisions, alternative supplies from 
the external grid which prevent the early startup of emergency stand-by generators 
when the main connection to the grid fails can be considered.

215. Examples of arrangements that continue to provide power with single faults 
between the plant generator and transmission lines are shown in Figs 2, 3, 5 and 6 
of Annex 2. These illustrate a double connection grid.

ALTERNATIVE POWER SUPPLIES

216. In addition to the normal power supply to the EPS, there may be alternative 
on-site or off-site power sources that can be used to increase the reliability of the 
EPS but which are not themselves part of these systems, e.g. fossil fuel generators 
normally used for load peaking duties or off-site special purpose localized electrical 
grid networks. At a multi-reactor site, an important feature in this context is the abil
ity to feed power to the EPS of any one reactor unit from the plant generators of 
other reactor units independently of the state of the transmission lines to the electrical 
grid.

217. Such alternative power sources should be considered in the EPS design. The 
reliance placed on them, whether they are connected automatically or manually, will 
depend on a number o f factors. These include the reliability of the alternative 
sources, the nature of their design and, in particular, the degree of administrative 
control the plant operators can exercise over their operation.
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3. GENERAL DESIGN PRINCIPLES

GENERAL

301. The EPS shall be designed to ensure the following:

(1) For anticipated operational occurrences: provision of power to those sys
tems necessary to keep radiation releases within prescribed limits. Antic
ipated occurrences include those that primarily and directly affect the 
plant electrical power systems themselves, e.g. loss of grid or loss of 
plant generation.

(2) For accident conditions: provision of power to those systems necessary 
to keep radioactive releases within acceptable limits over the total acci
dent recovery period, with account taken of the consequential effect of 
loss of plant power generation of the grid over this period.

302. To fulfil these roles the EPS shall supply power both to all safety systems and 
to other designated items important to safety as indicated in other Safety Guides, e.g. 
Safety Guides 50-SG-D1 and 50-SG-D8.

303. In addition, other items important to safety and items not important to safety 
(production loads) may derive their power from the EPS, provided the reliability of 
the EPS is not adversely affected and the quality of the power supply is not degraded.

RELIABILITY, FORM AND ARRANGEMENT

304. The EPS shall be designed for high functional reliability and testability and 
with the ability to carry out their safety functions; they shall also have a form and 
arrangement consistent with all the requirements of the safety systems to be supplied. 
The EPS should have a reliability not less than those of the safety systems for which 
they provide power.

305. Paragraphs 347-353 o f the Code on Design, which deal with design for 
optimized operator performance, should be considered. Further guidance is available 
in Safety Guide 50-SG-D8. In order to implement advanced human factor concepts, 
the EPS design should in addition follow the relevant parts of international and 
national standards together with the requirements set out by this Guide.

306. The necessary redundancy to be incorporated in the EPS shall take into account 
the design considerations of Section 2 and the frequency of the PIEs for which the 
EPS must perform their role. In some Member States this redundancy is established 
using a probabilistic approach. However, as a minimum, the EPS shall satisfy the 
single failure criterion (see paras 307-311).
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SINGLE FAILURE CRITERION AND EQUIPMENT OUTAGES

307. The Code on Design, paras 329-336 and 801-803, establishes the basis for 
applying the single failure criterion to the EPS. Paragraph 346 of the Code estab
lishes the relationship between design and operation for the case of equipment out
ages such as test, repair and maintenance.^

308. Applying the single failure criterion to the EPS requires that only one single 
failure is assumed to exist at any one time. This means, for example, that when one 
portion of the EPS is electrical and another is steam, only one single failure and its 
consequential failures need be assumed to exist within the total (electrical and steam) 
EPS at any one time.^

COMMON CAUSE FAILURES

309. The possibility o f common cause failures, which could render the EPS unavail
able to perform their safety functions when called upon, shall be considered in the 
design. The principles o f diversity and independence (physical separation and func
tional isolation) should be used as appropriate to protect against credible common 
cause failures originating either within the safety system equipment itself or from 
human involvement (e.g. operations and maintenance). Use of independence 
principles helps to ensure that overall system unavailability is dictated primarily by 
random equipment failures rather than identifiable common cause failures. However, 
the possibility of other common cause failures which may affect these principles shall 
also be considered (e.g. poor fuel oil quality). Paragraphs 337-339 of the Code on 
Design explain the use of diversity in this context.

COMBINATION OF EVENTS

310. Paragraphs 315-317 and A 207-A 211 of the Code on Design establish the basis 
and requirements for considering severe accidents and combinations of events in the 
design of nuclear power plants.

 ̂ In this application, some Member States assume the coincidence of a maintenance 
situation for a division of the EPS equipment and a single failure occurrence when a PIE cails 
for the operation of the EPS.

 ̂ Further guidance on the application of the single failure criterion, common cause 
failure treatment, etc. is provided in Safety Practice 50-P-l.
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3 H . If the likelihood of occurrence of combined events or multiple failures requires 
consideration in the design basis, proper protection shall be provided. In the case of 
the EPS, such considerations may be relevant to common cause failures in the EPS 
after loss of the grid. Conservative deterministic assumptions or probabilistic safety 
analysis could result in the need to include an independent power source within EPS 
to cope with the situation. Core degradation which could result for some designs 
from total loss of AC power (station blackout) is one prominent example requiring 
such considerations. This power source could be dedicated to the critical safety func
tion alone.

DESIGN BASES

312. A specific set of design bases shall be established and used to design the EPS. 
They shall define the required functional tasks, the characteristics, the performance 
objectives, the operating and environmental conditions, and the reliability. 
Reference shall be made to paras 310-314 of the Code on Design. Since the EPS 
are safety system support features, the requirements of the section on design bases 
in Safety Guide 50-SG-D3 generally apply.

313. The design bases shall include the following:

(1) Those events, during normal operation, anticipated operational occur
rences and accident conditions that require the services o f EPS;

(2) Reliability criteria to be applied to the EPS design;
(3) Assumed variables or combinations of variables that must be monitored 

to initiate the appropriate action by the EPS;
(4) Environmental conditions to which the EPS will be subjected during 

normal operation, anticipated operational occurrences and accident 
conditions;

(5) Those conditions that could degrade the EPS against which protection 
must be provided;

(6) Identification of steady state and transient conditions occurring during 
normal operation, anticipated operational occurrences and accident con
ditions to which the EPS may be subjected when required to perform;

(7) Identification of all loads powered by the EPS, distinction between those 
important and those not important to safety, and identification of their 
mechanical and electrical characteristics and requirements;

(8) The time sequence in which the EPS are required to supply energy to the 
loads so that they can meet their functional requirements;

(9) The required performance characteristics of all EPS components;
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(10) Operating conditions for the power supplies of the EPS, including condi
tions under which it is permissible to connect, disconnect and shut down 
the power supplies;

(11) Requirements for maintaining and testing the different components of the 
EPS to enable compliance with operational limits and conditions;

(12) The required minimum duration of EPS capability;
(13) Consideration of human factors.

STATION BLACKOUT

314. With respect to severe accident considerations as discussed in the Code on 
Design (paras 315-317), analyses may reveal that the total loss of AC power supply 
(station blackout) off and on the site, including house load, could lead to severe core 
damage, depending on the design of the plant and the time period considered. Even 
for high reliability grid and EPS designs it may be advisable to take the total loss 
of AC power supply to plant equipment into account as a conservative design 
assumption.

315. The analysis of the plant behaviour under this assumption will determine that 
period of time after the station blackout during which critical cooling conditions of 
the core will not be reached.

316. Several measures are possible to improve the EPS design in order to cope with 
this condition if the likelihood for its existence warrants their implementation. 
Examples are increased battery capacity and dedicated power supplies for critical 
functions.

317. Procedures to restore normal conditions after a station blackout should be 
developed before operation of the plant.

4. GENERAL DESIGN REQUIREMENTS

REDUNDANCY

401. The EPS shall be divided into independent, redundant divisions. The redun
dancy shall be consistent with that of the safety systems served. Each division shall 
have the reliability necessary to permit the systems it serves to fulfil their safety func
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tions. The )evel o f redundancy shoutd also take into account any increased unavaila
bility of the EPS due to maintenance and testing if equipment is taken out o f service 
for this purpose during operation.^

INDEPENDENCE

402. Following the independence principle, the divisions of EPS shall be protected 
by physical separation and functionally isolated (electrically or otherwise) from each 
other. Physical separation of circuits and equipment shall be achieved by using struc
tures, distance, barriers or combinations thereof, depending on the need to protect 
against all the postulated events considered in the design basis, for example, fire, 
chemical explosion, aircraft strikes or missiles. Functional isolation of divisions shall 
be achieved by preventing a failure in one of the divisions leading to the unavailabil
ity of or faults in another division. If divisions are supplied by one common source, 
the isolation may be achieved by, for example, galvanic separation or non-return 
valves. Additional information on these subjects is given in other Safety Guides.

403. Equipment and circuits required to be independent shall be determined and 
delineated in the early phase of the plant design and shall be identified in documents 
and drawings in a distinctive manner.

404. The independence of safety system circuits and equipment shall not be com
promised by the functional failure of safety system support features. For example, 
a safety system support feature, such as room ventilation, shall be assigned to the 
same division of the EPS as the safety system it is supporting in order to prevent 
loss of mechanical function in one division from causing loss of electrical function 
in another division.

405. Systems other than safety systems that are supplied from the EPS shall be 
connected to the EPS with safety grade equipment and shall not reduce the functional 
independence or system reliability of the EPS below a level required for them to per
form their safety functions.

406. One way of realizing independence is the use of dedicated power supplies for 
individual safety system components if they are also designed with proper physical 
separation or protection.

 ̂ See Safety Guides 50-SG-D2, 50-SG-D4 and 50-SG-D6.
In particular, further information on outage considerations is given in Safety 

Practice 50-P-l.
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DIVERSITY

407. Paragraphs 337-339 of the Code on Design explain the use of diversity. If a 
diverse non-e)ectrical system is used as a diverse approach to supply emergency 
power it will to some extent aiso require an electrical power supply. This can either 
be achieved by the use of dedicated power sources or supplied through non- 
interruptible power sources.

CONTROLS AND MONITORING

408. Equipment shall be provided in the control room to control the EPS. This shall 
be determined as that necessary during normal operation, anticipated operational 
occurrences and accident conditions. This equipment shall include advanced human 
factors design features in order to reduce the likelihood of operational errors.

409. The instrumentation and control equipment required for the EPS to perform 
their safety functions is considered part of the EPS and classified, therefore, as safety 
systems. Additional requirements for this equipment are specified in Safety 
Guide 50-SG-D3. Further guidance on monitoring equipment that is not necessary 
for operating the EPS is given in Safety Guide 50-SG-D8.

410. According to para. 607 of the Code on Design, sufficient instrumentation and 
control equipment shall also be located at what is 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 shutdown 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. For this purpose, an analysis shall be made to 
determine which EPS functions could be required to be performed in the event of 
it becoming impossible to maintain control o f the reactor from the control room, and 
from this analysis the design shall provide for sufficient control and instrumentation 
equipment, preferably at the single supplementary control point, to ensure that the 
necessary identified safety functions can continue to be performed. The relevant 
requirements of Safety Guide 50-SG-D3 shall be met.

411. So that the status of the EPS can be determined during all operational states 
and accident conditions of the plant, sufficient operational status information on the 
EPS and their controls shall be provided in the plant control room and, as necessary, 
at what is preferably a single supplementary control point. The alarm and annuncia
tor systems related to the EPS should be designed for efficient and error free detec
tion, diagnosis and action by operating staff.
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412. The components and variables to be monitored and the methods and equipment 
selected for providing the operational status information will depend on the 
individual plant and the design of its EPS and shall be specified accordingly.

IDENTIFICATION

413. Safety system equipment and its interconnections shall be suitably identified, 
e.g. by tagging or colour coding, to differentiate this system from other plant 
systems. In addition, within a safety system, redundant divisions shall be suitably 
identified to reduce the likelihood of inadvertent maintenance, test, repair or calibra
tion on an incorrect division. Such identification should not require reference to 
drawings, manuals or other reference material. Components or modules mounted in 
equipment or assemblies that are clearly identified as being in a single redundant 
portion of the safety system do not themselves require identification.

CAPACITY AND CAPABILITY

414. The EPS shall be designed with the capacity and capability (specified in the 
design basis) to successfully fulfil their safety functions under all operational states 
and accident conditions assuming a single failure. The capacity and capability shall 
be determined by analysis and verified by tests that take into consideration the effects 
of all continuous, switched and transient loading demands, including load sequencing 
and the period of time each load must be supplied. Loads not important to safety that 
are not automatically disconnected when the EPS are required to supply power to 
cope with PIEs shall be assumed to be connected and shall be included in the calcula
tion of total loads.

MULTI-REACTOR CONSIDERATIONS

415. Each reactor in a multi-reactor power plant should have separate and indepen
dent EPS. For portions of the EPS, exceptions from this requirement may be accept
able in rare cases provided it is well justified case by case that the safety requirements 
of each reactor individually and all reactors collectively are met when account is 
taken of the possibility of common cause failures and consideration is given to the 
possibility that multiple reactors may require to be shut down while maintenance is 
performed on the common portions of the EPS. As a minimum, the combined capa
bility of the shared portions together with those portions dedicated to each of the 
reactors shall be sufficient to accommodate both the most demanding PIE that could 
credibly affect one or more reactors and the orderly shutdown and removal of heat 
from the unaffected reactors.
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OPERATING LIMITS

416. The EPS parameters, including the availabilities claimed in the design 
analysis, which are relevant to the safe operation of the plant in operational states 
and accident conditions should be identified, and these parameters shall be used 
in the establishment of operational limits for the plant. Further guidance on the 
operational limits and conditions for nuclear power plants is given in Safety 
Guide 50 SG-03.

CONTROL OF ACCESS TO EPS

417. Access to equipment o f the EPS and support systems shall be appropriately 
limited, with consideration given to the need to prevent unauthorized access, the 
possibility of error by authorized personnel and the possible need for immediate 
access in the event of an emergency. The methods employed shall include appro
priate combinations of physical security (e.g. locked enclosures, rooms, alarms and 
phones) and administrative measures according to the degree of supervision or 
remoteness of the equipment.

5. DETAILED DESIGN REQUIREMENTS

GENERAL

501. This section provides detailed design requirements and necessary features of 
the EPS and develops the general design requirements of previous sections. To fulfil 
the required safety function, the EPS may supply power in the form of compressed 
air, compressed gas, water, steam, electricity, etc., depending on the design of the 
system to be served.

502. In addition to providing design requirements for the EPS, this section also pro
vides guidance on certain other plant components that have an interface with the 
EPS. In particular, information is given on loads not important to safety and on con
trols whose failure could affect the proper functioning of the EPS.

ELECTRICAL PORTIONS OF THE EPS

503. Included in the electrical portions of the EPS are the components and systems 
necessary for generating, converting and distributing electrical power to those safety
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systems requiring such power. Certain other electrical loads may also be supplied 
provided the relevant rules set out in this Guide (e.g. paras 542 and 543) are com
plied with. The following paragraphs deal with the safety requirements only of the 
electrical part of the EPS. The mechanical equipment of the EPS is dealt with in 
paras 568-591. In practically all designs both features are closely linked.

504. The EPS can be fed by the normal power supply and (optionally) by alternative 
power supplies. The boundaries of the EPS are at the input terminals of the circuit 
breakers used to connect the EPS to the normal and alternative power supplies, at 
the input terminals of the safety system loads, and at the load side of the isolation 
devices of those loads other than safety system loads that derive their electrical power 
from the EPS. Items other than safety system items (including both those important 
to safety and those not important to safety) may also be included.

505. The electrical portion of the EPS is generally subdivided into three types of 
electrical systems according to the different power requirements of the loads (see 
Fig. 1 in Annex 2 as an example).

These systems are:

(1) An AC power system whose assigned AC loads allow a certain interrup
tion of power supply. Usually the AC power system of the EPS is fed 
by a power system for which limited credit is given in the safety analysis. 
After loss of this power supply, a stand-by electrical power system is 
started and is loaded within a prescribed time sequence.

(2) A DC power system supplying DC loads without interruption because of 
its battery stored energy. This DC system is connected to the AC power 
system of the EPS via battery chargers.

(3) A non-interruptible" AC power system for loads requiring non- 
interruptible AC power. It is connected to the DC power system of the 
EPS via converters and usually connectable also to the AC power system 
of the EPS.

506. An example of a single division of the EPS is shown in Fig. 1 of Annex 2. 
Figures 2-6  show examples of power system arrangements that connect the normal 
and alternative power supplies to the EPS. Figures 8 and 9 may assist in understand
ing possible interfaces between the mechanical and electrical parts o f EPS.

" A non-interruptible power supply may experience a perturbation in its output, e.g. 
dip in voltage or cycle interruption, provided such a perturbation does not result in a loss of 
the required function of the equipment being served by the supply or in any undesired actions 
by that equipment.
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Alternating current power system of the EPS

507. The AC power system shall provide AC power for the connected loads during 
normal operation, anticipated operational occurrences and accident conditions. The 
AC power system shall be divided into redundant divisions in accordance with paras 
401 and 536 of this Guide. Each division shall consist of a connection to a normal 
power supply, an alternative power supply (if provided), a stand-by electrical power 
source, and a distribution system and its branch circuits down to the terminals o f (but 
not including) its safety loads.

508. The normal power supply is preferred for furnishing AC energy to the EPS. 
Alternative power supplies may be used. The design basis of the EPS shall reflect 
the capability, capacity, reliability, availability and electrical characteristics of these 
power supplies.

509. The stand-by sources should not be used to supply power to the EPS on a con
tinuous basis since long term utilization of stand-by sources can decrease their relia
bility and increase their maintenance frequency and outage time in a manner that may 
not be compatible with the operating limits and conditions.

510. Unacceptable degradation of power of EPS buses (i.e. overvoltage, undervol
tage, overfrequency or underfrequency) shall be detected on the buses of the AC 
power system of the EPS and the affected bus shall be automatically disconnected 
from its source of power. Subsequent to this disconnection, this EPS bus should be 
automatically connected: (1) to another section of the same division of EPS with 
acceptable power; (2) directly to the alternative power source; or (3) directly to the 
stand-by electrical power source for that division of EPS, in that order of 
precedence.

511. When the stand-by electrical power system is called on to supply power to an 
EPS bus, that bus shall be automatically disconnected from the plant electrical 
auxiliary system. This is necessary to prevent power being supplied from the EPS 
stand-by source to the large number and large capacity of other loads connected to 
the normal power distribution system. The use of the stand-by electrical power 
system shall be limited to the time necessary to recover reliable power from the 
normal or alternative power supplies and to when the transfer can be effected with 
minimal risk.

512. When the function of supplying power is transferred from stand-by sources to 
either the normal or the alternative power supplies or from the alternative to the nor
mal power supply the transfer should be sequenced so that it involves only one divi
sion of the EPS at a time. Transfer actions for reinstatement of power from the

24

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



normal power supply after an anticipated operational occurrence or accident condi
tions shall be accomplished manually.

513. The preferred design approach specifies only one stand-by power source per 
division, thereby avoiding the necessity of paralleling and synchronizing stand-by 
generators. Means shall be provided for the possibility to start and connect stand-by 
electrical power systems for periodic testing during plant operation. In the testing 
of the stand-by power source during plant operation under load, means should be 
provided to synchronize the stand-by generator to a live bus.

Direct current power system of the EPS

514. The DC power system shall supply the DC loads including control, monitor
ing, protection, switching and auxiliary power during normal operation, anticipated 
operational occurrences and accident conditions. The DC power system shall be 
divided into redundant divisions in accordance with paras 401 and 536 of this Guide. 
Each division should consist of at least a battery supply, a battery charger and a dis
tribution system.

BaMery ^Mpp/y

515. The battery supply is an electrical power source that, in cases of loss of AC 
power to the battery charger, supplies DC power without interruption. It consists o f 
storage cells, interconnectors and their connections to the distribution system, and 
a battery charger.

516. The batteries shall be maintained in a fully charged condition during normal 
operation. This shall be accomplished by connecting them in parallel with the battery 
charger.

BaMery cAarger

517. For each division of the DC power system, the battery charger supplies the 
steady state DC power when AC power is available. The battery charger itself is 
supplied from the AC power system of the EPS as described in para. 507.

518. The battery chargers shall have sufficient capacity to restore the battery from 
a discharged condition to a minimum charged state within an acceptable time while 
at the same time supplying the largest combined demands of the various steady state 
loads following an initiating loss o f normal power. If the battery charger is permitted 
to supply the system with the battery disconnected, the charger shall have the capa
bility o f supplying the largest combined demands, including transients. Each battery
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charger shall have appropriate disconnecting devices in the AC and DC circuits to 
enable the charger to be isolated.

519. Where the design of the batteries or the battery rooms could give rise to com
bustible gas concentrations, ventilation shall be provided to maintain such concentra
tions below an acceptable maximum. This ventilation system shall be powered by 
the EPS.

Raffery

520. With account taken of factors such as design margins, temperature effects and 
deterioration with age, the capability of the minimum charged batteries shall be such 
as to meet all required load demands and conditions (including duty cycles and elec
trical transients during operational states and accident conditions) until such time as 
the stand-by generator can meet the load demands with a specified minimum period. 
In the event o f station blackout (see paras 314-317) this battery capability is most 
important.

Non-interruptible AC power system of the EPS

521. If loads important to safety require continuous AC power, a non-interruptible 
AC power system shall be provided to supply such loads. The electrical character
istics and continuity of the electrical power shall meet the requirements of the loads 
to be served by the system. The non-interruptible AC system shall be divided into 
redundant divisions. As a minimum, each division shall consist of a supply from a 
DC power system, a DC-AC converter and a distribution system. A power supply 
from the EPS AC bus of the same division and an automatic switchover device 
should also be provided. Either the DC-AC converter or the other AC power supply 
may be selected to supply power depending on the availability and reliability of these 
supplies.

522. Special consideration should be given to the characteristics and requirements 
o f the loads and interactions between loads connected to the non-interruptible AC 
system, e.g. if a static inverter is used, the design shall ensure that the voltage 
harmonics produced by the inverter itself as well as by the non-linear loads do not 
degrade the function of the systems being supplied.

Stand-by electrical power system

523. The stand-by electrical power system shall consist of an electrical generating 
unit complete with all auxiliaries and its dedicated separate and independent stored 
energy supply, e.g. compressed air, stored fuel, oil and water.
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524. The stand-by electrical power system shall have sufficient capability under 
anticipated operational occurrences and accident conditions to start and supply all 
loads as specified in the design basis. These loads may include both safety system 
loads and loads other than those in safety systems. Paragraphs 542-543 of this Guide 
provide the rules for permitting loads other than safety system loads to be supplied 
from the EPS and for including them when determining the capacity of the stand-by 
electrical power system.

525. Requirements that shall be met in establishing the capability shall include:

(1) Time to start and accept loading in specified load sequence;
(2) Performance characteristics including no load, light load, rated load, 

starting load and overload operation capability for the required time 
periods;

(3) Step load capability over the entire load range.

The starting reliability of the stand-by power source should also be included. The 
above requirements shall be set out in the design basis for the EPS.

526. The step load capability requires that the stand-by electrical power system unit 
shall maintain voltage and frequency within time and level limits that will not 
degrade the performance of any load below its minimum requirements, even during 
transients caused by the largest load addition or load removal.

Individual power supplies

527. Certain equipment, e.g. remote radiation monitors, meteorological equipment 
and portions o f the communication systems, may be designed with their own 
individual power sources and may therefore not be connected to the EPS.

528. Such power sources shall be designed with the capability and reliability com
mensurate with the safety functions of the equipment they serve.

529. For applications where the equipment does not operate continuously, the 
design shall include a means of testing the availability of the power source.

Distribution system

530. The requirements of paras 531-536 below apply to the distribution systems of 
the AC and DC power systems and that of the non-interruptible power system of the 
EPS.
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531. Each distribution system shall have sufficient capability to supply the required 
loads under all required operating conditions of the EPS and withstand the maximum 
credible overcurrent, under electrical plant fault and transient conditions, without 
damage or adverse effect on any of its components. It shall be capable of switching 
the power supplies and loads as required by the control demands.

532. Support equipment, e.g. ventilation, cooling, water pumps or lubricating oil, 
for components o f a redundant division of the EPS shall be supplied electrical power 
from the division it serves in order to preserve the redundancy and independence of 
the divisions.

a n d  c ; 'rc M i'f  p r c f e c n ' w  d e w 'c e .s '

533. AH main and branch circuits of the EPS shall be protected by acceptable over
load, earth fault or short circuit protective devices, and these devices shall be located 
in appropriate enclosures and structures designed to protect the EPS against the 
effects of PIEs. The protective devices shall be part of the safety system and qualified 
for service as acceptable overload and short circuit protective devices.

534. The overload and short circuit protective devices shall be properly sized, 
calibrated and co-ordinated so that the EPS perform as designed and protect the main 
and branch circuit equipment, buses and cables from damage during overload and 
fault conditions. The co-ordination of the protective devices should be appropriate 
so that only the faulty part of the EPS is isolated without affecting the proper function 
of the healthy part.

535. It may be considered necessary, in special situations, to operate safety system 
equipment in overloaded conditions in order to ensure fulfilment of certain safety 
actions. This should be taken into account at the design stage. For example, the set 
points of circuit protective devices may be set above the levels necessary to protect 
the equipment from damage due to the overloads. Where this is the case, the over
loaded equipment shall not adversely affect either the other circuits or associated 
equipment to such an extent that their respective functions are impaired. The con
tinued operation of safety system equipment in overloaded conditions with the conse
quent risk of destruction should not form part of the safety justification for design 
basis accidents, although it is recognized that unforeseen circumstances may arise. 
It should also be noted that if circuit protective devices are set at a higher level, an 
undetected overload could remain on the system under normal operating conditions,
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thus possibly accelerating failure of the equipment needed in the special situation. 
Appropriate verification actions shall be taken to prevent any overload conditions 
from remaining undetected.

COHHCCHOH J/VMiCTM

536. Automatic connection between redundant divisions of the EPS should be 
avoided. If provision is made for connections between redundant divisions, it shall 
be shown that the requirements of the connected safety system loads are met with 
account taken of the potential for propagation of failures from one division to another 
and the potential for overloading the power sources. The fact that such connections 
reduce the independence of the divisions and their connected safety system loads 
shall also be taken into account.

Controls for the EPS

537. Controls should be automatic. Manual control should only be accepted if it can 
be demonstrated that its performance is sufficiently reliable, with account taken of 
the human factor. The requirements for dependence on manual operator action are 
specified in Safety Guide 50-SG-D3. Paragraphs 347-353 of the Code on Design 
shall also be observed. The performance and reliability of these automatic controls 
should meet the requirements o f Safety Guide 50-SG-D3. The functions o f the con
trols should include the following:

(1) Automatic disconnection of appropriate loads (as specified in the design 
basis) and all other power supplies from the distribution system when the 
stand-by power supply or a directly connected alternative power supply 
is required. Selection of directly connected alternative power supplies or 
use of stand-by electrical power systems according to the criteria of paras 
507-513 should be included as part of the EPS design. Equipment for 
selecting alternative power supplies furnishing power to EPS via the nor
mal power supply is not part o f the EPS.

(2) Automatic start and connection of the stand-by electrical power system 
and the loads to the distribution system in a proper sequence. This should 
be within the time relationship as determined by the plant safety analysis 
and with reasonably short time periods to match process requirements. 
The load sequencing programme should work correctly irrespective of 
the actual sequence of demand.

(3) Synchronization of the EPS to the normal supply when the latter is being 
reinstated.
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538. In addition, manual control should be provided to: (a) permit switching the 
various available power supplies and loads onto the distribution system as required; 
and (b) to facilitate the various plant modes, i.e. operation, testing, maintenance and 
repair.

539. Consistent with the purpose of the EPS, sufficient equipment for complete con
trol of each division of the EPS shall be provided. This shall be physically separated 
from equipment for controlling other divisions and shall be contained within the 
appropriate structural enclosures of its division. In areas of convergence, e.g. control 
room, adequate physical separation and electrical isolation devices shall be provided 
between the instrumentation and control o f each division of the EPS to the extent that 
no PIE affecting the required instrumentation and controls shall prevent the EPS 
from carrying out its function.

540. In instrumentation and control circuits, electrical isolation methods shall be 
used as required to maintain the independence o f  redundant circuits and equipment 
so that safety functions required during and following any PIE can be carried out. 
These isolation devices shall be part of the EPS. An electrical isolation device for 
instrumentation and control circuits shall be such that the maximum credible voltage 
or current applied to the device output and shorts, grounds or open circuits occurring 
at the output will not degrade the circuit connected to the device input below an 
acceptable level. Instrumentation and control circuits that are important to safety but 
are not part o f a safety system shall fulfil the independence requirements of Safety 
Guide 50-SG-D8. Instrumentation and control circuits which are part of a safety sys
tem shall be designed in accordance with the independence requirements of Safety 
Guide 50-SG-D3.

M onitoring

541. Adequate monitoring methods should be applied (see Tabie II o f Annex 1). 

Loads o ther than  safety system loads

542. Items other than safety system items, including both those important to safety 
and those not important to safety, may derive their electrical power from the EPS. 
Certain of these may be included within the boundaries and others outside the 
boundaries of the EPS. Those outside the boundaries of the EPS shall be connected 
to the EPS via isolation devices. All such items within the boundaries of the EPS, 
including the isolation devices, shall meet the requirements of safety system 
equipment.
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543. The use of the EPS for these other purposes and the inclusion o f the extra 
equipment necessary for such purposes shall not reduce the functional independence, 
system reliability or capability of the EPS below a level acceptable for performing 
their safety functions, nor interfere with the ability to test the EPS as specified in 
this Guide. As indicated in para. 414, all loads that are not automatically discon
nected when the EPS is required to supply power to cope with PIEs shall be assumed 
to be connected and shall be included in the total load calculations.

Earthing

544. Appropriate earthing of the EPS is important to safety because it relates, either 
directly or indirectly, to the reliability of the system. In designing the EPS earthing, 
all plant earthing systems and provisions shall be considered and analysed collec
tively since they may interact with each other.

545. The objectives o f the plant earthing, including the earthing o f the EPS, are:

(1) To protect buildings, systems and equipment from the effects o f lightning 
discharges;

(2) To protect the systems and their components from the effects o f over
voltages resulting from fault conditions;

(3) To ensure positive operation of electrical fault detection and protection 
devices;

(4) To prevent spurious operation of systems and/or their components;
(5) To protect personnel from electrical hazards.

546. Earthing may be divided into three categories: lightning protection earthing, 
system earthing and equipment earthing. Basic to all three is a reference connection 
to absolute earth. Methods used to make this connection include buried conductors, 
earthing grids (nets, mats), electrodes or their combinations. In some Member 
States, it is the practice to establish an earthing grid, and a bus within the building, 
to which the electrical systems and equipment are connected.

547. The resistance o f the connection to absolute earth should be kept as low as 
practical for the site. The resistance and capacity o f the connection, together with

'* Further detailed information is available in several national or international 
standards. Examples include: IEEE (Institute of Electrical and Electronics Engineers) Stan
dards 141-1976, 142-1972, 80-1976, 81-1962, 32-1972, VDE (Verein Deutscher Elektro- 
techniker) Standards 0100, 0141, 0190, AFNOR (Association fran$aise pour la normalisation) 
Standards NFC-15-100, NFC-65-100, NFC-13-200, or IEC (Internationa) Electrotechnical 
Commission) Standards 99.1, 99.2.
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those of connections to the systems and equipment associated with it, shall be such 
that the induced voltages are kept within acceptable limits. In this context, the 
integrity of the connections themselves and associated systems and equipment shall 
be preserved during and after all lightning discharges, electrical system short circuits 
and other fault conditions.

548. Earthing grids and earth connections on a site shall be connected together elec
trically to keep voltage differences between the EPS elements within acceptable 
values.

549. Connections of lightning protection systems to earth shall be routed so that the 
effects of lightning discharges do not jeopardize the safety functions of the EPS and 
other objectives of lightning protection earthing. The plant earthing grid may be used 
in addition to a specific earth connection.

550. The electrical system earthing concept involves decisions on the nature and 
location o f intentional electrical connections between electrical systems and absolute 
earth. The various methods include direct earthing, non-earthing or earthing with 
resistances or impedances. The earthing method for each system shall be based on 
consideration of the need for continuity of service, the need for positive fault detec
tion and protection and the risk of potential overvoltages and overcurrents induced 
by fault conditions. The earthing shall be an integral part o f the design of electrical 
systems. Where non-earthed systems are used in the EPS they shall be provided with 
fault detection equipment so that earthing faults may be detected and isolated.

551. Equipment earthing shall be provided by connecting the metallic frames of all 
electrical equipment and apparatus to earth so as to meet design objectives.

Buses and cables

552. The buses and cables of the EPS shall be selected, rated and qualified for their 
service and for environmental conditions taking into account the cumulative radiation 
effects and thermal ageing expected throughout their design life. The buses and 
cables shall also be sufficiently fire retardant to prevent propagation of fires. Special 
attention shall be given to the qualification of wires and cables that have to withstand 
conditions within the containment during and after a loss of coolant accident (LOCA) 
as well as other adverse environmental conditions.
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553. Vo/fager buses and cables shall have a voltage rating equal to or greater than
the voltage of the system of which they are a part and an impulse rating greater than 
any credible transient voltage to which they can be subjected. awJ a//owaMe
femperafMray.' buses and cables shall be of such size to carry safely the currents of 
main and branch circuits required under voltage variations and the demands of the 
loads under normal operation, anticipated operational occurrences and accident con
ditions without exceeding the allowable conductor temperatures throughout their life. 
Calculation of conductor temperatures shall take into account the maximum environ
mental temperatures, normal or fault currents, load factors and arrangement of other 
cables in the same or nearby raceways. In addition, consideration shall be given to 
the influence of cable supports, wall penetrations, floor penetrations, fire stops and 
fire retardant coatings on the heating of cables and resulting temperatures. Fire pro
tection aspects are considered in Safety Guide 50-SG-D2.

554. Buses, cable trays and their supports shall be designed to withstand mechanical 
loads imposed by the cables and associated fittings. The design of switchboard com
partments and other critical equipment should be vermin proof. Cable raceways shall 
be permanently identified with their respective EPS divisions and each cable shall 
be given sufficient identification during installation to ensure installation in the 
proper raceway; as a minimum, cables shall be permanently identified at each end 
after installation.

Connectors*, ferwHHaHom and .spaces

555. Connectors, terminations and splices shall be selected and qualified for their 
applications and the in-service conditions postulated to be experienced throughout 
their design life (see paras 703-709).

Separan'on c/a&s<?.s

556. At least three classes o f cables should be identified for the purpose of physical 
separation: control and instrumentation cables, low voltage power cables (e.g. 
1000 V or less); and medium voltage power cables (e.g. 20 kV or less). Within the 
individual cable raceway for each division the cables shall be separated by classes 
either using acceptable spatial separation or by means of barriers that prevent one 
class having an unacceptable influence on the other. Alternatively, the classes shall 
be placed in separate raceways. Normally, cables of higher voltages are not used in 
the EPS: if used, their separation from the other cables should also be considered.
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Low level analog, digital and other instrumentation cables shall be manufactured 
with sufficient twisting and shielding to eliminate electromagnetic and electrostatic 
noise interference.

557. Buses, cables and wires of one EPS division shall be physically separated and 
electrically isolated from the buses, cables and wires of other divisions of the EPS 
to the extent necessary for ensuring that a fault in one division does not propagate 
to others, thereby inhibiting the performance of one of the EPS safety functions. 
Faults of particular concern are fires, initiated either by external causes or by internal 
equipment electrical faults, and electrical overcurrents causing electrical insulation 
to melt. Such propagation can result from either close proximity or physical conduits 
that link together the circuitry of redundant divisions, e.g. flammable structures or 
cables and wiring that run between the divisions. Such wiring links can be of two 
types:

— actual wiring connections built into the design of a system
— wiring connections of other circuits, either in systems important to safety or 

systems not important to safety, that are routed through more than one EPS 
division.

The requirements to prevent Ore propagation are considered in Safety Guide 
50-SG-D2. The requirements for preventing the propagation of the effects o f over
currents and short circuits shall be met by physical separation between cables and 
wires of different divisions and by the incorporation of isolation devices on all cables 
and wires that potentially link divisions together. The adequacy of physical separa
tion shall be justified by analysis or tests that take into account the potential hazards 
within the area.

PAyH'ca/ profecH'oM

558. To permit the EPS to meet the single failure criterion, cables and wires con
nected to them shall be sufficiently protected against the hazards that may result from 
PIEs. Hazards that could affect the EPS include the effects of fire, and failure or mis- 
operation of fluid systems, mechanical and structural components. The design of the 
EPS shall therefore take account of the following:

(1) yy.Me7?!.y. Circuits o f the electrical portions of the EPS shall
be routed or protected such that failure of related mechanical equipment 
of one EPS division cannot disable circuits or equipment of another divi
sion essential to the performance of the safety task. The effects of pipe 
whip, jet impingement, radiation, pressurization, elevated temperature,
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humidity and the potential generation of missiles resulting from failure 
of rotating equipment or high energy systems shall be considered. The 
requirements of Safety Guide 50-SG-D4 shall be met.

(2) Fai'/Mre o/* sfrMcfMres and The independence o f redundant
divisions of the EPS shall be maintained both during and subsequent to 
failure of structures and equipment not designed to withstand credible 
PIEs. The effects of failure of structures and equipment on a single divi
sion of the EPS need not be considered unless the division is required 
to mitigate the consequences of such a failure.

Electrical penetrations

559. AH electrical penetration assemblies in containment structures and passages 
provided for the conductors from circuits originating in the EPS and the electrical 
auxiliary system shall be regarded as safety system equipment; they shall therefore 
be rated and qualified for the expected service and environmental conditions that 
include the cumulative radiation effects expected throughout their design life.

560. The containment penetrations shall have a continuous service voltage rating 
greater than or equal to the voltage o f the systems of which the conductors are a part. 
They shall also have an impulse rating greater than or equal to the maximum credible 
transient voltage. The penetrations shall be of a size to carry safely currents that take 
into account voltage variations and short circuits, as well as demands from loads 
under normal operation, anticipated operational occurrences and accident conditions; 
allowable conductor temperatures shall not be exceeded or pressure boundaries of 
the assemblies degraded. The penetration assembly shall be designed to withstand, 
without loss of mechanical integrity, the maximum possible overcurrent condition 
that could occur given a single random failure of circuit overload protection devices.

561. The penetrations shall meet the same separation criteria as the cables to which 
they are connected.

562. The penetrations and associated connectors, terminals, splices, materials and 
methods shall be qualified in accordance with paras 703-709 of this Guide.

Lightning protection

563. Provision shall be made so that lightning cannot prevent the EPS from fulfill
ing its required safety function. The systems for achieving this may rely on external 
or internal protection.
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564. The external provisions should take the form of either lightning conductors or 
a Faraday cage comprising the metal parts o f the building that shield the building 
and its equipment from the effects of lightning. Both shall be earthed so as to conduct 
the lightning current to an earth outside the building.

565. The internal protection may be shielding and surge arrestors to protect the EPS 
against both a high induced voltage caused by the lightning current and a high trans
ferred voltage caused by voltage differences between the earth and parts of the exter
nal lightning protection system and the associated earthing connections. The internal 
protection earthing shall be connected to the rest o f the lightning earthing in such 
manner as to prevent large transferred potentials from damaging equipment or injur
ing personnel.

Surge voltage protection

566. Overvoltage surges can be caused by lightning strikes, electrical faults or 
switching phenomena. If the surge potential exceeds the allowable voltage limits set 
for the equipment or its insulation, then voltage surge suppressions or arrestors shall 
be provided.

Fire protection

567. The design of the EPS shall take into account the fire protection requirements 
specified in Safety Guide 50-SG-D2.

MECHANICAL EQUIPMENT IN THE EPS

568. The aim of this section is to provide the design requirements and features for 
mechanical equipment in the EPS. The mechanical portions include equipment such 
as: steam turbines, gas turbines, hydro turbines, diesel engines and compressed gas 
vessels for starting engines. In situations where the equipment is not located on-site 
it shall be ensured that the nuclear plant management has full control and command 
on the priority use of the equipment in case of need.

569. The EPS provide the motive force to drive pumps, compressors and genera
tors, operate valves instruments and controls, etc., depending on the design of the 
system to be served. Mechanical equipment is that portion of the EPS provided for 
supplying mechanical power or energy other than electrical energy to stand-by units 
and components important to safety.
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570. The electrical portions of the EPS for which paras 503-567 provide design 
criteria have a direct interface with mechanical equipment in many instances. Those 
criteria shall be applied to electrical auxiliaries or other electrical equipment directly 
connected with mechanical equipment in the EPS. The following paragraphs address 
design criteria for the non-electrical equipment only.

Boundaries of mechanical equipment

571. Included in the mechanical equipment are those components necessary for 
providing the motive force to components that generate electrical power, pump 
water, compress air, position valves, operate instruments and controls, etc.

572. The boundaries of the mechanical equipment on the input side include storage 
reservoirs of sufficient capacity to provide needed 'fuel' (e.g. pressurized nitrogen 
or air, fuel oil, etc.) to the prime mover for the time period appropriate to the plant 
design requirements. On the load side the boundary terminates at the component 
being served. An illustration is given in Figs 7 and 8 in Annex 2;

Connection of redundant divisions

573. Automatic connection between redundant divisions of the mechanical equip
ment should be avoided. If provisions are made for connections between redundant 
divisions, it shall be shown that the requirements of the connected safety system 
loads are met with account taken of the potential for propagation of failures from 
one division to another and the potential for overloading the power sources. The fact 
that such connections reduce the independence of the divisions and their connected 
safety system loads shall also be taken into account.

Controls for the mechanica! equipment of the EPS

574. Controls should be automatic. Manual control should be accepted only if it can 
be demonstrated that its performance is sufficiently reliable when the human factor 
is taken into account. The considerations and basic requirements for dependence on 
manual operator action are the same as for electrical systems referred to in para. 537. 
More specifically, the functions o f the controls for mechanical equipment should 
include the following:

(1) Automatic switching to a mode totally dedicated to the emergency needs 
alone if being utilized in another mode;

In the case of steam taken from the steam generator at a PWR the boundary of EPS 
ends at the piping connection to the process system.
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(2) Automatic start of the stand-by unit;
(3) In the case of switching into the emergency mode according to (1), 

bypassing of those protection devices utilized to protect equipment for 
normal operational, testing and maintenance modes only.

575. In addition, manual control shall be provided to facilitate the various plant 
modes, i.e. operation, maintenance and EPS repair.

576. Consistent with paras 401 and 573, sufficient equipment for complete control 
o f each division of the EPS shall be provided. This shall be physically separated from 
equipment for controlling other divisions and shall be contained within the appropri
ate structural enclosures of its division. In areas of convergence, adequate physical 
separation and isolation devices shall be provided between the instrumentation and 
control of each division of the EPS to the extent that no PIE affecting the required 
instrumentation and controls shall prevent the EPS from carrying out their function.

577. Instrumentation and control systems that are important to safety but are not 
part of a safety system shall fulfil the independence requirements of Section 4.3 of 
Safety Guide 50-SG-D8. Instrumentation and control systems which are part of a 
safety system shall be designed according to the independence requirements of Safety 
Guide 50-SG-D3.

M onitoring

578. Adequate monitoring methods should be applied (see Table 2 in Annex 1). 

Loads o ther than  safety system loads

579. During anticipated operational occurrences or accident conditions, EPS equip
ment should be dedicated to the emergency needs alone. In non-emergency condi
tions EPS may be utilized to supply normal operational and electrical generating 
system needs as anticipated in the design basis.

580. The requirements on mechanical equipment which may also serve other than 
safety system loads are analogous to those in paras 542 and 543.

581. Specifically, the instrument air system supplies air to both safety system 
devices as well as non-safety system devices. The design of the instrument air system 
should allow for this and where practical supply the safety system devices through 
headers separate from those supplying non-safety systems. With such an arrange
ment, suitable isolation devices shall be installed so that in the event o f an accident
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they can be closed to permit instrument air to be reserved for safety system devices 
only.

582. In the case where the instrument air system is part of the EPS, all items within 
the boundaries of the EPS including the isoiation devices shall meet the requirements 
of safety system equipment.

F ire and  physical protection

583. Reference shall be made to para. 558 and to Safety Guide 50-SG-D2. 

Instrum ent a ir

584. If components important to safety connected to the instrument air system are 
designed unambiguously to go to a fail safe position upon a Joss o f air pressure the 
instrument air system may be considered as a non-safety related system. If, however, 
components important to safety require air pressure to go to a safe position, the 
instrument air system shall be designated as a safety system. An instrument air 
system designated as a safety system shall be designed with redundancy, indepen
dence and sufficient appropriate diverse features to ensure the necessary level o f 
reliability. Where a single instrument air system is provided, the necessary reliability 
can be achieved by providing diverse pressure producing equipment for those com
ponents requiring pressure to reach the safe position. Examples of diverse pressure 
producing devices include compressed air or gas storage reservoirs or an indepen
dent compressed gas system connected to the component important to safety and 
separated by an isolation device from the instrument air system. The capability of 
systems that provide components important to safety with compressed air or gas shall 
be sufficient to supply EPS during operational states and accident conditions.

585. The systems supplying compressed air and gas to components important to 
safety shall be free of contaminants such as oil, moisture and particulate matter. The 
dew point of the air in the system shall be sufficiently low to prevent water from con
densing in any part of the system and potentially adversely affecting the functioning 
of the components.

586. The instrument air system should not be used to provide air for general plant 
services other than the instrument and control components for which it is designed. 
If compressed air is needed for other purposes, a separate and independent com
pressed air system should be provided. Where it is desirable to use this separate and 
independent compressed air system as a backup to the instrument air system, suitable 
isolation devices shall be provided to prevent instrument air from flowing into the 
backup system and suitable devices provided to prevent contaminants from entering
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the instrument air system. Means shall also be provided to ensure that air from the 
backup system flows into the instrument air system only when emergency conditions 
exist and not routinely. Providing for the instrument air system to operate at an 
appropriately higher pressure than the backup system will aid in both preventing 
cross-flow on a routine basis and monitoring for conditions when cross-flows may 
occur.

Stand-by non electrical power system

587. The stand-by non-electrical power system shall consist of a prime mover com
plete with all auxiliaries and its dedicated separate and independent stored energy 
supply, e.g. compressed air, stored fuel, oil and water supplies.

588. Diesel units are the most commonly used stand-by non-electrical power 
sources. Diesel units and other units such as steam turbines, hydro turbines and gas 
turbines shall meet the requirements of this Guide.

589. The stand-by non-electrical power system shall have sufficient capability under 
anticipated operational occurrences and accident conditions to start and supply all 
loads as specified in the design basis. These loads may include both safety system 
loads and loads other than those in safety systems. Paragraphs 542-543 provide the 
rules for permitting loads other than safety system loads to be supplied and for 
including them when determining the capacity of the stand-by power system.

590. Requirements that shall be met in establishing the capability shall include:

(1) Time to start and accept loading;
(2) Performance characteristics, including no load, light load, rated load,

starting load and overload operation capability for the required time
periods;

(3) Step load capability over the entire load range.

The starting reliability of the stand-by power source should also be included. The 
above requirements shall be set out in the design basis for the non-electrical stand-by 
systems.

Storage of fuel and other deptetable substances

591. Sufficient fuel and other depletable substances shall be stored at the plant site 
to permit simultaneous operation of all stand-by power sources at their required loads 
following the PIE that consumes the maximum energy. The amount of on-site storage
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shall be based on the analysis of the time required to replenish the storage from off- 
site. The minimum storage on-site differs from one Member State to another and 
varies between 2 and 7 days. Some stored fuel will deteriorate with time (sometimes 
rather quickly). For this reason, a fuel evaluation programme shall be established 
for the purpose of replacing the fuel if and when found necessary. The quantity 
replaced after periodic diesel generator testing will not necessarily ensure sufficient 
replenishment to maintain its quality. Matters relating to fire protection are discussed 
in Safety Guide 50-SG-D2. Protection against common cause failures should be 
given special consideration.

6. DESIGN FOR SURVEILLANCE,
TESTING AND MAINTENANCE"

601. Provisions shall be made in the design for the accommodation of programmes 
that ensure that:

(1) Each division of the EPS performs as intended under conditions as simi
lar as practicable to those encountered during operational states and acci
dent conditions;

(2) The equipment and system conform to the design requirements;
(3) EPS divisions are maintained in a condition of readiness to respond to 

plant needs over the lifetime of the plant;
(4) Effective maintenance can be performed (preferably during normal 

operation) to keep unplanned outages to a minimum.

602. The design shall ensure that the following programmes that implement the 
above can be achieved:

(1) A pre-operational test programme to demonstrate the operational and 
emergency modes to the extent practicable, to be conducted following 
installation of all components. This test programme shall prove that the

' design requirements have been achieved. The test should also establish 
that each division is independent of other divisions;

(2) A periodic test programme to demonstrate continued operability of the 
system and to detect and identify any degradation of the system or com
ponents within the system.

Examples of periodic tests are given in Table I, in Annex 1.

'** Detailed information and procedures relating to certain components may be found 
in international (ISO, IEC) and national standards.
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603. In order to ensure high availability of the EPS in performing its safety func
tions, the following should be considered:

(1) Minimizing the test interval during which equipment is removed from 
service as a result of testing;

(2) Arranging, where practicable, that a demand for safety action overrides 
the test sequence so that the equipment fulfils its safety task;

(3) Increasing the redundancy of equipment;
(4) Using a combination of the above three methods.

Test methods should be carefully checked for possible negative influences on the 
EPS or its availability by the test procedures themselves (e.g. soot formation in 
diesels being tested under no-load conditions, inadequate provisions for restoring 
normal stand-by conditions after completing the test, etc.).

604. Load sequencing and load tests utilizing the actual loads shall be performed 
when the plant is shut down. Only one stand-by generator shall be tested at a time 
to prevent the simultaneous loss of more than one generator. Where the stand-by 
power source for a redundant and independent division consists of more than a single 
electrical generator, its periodic test shall demonstrate and verify the total division's 
functional performance as specified in the design basis.

605. The design should further provide for the performance of:

(1) A test programme as appropriate to identify any trend toward degrada
tion (ageing) that could result in toss of equipment operability.

(2) A preventive maintenance programme that periodically inspects EPS 
components for evidence of deterioration which at that time may not be 
affecting performance but which could result in unanticipated failure. 
The programme should include replacement of parts that are known to 
have limited life.

(3) A surveillance programme that provides adequate assurance of system 
readiness to function upon demand and identifies components with 
excessively high maintenance frequencies.

606. The design shall be such that testing and maintenance can be accomplished
with a radiation exposure as low as reasonably achievable.

Further guidance on test interval optimization is given in Safety Practice 50-P-l. 
Some Member States refer to this as a 'predictive maintenance' programme.
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7. DESIGN CONFIRMATION

QUALITY ASSURANCE

70). AH activities from inception to completion o f the design and construction of 
the EPS as welt as their operation and maintenance shal) be conducted under accepta- 
bte quality assurance programmes in accordance with the Code for Quality Assur
ance 50-C-QA (Rev. 1), and recommended procedures as contained in the reiated 
Safety Guides on quality assurance.

702. The quality assurance levels selected for the design of the various portions of 
the EPS shall be commensurate with their importance to safety (see Safety Guide 
50-SG-D1).

QUALIFICATION

703. Equipment used in the EPS shall be capable of fulfilling its performance 
requirements under design basis conditions for the design life o f the equipment.

704. The equipment shall be qualified by confirming that it will meet or exceed its 
design basis performance requirements while subject to the environmental conditions 
existing at the time of need. The conditions include the expected variations for nor
mal operation, anticipated operational occurrences and accident conditions. The 
qualification programme shall set out performance acceptance criteria and verify by 
testing and analysis that the equipment is acceptable when subjected to the effects 
o f environmental conditions that may occur during the design life of the equipment.

Principles of qualification

705. Qualification may be carried out in several ways, either individually or, where 
necessary, in combination.

706. Type testing of actual equipment performance by the manufacturer according 
to recognized standards using simulated service conditions is a method o f qualifying 
equipment. This method should be used for qualifying the greater portion of equip
ment in the EPS. Where the manufacturers' type tests are insufficient for nuclear 
power plant applications, additional tests shall be performed in order to demonstrate 
that the equipment will perform as required in the specified environment.
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OperaHng experience

707. Equipment that has operated successfully under comparable service conditions 
can be considered qualified for equal or less severe service. Operating experience 
can provide information on limits of extrapolation, failure modes and failure rates.

ana/ysi.s'

708. Qualification by analysis shall include justification of methods, theories and 
assumptions used.

709. The analysis method is not recommended unless the validity of the mathe
matical models has been justified by experimental data or operating experience.

DESIGN VERIFICATION

710. Measures for verifying the adequacy of the EPS design and the general provi
sions and methods for this verification are given in Safety Guide 50-SG-QA6.

711. As a part of the verification the following should be performed and 
documented in a form suitable for auditing:

(1) A performance analysis to demonstrate that the EPS are capable of ful
filling their safety functions, as set out in their design bases;

(2) A systematic failure analysis at appropriate stages in the EPS design to 
demonstrate that the design meets the requirements of this Guide, includ
ing compliance with the single failure criterion;

(3) A reliabilityanalysis(see, for example, Safety Guide 50-SG-D3, Section 
10.3) including consideration of common cause failures.

DOCUMENTATION

712. Documentation on EPS shall include:

(1) The design basis information, as described in Section 3 of this Guide, 
including a statement of the assumed off-site electrical grid capabilities.
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(2) Documents and specifications significant to the design, installation, oper
ation, monitoring and testing of the system. These include:

(i) Description of the overall power supply system including:
— details of how the nuclear power plant is connected to the grid;
— an explanation of the degree of redundancy of the EPS;
— identification of interfaces with the auxiliary systems to the 

EPS (e.g. cooling, ventilation, fuel supply).
(ii) One line diagrams, functional control diagrams, schematic dia

grams and systems descriptions.
(iii) Short circuit, voltage and frequency transient analyses, and vol

tage drop calculations.
(iv) Co-ordination analysis of electrical protection devices.
(v) Electrical load analysis, including both an inventory of electrical 

loads and a time dependent load analysis from which the EPS 
components are calculated.

(vi) Layout plans of the EPS buildings with arrangements of equip
ment and associated support systems.

(vii) Layout plans of cable routes, including trays, ducts and conduits 
throughout the plant and identification of redundant divisions and 
of cables and their routing.

(viii) Description of the separation criteria for installing equipment 
cables and raceways, including wiring and components inside 
panels.

(ix) Documentation of the test programmes and test reports from 
acceptance and operational tests.

(x) Maintenance manuals and documentation for the intended oper
ation of the EPS, including periodic test programme.

(xi) Quality assurance records.
(xii) Any special operating and maintenance requirements, e.g. fuel 

evaluation programme.
(xiii) Analysis of the fuel storage capacities for the EPS stand-by power 

supply.
(xiv) Equipment qualification programme and test reports.
(xv) Analysis of the consequences of partial or total loss of power 

supplies (e.g. off-site and on-site power and power supplies for 
instrumentation and control).
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Annex 1

EXAMPLES OF TESTS, TEST INTERVALS AND 
MONITORING DISPLAYS
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TABLE I. EXAMPLES OF PERIODIC TESTS AND TEST INTERVALS

Item P erio d ic  tes t d esc rip tio n T est in terval

S w itch g ea r
m ed iu m  vo ltage O p era tio n  test

M ech an ica l in sp ec tio n 2 y e a rs
In su la tio n  test*' 1 y ea r
O verh au l W h en  req u ired
O v e rc u rre n t tr ip  test 2 y ea rs

low  v o ltage O p era tio n  test
M e chan ica l in sp ec tio n 2 y ea rs
O verh au l W hen  req u ired
O v e rc u rre n t tr ip  test 2  y ea rs

B re a k e rs  as iso la tio n  d ev ices Iso la tio n  fu n c tio n 1 y e a r

P o w e r  tra n sfo rm e rs In su la tio n  test 1 -2  y ea rs
E n e rg ize  (n o rm a lly  d e-en e rg ized ) 1 y ea r

B a tte ries L iq u id  level 1 m onth
S pecific  g rav ity  and  cell v o ltage P ilo t cell 

w eek ly ; all 
c e lls  m on th ly

V isual in spection W eek ly
P e rfo rm a n c e  d isc h a rg e  test 5 y e a r s '
S erv ice  test 1 -2  y e a r s '

B a tte ry  c h a rg e r V isual in sp ec tio n W eek ly
C a lib ra tio n A s req u ired

S tan d -b y  g e n e ra to r A v ailab ility  test 1 m on th

A C -D C  and  D C -A C
co n v e rte rs O p erab ility  test 1 m onth

T u rb in e  s te am  d r iv e n  p um p A v ailab ility  tes t 1 m on th

T u rb o g e n e ra to r S ta rtin g  and  av a ilab ility
fo r  seal w a te r  in jec tion T est on  tu rb o g e n e ra to r  w ith  

lim ited  load
3 m onths

P e rfo rm a n c e  o f  th e  w ho le  test 
system

1 y ea r

" W h en  o p e ra tio n  o f  the  un it p e rm its .
 ̂ C a b le s  an d  m o to rs  m ay  b e  left co n n ec ted  to  sw itc h g ea r d u rin g  th e  sw itc h g ea r test.

'  S e rv ice  test: d isc h a rg e  ra te  an d  te s t leng th  shou ld  co rre sp o n d  as c lo se ly  as p rac tica l to  the  
load  the  b a tte ry  w ill be  sub jec ted  to  d u rin g  the  c ritic a l p e rio d . D isc h a rg e  test: load  shou ld  
equ a l th e  m a n u fa c tu re r 's  ra tin g  fo r  th e  b a tte ry  fo r a se lec ted  test p e rio d , w h ich  sh ou ld  p re fe ra 
b ly  be the  sam e tim e as the  p e rio d  fo r  w hich  th e  b a tte ry  is d es ig n ed .
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TABLE II. EXAMPLES OF MONITORING DISPLAYS

Equipm ent Parameter^*

G enera]

Diese] generator

D iesel g e n e ra to r  b u s , sw itc h g ea r

B attery

B a tte ry  c h a rg e r

S upp ly  to  typ ica l ta rg e  p u m p  m o to r  (2 0 0  kW )

S upply  to  ty p ica l m ed iu m  size m o to r  o r  to  
m o to r  o p e ra ted  valve

S team  tu rb in e  d r iv e n  p um p

T u rb o g e n e ra to r  fo r  sea! 
w a te r  in jec to r  pu m p

In stru m en t a ir  sys tem

V o ltag e
F re q u en cy
C u rre n t
P o w e r

W in d in g  te m p e ra tu re  
O il p re ssu re  
W a te r  te m p e ra tu re  
S ta rtin g  a ir  p re ssu re  
F ue) oi] level 
C o n tro l v o ltag e  
B re a k e r  p o sitio n

V o ltag e  
C u rre n t 
F re q u en cy  
B re a k e r  p o sitio n  
C o n tro l vo ltage

V o ltag e
C u rre n t
B re a k e r  p o sitio n

V o ltag e
C u rre n t
B re a k e r  p o sitio n

V o ltag e
C u rre n t
B re a k e r  p o sitio n

V o ltag e
C u rre n t
B re a k e r  p o sitio n

S peed
P re ssu re
S top  v a lv e  po sitio n

F re q u en cy
V o ltag e
S top  valv e  p o sitio n  
B re a k e r  p o sitio n

P re ssu re

" T h e  p a ra m e te rs  listed  a re  ty p ica l o n es  fo r  illu s tra tiv e  p u rp o se s  an d  a re  n o t n ecessa rily  
p ro v id e d  in ev e ry  in s tan c e , n o r  d o  th ey  rep re sen t a  m in im u m  req u irem en t.
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Annex 2

EXAMPLES OF ELECTRICAL POWER SUPPLIES 
FOR A NUCLEAR POWER PLANT WITH 

A SINGLE REACTOR
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LEGEND OF SYMBOLS

O

G)

Transformer

Isolation device with terminals (breaker)

Removable link 

AC-DC converter

DC-AC converter 

Battery

Safety system load with input terminal

Load other than safety system load with input terminal 

Boundary of EPS

Generator
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Main transmission tine

F/G . 7. Sc/tewKM'c reprM enfoHon o f  fAe t / ^ r e n f  parM  p<yw<?r in fA;\!
CM^e, fogefAcr w/fA fAei'r AoM^anM.
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F/CJ 2 and J. o f  conngcfioas anJ EPS arrangewenfs wt'fh fwo 700% divi'sionx
of EPS f* — re/er /o F;'g. 7).
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Grid

Grid

F/GS 4-6. exawp/M of gr<W connecf/om aw<̂  EP5 arrangement w;f/]/bur 30% or
f/iree 700% ^vils/om o/E P i f* — re/er fo F<g. V). (?n/y fAoye ^rea^ri /or y^ c-
/;o/] of fAe power ôMrce M vM<orn of fAe EP^ ore ^Aown. Breakers coMM a/.yo Ae p/aced 
on fAe A/gA vo/fage y<We of fAe p/anf frans/ormer.
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Steam
generator

(PWR)
or

reactor
pressure

vesse)
(BWR)

F/G . 7. o f  ̂ O M ^a/y  o f w / f / H ' n  FP.S' (j^^cH'ona/ sc/i^/no^c o f
sfeafH <7r;wn p^wp /or emergency /eed wafer .SMpp/y).

56

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



Limited 
guidance y 
in this \ 
publication

Detailed 
guidance / 
in this ^ 
publication

Fuel
storage Instrumentation

tank air

Day Starting Lubrication
tank air oil

Diesel Venti
lation

Diesel auxiliary supplies

Safety system supply

Safety loads

P )  Safety function

Mechanical part 
Electrical part

Ultimate
heatsink

F/C. & EMwp/e rj/ EM  ^oMndan'ê  ybr com /̂ned fMc/M/Mca/ and e&cfnca/ 

(j^ncdona/ jcAwMH'c q/'sfand-^y di'e.se/ generafor sHpp/y Mud).
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Main Second transmission line
grid or alternative power supply

F/G. 9. Sc/tewMHc Mwnp/e EPS ?o fwo
7waA:er.s, <?;c. are
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L IST  O F  NUSS PR O G R A M M E  T IT L E S

A ^OM/J nofe<̂  t/:af so/we /n ?Ae
yen'ej way &e fAe wear ̂ fMre.

77:oje /Z?<3/ Aave a/rea^y ^ee/! rewlse  ̂are :n^'care^ ^y f/:e 
a^i'n'ow o /  '(R ^- 7 ) ' ;o ;Ae wM/n^er.

1. GOVERNMENTAL ORGANIZATION

50-C-G (Rev. 1) Code on the safety o f nuctear power plants: Governmental
organization

S<!/efy GuM/M

50-SG-G1 Qualifications and training o f staff o f the regulatory body
for nuclear power plants

50-SG-G2 Information to be submitted in support o f licensing
applications for nuclear power plants

50-SG-G3 Conduct o f regulatory review and assessment during the
licensing process for nuclear power plants

50-SG-G4 Inspection and enforcement by the regulatory body for
nuclear power plants

50-SG-G6 Preparedness of public authorities for emergencies at
nuclear power plants

50-SG-G8 Licences for nuclear power plants, content, format and
legat considerations

50-SG-G9 Regulations and guides for nuclear power plants

50-C-S (Rev. 1) Code on safety of nuclear power plants: Siting

.Sa/e/y

50-SG-S1 (Rev. 1) Earthquakes and associated topics in relation to nuclear
power plant siting

50-SG-S2 Seismic analysis and testing of nuclear power plants

50-SG-S3 Atmospheric dispersion in nuclear power plant siting

50-SG-S4 Site selection and evaluation for nuclear power plants
with respect to population distribution

1988

1979

1979

1980 

1980 

1982 

1982 

1984

1988

1991

1979

1980 

1980
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50-SG-S6

50-SG-S7

50-SG-S8

50-SG-S9

50-SG-S10A

50-SG-S10B

50-SG-S11A

50-SG-S11B

3. DESIGN

50-C-D (Rev. I)

30-SG-D1

50-SG-D2

50-SG-D3

50-SG-D4

50-SG-D5

50-SG-D6

50-SG-D7 (Rev. 1) 

50-SG-D8

50-SG-D9

50-SG-S5

50-SG-D10

64

Externa) man-induced events in relation to nuclear power 
plant siting

Hydrologicat dispersion of radioactive materia) in relation 
to nuctear power p)ant siting

Nuc)ear power piant siting: hydrogeological aspects

Safety aspects of the foundations of nuctear power plants

Site survey for nuclear power plants

Design basis flood for nuclear power plants on river sites

Design basis flood for nuclear power plants on coastal 
sites

Extreme meteorological events in nuclear power plant 
siting, excluding tropical cyclones

Design basis tropical cyclone for nuclear power plants

Code on the safety of nuclear power plants: Design 

.Sa/efy CMiWes

Safety functions and component classification for 
BWR, PWR and PTR

Fire protection in nuclear power plants

Protection system and related features in nuclear 
power plants

Protection against internally generated missiles and 
their secondary effects in nuclear power plants

External man-induced events in relation to nuctear 
power plant design

Ultimate heat sink and directly associated heat transport 
systems for nuclear power plants

Emergency power systems at nuclear power plants

Safety-related instrumentation and control systems for 
nuclear power plants

Design aspects of radiation protection for nuclear 
power ptants

Fuel handling and storage systems in nuclear power plants

1983

1984 

1986 

1984 

1983

1983

1981

1984

1988

1979

1979

1980

1980

1982

1981

1991

1984

1985 

1984

1981
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50-SG-D12 Design of the reactor containment systems in nuclear
power plants

50-SG-D13 Reactor cooling systems in nuclear power plants

50-SG-D14 Design for reactor core safety in nuclear power plants

50-P-l Application of the single failure criterion

50-SG-DI ] General design safety principles for nuclear power plants

4. OPERATION

50-C-0 (Rev. 1) Code on the safety of nuclear power plants: Operation

50-SG-01 Staffing of nuclear power plants and the recruitment,
training and authorization of operating personnel

50-SG-02 In-service inspection for nuclear power plants

50-SG-03 Operational limits and conditions for nuclear power plants

50-SG-04 Commissioning procedures for nuclear power plants

50-SG-05 Radiation protection during operation of nuclear
power plants

50-SG-06 Preparedness of the operating organization (licensee)
for emergencies at nuclear power plants

50-SG-07 (Rev. 1) Maintenance o f nuclear power plants

50-SG-08 (Rev. 1) Surveillance of items important to safety in nuclear 
power plants

I 50-SG-09 Management of nuclear power plants for safe operation

50-SG-010 Core management and fuel handling for nuclear
power plants

50-SG-011 Operational management of radioactive effluents and
wastes arising in nuclear power plants

5. QUALITY ASSURANCE

1985

1986 

1986 

1990

1986

1988

1979

1980

1979

1980

1983

1982

1990

1990

1984

1985

1986

50-C-QA (Rev. 1) Code on the safety of nuclear power plants: 
Quality assurance

1988
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50-SG-QA1 Establishing of the quality assurance programme for a
nuclear power plant project

50-SG-QA2 Quality assurance records system for nuclear
power ptants

50-SG-QA3 Quatity assurance in the procurement of items and
services for nuclear power plants

50-SG-QA4 Quatity assurance during site construction of nuclear
power ptants

50-SG-QA5 (Rev. 1) Quatity assurance during commissioning and operation 
of nuclear power plants

50-SG-QA6 Quatity assurance in the design of nuclear power ptants

50-SG-QA7 Quality assurance organization for nuclear power plants

50-SG-QA8 Quality assurance in the manufacture of items for
nuctear power ptants

50-SG-QA10 Quatity assurance auditing for nuctear power plants

50-SG-QA11 Quality assurance in the procurement, design and
manufacture of nuctear fuel assemblies

1979

1979

1981

1986

1981

1983

1981

1980 

1983

1984
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SELECTION OF IAEA PUBLICATIONS RELATING 
TO THE SAFETY OF 

NUCLEAR POWER PLANTS

SAFETY SERIES

9 Basic safety standards for radiation protection:
1982 edition

49 Radiological surveiHance of airborne contaminants
in the working environment

52 Factors relevant to the decommissioning of land-based
nuclear reactor plants

55 Planning for off-site response to radiation
accidents in nuclear facilities

57 Generic models and parameters for assessing
the environmental transfer of radionuclides 
from routine releases: Exposures of critical groups

67 Assigning a value to transboundary radiation exposure

69 Management of radioactive wastes from nuclear
power plants

72 Principles for establishing intervention levels for the 
protection of the public in the event of a nuclear accident 
or radiological emergency

73 Emergency preparedness exercises for nuclear 
facilities: Preparation, conduct and evaluation

75-INSAG-1 Summary report on the post-accident review meeting
on the Chernobyl accident

75-INSAG-2 Radionuclide source terms from severe accidents to
nuclear power plants with light water reactors

75-INSAG-3 Basic safety principles for nuclear power plants

75-INSAG-4 Safety culture

77 Principles for limiting releases of radioactive
effluents into the environment

79 Design of radioactive waste management systems
at nuclear power plants

1982

1979

1980

1981

1982

1985

1985

1985

1985

1986

1987

1988 

1991 

1986

1986
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8! Derived intervention levels for appiication in
controlling radiation doses to the public in the event of a 
nuclear accident or radiological emergency: Principles, 
procedures and data

84 Basic principles for occupational radiation monitoring

86 Techniques and decision making in the assessment
of off-site consequences of an accident in a nuclear facility

93 Systems for reporting unusual events in 
nuclear power plants

94 Response to a radioactive materials release 
having a transboundary impact

97 Principles and techniques for post-accident 
assessment and recovery in a contaminated 
environment of a nuclear facility

98 On-site habitability in the event of an 
accident at a nuclear facility:
Guidance for assessment and improvement

101 Operational radiation protection: A guide to optimization

103 Provision of operational radiation protection 
services at nuclear power plants

104 Extension of the principles of radiation protection 
to sources of potential exposure

TEC H N ICA L R EPO RTS SERIES

155 Thermal discharges at nuclear power stations

163 Neutron irradiation embrittlement of reactor pressure
vessel steels f&gi'ng

189 Storage, handling and movement of fuel and
related components at nuclear power plants

198 Guide to the safe handling of radioactive wastes at
nuclear power plants

200 Manpower development for nuclear power:
A guidebook

202 Environmental effects of cooling systems

217 Guidebook on the introduction of nuclear power

1986

1987 

1987

1990

1989

1989

1989

1990 

1990

1990

1974

1975

1979

1980

1980

1980

1982
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230

237

239

242

249

262

267

268 

271

274 

282 

 ̂ 292

294

296

299

300

224 Interaction of grid characteristics with design and 
performance of nuclear power plants: A guidebook

Decommissioning of nuclear facilities:
Decontamination, disassembly and waste management

Manual on quality assurance programme auditing

Nuclear power plant instrumentation and control:
A guidebook

Qualification of nuclear power plant operations 
personnel: A guidebook

Decontamination of nuclear facilities to permit 
operation, inspection, maintenance, modification or plant 
decommissioning

Manual on training, qualification and certification 
of quality assurance personnel

Methodology and technology of decommissioning 
nuclear facilities

Manual on maintenance of systems and components 
important to safety

Introducing nuclear power plants into electrical power 
systems of limited capacity: Problems and remedial 
measures

Design of off-gas and air cleaning systems at nuclear 
power plants

Manual on quality assurance for computer software 
related to the safety of nuclear power plants

Design and operation of off-gas cleaning and 
ventilation systems in facilities handling low and 
intermediate level radioactive material

Options for the treatment and solidification 
of organic radioactive wastes

Regulatory inspection of the implementation 
of quality assurance programmes: A manual

Review of fuel element developments for water cooled 
nuclear power reactors

Cleanup of large areas contaminated as a result 
of a nuclear accident

1983

1984 

1984

1984

1985

1986

1986

1986

1987

1987

1988

1989

1989

1989

1989

1983

1989
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30! Manual on quality assurance for installation and
commissioning of instrumentation, control and 
electrical equipment in nuclear power plants

306 Guidebook on the education and training of technicians 
for nuclear power

307 Management of abnormal radioactive wastes 
at nuclear power plants

IAEA TECDOC SERIES

225 Planning for off-site response to radiation accidents
in nuclear facilities

238 Management of spent ion-exchange resins from
nuclear power plants

248 Decontamination of operational nuclear power plants

276 Management of radioactive waste from nuclear
power plants

294 International experience in the implementation of
lessons learned from the Three Mile Island accident

303 Manual on the selection of appropriate quality assurance
' programmes for items and services of a nuclear power plant

308 Survey of probabilistic methods in safety and risk 
assessment for nuclear power plant licensing

332 Safety aspects of station blackout at nuclear power plants

341 Developments in the preparation of operating
procedures for emergency conditions at nuclear power 
plants

348 Earthquake resistant design of nuclear facilities with
limited radioactive inventory

355, Comparison of high efficiency particulate filter testing
methods

377 Safety aspects of unplanned shutdowns and trips

379 Atmospheric dispersion models for application in
relation to radionuclide releases

387 Combining risk analysis and operating experience

390 Safety assessm ent o f em ergency electric  pow er system s
for nuclear pow er plants

1989

1989

1980

1981

1981

1983

1983

1984

1984

1985 

1985

1985

1985

1986 

1986

1989

1986
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116

124

425

443

444

450

451

458

497

498

499

508

510

522

523

525

529

540

542

543

Manual on quality assurance for the survey, evaluation and 
confirmation of nuclear power plant sites

Identification of failure sequences sensitive to 
human error

Simulation of a loss of coolant accident

Experience with simulator training for emergency 
conditions

Improving nuclear power plant safety through 
operator aids

Dose assessments in NPP siting

Some practical implications of source term 
reassessment

OSART results '

OSART results II

Good practices for improved nuclear power plant 
performance

Models and data requirements for human reliability analysis

Survey of ranges of component reliability data 
for use in probabitistic safety assessment

Status of advanced technology and design for 
water cooled reactors: Heavy water reactors

A probabilistic safety assessment peer review:
Case study on the use of probabilistic safety assessment 
for safety decisions

Probabilistic safety criteria at the 
safety function/system level

Guidebook on training to establish and maintain
the qualification and competence of nuclear power plant
operations personnel

User requirements for decision support systems 
used for nuclear power plant accident prevention 
and mitigation

Safety aspects of nuclear power plant ageing

Use of expert systems in nuclear safety

Procedures for conducting independent peer reviews of 
probabilistic safety assessment

1987

1987

1987

1987

1988 

1988

1988

1989

1989

1989

1989

1989

1989

1989

1989

1989

1990 

1990 

1990

1987
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547 The use of probabilistic safety assessment in the 1990
relicensing of nuciear power plants for extended lifetimes

550 Safety of nuctear installations: Future directions 1990

553 Computer codes for level 1 probabilistic safety 1990
assessment

561 Reviewing computer capabilities in nuclear power plants 1990

570 OSART mission highlights, 1988-1989

581 Safety implications of computerized process control 1991
in nuclear power plants

PROCEEDINGS SERIES

STI/PUB/566 Current nuclear power plant safety issues 1981

STI/PUB/593 Quality assurance for nuclear power plants 1982

STI/PUB/628 Nuclear power plant control and instrumentation 1983

STI/PUB/645 Reliability of reactor pressure components 1983

STI/PUB/673 IAEA safety codes and guides (NUSS) in the light of 1985
current safety issues

STI/PUB/700 Source term evaluation for accident conditions 1986

STI/PUB/701 Emergency planning and preparedness for nuclear 1986
facilities

STI/PUB/716 Optimization of radiation protection 1986

STI/PUB/759 Safety aspects of the ageing and maintenance of 1988
nuclear power plants

STI/PUB/761 Nuclear power performance and safety 1988

STI/PUB/782 Severe accidents in nuclear power plants 1988

STI/PUB/783 Radiation protection in nuclear energy 1988

STI/PUB/785 Feedback of operational safety experience 1989
from nuclear power plants

STI/PUB/803 Regulatory practices and safety standards 1989
for nuclear power plants

ST I/PU B /824 Fire protection  and fire fighting in nuclear installations 1989
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STI/PUB/826

ST I/PU B /825 Environmenta) contamination foHowing a 
major nuctear accident

Recovery operations in the event of a nuclear accident or 
radiological emergency

1990

1990

73
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HOW TO ORDER )AEA PUBLiCATiONS
An exciusive sates agent for )AEA pubtications, to whom att orders

and inquiries shoutd be addressed, has been appointed 
tor the foitowing countries:

CANADA
UNITED STATES OF AMERICA UNIPUB, 4611-F A ssem bly Drive, Lartham, MD 20706-4391, USA

in the foHowing countries tAEA pubtications may be purchased from the 
sates agents or booksetters tisted or through 
major tocat booksetters. Payment can be made in tocat 
currency or with UNESCO coupons.

ARGENTINA Comision Naciona! de Energta Atomica, Avenida dei Libertador 8250, 
RA-1429 Buenos Aires

AUSTRALIA Hunter Pubiications, 68 A Gipps Street, Coiiingwood, Victoria 3066
BELGIUM Service Courrier UNESCO, 202, Avenue du Roi, B-1060 Brusse!s

CHILE Comisi6n Chiiena de Energt'a Nuciear, Venta de Pubiicaciones, 
Amunategui 95, Casiita 188-D, Santiago

CHINA !A6A Pubiications in Chinese:
China Nuctear Energy industry Corporation, Transtation Section,
P.O. Box 2103, Beijing
iAEA Pubiications o ther than in Chinese:
China Nationa! Pubiications im port & Export Corporation, 
Deutsche Abteiiung, P.O. Box 88 , Beijing

CZECHOSLOVAKIA S.N.T.L., Mikutandska 4 , CS-11686 Prague 1 
A)fa,Pubtishers, Hurbanovo namestie 3, CS-815 89 Bratisiava

FRANCE Office internationai de D ocum entation e t L ibrairie,48, rue Gay-Lussac, 
F-75240 Paris Cedex 05

HUNGARY
P.O. Box149,^H-1389 B u (^ p es^ 6 2 ^ '"  ^

INDIA Oxford Book and Stationery Co., 17, Park Street, Caicutta-700 016 
Oxford Book and Stationery Co.,Scindia Wouse, New Deihi-110001

ISRAEL Heiiiger & Co. Ltd.
23 Keren Hayesod Street, Jerusaiem 94188

ITALY Libreria Scientifica, D ott. Lucio de Biasio "aeiou". 
Via Meravigti 16, )-20123 Miian

JAPAN Maruzen Company, Ltd, P.O. Box 5050, 100-31 Tokyo internationai
PAKISTAN Mirza Book Agency, 6 5 ,Shahrah Quaid-e-A2am ,P.O . Box 729, Lahore 3

POLAND Ars Po!ona-Ruch, Centraia Handiu Zagranicznego, 
Krakowskie Przedmiescie 7, PL-00-068 Warsaw

ROMANIA tiexim, P O. Box 136-137, Bucharest
SOUTH AFRICA Van Schaik Bookstore (Pty) Ltd, P.O. Box 724, Pretoria 0001

SPAIN Dtaz de Santos, Lagasca 95, E-28006'Madrid 
Dtaz de Santos, Baimes 417, E-08022 Barceiona

SWEDEN AB Fritzes Kung). Hovbokhandei, Fredsgatan 2, P.O. Box 16356, 
S-10327 Stockhotm

UNITED KINGDOM HMSO, f\*b)ications Centre, Agency Section, 
51 Nine Eims Lane, London SW8 5DR

USSR M ezhdunarodnaya Kniga,Smo)enskaya-Sennaya 32-34, Moscow G-200
YUGOSLAVIA Jugosiovenska K njiga,Terazije27,P.O . Box 36, YU-11001 Beigrade

Orders from countries where sates agents have not yet been appointed and 
requests for information shoutd be addressed directty to:

Division of Pubtications 
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