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FOREWORD

The Nuclear Safety Standards (NUSS) documents have been developed as
a consensus on the practices of many Member States for the most common
reactor types. Inevitably this process resulted in the recommendation of
safety principles and technical requirements which are rather general in
nature. This is particularly true for the design area in which detailed
practices have developed independently in several countries for the
technical implementation of safety principles. In order to bridge the gap
between the general requirements of the MUSS programme and their practical
application practice, manuals are being developed to assist the safety
assessor and the designer who is relatively new in the field.
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I. PREFACE
The Agency's programme for the establishment of Nuclear Safety

Standards (NUSS) for land based nuclear power plants with thermal neutron
reactors resulted in the development of 5 codes of practice in the areas of:

- governmental organisation
- siting
- design
- operation
- quality assurance.

Each code sets out basic requirements for the safety of nuclear power
plants in its area and contains the main philosophy, objectives and
principles which are considered essential for safety. The procedure for
their development ensures that the practices of all Member States are taken
into consideration. Fourteen safety guides in the design area are issued to
describe acceptable methods of implementing specific parts of the code. The
list of titles of all NUSS documents is given in the Bibliography.

The practices of safety by design have developed in various countries
based on national industrial practice and in relation to national experience
with specific technologies. The final safety design of a nuclear power
plant depends on the system and functional design as well as on the design,
manufacture and construction of the hardware. Particularly in the field of
hardware manufacture the national industrial practice may influence to a
large extent the acceptability of a certain component in view of its safety
function in the plant. The NUSS Code of Practice on Design and the Safety
Guides do not, however, establish any particular rules for the detailed
design of systems and components.

The documents of the design area of NUSS are mainly directed to the
safety assessor rather than to the designer. They are intended to be of
particular assistance to a safety assessor who has to consider an
application for the construction or operation of a new plant, but the
designer may find them useful for a basic review of his work with regard to
nuclear safety. Several industrialized countries have developed national
sets of regulations, procedures, guidelines and standards in this field. In
the case of the construction of a nuclear power plant in a country with a
limited industrial background and infra-structure it is often practice for



the plant supplier to base his design on his national practice and the
buying country has to adapt to those practices. Conflicts may arise between
existing national regulations and those stemming from the foreign practice
of the supplier country or even between those from different supplier
countries. The NUSS design documents may be used in such cases as a
unifying basis.

In order to ease the application of the Safety Guides it was
considered useful to describe the procedure and decisions necessary during
the safety review for a construction or operation application, identify
acceptance criteria to the extent practicable and refer to existing
technical standards.

This paper is intended to assist the safety assessor within a
regulatory body, or one working as a consultant, in assessing a given design
of the Emergency Electrical Power System. Those non-electric power systems
which may be used in a plant design to serve as emergency energy sources are
addressed only in their general safety aspects. The paper thus relates
closely to Safety Series 50-SG-D7 "Emergency Power Systems at Nuclear Power
Plants" (1982), as far as it addresses emergency electric power systems.

The assessment process can be considered in four parts which are
briefly mentioned to place the present paper into the proper context:

(1) The first part deals with the assessment of the systems design and
the component specifications. This area is the subject of this paper.
Several aspects are dealt with:

- the information the assessor may expect from the applicant to
fulfill his task of safety review

- the main questions the reviewer has to answer in order to
determine the compliance with requirements of the MUSS documents

- the national or international standards which give further
guidance on a certain system or piece of equipment

- comments and suggestions which may help to judge a variety of
possible solutions.

It is important that the assessor obtains an understanding of the
design bases of the plant's structure, systems, and components which
interface with or are to be supported by the EEPS. This understanding
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should include the identification of the safety systems including their
supporting systems, their layout within the plant, and the safety functions
to be served under operational states and accident conditions.

Depending on the structure of the licensing process it may be
appropriate to review at first in a cursory way only the concept of the
design, checking only the main features of balance of loads and -supply, the
connection of the distribution system to the grid and the basic principles
of redundancy and diversity in view of the general plant concept for
safety. In a second step the details of the system and component design
would then be reviewed including all necessary details such as detailed
layout, separation of cables, transient behaviour of the systems, component
specifications etc. The information which is given by the applicant may
also be structured in this way. There are, however, practices where these
two phases are combined into one such that all detailed descriptions,
drawings and specifications are provided at once.

One also has to keep in mind that often certain components have to be
specified and ordered by the supplier some time prior to the system review
taking place, while the acceptability of the component specification can be
assessed only later. The assumptions for the required component performance
and capability must then contain sufficient margin to accomodate later
changes which may arise during the design or assessment process. Such a
situation is typical for the design and construction of such complex
installations as a nuclear power plant and is also true in areas other than
the emergency power systems.

This paper, however, does not address the possible variations in the
licensing process but leaves them to the agreement between regulator and
applicant. Consequential details of the review process are therefore left
to the individual reviewer.

(2) The second part of a safety assessment process which is not covered
by this paper is the quality control of components and equipment. This
activity takes place essentially at the manufacturer and has to be performed
under an appropriate quality assurance programme. Reference is therefore
made to the Quality Assurance documents of the MUSS series (See~annex). The
individual control measures will depend strongly on the national industrial
practice. The review and acceptance of the individual measures are subject
of the review of the component specifications.



(3) The third part of the assessment deals with the adequacy of the
systems as constructed on site. It refers to the QA programme including
inspection and testing practices prior to and including the commissioning
procedure. This activity also is not a subject of this paper.

(4) The fourth part of the assessment concerns the confirmation that the
EEPS design, installation, operation and reliability are consistent with the
safety limits, limiting conditions for operation and surveillance
requirements established in the Technical Specifications for the" plant.
This activity is also outside the scope of this paper.

With respect to the first part of the assessment process the
following paper attempts to give an overview of the subjects which have to
be reviewed and guidance on each subject with typical questions that should
be answered or specific points requiring special attention.

The paper is intended to assist the safety assessor in reviewing the
Emergency Electric Power system of a nuclear power plant systematically but
it should not be taken as the only possible way of doing this. It is not
intended to replace the educated judgement of the responsible safety
assessor, however, it reflects the good practice in many countries and is
based on the long standing experience of specialised experts.
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H. INTRODUCTION

This paper is intended to assist a safety assessor in the task of
assessing the adequacy of an emergency electric power systems (EEPS) of a
nuclear power plant to perform its safety function. The assessor is guided
systematically through the review process and is referred, for each subject,
to the relevant safety requirements as written in the NUSS documents, in
particular to those of Safety Series No. 50-SG-D7 (Emergency Power Systems
at Nuclear Power Plants).

The requirements or recommendations given in the NUSS documents are
more general than those contained in some of the nationally available
documents. Further, the NUSS documents primarily identify the safety
objectives rather than the way in which requirements could be fulfilled by a
design. To bridge the gap between the NUSS Safety Guide and national
practice essential technical standards accepted in some countries are listed
for each subject.

Not all design details can be or are codified in technical
standards. In fact most details result from the education and experience of
electrical engineers trained in nuclear power plant design and operation.
Such knowledge can hardly be found in a single book. This compendium,
however, attempts to help the safety assessor to ask the right questions and
to focus on those areas where problems may be found. For some problems,
comments and recommendations are provided to illustrate the various aspects
of a problem or to suggest one preferred solution.

The paper is divided into two parts.*

- a descriptive part, giving details for the safety assessment of
each subject item (Chapter'111) and

- tables, listing the necessary documents which the assessor should
be familiar with and have available (Chapter IV).
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ffl. SAFETY ASSESSMENT REVIEW GUIDANCE

As a starting point of his review, the safety assessor must become
aware of the design basis established for the plant, including the
postulated initiating events, required reliability of safety systems, the
safety functions of the systems to be supplied with power, the load
characteristics and their time sequence of power supply under emergency
conditions etc., as explained in section 5 of SG-D7. The validity and
completeness of this input information and these interface characteristics
with the remainder of the plant are to be reviewed in relation to the safety
concept of the plant. This is done by other specialised review teams and
the assessor for the EEPS must be able to rely on such inputs as approved.
The conceptual review of the plant and of the interfacing systems will
normally include consultations with the electrical engineer responsible for
the safety assessment of the EEPS but this review is not part of the
guidance given in this paper. It has to take place prior to the detailed
review discussed here.

In order to assist the reviewer in addressing the important aspects
of his review of the EEPS itself the following sections give for each item
or group of items some general objectives and list a number of key questions
to which the reviewer should obtain answers during the assessment process.
This list of questions is not exhaustive and complete but it gives some
useful guidance as to which are the important considerations to be
reviewed. Many questions are formulated to require a positive answer to
fulfill the safety requirements but this is not necessarily always the case
and once more the reader is reminded that no one paper can replace good
engineering judgement.

Depending on the subject there are other general comments or
recommendations given regarding good practice established in some countries
or desirable ways of interpreting certain requirements.

For each subject item the reviewer finds in Table 1 (page 59) a
list of documents, drawings, specifications etc., which should be available
to him to perform his assessment.

Additional guidance as to which criteria of acceptance may be applied
are to be found in many cases within the referenced national or
international technical (nuclear) standards.
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Table 1, (Chapter IV) provides a listing of national and
international standards that are most often used in relation to the
subject. It should be understood that this information is provided for
reference only and it must not be interpreted as an endorsement of these
standards by the Agency or the group of experts who wrote this paper. In
most cases the practice represented by the standard will be acceptable but
it should be noted that standards from different sources may not be fully
consistent. The listing does not contain all standards that may. pertain to
the topic. Regarding the quotation of sections within a standard or a
Safety Guide the reader is advised not to assume that all other sections are
of no relevance.

Engineering judgement derived from the experience of the safety
assessor usually determines the depth to which a design should be reviewed.
A practice that is used by an assessor to aid him in making this
determination is to simply audit the designs which are not new and those
with which he is familiar and to review in depth those designs that are new
or unique. How the assessor finally convinces himself of the safety of the
design will depend on the individual circumstances. A good deal of trust in
the reliability and responsibility of the designer, manufacturer and the
utility, supported by a QA programme, will be necessary to make the
assessment process manageable. A good deal of engineering judgement is
required for the assessor to apply standards and national practices with a
sense of proportion.

In general, the EEPS is acceptable when it can be concluded that this
system has the required redundancy, meets the single failure criterion, is
protected against the effects of postulated initiating events, is testable,
and has the capacity, and capability to supply power to all safety loads and
other required equipment in accordance with the applicable requirements of
IAEA Safety Series No. 50-C-D "Design for Safety of Nuclear Power Plants - A
Code of Practice", hereinafter referred to as the Code, IAEA 50-SG-D7 other
IAEA Safety Guides and International and National Codes and Standards as
applicable.

The review guidance given on the following pages is structured
according to the the outline given in table 1 (page 59).

For the interpretation of the requirements and recommendations in the
NUSS documents the following explanations will be useful. As explained in
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the forword of SG-D7 "shall" is used to distinguish a firm requirement from
a desirable option which is denoted by a "should" statement or by "is
recommended". In case of recommendations, applicant and assessor should
follow the rule that a convincing explanation ought to be presented if the
design does not follow the recommended path. There are some word
combinations which require further explanation: "shall/should be
considered" is used to say that in the design this aspect must receive
sufficient attention and in the licensing process this means that written
evidence is to be given to the assessor in which way (or why not) the aspect
has been considered in the design. A similar but stronger meaning is
assigned to the term "shall/should be taken into account" to that of the
previous expression. Equivalent to "shall" are the terms "is required to
be" or "is essential". "May" is, in most cases, used to indicate a
permissible alternative.
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1. OFF-SITE A-C ELECTRIC POWER SYSTEM

The plant design should achieve highly reliable connections to the
grid and the supply of highly reliable emergency electric power to the
plant's, systems and components important to safety. The goal of these
considerations as they relate to the off-site A-C Electric Power System is
to achieve the most reliable grid supply that is practicable to the
Emergency Electric Power System (EEPS).

Where the grid is known to be weak, one consideration for enhancing
reactor safety would be to increase the capability and reliability of the
EEPS to compensate for this. The assessment process as dealt with in
sections 1-5 should take this into account. For additional discussion of
the interaction of the electric power grid and nuclear power plants refer to
IAEA Technical Report Series No. 224.

1.1 GRID CAPABILITY AND RELIABILITY

Basis for Acceptance
SG-D7, section 3.1 and 3.2

Assessment Question

Is the grid designed and planned to be operated at all times with
sufficient generating capacity, transmission lines and
interconnections so that the grid will remain in service, stable, and
capable of supplying acceptable emergency electric power to the
nuclear plant EEPS upon the forced outage of the largest generating
unit connected to the grid? If not, have adequate measures been
taken to compensate for this deficiency and to ensure that the
nuclear power plant's safety objectives can be achieved?

1.2. PLANT POWER CONNECTION TO THE GRID

Basis for Acceptance
SG-D7, section 3.2.2

Assessment Question

Is the transmission line connection(s) from the plant to the grid
supply sufficiently reliable and available so as not to increase the
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forced outage frequency of the nuclear unit to an unacceptable level,
given the number of transients specified in the design basis of the
reactor systems?

1.3 CONNECTION(S) OF EEPS TO THE OFF-SITE POWER SUPPLIES

The preferred approach of at least two transmission connections to
the grid whenever practicable is strongly emphasised in view of the goal to
provide electric power with sufficient reliability and redundancy
commensurate with the required design objectives of the EEPS. There may be
extreme situations, as described in D7 section 3.2.2, which hardly justify
the installation of more than one such connection. In most cases the
configuration of the existing grid permits the installation of this minimum
of two connections.

The connections may originate from a common switchyard, mostly they
are physically separated or otherwise protected to ensure their
independence. Each of such connections is usually designed to be available
in a sufficiently short period, following the loss of the other connection.
One of these connections is usually designed to supply electric power to the
EEPS within a few seconds* following a loss-of-coolant accident. Provisions
are generally included to minimise the probability of losing electric power
from any of the remaining power supplies as a result of, or coincident with,
the loss of power generated by the nuclear unit.

Basis for Acceptance
SG-D7, sections 3.3, A-2, A-3

Assessment Questions

(1) Is the connection(s) of the EEPS to the off-site power supplies
of sufficient capacity to provide reliable power and maintain
adequate redundancy considering the on-site arrangements and
design of the EEPS?

(2) Have provisions been included to minimise the probability of
losing electric power to the EEPS from any of the remaining
power supplies as a result of, or coincident with one of the

* This limit may be less strict for certain reactor designs.
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following: the loss of power generated by the nuclear unit,
loss of power from the off-site supplies, or the loss of all
power from the on-site electric power supplies?

(3) Is the connection(s) from the off-site grid designed and
protected so as to minimise, to the extent practical, failures
(or simultaneous loss) under operational states and^postulated
accident conditions?
Do other lines cross the connection?
Are there any other structures or other hazards which by their
failure can damage the connections(s); e.g., transmission
towers, meteorological towers, lightning shield wires, or
potential explosions, etc?

(4) If two circuits originate from a common switchyard does there
exist any potential common cause failure mode either physical
or otherwise which can affect both circuits; such as the
effects from apparatus explosions and or fires, interactions of
controls, electrical short circuits, inadequate protective
relaying system design or coordination, non-independence of
control power or support systems for apparatus for the two
circuits?

(5) Do any common cause failure modes exist between the normally
connected circuits to the grid and the standby power supplies
such that power cannot be restored from the grid, following the
loss of either off-site circuit and a single failure in the
EEPS, in the time limits required to shut down the plant safely?

(6) Is the electric power from the connection(s) of EEPS to the
grid available within specified time limits after a shutdown of
the plant?

(7) Where there are two or more circuits extending from the grid
connection to the EEPS, have provisions been made to permit
isolation of a failed circuit and the energisation of the
alternative circuit within the time limits required to fulfill
the safety function?
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(8) Do the components of the grid connection(s) have sufficient
capacity and capability to supply the loads which may be
connected under operational states and accident conditions
taking into account the pertinent transient conditions?

(9) Do the one or more connections from the grid to the EEPS
possess sufficient independence and protective features that
neither the loss of the unit generator or one of the grid
connections nor the loss of the on-site standby power supplied
will result in the loss of other connections .from the grid to
the EEPS?

(10) Is the connection(s) from the grid to the EEPS sufficiently
independent of the on-site power supplies and systems that no
single event, including credible component failures, will
prevent the connection(s) from the grid from being separated?

(11) Have provisions been made to test, to the extent practical, the
transfer of electric power to the EEPS from the grid connection
during plant operation?

(12) If the circuit(s) from the grid are shared between the
different EEPSs of several nuclear units on multi-unit sites,
does the circuit(s) from the grid independently have sufficient
capacity and capability to perform all required safety
functions in the event of an accident in one unit, with the
simultaneous orderly shutdown and cooldown of the remaining
units?

(13) Is sufficient instrumentation available to permit the plant
operator to determine the status and condition of the circuits
from the grid to the EEPS at all times?
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2. ON-SITE A-C ELECTRIC POWER SYSTEM

The EEPS consists of the on-site components necessary for generating,
converting and distributing electric power to those safety systems requiring
it. The EEPS receives electric power from off-site and is able to generate
on-site standby power. It is designed to incorporate high functional
reliability, redundancy and independence. It is protected against damage
from external causes as far as the site conditions require.

2.1 RELIABILITY, FORM AND ARRANGEMENT

Basis for Acceptance
SG-D7, relevant parts of sections 3.1, 3.3, 4.1 and Appendix A

(e.g., À-2, A-3.1, A-3.6, A-4)

Assessment Questions

(1) Is the arrangement of the EEPS consistent with all the
requirements of the safety systems to be served?

(2) Has a reliability analysis of EEPS been submitted? If not, how
was the adequacy of its reliability demonstrated? Has the
analysis shown that the EEPS does not reduce significantly the
reliability of the safety systems it 'serves?

(3) Has the single failure criterion for components been complied
with?

(4) Have any weak components of the EEPS with respect to its
reliability been identified so that the operator training and
maintenance programmes can take them into account?

(5) Has an analysis determined the permissible outage time for EEPS
components?

(6) Have operating procedures been established to determine under
which conditions of reduced availability of EEPS the plant has
to be shut down?

2.2 SINGLE FAILURE AND REDUNDANCY

The Single Failure Criterion and the related question of redundancy
(see Code, sections 2.10 and 2.11) both reflect a deterministic approach
which should be fulfilled independently from the reliability objective.
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Single Failure

The compliance wich the Single Failure Criterion requires a clear
understanding of the Safety Group* concept and the definition of the
safety function to be performed. The independence of the different
divisions of EEPS should be part of the consideration.

It is important to note, in considering the single failure analysis,
that passive electrical equipment is treated like active components
in most countries. It must therefore be assumed that a random
failure might disable a bus bar or a cable. However, it is also
normal practice to assume that building structures and structural
steel members will not randomly fail if they are designed against
design basis loads (e.g., external events such as earthquakes).

In the case of protection system instrumentation it should be noted
that a double-failure criterion is imposed in some countries (e.g.
KTA 3501 (6/85), section 4.4, IEEE 279, (1971), section 4.7.3).

Redundancy
The design of the EEPS must be adapted to the redundancy concept of
the other safety systems. This means in simple applications that the
number of divisions in the EEPS is the same as the number of
divisions of safety systems it supplies. Examples are:

- 2 x 100% divisions of safety systems powered by 2 x 100% divisions
of the EEPS. This form of redundancy takes into account the single
failure criterion.

- 3 x 100% divisions of safety systems powered by 3 x 100% divisions
of the EEPS. This form of redundancy covers the combination of
single failure, as above, and simultaneous outage of one division -
either in the EEPS or the powered safety systems - for maintenance.

Another form of redundancy, which gives similar results to the
example above is a 4 x 50% division redundancy.

For the definition see 50-SG-D3 ("Protection System and Related
Features in Nuclear Power Plants") List of Definitions and Annex I,
A.3.
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Some components may not be connected to a single redundancy
division. Such components, for example, are those which can be
connected to either redundant division (e.g. spare converter). In
other cases it is necessary to have redundant components within one
fluid system, (e.g. redundant containment isolation valves) which
would therefore have to be powered from different divisions of the
EEPS to meet the single failure criterion. In these cases the
reviewer must verify that the redundant components are sufficiently
physically separated and that appropriate isolation devices are
incorporated.

Basis for Acceptance
Code, section 2.10, 2.11
SG-D7, relevant parts of sections 4.2, 6.1 and A-3.2

Assessment Questions

(1) Is the redundancy such that for onsite power operation of the
EEPS, electric power can be supplied to systems and components
important to safety assuming the offsite power from the grid is
not available and a single failure within the EEPS?

(2) Is the number of divisions which are considered independent at
least as large as the largest number of functionally
independent safety-related system divisions which have to be
supplied by the EEPS?

(3) What provisions are incorporated to permit the outage of one
redundant division for maintenance purposes without
unacceptable increase of system unavailability?

(4) Has a quantitative outage time analysis identified the
permissible outage period for one division?

(5) Is a maintenance and test plan available which is consistent
with the permissible outage periods?

(6) Is the redundancy of the I&C system consistent with the
redundancy of the EEPS?
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2.3 INDEPENDENCE AND PHYSICAL SEPARATION

Basis for Acceptance
Code, sections 2.10, 2.12 ^
SG-D7, relevant parts of sections 4.1, 4.2, 4.3, 4.4, 6.1 6.2,

À-3.2, A-4, in particular A.4.4

Assessment Questions

(1) Are the redundant divisions of the EEPS, including control,
instrumentation and protection systems, sufficiently separated
and independent from each other, both physically and
electrically, to minimize the probability of common cause
failures?

(2) Are the redundant divisions housed in separate enclosures so as
to protect them against the effects of all postulated
initiating events considered in the design basis; e.g., fire,
chemical explosion, missiles, pipe ruptures, etc.?

(3) Will the components of the redundant division of the EEPS be
qualified to withstand the effects of environmental conditions
identified for their locations; e.g. earthquakes, radiation,
heat, humidity, etc?

(4) Are the vital supporting systems for a division of the EEPS
arranged so that a failure of such a system will not affect
more than one redundant division, e.g., one switchgear room
ventilation circuit for each division? Are the vital
supporting systems designed to the same criteria as for those
safety systems and equipment that they support?

(5) Are interconnections between redundant divisions of the EEPS,
where these are necessary, made such that no single failure in
the interconnection will cause redundant divisions to be
connected together; for example, where loads are arranged to be
supplied from either of two redundant divisions independently,
is interlocking between the two divisions sufficient to ensure
that no single failure in the connection will cause the
redundant divisions to be connected together? Have-the
interconnections been designed to avoid the propagation of
failures or faults in such loads to both divisions?

(6) Is the EEPS sufficiently independent with respect to the normal
power supplies that no single failure will prevent the
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separation of the normal power supplies and the connection of
an adequate standby power supply to the EEPS when it is
required?

(7) Is the design such that no single protective relay or interlock
failure will prevent disconnection of the normal power supply
when it.fails?

(8) Is the design of the normal power supply connection circuit and
its controls such as to preclude the automatic reconnection of
the normal power supply to the respective division of the EEPS
when it is being powered from its standby power supply?

(9) On failure of the normal power supply does the design provide
for the automatic disconnection of the normal power supply and
the start-up and connection of the standby power supply to the
appropriate division of the EEPS within the specified time?

2.4 PROTECTION AGAINST NATURAL PHENOMENA

The design basis for the plant will detail the natural phenomena
which have to be taken into account in the design of the EEPS.

Basis of Acceptance
Code, sections 2.4, 2.6
SG-D7, section 4.4

Assessment Questions

(1) Are all structures, systems and components of the EEPS designed
and qualified to remain functional following an earthquake of
level S2*?

(2) Are buildings, enclosures supports and anchors for the
components and equipment of the EEPS designed to remain
functional following an earthquake of level S2?

(3) Are the components and equipment for the EEPS physically
separated or otherwise protected from structures, systems and
components which are not designed to remain functional or
maintain their structural integrity following an earthquake of
level S2?

For definition see Safety Series No. 50-SG-S1. This level S2 is
often also called Safe Shutdown Earthquake.
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(4) Are the components and equipment for the EEPS housed and/or
otherwise protected so as to remain functional against the
direct and consequential effects (including the failure of
unqualified equipment and structures) of tornados, hurricanes,
tsunami and seiches, i.e., of high winds, missiles, floods,
etc, as applicable?

2.5 PROTECTION AGAINST MAN-INDUCED EVENTS AND COMBINATION OF EVENTS

The extent to which man-induced events and combinations of events are
to be taken into account in the design of the EEPS will be included in the
design basis for the plant.

Basis for Acceptance
Code, Sections 2.5, 2.6
SG-D5
SG-D7, sections 4.3, 4.4

Assessment Question

Are the structures, systems, components and equipment of the EEPS
housed and protected so as to remain functional against the direct
and consequential effects (including failure of unqualified equipment
and structures) of the man-induced events and combination of events
identified and included in the design bases for the nuclear plant?

2.6 PROTECTION AGAINST FIRE AND EXPLOSION

Fire protection programme assessment is outside the scope of this
document; however, the following should be included in the review of fire
protection and preventative measures as it pertains to the effects on the EEPS.

Basis for Acceptance
Code, section 2.14
SG-D2
SG-D7, section 4.3, A-3.8

Assessment Questions

(1) Are the physical separation, barriers, enclosures and fire
zones of each redundant division of the EEPS designed to
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contain the effects of fires and explosions within that
division without affecting the other redundant divisions,
including secondary effects; i.e., smoke, heat, .propagation of
fire, etc.?

(2) Is the fire suppression system (fluid and actuation) designed
and zoned so that its operation (normal or spurious) or a
rupture at any given point will affect only a single redundant
division of the EEPS, taking into account secondary effects,
i.e., flooding, sprays, leaks, etc?

(3) Is the fire detection system designed so that a fire in one
fire zone will not cause false actuation of the fire
suppression system in other fire zones through infiltration and
false detection of smoke, heat, etc.?

(4) Are all indoor electrical apparatus and components (switchgear,
transformers, buses, cable trays, cable supports and conduits)
fire retardant?

(5) Are the cables fire-retardant and tested to meet national
standards test criteria for fire-retardant cables?

(6) Has the use of flammable oil, insulating, cooling or
interrupting media been eliminated to the extent practicable in
electrical apparatus and other equipment, e.g., circuit
breakers, switches, transformers, capacitors, etc., within the
vicinity of the EEPS equipment?

(7) Are electrical cables, cable trays, raceways and conduits which
penetrate fire barriers, (e.g., floors, ceilings or walls)
fitted with fire stops which have been qualified by test to
meet national standards criteria for electrical cable fire
stops with acceptable fire ratings?

(8) Where fire stops and other fire resisting materials (i.e.,
blankets) have been used in cable systems, have the cables been
derated and/or raceway fill adjusted to ensure compliance with
accepted national practices, or verified as adequate on some
other basis?

(9) Does the design and arrangement of electrical apparatus
enclosures and cabinets permit ready access for extinguishing
fires?
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2.7 EFFECTS OF ENVIRONMENTAL CONDITIONS AND EQUIPMENT FAILURES

Structures, systems, and components of the EEPS are protected or
otherwise capable of withstanding the effects of the environmental
conditions associated with anticipated operational states and accident
conditions. Dynamic effects resulting from equipment failures included in
the design basis; e.g., missiles, pipe whipping, fluid discharges, flooding,
etc., should be taken into account.

Basis for Acceptance
Code, section 2.15
SG-D4
SG-D7, section 4.3

Assessment Questions

For each structure, equipment and component of the EEPS:
(1) Has its physical location been identified?
(2) Have all environmental conditions (temperature, pressures,

humidity, radiation, chemicals, times of endurance, etc.) been
identified for operational states and accident conditions
including necessary access (for operation and maintenance) in
the long term accident recovery period, e.g. higher radiation
levels?

(3) Have these conditions been specified accordingly for the
performance requirements of structures, equipment and
components of the EEPS, taking into account the length of time
that will be required to function?

(4) Is physical location or protection provided adequate against
the dynamic effects (including missiles, pipe whipping,
discharging fluids and floods) that may result from equipment
failures and from postulated initiating events?

2.8 CAPACITY, AND CHARACTERISTICS OF POWER SUPPLIES AND COMPONENTS

In general, the EEPS shall supply electric power of adequate quality
and quantity, in the time specified for the safety systems to fulfill their
safety functions, assuming a single failure and any credible postulated
initiating events or combinations thereof identified by the design basis for

27



the nuclear power station. In order to specify acceptable electrical
parameters for the EEPS several aspects have to be considered including:

Load surveys and studies
Non-safety system loads
Power supply capacity, and characteristics
Voltage considerations
Over current and short circuit considerations

The optimal selection of system parameters and components is
determined by an integrated analysis of loading, voltage regulation, short
circuits, etc.

2.8.1 Load Surveys and Studies

In order to have the appropriate data available the assessor uses the
results of a load survey which the designer performs to identify all loads,
safety and non-safety, supplied from each redundant division of the EEPS.
The study should identify, for each load, its rated and inrush power,
voltage, current and power factor for operational states and those
postulated accidents which are identified in the design for the plant. The
starting sequence, initiating time and operating duration time shall be
taken into account. Using the load information developed, the actual total
load demand for each division is usually produced in the form of a time-load
curve.

Basis for Acceptance
SG-D7, sections 5, 6.1, 6.7, relevant parts of A-4.1, A-4.2, A-4.3

Assessment Questions

(1) Have all loads, safety and non-safety been identified which are
to be supplied from the EEPS?

(2) Have the electrical characteristics of each load been
identified?

(3) Has the starting sequence, actual load demand, initiation time
and running time for operational states and accident conditions
been identified for each load?

(4) Has the load-time demand, including inrush loads, been
calculated for each redundant division of the EEPS?
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(5) Do the load tabulations include all loads to be supplied by the
EEPS separately for each division and for each design basis
event?

(6) For each division of the EEPS and for each design basis event
or credible combinations of events, are the loading studies and
calculations based on the finally selected loading sequence and
maximum total loads applied to the normal and standby power
supplies? Are the transient characteristics of each load
included where practicable, so that the effects of active,
reactive and apparent power are considered in" the time-load and
time voltage studies?

(7) Are the steady state and transient loads applied to the normal
and standby power supplies within their respective design
performance capabilities for all design basis events or
credible combinations of events?

2.8.2 Non-Safety System Loads

With caution loads other than safety loads (non-safety loads) may be
supplied from the EEPS providing that they do not degrade the EEPS to an
unacceptable level.

Basis for Acceptance
SG-D7, section A-3.6

Assessment Questions

(1) Have the non-safety system loads supplied from the EEPS been
included in the total load calculations and performance
analysis for the EEPS to assure adequate sizing of the EEPS and
its power supplies and acceptable performance under all
anticipated operational occurrences and accident conditions?

(2) If non-safety system loads have not been included in the load
calculations and performance analysis for the EEPS does the
design provide for their automatic disconnection upon detection
of any condition where emergency operation of the EEPS is
required?

(3) Are qualified safety system grade isolation devices, control
circuits, cabling and connections used to connect the
non-safety system circuits to the EEPS?
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(4) Does the design prevent both automatic and manual connection of
non-safety system loads and circuits to the EEPS during the
transient stabilisation period following initiation of the
protective action associated with the postulated initiating
events?

(5) Is the safety system fully protected against potential faults
in the non-safety loads?

2.8.3 Power Supply Capacity and Characteristics

From the information developed by the load surveys and with margins
applied for future load growth and uncertainties in the load estimates, the
capacity and capability of the power supplies are determined. The capacity
and capability of each power supply will be sufficient for the total load
demanded, including inrush loads plus a margin, from the time of initiation
for as long as required for normal start-up, shutdown and each postulated
accident condition. The total capability of the power supply will
accommodate the power factor of the loads. The reactance of the power
supply is determined by the integrated analysis of loading, voltage and
short circuit considerations and calculations.

Basis for Acceptance
SG-D7, sections A-4.1, A-4.2, A-4.3

Assessment Questions

(1) Has the capacity and capability of each power supply and its
electrical characteristics of rated voltage, running time
ratings, Kva and reactances been identified?

(2) Is the capacity and capability of each power supply adequate to
supply the load demand described above?

(3) Has the reactance of the power supply been established so as to
accommodate the loading demands within acceptable voltages and
frequency and to limit short circuit currents to within the
ratings of components and protective devices?

(4) Does the connection time for each safety system load meet the
requirements of the design basis?
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2.8.4 Voltage Considerations

System voltage studies are performed for the EEPS to optimise and
establish operating voltage levels during normal operation, anticipated
operational occurrences and accident conditions. The analysis should
consider the effects of normal operation of the main unit generator and grid
as well as transient condition associated with startup, shutdown, unit trip,
postulated accidents, and abnormal grid conditions. The analysis will
include the situations where the offsite grid is the only electrical power
source available and the grid voltage is at the minimum level calculated
with the nuclear unit in any anticipated condition and the situation where
the grid voltage is at the maximum level calculated with the minimum loads
supplied from the EEPS, e.g., cold shutdown, refuelling etc.

The voltage studies cover the complete EEPS, from the power supplies
to the loads, at all voltage levels, to ensure that the loads are supplied
with electric power at acceptable voltages so as to permit the required
performance of the EEPS and equipment important to safety. The voltage
studies should consider the effects of connecting loads to the EEPS in
proper sequence under the various conditions outlined above and the effects
of inrush currents on starting motors.

Overvoltage and undervoltage protection will be provided to prevent
adverse operation of the EEPS and possible damage to safety system
electrical equipment as the results of sustained abnormal voltage conditions
of the EEPS.

Basis for Acceptance
SG-D7, sections 6.4, 6.5, A-3.4, A-4.1, A-4.2, A-4.3

Assessment Questions

(1) Is the voltage at the terminals of the loads within the
manufacturers rated continuous operating ranges for operating
states and accident conditions when the EEPS is supplied from:
a) the grid;
b) the unit main generator;
c) the standby generater(s);
d) a neighbouring unit;
when the voltage of each is at its maximum or minimum
anticipated value?
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(2) Considering all the conditions described in (1) above and, in
addition, considering the voltage drops caused by the transient
currents of load energisation, can the loads be started safely
and within the time limits required, so that the safety
functions of equipment can be accomplished? For example:

contactors or relays could drop out or fail to pick up,'
motors could fail to accelerate in acceptable time,*
power supplies to the EEPS could become overloaded.

(3) Are the voltages on the buses of the EEPS and- off-site power
supplies indicated in the control room with abnormal high and
low level alarms annunciated?

(4) Is the voltage sensing logic, incorporated in each division of
the EEPS to detect degraded conditions in the normal power
supply, designed:
a) to initiate protective action in sufficient time to assure
safe and orderly load shedding, startup and loading of the
standby power supply?
b) to be properly coordinated with the protective and control
systems of the EEPS so as to avoid, for example, spurious
separation of the normal power supply when supplied from the
grid, or spurious shedding of loads from the standby power
supplies due to motor starting transients?
c) to comply with protection system requirements?

2.8.5 Overcurrent and Short Circuit Considerations

In order to achieve the protection sought with minimum disturbance,
or unnecessary system service impairment, the protective devices must be
calibrated and designed to interrupt the circuit without damage to
themselves and in proper sequence; i.e., the protective device closest to
the faulted component on the power supply side should open first in sequence
and so on.

•4*-- Overcurrent protective device coordination studies are conducted to
ensure that the various devices are selective in their operation; i.e.,
coordinated with each other. In these studies transient inrush currents
from energising equipment such as transformers and motors as well as maximum
and minimum short circuit currents for various given faults are considered.
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Proper coordination of protective devices allows energisation and operation
of the EEPS, start-up and operation of required loads, and the selective
isolation of faults so as to localise the disturbance and minimise the
effects on the EEPS.

Short circuit studies are also performed for the EEPS and are used to:
(1) Select overcurrent protective devices such as circuit breakers

and fuses which must isolate the faults at a given location
safely with a minimum of damage to circuits and equipment.

(2) Determine the maximum short circuit currents which pass through
the various components of the EEPS and for which the components
must be designed to safely withstand the effects.

(3) Establish the short circuit currents used in coordinating the
overcurrent protective device and/or protective relay settings.

Basis for Acceptance
SG-D7, section A-4.4.3

Assessment Questions

(1) Have short circuit studies been performed and are results
available to establish the maximum fault current values to be
used in the proper selection of overcurrent protective devices
and components of the EEPS?

(2) Have short circuit studies been performed and are results
available to establish short circuit currents for the
coordination of the overcurrent protective devices and
protective relays?

(3) Have protective device coordination studies been performed on
the EEPS?

(4) Does the protective device and relay setting coordination data
permit energisation and operation of the EEPS, start-up and
operation of required loads, and the selective isolation of
faults, so that the disturbance is localised to the extent
possible with minimum cascading effects?
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(5) Are the protective device ratings and capabilities adequate for
the maximum overload and short circuit current service for
which they are applied under all credible conditions?

2.9 SAFETY SYSTEM SUPPORT FEATURES

Safety system support features are those systems and components which
are essential for control of the environment and operation of the EEPS
within design limits; i.e., air conditionings ventilation, cooling water,
fuel, lubrication, compressed air, dewatering systems, etc. The criteria
used in the design of the support features will depend on the possible
effect of those features on the safety loads, power supplies, power systems,
instrumentation and control systems that they support. The support features
of a redundant division of the EEPS will be designed to preserve its
redundancy, separation and independence.

Basis for Acceptance
Code, section 2.12
SG-D7, section A-4.4.2

Assessment Questions

(1) Are the supporting systems designed so as to preserve the
redundancy, separation and independence of the respective
redundant division which they serve?

(2) Are the functional designs, capacities and physical
independence of the support systems adequate for the intended
functions?

(3) Are the instrumentation, control, and electric aspects of the
supporting systems designed to conform to the same cirteria as
those for the systems they support?

(4) Are the instrumentation, control devices, and loads of the
supporting systems powered from the same redundant division
which they support?

34



2.10 SHARING OF STRUCTURES, SYSTEMS AND COMPONENTS IN MULTI-REACTOR
NUCLEAR POWER PLANTS

Basis for Acceptance
Code, section 2.16
SG-D7, section 6.9

Assessment Questions

(1) Where portions of the EEPS are shared between- units of a
multi-reactor nuclear power station is the combined capability
of the shared portions together with those portions dedicated
to each of the reactors sufficient to accommodate the most
demanding PIE that could credibly affect one or more reactors
followed by the orderly shutdown and removal of heat from
unaffected reactors?

(2) Where a power supply (normal or alternative) to a redundant
division of the EEPS is shared between units of a multi-reactor
nuclear power station, is the capacity of the shared power
supply, sufficient to operate all loads required by the design
basis. Does the standby power supply for each redundant
division of the EEPS satisfy this question assuming the loss of
all normal and alternate power supplies?

(3) Is the total on-site power capacity (stand-by and/or
alternative exclusive of the nuclear unit's generating
capacity) sufficient to cope with the most demanding PIE that
could credibly affect one or more reactor units and the orderly
shut down of the remaining units assuming the loss of off-site
power and a single failure in the onsite electrical system?

(4) Is the start-up and switching of power supplies automatic, or
if coordination between unit operating personnel is required to
satisfy the above question (1) and (2), are system descriptions
and operating instructions complete, sufficient and available
to unit operators?

(5) Where portions of the EEPS or their power supplies are shared
between units of a multi-reactor nuclear power station do they
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conform with the requirements related to redundancy, electrical
and physical independence contained in sections 2.2 and 2.3
conformed to?

2.11 INSTRUMENTATION, MONITORING AND CONTROL OF THE EEPS

Basis for Acceptance
Code, section 3
SG-D7, sections 6.4, 6.5, A-3.4, A-3.5
SG-D3, sections 7 and 8
SG-D8, sections 3.1, 3.2, 3.3, 4.1, 4.2, 4.7

Assessment Questions

(1) Is adequate equipment provided in the control room to control
the EEPS during normal operation, anticipated operational
occurrences and accident conditions?

(2) Is sufficient instrumentation and control equipment to operate
the EEPS located at supplementary control points external to,
physically separated and electrically isolated from those
provided in the control room to permit control of the EEPS in
the event of those in the control room being made inoperable by
an event, e.g., fire.

(3) Is sufficient operational information provided so that the
status of the EEPS and its controls can be determined during
all operational states and accident conditions of the plant
from within the control room, and independently from outside
the control room?

(4) Where the control circuits of breakers are interlinked has the
relay and switching logic been analysed to show that after an
intended operation of a breaker or an individual breaker
circuit failure no other switchgear is adversely affected?
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2.12 IDENTIFICATION OF EQUIPMENT, COMPONENTS AND DOCUMENTS

Basis for Acceptance
SG-D7, section 6.6
(SG-D3, section 7.17)

Assessment Questions

(1) Are all equipment, components and associated design, operating
and maintenance documents of the EEPS to be identified in a
distinctive manner; i.e., by tagging, labelling or colour
coding to differentiate those of the EEPS from other plant
systems?

(2) Are the equipment and components of a redundant division of the
EEPS to be identified in such a. manner as to readily
distinguish them from those of other redundant divisions?

(3) Are the electrical cable raceways of the EEPS marked in a
distinct manner at intervals sufficient to identify them
throughout their lengths and at points of entry and exit from
enclosed areas?

(4) Are the electrical cables of the EEPS to be permanently
identified at each end and at intervals in accordance with
design drawings and cable schedules and readily distinguishable
between redundant division of the EEPS and non-safety system
cables?

2.13 PROVISION FOR IN-SERVICE TESTING

Basis for Acceptance
Code, section 2.9
SG-D7, sections 6.3, A-3.3

Assessment Questions

(1) Has a periodic testing programme been established and
documented to test the operability and functional performance
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of the components of the system and the operability of the EEPS
as a whole in a manner as close to design as practicable?

(2) Is the EEPS designed to permit and facilitate the periodic test
programme described?

(3) Can the operability of each redundant division of the EEPS be
verified independently during reactor operation?

(4) Has a periodic testing programme been established, documented
and implemented for the standby power supply to demonstrate its
capability to start-up and meet its performance objectives?

(5) Is the standby power supply designed to be tested during
operation of the nuclear power plant as well as while the plant
is shut down?

(6) Does the test simulate as closely as practicable the required
performance of the standby power supply when called on to
fulfill its safety function?

(7) Does the design permit testing of the standby power supply
without impairing the capability to start and fulfill the
safety function within the required time upon receipt of a
genuine demand?

(8) Are adequate written test procedures available covering the
periodic testing of the EEPS with the standby power supply?

2.14 INSPECTION, MAINTENANCE AND REPAIR

Basis for Acceptance
Code, section 2.9
SG-D7, section 6.8

Assessment Questions

(1) Are the components of the EEPS designed and arranged with
sufficient access for inspection, maintenance and repair?
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(2) Has appropriate redundancy been incorporated so that
maintenance can be performed without significantly impairing
the safety capability of the EEPS?

(3) Is there an adequate documented preventive maintenance program
available for the EEPS?
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3. ON-SITE D-C ELECTRIC POWER SYSTEM

The d-c power systems include those d-c power sources,•distribution
systems and supporting systems incorporated to supply motive, control or
instrumentation power to equipment important to safety. Electric power is
supplied to the d-c systems from the a-c systems of the EEPS. Battery
chargers and batteries serve as the d-c power sources for the d-c system,
and invertors are used to convert d-c to a-c for instrumentation and control
power as required. The d-c system of the EEPS is an integral part of the
EEPS and must meet the same acceptance criteria as for a-c system of the
EEPS covered in section 2 of this chapter. Several explanatory comments are
offered in applying the acceptance criteria of Section 2 to the d-c system:

a) Single Failure Criterion. The d-c system is an integral part
of the EEPS and the single failure criterion shall be applied
taking this fact into account the potential interaction with
other parts of the EEPS.

b) Power Supplies. The batteries, battery chargers and inverters
shall be capable of performing their intended functions under
the worst operating conditions with the maximum load demands
and for the maximum periods specified for all credible
conditions of start-up, shutdown, normal operation and accident
conditions. The battery charger shall have capacity to supply
the largest combined load demands of the d~c system plus the
capacity to restore the battery from the design minimum charge
state in the time required.
In general, the d-c system is acceptable when it can be
concluded that it has the required redundancy, meets the single
failure criterion, is protected, is testable, and has the
capacity to supply all loads to be powered during operational
states and accident conditions.

Basis for Acceptance
As for the relevant parts of section 2, in particular SG-D7 sections
A-3.3.2 and A-4.2

Assessment Questions

(1) Is the d-c system arranged with redundancy and independence
consistent with the safety system it serves?
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(2) Does the d-c system conform to the design principles,
requirements and acceptance criteria of Section 2?

(3) Does the d-c system meet the single failure criterion?

(4) Do the batteries, battery chargers and inverters conform to the
required capacities stated above?

(5) Are the batteries for each redundant division separately
enclosed and protected? Are the enclosures adequately
ventilated to prevent hydrogen build-up and to maintain design
environmental conditions?

(6) Are adequate monitoring indicators and alarms provided in the
control room to determine the service status of the battery and
battery chargers? Do the alarms function independently of the
dc system they monitor?

(7) Do the monitoring provisions include indications and/or alarms
in the control room to signal battery charger failures, battery
earth (ground) detection and d-c bus voltage?

(8) Does the capability to perform battery capacity tests exist at
the station?
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4. EQUIPMENT AND COMPONENTS

It is the objective of this section to address those aspects of the
application, selection and qualification of equipment of the EEPS which
should be considered in the assessment to ensure high reliability and
quality, adequate capability and performance of components and equipment.

In addition to the specific references given in the following
subsections the assessor's attention is drawn to the more global
requirements given in section 2.8 of the Code and section 8 of SG-D7.

The verification which is performed before the installation of the
units and their support systems at site or by commissioning test in situ,
are not a subject of this guide.

4.1 DISTRIBUTION SYSTEM SWITCHING COMPONENTS

This section applies to the a.c. and d.c. switchgear and motor
control switching components of the electric distribution system of the
EEPS.

Basis for Acceptance
SG-D7, sections 3.3, A-3.1, A-4.2, A-4.3, A-4.4

Assessment Questions

(1) Are the a.c. and d.c. switchgear and motor controls:

(a) Qualified to fulfill their performance requirements under their
specified design basis conditions?

(b) Selected and sized adequately to accomodate all loading
conditions which may be applied within their ratings?

(c) Rated to withstand and interrupt (where necessary) the maximum
short circuit currents to which they may be subjected?

(2) Is the control power adequate to accommodate the switching of
all circuit breakers and contactors as required under all
conditions?

42



(3) Are there measures to monitor the status of the switchgear and
motor controls for abnormal deviations of parameters; e.g. bus
voltage, control voltage, air pressure, switch positions etc.

(4) Are there adequate means to indicate the mechanical position of
plug-in breakers? Are there alarms provided in the control
room warning of deviations from normal conditions?

(5) Are there adequate measures to protect the switchgear or load
against overcurrent and short circuit? This question deals
with problems of selectivity. The assessor has to take into
consideration that the set points of all protective devices
will comply with the selectivity requirements, see section
2.8.5.

(6) Are the components qualified and is documentation available and
does the documentation substantiate the qualification?

(7) For ungrounded systems (ac or dc), are ground detectors
provided to monitor for deviation of insulation resistance to
ground and inadvertent grounding of a circuit?

(8) Where "isolating" diodes are used to permit multiple feeding of
a d.c. bus or load, what provisions are made to detect failure
of the diodes to conduct or isolate?

4.2. STANDBY ELECTRIC POWER SUPPLY UNITS AND SUPPORT SYSTEMS

Standby electric power supply units are essential to enable the EEPS
to fulfil its safety function on failure of other power sources.
Consequently it is important that the standby electric power supply units be
of high quality and reliability. The prime movers of the standby power
supplies may be hydroturbines, gas turbines, steam turbines, diesel engines
etc. The most commonly used standby unit prime movers are diesel engines.
The standby unit is acceptable if it is sufficiently reliable, has adequate
capacity and performance characteristics, can start and deliver the required
power to the loads in the required time, and is appropriately qualified.

Design documents, specifications, load balance calculations,
including worst conditions during anticipated operational occurrences, and
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accident conditions should show that the diesel engines will perform
according to the required power output taking into account start up time and
electrical load sequence programme.

The calculations concerning cooling water system, combustion air
supply, preheating power supply, starting power supply, installation room
ventilation and calcuations of fuel and lubrication oil consumption should
be reviewed, to prove that the diesel engine can start and operate as
required.

Because the standby power supplies which are most often installed in
nuclear plants are diesel-generators, greater emphasis is given to them in
the following guidance. ("Generator unit" refers to the prime mover plus
the electrical generator in the following questions).

Basis for Acceptance
SG-D7, sections 4, 5, 6, A-3.3, A-4.1.2, A-4.1.3, A-4.4.Z

Assessment Questions

Generator Unit

(1) Does the actual generator unit have the required capacity and
performance characteristics? Is each generator unit capable of
starting the maximum load on its own?

(2) Can the generator unit start and provide electrical power in
sufficient time such that all loads can be started and
accelerated in the required time and proper sequence for
anticipated operational occurrences and accident conditions?
Is load sequencing arranged in such a way that the biggest
loads are picked up first?

(3) Is the protection of the generator unit designed to trip and
isolate a unit in case of reverse power?

(4) Has the generator unit been qualified for the intended service
and does the documentation verify the qualification?

(5) Have separate rooms for each generator unit been provided?
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(6) What measures have been taken to avoid common cause failures in
more than one generator unit?

(7) Has enough space been planned around the generator units to
enable maintenance and repair without difficulty?

(8) Are there sufficient measures, to protect electric power and
control cables from the effects of lubrication oil, fuel or
cooling media and to prevent penetration into cable channels to
a practicable extent in case of leakage?

(9) Are the generator units accessible even under anticipated
operational occurrences and accident conditions?

(10) What measures have been taken to guarantee sufficient
separation between electric cables and pipelines for cooling
water, fuel, exhaust fume and lubrication oil?

(11) Are cables oil resistant and fire retardant?

(12) Are the measures for fire protection adequate (See SG-D2)?

(13) Has the ventilation been designed to ensure that room
temperature will not exceed specified limits?

(14) Is the monitoring of installation room ventilation sufficient?
(ventilator drive, shutter drive, shutter position).

(15) Is there sufficient communication between the local control
board of each generator unit and the main control room?

Starting System

(1) Is the energy storage capacity for starting power in accordance
with specified number of start cycles?

(2) Is the time for recharging the storage in accordance with
required minimum period?

(3) Are the storage and recharge functions adequately monitored?
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(4) Is independence of each generator unit maintained with respect
to starting systems?

(5) Are there provisions for prelubrieating and preheating?

Combustion Air System and Exhaust Fume System

(1) Are ducts for combustion air and exhaust fumes sufficiently
separated to avoid undue heating of the combustion air?

(2) Are the intake of combustion air and the outlet of exhaust
fumes sufficiently separated to prevent recirculation of the
exhaust?

(3) Are the combustion air intake and exhaust fumes outlet
protected against rain to prevent the penetration of water into
the ducts?

(4) Are the provisions for combustion air cleaning sufficient?

Lubrication Oil System

(1) Are there measures for changing oil filters so that there is no
degradation of diesel availability during the change if the
design basis requires long term operation?

(2) Is it possible to replenish the lubrication oil without
interruption of unit operation if the design basis requires
long term operation?

(3) Is the lubrication oil pressure adequately monitored?

Fuel System

(1) Are the fuel systems of each generator unit independent from
the other units?

(2) Are daily fuel storage and main fuel storage provided for each
unit?
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(3) Is the storage volume in accordance with consumption
calculations and anticipated PIEs for the replenishment
operation?

(4) Are there sufficient and reliable devices provided for
monitoring the fuel level?

(5) Are there devices for monitoring the function of fuel transfer
pumps?

(6) If suction pumps are employed, have measures been designed to
prevent air inlet into fuel suction pipes?

(7) Are measures available to exchange fuel filters without
interruption of generator unit operation?

Cooling System

(1) Is the cooling of each generator unit independent of the other
units?

(2) Have cooling water pipelines been adequately protected against
mechanical damage due to postulated initiating events?

(3) Is the generator unit cooling medium filtered and purified so
that system corrosion and damage is minimised?

(4) Are there sufficient means, to monitor unit temperature and the
cooling system?

4.3 TRANSFORMERS

The assessor should ensure that the transformers will meet the
operational requirements taking into account the worst load condition
determined by the load studies in section 2.8.1.

Basis for Acceptance
SG-D7, section A-4.4
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Assessment Questions

(1) Will the transformer power rating be in accordance with the
intended and designed power distribution?

(2) Will the supplied primary and secondary voltage be in
accordance with plant voltage levels?

(3) Will the transformer impedance voltage be in accordance with
the minimum value assumed in short circuit calculations and
with the maximum values assumed in load transfer studies?

(4) If transformers are intended for parallel operation, are the
switching modes of the transformers compatible?
(transformation ratio, short circuit voltage, nominal power
ratio etc.)

(5) What measures are taken for monitoring, failure indication and
protection?

4.4 BATTERIES

As well as supplying parts of the EEPS via DC/AC converters,
batteries may be used to support breaker operating circuits, engine
starting, lighting, communications etc.

Basis for Acceptance
SG-D7, sections A-4.2.2 and A-4.2.4

Assessment Questions

(1) Are there adequate measures to avoid combustible gas
concentration in battery rooms?

(2) If the room ventilation fails, can the batteries remain in full
operation (especially high charge condition) for sufficient
time to allow for the restoration of ventilation, or the
implementation of an alternative, before gas concentration
exceed the acceptable maximum.
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(3) Are there adequate measures in the control room to indicate any
battery room ventilation defects?

(4) If the DC system is designed to operate ungrounded, is the
resistance between battery terminals and earth after
installation adequate to permit proper operation? ,

(5) Are measures provided to monitor and detect the deterioration
of the resistance from battery terminals to earth?

(6) Have the batteries been qualified by type test?

(7) Have acceptance tests been performed to assure that the battery
as installed meets specifications?

(8) Are batteries and their installations designed to meet the
design basis environmental conditions and seismic loading?

4.5 BATTERY CHARGER

The battery charger is required to supply the total DC load, and at
the same time to maintain the battery in a fully charged state or to
recharge depleted batteries.

Basis for Acceptance
SG-D7, section A-4.2.3

Assessment Questions

(1) Does the charger have sufficient capacity to supply the
required load demands during operational states and accident
conditions and to recharge depleted batteries at the same time?

(2) Are sufficient means provided in the control room to monitor
the essential parameters which are important to the proper
operation of the charger?

(3) Is the voltage regulation satisfactory when the batteries are
disconnected?
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(4) Is adequate ventilation or cooling provided to maintain the
charger and room ambient temperatures within acceptable limits?

4.6 DC/AC CONVERTER

Reviewing the design and performance of the dc/ac-converter, the
assessor should take into account the load demands which have to be
supplied. After examining the load and voltage studies mentioned in
sections 2.8 and 3 the assessor should compare the frequency stability of
the converter with the frequency dependence of the load.

Basis for Acceptance
SG-D7, section A-4.3

Assessment Questions

(1) Does the dc/ac converter have sufficient capacity to supply the
required load demands during operational states or accident
conditions, including transient loads and reactive loads?

(2) Is the output wave shape, harmonic content and frequency
stability in accordance with design limits and acceptable for
the connected loads?

(3) Are sufficient means provided in the control room to monitor
the essential parameters which are important to the proper
operation of the converter?

(4) Is adequate ventilation or cooling provided to maintain the
converter and room ambient temperatures within acceptable
limits?
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4.7 CABLES AND BUSES

Basis for Acceptance
SG-D7, section A-4.4.4

Assessment Questions

(1) Are the conductors of the cables properly sized to accomodate
the load demands, voltage drops and derating required as the
result of cable installation requirements?

(2) Have the cables been adequately derated with respect to
installation in raceways, fire stops, fire retardant coatings,
etc?

(3) Are the selected circuit protective devices able to protect the
cable against overheating during steady state load, overloads
and short circuits?

(4) Has the independence between redundant divisions of the EEPS
been maintained with the cable installations?

(5) Are the cables sufficiently fire retardant to prevent
propagation of fires?

4.8 ELECTRIC PENETRATIONS

The scope of the assessment applies to those electric penetration
assemblies which are required to conduct electric power, control and
instrument circuits through the reactor containment and preserve its
leaktight integrity.

Basis for Acceptance
SG-D7, section A-4.4.5
SG-D12, sections 4.2, 5.2

Assessment Questions

(1) Are the penetrations designed to take the identified loads?
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(2) Are the penetrations compatible with the cables which are
leading to them?

(3) Are the penetrations as installed capable of being tested for
leaktightness?

(4) Are the penetrations designed to perform satisfactorily under
the design basis incidents and accident conditions, including
seismic?

(5) Are the penetrations arranged and installed to preserve the
independence and redundancy of the redundant safety divisions?
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5. AD DIT ION AL CON SIDE RAT ION S

The objective of this section is to address those features essential
to the safe and reliable operation of the EEPS which are not addressed in
other sections.

5.1 LIGHTNING PROTECTION

The establishment of effective lightning protection and earthing is
essential to the safe and reliable performance of the nuclear plant
operation and it is required to protect buildings, structures, exposed
electric circuits, equipment and components essential to the operation of
the EEPS.

Basis for Acceptance
SG-D7, section A-4.4.6

Assessment Questions

(1) Are the earthing electrodes and their connections adequate for
the purpose of conducting and distributing lightning discharges
safely external to and away from buildings and equipment of the
EEPS?

(2) Will the lightning-protection shield wires or conductors
effectively shield and protect buildings, exposed electrical
lines and electrical equipment?

(3) Are the connections from power supplies to the EEPS which are
exposed to the effects of lightning (i.e., connections to and
from transformers, etc.,) shielded and fitted with lightning
arrestors?

5.2 ELECTRICAL SYSTEM EARTHING

Effective earthing is essential to the safe and reliable performance
of the EEPS and required to prevent overvoltages or spurious tripping and to
ensure positive isolation of electrical faults.
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Basis for Acceptance
SG-D7, section A-3.7

Assessment Questions

(1) Are the a-c electrical systems of the EEPS adequately earthed?
e.g., electrical system neutrals are established and earthed by
acceptable methods?

(2) Are the earthing conductors and buses between the power
supplies, electrical structures and equipment (i.e., motors,
switchgear, motor controls, cable raceways, etc.) sized to
conduct the earthed fault currents and limit overvoltages to
values which are safe for equipment and personnel?

(3) Are all the various earthing grids, systems and structures on
site bonded together so that differences of electrical
potential cannot exist between them under any electrical
discharge; e.g., earthed faults, arcing earth fault, lightning
discharges, etc.

(4) Are the frames of all building metal structures, metal
supports, piping systems, ducts, electrical equipment, panels,
and electrically operated apparatus bonded to the earthing
systems?

5.3 EMERGENCY LIGHTING

Emergency lighting is required to cope with the loss of normal
lighting as the results of incidents; e.g., the loss of normal a-c electric
power. It is installed in critical locations to permit the safe operation
or shutdown of the plant during and following the loss of normal lighting.
Emergency lighting is needed at strategic locations; e.g. control room and
the supplementary control points, access and egress routes, stairways,
security areas, etc. In some Member States the control room emergency
lighting is uninterruptable being supplied from dc to ac inverters fed from
batteries, while in others it is taken from the standby power supplies of
the EEPS.
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Assessment Questions

(1) Is emergency lighting provided at strategic locations as
identified and described above?

(2) Is the emergency lighting provided for the control room
independent of normal lighting?

5.4 CORROSION PROTECTION

Where support features for the EEPS e.g., fuel oil tanks and
associated piping for standby generators, are buried in the ground or
otherwise subject to corrosion they should be protected with corrosion
protective coatings, coverings, and/or cathodic protection, etc.

Assessment Question

Are the support features for the EEPS adequately protected against
corrosion?

55



IV. REFERENCE LIST OF RECOMMENDED INFORMATION
FOR THE SAFETY ASSESSMENT

This chapter provides information and references to NUSS, national
and international standards for use by the assessor, as appropriate, for the
safety review of the EEPS.

It is presented in tabular form for ease of use and follows the
structure presented in the table of contents for Chapter III. The first
major section deals with the interface of the EEPS with off-site systems,
the second and the third major sections deal with the system design aspects
of the EEPS and the fourth major section turns to the hardware as individual
components. The last part is concerned with some additional considerations
going somewhat beyond the EEPS design.

The first column of the table identifies the subject item of the EEPS
and the second column describes the type of information the assessor is
expected to receive from the applicant in order to be able to prepare his
assessment of each subject item. This information may be available in
different forms depending on the country of origin and its licensing
practice. It may also be given at different times; some may be contained in
the Safety Analysis Report; and some in separate documents.

The references given to the NUSS design documents in the third column
are the main references but they are not necessarily complete. This should
particularly understood as the possible interfaces and other aspects not
referenced may influence the requirement but to a lesser extent. Also the
subject matter may sometimes depend on the proper design of parts which are
not even identified in Safety Guide D7. Typical examples are the
requirement for high reliability of systems or fire protection. Not all
parameters which actually influence the system overall reliabilty are
mentioned in the SG-D7 explicitly in this connection, such as testability
and maintainability or other aspects which involve operator actions.
Further, when referring in section 3.1 to SG-D2 on fire protection it is not
intended that the safety assessor for the EEPS should refer to all aspects
of fire protection such as location of sprinkler systems in the diesel
generator building in detail but rather to those questions which are
addressed in the respective questionnaire.
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It should also be understood that this third column often refers to
sections of the various NUSS guides in order to direct the assessor to the
specific requirements. But this should not mislead the assessor to assume
that all other sections are of no significance at all.

In the table NUSS references are abbreviated, e.g. Safety-Series
50-SG-D2, Section 4.3.1 and Section A2 is written as D2 - 4.3.1, A2. The
Code of Practice Safety Series 50-C-D is written as C.

Further, the table provides, in the fourth column, a listing of
national and international standards that relate to each of the subject
items and are those identified as most often used. Sometimes particular
sections of a standard are quoted after the standard number. It should be
noted that different national standards appearing under one subject item are
not necessarily equivalent. They may even not require the same technical
solution for one specific problem. One should be able, however, to assume
that the standards from each country are consistent and not contradicting
each other.

In the last column additional references are given that usually
provide more in depth information on the subject item. The bibliography
gives full reference to the arconyms used.
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TABLE 1
Documentation to be
submitted by applicant

Reference to
NUSS documents

International or
National
Standards*

**
Additional References

1. Off-Site A-C Electric
Power System
1.1 Grid Capability and

Reliability

1.2 Plant Power
Connection to Grid

Description of the off-
site power grid system
and its interconnections to
other grids.
Grid reliability report and
results, including grid
stability analysis and
frequency delay analysis
study reports
Description of the
connection(s) of the
nuclear power plant to the
grid, indicating number and
routing of transmission lines

D7 - 3.1, 3.2 KTA 3701.1
4.I.A.2

D7 - 3.2.2 KTA 3701.1
4.3

1.3 Connection of EEPS
to off-site power
supplies

Redundancy
Independence
Protection

Description of the
connections, from the grid
to the EEPS, including
physical arrangement
drawings, single line
diagrams, protective relay
diagrams and data, electric
schematics, logic diagrams,
system voltage and short-
circuit study results,
grounding design information
lightning protection and
shielding

D7 - 3.3,
A 3

A 2, IEEE 308
KTA 3701.1

4.3

*
**

See Bibliography for more complete titles.
The sequence in which the documents are listed in this column do not constitute an order of importance



o\o Documentation to be
submitted by applicant

Reference to
NUSS documents

International or
National
Standards

Additional References

2. On-Site Electric Power
System

2.1 Reliability Form and
Arrangement

Reliability

2.2 Single Failure and
Redundancy

2.3 Independence and
Physical Separation

Description of the on-site 01 - 3.1, 3.3,
electric system including A 2, A 3.1
single line power diagrams A 3.6, A 4
indicating bus arrangements,
switching provisions, manual
and automatic interconnections,
safety and non-safety loads,
protective provisions, load
shedding and sequencing
provisions.
System analysis under normal
operation and anticipated
operational occurrences i.e.
degraded grid, unit load
rejections etc. Preferred in
the form of a quantitative fault
tree analysis to verify system
reliability
(same as 2.1)

4.1

C - 2.10, 2.11
D 7 - A.2, 6.1

A 3.2

General arrangement,
structural, piping, cable
raceway, and EEPS
layout drawings; EEPS
installation specifications,
including cabling;
description of design
criteria for buildings
enclosing and protecting
the EEPS, piping systems,
ventilating systems and other
systems which could affect
the EEPS

KTA 3701.1
IEC 300

KTA 3701.1
3.2

IEEE 352
IEEE 577

KTA 3701.1
5.5

IEEE 308
IEEE 379
RFS.l.Sa

C
D7

- 2.10, 2.12
- 4.1, 4 .2 ,

4.3, 4 .4
6.1, 6.2
A 3.2, A 4

IEEE 308
IEEE 384

IEEE 308

IEC 727

IEEE 279
KTA 3501

IEEE 279
IEEE 420
IEEE 603
ÎEC 709



Documentation to be
submitted by applicant

Reference to
NUSS documents

International or
National
Standards

Additional References

2.4 Protection against
Natural Phenomena

(same as 2.3) C - 2.4,
2.6,

D7 - 4.4

IEEE 308
IEEE 344
KTA 2201.4
KTA 2207
RFS 1.2.C
RFS 1.2-e

IEEE 384

2.5 Protection against
man induced events
and combination of
events

C - 2.5, 2.6
D5
D7 - 4.3, 4.4

IEEE 308
IEEE 567
KTA 2202.1*
RFS 1.2.a
RFS 1.2.b
RFS 1.2.d

IEEE 484
IEEE 384

2.6 Protection against
fire and explosion

C - 2.14
D2
D7 - 4.3

KTA 2101.3*
KTA 2103
IEEE 308
IEC 331
IEC 695 (-1.-2.-3)
NFC 32-070
DIN 4102
DIN 14675

KTA 2201.4
IEEE 384

2.7 Effects of
environmental
conditions and
equipment failures

C - 2.15
D4
D7 - 4.3

IEEE 308 IEEE 384
IEC 544 (-1.-2.-3)
BS 2011

* Draft



CCvK) Documentation to be
submitted by applicant

2.8 Capacity Description of all loads
and to be supplied, safety and
Characteristics of non-safety, identifying
Power Supplies and function, size, and
Components electrical characteristics

of each. Data and reports
of studies used to size and
specify the characteristics of
the various power supplies and
components of the EEPS,
including load tabulations.
transients and steady state
load and voltage studies, short
circuit analyses and protective
device coordination studies and
set point data

Reference to
NUSS documents

D7 - 5, 6.1, 6.4
6.5, 6.1,
A 3.4,
A 3.6,
A 4.1,
A 4.2,
A 4.3,
A 4.4.3

International or
National
Standards

KTA 3701.1
KTA 3702.1
KTA 3703
KTA 3704
KTA 3705*
KTA 3706*
KTA 3403
IEEE 308
IEEE 141
BS 4752

Additional References

KTA 3504
VDE 0530
IEEE 334-1974
NEMA MCI
IEEE 382-1980
VDE 0580
IEEE 383-1980
IEC (34-1)
IEEE 384 (5.6)

2.9 Safety System
support features

2.10 Sharing of
structures, systems
and components
in Multi-Reactor
Nuclear Power Plants

2.11 Instrumentation
Monitoring and
Control of the
EEPS

(same as 2.3)

Description of design basis
and justifications, for shared,
structures, systems or components
related to the EEPS

C - 2.12,
D7 - A 4.4.2

IEEE 308 IEEE 384
IEEE 603

Control and instrumentation
system descriptions, logic
diagrams, electrical control
room and control board layout
drawings, remote control
location drawings

C -
D7 -

C -
D7 -

D3 -
08 -

2.16
6.9

3
6.4,
6.5
A 3.4, A 3.5
7, 8
3.1. 3.2.
3.38 4.1,
4.7

IEEE 308, 8.0
IEEE 567, 1.4

5.3.2.2,
5.5.3

KTA 3701.2

IEC 744
IEEE 279
IEEE 308
KTA 3701.1

3.4, 3.5
KTA 3702.1

4.12, 4.13
KTA 3703

4.7, 4.8
KTA 3704

4.6
KTA 3904

IEEE 336
IEEE 384
IEEE 420
IEEE 566
IEEE 567
IEEE 603

* Draft



2.12 Identification of
Equipment,
Components end
Documents

2.13 Provisions for
In-service testing

2.14 Inspection,
Maintenance and
Repair

Documentation to be Reference to
submitted by applicant NUSS documents

Description of program to be D7 - 6.6
followed for the identification <D3 - 7.17)
of equipment, components
and documents

Description of programme for 02
In-service testing C - 2.9

D7 - 6.3, A 3.3

Description of programme C - 2.9
for inspection, maintenance D 7-6.6
and repair of equipment and
components of the EEPS

International or
National Additional References
Standards

IEEE 308, 5.7
IEEE 494
RFS IV. 1. a

IEEE 308
IEEE 338
IEEE 387

IEEE 336, 6.1
IEEE 338, A2
IEEE 387, 6.7
IEEE 450
KTA 3702.2
IEC 706

IEEE 279. 4.22
IEEE 497, 6.1.5
IEEE 603, 5.11
IEEE 384, 6.1.2, 6.6.3
NFC 30-201
NFC 04-200

IEEE 279
IEC 605
IEEE 603

IEEE 279, 4.21
IEEE 603, 5.10, 6.7, 7.5

8.3
IEEE 622, 6.0
IEC 599

3.0 On-Site D-C
Electric Power
System

Same as for Section 2.0 except as Same as for IEEE 308
pertains to D-C power systems section 2 IEEE 450

plus IEEE 485
07 - A 3.3.2, 4.2 KTA 3703

IEEE 279

ONOJ



o\-f». Documentation to be
submitted by applicant

Reference to
NUSS documents

International or
National
Standards

Additional References

4. Equipment and
Component

C - 2.8
D7 - 8, A

KTA 3701.1,4.3
KTA 3702

4.1 Distribution
system switching
components

Component specification and
design basis including related
electrical characteristics
such as isolation voltage,
steady current, ambient
temperature, short circuit
power, rated current, rated
voltage, switching frequency
required, control power

D7 - 3.3, A 3.1 KTA 3705 *
A 4.2, A 4.3 VDE 0100
A 4.4 VDE 0101

NEHA SG-4-1975
ANSI C37.5-1969
ANSI C37.04-1964
ANSI-C37.06-1971
ANSI-C37.10-1972
ANSI-C37.16-1973
ANSI-C37.100.1972
NEMA-S5-1975
NEMA-S6-1974
IEC 152
IEC 466
NFC 63-110
NFC 64-400
IEEE 27

ANSI C37.09-1964

IEEE 323-1974
VDE 0660 Pt.5
IEC 255-0-20
IEC 255-5
VDE 0105
IEEE-649-1980
NFC-15-100
NFC 63-410

Note ; The same references apply to the subsections of sections 4.2 and 4.3 respectively
* Draft



Documentation to be
submitted by applicant

Reference to
NUSS documents

International or
National
Standards

Additional References

4.2 Standby electrical
power supply units
and support systems

General specifications, design
basis descriptions, construction
drawings, installation
manual

KTA 3701.1
VDE 0660
VDE 0670
BS 5311
IEC 56 (-1.-2,
-3,-4, 5)

MFC 64-100
BS 5419
IEC 265
IEC 265-1
IEC 420
IEC 282-1

D7 - 4, 5, 6 KTA 3702.1, 4.6
A 3.3, A 4.1.2
A 4.1.3 IEEE 308-1980
A 4.4.2 IEEE 387-1977

(these apply to
all items of
section 4.2)

IEEE 627-1980

KTA 3702.2

Generator Unit Component specification and
design basis including
fuel and lubrication oil
consumption calculation,
specified limits for overload,
overspeed, oil pressure, cooling
water temperature etc. rated
electrical characteristics
and specified operational limits

VDMA 6280
DIN 6270
KTA 3702.1

4.7, 4.8
4 .6 .2 , 4.6.3

IEEE 308
IEEE 387-1977
BS 5514
VDE 0530

o\
01



ON Documentation to be
submitted by applicant

Reference to
NUSS documents
See Section 4.2

International or
National Additional References
Standards

Support systems general functional description.
For each subsystem in addition:
system description, design basis,
specifications, schematic
diagrams, layout drawings,
performance parameters (operation-
al states and accidents), setpoint,
alarms (and supporting calculations
as required from case to case

Starting system See above

KTA 3702.1
4.6.4, 4.9.1

IEEE 387-1977

KTA 3702.1
4.7.6
4.7.7
4.9.2
4.9.3

IEEE 387-1977

Room
Ventilation

See above KTA 3702.1
4.9.5, 4.10

IEEE 387-1977

Combustion air See above
system and
exhaust fume
system
Lubrication oil See above
system

KTA 3702.1
4.9.5

IEEE 387-1977

KTA 3702.1
4.7.9
4.9.4

IEEE 387-1977

Fuel system See above KTA 3702.1
4.7.8
4.9.4

IEEE 387-1977



Documentation to be
submitted by applicant

Reference to
NUSS documents

International or
National
Standards

Additional References

Cooling system See above

4.3 Transformers Component specification design
basis and installation drawings

D7 - A 4.4

KTA 3702.1
4.7.10
4.9.6

IEEE 387-1977

VDE 0532
IEEE 65
IEEE 462-1973
ANSI C57.12.10-1969
NEMA TRI-1974
BS 171
IEC 606
NFC 52-100

IEEE 323-1974
IEC 214

4.4 Batteries

4.5 Charger

System description, design
basis and specifications
including load balance
calculation, calculation of
room ventilation, time history
of discharging current

System description, design basis
and specification including
wiring schematic, operational
limits, such as
- overvoltage
- overcurrent
- ripple factor
- environmental conditions

which have to be monitored,
list of alarms

D7 - A 4.2.2
A 4.2.4

D7 - A 4.2.3

KTA 3703 (Draft)
IEEE 484-1975
IEEE 485-1978
IEC 86 (-1.-2)
BS 440
VDE 0510

KTA 3703 (Draft)

IEEE 323-1974

IEEE 323-1974
VDE 0510
IEEE 484-1975

O\



OO Documentation to be
submitted by applicant

Reference to
tHJSS documents

International or
National
Standards

Additional References

4.6 DC/AC-Converter

4.7 Cables and Buses

4.9 Electrical
penetrations

Component specification, design D7 -
basis including converter perfor-
mance operational limits, such as
- overcurrent
- overvoltage
- overspeed

frequency deviation
which have to be monitored,
list of alarms

A A. 3

Listing of cable types,
specifications, including
conductor cross sections
and material in view of
- line drop and
- overtemperature

insulation quality with
respect to fire retardance
Specification, design basis,
and listing of penetrations

07 - A 4.4..<

D7 - A 4.4.5
D12 - 4.2, 5.2

KTA 3704 (Draft)
IEC

DIN 43671
ÎEC 55-1
IEC 55-2
IEC 183
IEC 228
MFC 32-020
MFC 32-050
NFC 32-200

KTA 3403
IEEE 317-1976

IEEE 323-1974
VDE 0160
UTE C-96-822

IEEE 323-1974
IEEE 383-1974
VDE 0200-299

IEEE 323-1974



Documentation to be
submitted by applicant

Reference to
MUSS documents

International or
National
Standards

Additional References

5, Additional Considerations

5.1

5.2

5.3

5.4

Lightning
protection

Electrical system
earthing

Emergency
lighting

Corrosion
protection for
the EEPS

Design basis and system D7 - A 4.4.6
specification, including
Descriptions of external and
internal measures. Layout
drawings, wiring diagrams
for overvoltage protection
devices, provisions for testing

Design basis and system D7 - A 3.7
specification including
analysis of postulated fault
conditions

System specification, design basis,
power balance calculations,
layout drawings
wiring schematic
Specification for the protection
of all systems liable to be
adversely affected by corrosion

KTA 2206* Sect. 3 & 4
IEEE 141-1976
ANSI C 5.1-1969
IEC 99 (-1, -2)
VDE 0185
VDE 0845

IEC 129
IEEE 142-1972
IEEE 141-1976
VDE 0141
VDE 0845

VO * Draft



L BIBLIOGRAPHY

The bibliography provided in this chapter is to serve 'two
objectives. The first objective is to provide a complete reference of the
national and international standards listed in Chapter IV, Table 1, to allow
the safety assessor to obtain copies when needed.

The second objective is to identify to the safety assessor additional
national and international standards that usually provide more in depth
information on the subject item. Special documents and topical reports are
included to appraise the safety assessor of current information on subjects
related to this paper.

To satisfy these objectives the documents are listed sequentially
under the headings of the authorities which issued them. Where a standard
has been identified in Chapter IV, Table 1, it is marked with an
asterisk (*).
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FEDERAL REPUBLIC OF GERMANY

VDE Standards, obtainable from VDE-Verlag GmbH, Bismarckstrasse 33, 1000

Berlin 12
VDE No. Title
*0100 Errichten von Starkstromanlagen mit Nennspannungen -bis 1000 V

(Erection of Power Installations with Rated Voltages below 1 kV)
*0101 Errichten von Starkstromanlagen mit Nennspannungen über 1000 V

(VDE-Bestimmung) (Erection of Power Installations with Rated
Voltages above 1 kV)

*0105 Betrieb von Starkstromanlagen (Specifications for the Operation
of Electrical Power Installations)

*0141 VDE-Bestimraungen für Erdungen in Wechselspannungsanlagen mit
Nennspannungen über l kV (Specification for Earthing in
Installations for Rated Voltages above 1 kV a.c.)

*0160 Ausrüstung von Starkstromanlagen mit elektronischen
Betriebsmitteln (Electronic Equipment to be Used in Electrical
Power Installations and their Assembly into Electrical Power
Installations)

*0185 Blitzschutzanlagen. Teil 1: Allgemeines für das Errichten
(Lightning Protection Installations. Part 1: General Aspects
for the Erection)

*0220-0299 Bestimmungen für Kabel und Leitungen (Specifications for
Cables, Cords and Wires)

*0510 Bestimmungen für Akkumulatoren und Batterie-Anlagen
(Specifications for Rechargable Batteries and Battery
Installations)

*0530 Bestimmungen für umlaufende elektrische Maschinen
(Specifications for Rotating Electrical Machines)

*0532 Bestimmungen für Transformatoren und Drosselspulen
(Specifications for Transformers and Reactors)

*0580 Bestimmungen für elektromagnetische Geräte (Specifications for
Electro-magnetic Equipment)

*0660 Bestimmungen für Niederspannungs-Schaltgerà'te. (Specifications
for Low-Voltage Switchgear. Several parts)

*0670 Wechselstrom-Schaltgeräte für Spannung über l KV (A.c.
Switchgear and Controlgear for voltages above 1 kV)

*Q845 Bestimmung-en für den Schutz von Fernmeldeanlagen gegen
Überspannungen (Specifications for the Protection
Telecommunication Systems against Over-voltage)
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Other Guidelines obtainable from Deutsches Institut für Normung e .V . ,
Postfach 1107, D-1000 Berlin 30

No. Title •
*DIN 43671 Stromschienen aus Kupfer (Busbars made of copper)
*DIN 6270 Verbrennungsmotor für allgemeine Verwendung, Leistungsbegriffe,

Leistungsangaben, Verbrauchsangaben, Bezugsstand (Combustion
engines for general use; terms for specifying power,
specification of rated power, specification of fuel consumption
and state of reference)

*VDMA 6280 Stromerzeugungsaggregate mit Kolbenkraftmaschinen (electric
generating equipment with piston engine drives)

*DIN 4102 Widerstandsfähigkeit von Baustoffen und Bauteilen gegen Feuer
und Wärme (Resistence of materials and components against fire
and heat)

*DIN 14675 Feuermelde- und Alarmanlagen
BMI Sicherheitskriterien für Kernkraftwerke; Abschnitt-7.1

(Notstromversorgung) (Safety criteria for nuclear power plants;
section 7.1 (Emergency power supply))

KTA Standards, obtainable from the Carl Heymanns Verlag, Gereonstrasse 18-32
5000 Köln l
KTA No. Title
*2101.3 Brandschutz in Kernkraftwerken; Teil 3: Brandschutz an

maschinen- und elektrotechnischen Anlagen (Fire Protection in
Nuclear Power Plants; Part 3: Mechanical and Electrical
Components).

*2103 Explosionsschutz in Kernkraftwerken mit Leichtwasser- und
Hochtemperaturreaktoren (6/85) (Explosion Protection in Nuclear
Power Plants with Light Water and High-Temperature Reactors)

*2201.4 Auslegung von Kernkraftwerken gegen seismische Einwirkungen;
Teil 4: Auslegung der maschinen- und elektrotechnischen
Anlagenteile (11/83) (Design of Nuclear Power Plants against
Seismic Events; Part 4: Design of Mechanical and Electrical
Components)

*2202.1 Schutz von Kernkraftwerken gegen Flugzeugabsturz; Grundsätze
und Lastannahmen (Draft) (Protection of Nuclear Power Plants
against Aircraft Crash - Basic Principles and Load Assumptions).
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KTA No.
*2206

*2207

*3403

*3501

*3504

*3701.1

*3701.2

*3702.1

*3702.2

*3703

*3704

*3705

Title
Auslegung von Kernkraftwerken gegen Blitzeinwirkungen (Draft)
(Design of Nuclear Power Plants Against Lightning Effects)
Schutz von Kernkraftwerken gegen Hochwasser (6/82) (Protection
of Nuclear Power Plants against Floods)
Kabeldurchführungen im Reaktorsicherheitsbehälter von
Kernkraftwerken (10/80) (Cable Penetrations through"the Reaator
Containment Vessel)
Reaktorschutzsystem und Überwachungseinrichtungen des
Sicherheit (Reactor Protection System and Monitoring Equipment
of the Safety System)
Elektrische Antriebe des Sicherheitssystems in Kernkraftwerken
(11/84) (Electrical Drives of the Safety System in Nuclear
Power Plants)
Übergeordnete Anforderungen an die elektrische
Energieversorgung des Sicherheitssystems in Kernkraftwerken;
Teil 1: Einblockanlagen (6/78) (General Requirements for the
Electrical Power Supply of the Safety System in Nuclear Power
Plants; Part 1: Single-Unit Plants)
Übergeordnete Anforderungen an die elektrische
Energieversorgung des Sicherheitssystems in Kernkraftwerken;
Teil 2: Kernkraft-Mehrblockanlagen (6/82) (General Requirements
for the Electrical Power Supply of the Safety System in Nuclear
Power Plants; Part 2: Multi-Unit Plants)
Notstromerzeugungsanlagen mit Dieselaggregaten in
Kernkraftwerken Teil 1: Auslegung (6/80) (Emergency Power
Facilities with Diesel Generators; Part 1: Design).
Notstromerzeugungsanlagen mit Dieselaggregaten in
Kernkraftwerken; Teil 2: Prüfungen (11/82) (Emergency Power
Facilities with Diesel Generators; Part 2: Tests and
Examinations)
Notstromerzeugungsanlagen mit Batterien und
Gleichrichtergerà'ten in Kernkraftwerken (6/84) (Emergency Power
Facilities with Batteries and Rectifiers)
Notstromanlagen mig Gleichstrom-Wechselstrom-Umformern in
Kernkraftwerken (6/84) (Emergency Power Facilities with DC/AC
Converters)
Schalt- und Verteilungsanlagen in Notstromanlagen (Switching
and Distributor Facilities in Emergency Power Facilities).
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KTA No. Title
*3706 Nachweis der Beständigkeit von elektrischen Einrichtungen unter

Störfallbedingungen (Resistance of Electrical Equipment for
Incident Conditions)

*3904 Warte, Notsteuerstelle und örtliche Leitstände in
Kernkraftwerken (6/85) (Control Room and the Emergency and
Local Control Facilities in Nuclear Power Plants)
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FRANCE

REGLES FONDAMENTALES DE SURETE (RFS) ETABLIES PAR LE SERVICE
CENTRAL DE SURETE DES INSTALLATIONS NUCLEAIRES
(FUNDAMENTAL SAFETY REGULATIONS (RFS) DRAWN UP BY THE CENTRAL
SERVICE FOR THE SAFETY OF NUCLEAR INSTALLATIONS (SCSIN))
available from Service Central de Sûreté des Installations Nucléaires,
99 rue de Grenelle, 75700 Paris, France
Conception générale de la centrale et principes généraux
applicables à l'ensemble de l'installation
(General design of the power station and general principles
applicable to the whole of the installation)

* R.F.S I.2.a - Prise en compte des risques liés aux chutes d'avions
(5 août 1980).
(Taking into account the risk of falling aircraft
(5 August 1980).)

* R.F.S I.2.b - Prise en compte des risques d'émissions de projectiles
par suite de l'éclatement des groupes turbo-
alternateurs (5 août 1980).
(Taking into account the risk of missile generation as
a result of the explosion of turbogenerator sets
(5 August 1980).)

* R.F.S I.2.C- Détermination des mouvements sismiques à prendre en
compte pour la sûreté des installations
(1er octobre 1981). Mise en application à titre
provisoire.
(Determination of seismic movements to be taken into
account for the safety of -installations
(1 October 1981). Implementation on a provisional
basis.)

* R.F.S I.2.d - Prise en compte des risques liés à l'environnement
industriel et aux voies de communication (7 mai 1982).
(Taking into account risks from the industrial
environment and transportation routes (7 May 1982).)

* R.F.S I.2.e - Prise en compte du risque d'inondation d'origine
externe (12 avril 1984).
(Taking into account the risk of floods of external
origin (12 April 1984).)

* R.F.S I.3.a - Utilisation du critère de défaillance unique dans les
analyses de sûreté (5 août 1980).
(Use of the single failure criterion in safety analyses
(5 August 1980).)

Règles applicables aux études de fonctionnement
(Rules applicable to operational studies)

* R.F.S IV.1.a - Classement des matériels mécaniques, des systèmes élec-
triques, structures et ouvrages de génie civil
(21 décembre 1984).
(Classification of mechanical components, electrical
systems and civil engineering structures
(21 December 1984).)
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R.F.S IV.2.b - Exigences à prendre en compte dans la conception, la
qualification, la mise en oeuvre et l'exploitation des
matériels électriques appartenant aux systèmes élec-
triques classés de sûreté (à paraître).
(Requirements to be taken into account'in the design,
testing, commissioning and operation of electrical
components belonging to electrical systems classified
as safety-related (in preparation).)

Règles générales concernant plusieurs systèmes, structures ou
équipements
(General rules concerning a number of systems, structures or
components)

R.F.S V.2.d - Règles générales applicables à la réalisation des
matériels électriques (28 décembre 1982).
(General rules applicable to the manufacture of
electrical components (28 December 1982).)

REGLES DE CONCEPTION ET DE CONSTRUCTION DES MATERIELS ELECTRIQUES
DES ILOTS NUCLEAIRES (RCCE)
établies par l'Association française pour les règles de
conception et de construction des matériels des chaudières
électronucléaires (AFCEN)
(REGULATIONS FOR THE DESIGN AND CONSTRUCTION OF ELECTRICAL
COMPONENTS OF NUCLEAR STEAM SUPPLY SYSTEMS (RCCE)
drawn up by the French Association for Regulations for the Design
and Construction of Components of Nuclear Boilers (AFCEN))

* N.F.C 04-200 - Repérage des conducteurs. Décembre 1980.
(Identification of conductors. December 1980.)

* N.F.C 15-100 - Installations électriques à basse tension : règles.
Février 1981.
(Low-voltage electrical installations: regulations.
February 1981.)

N.F.C 20-010 - Règles communes aux matériels électriques. Classifi-
cation des degrés de protection procurés par les enve-
loppes. Avril 1977.
(Regulations common to all electrical components.
Classification of degrees of protection provided by
casings. April 1977.)

N.F.C 20-500 - Méthodes d'essais applicables aux matériels. Essais
généraux climatiques et mécaniques. Généralités.
Novembre 1974 et additif 1.
(Testing methods applicable to components. General
climatic and mechanical tests. General aspects.
November 1974 and Supplement 1.)

N.F.C 20-502 - Méthodes d'essais applicables aux matériels. Essais
généraux climatiques et mécaniques. Essais B : chaleur
sèche. Décembre 1975.
(Testing methods applicable to components. General
climatic and mechanical tests. Tests B: dry heat.
December 1975. )
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N.F.C 20-503 - Méthodes d'essais applicables aux matériels. Essais
généraux climatiques et mécaniques. Essais 3 : chaleur
humide (essais continu). Novembre 1974.
(Testing methods applicable to components. General
climatic and mechanical tests. Tests 3: wet heat
(continuous tests). November 1974.)

N.F.C 20-504 - Méthodes d'essais applicables aux matériels. Essais
généraux climatiques et mécaniques. Essai 4 : chaleur
humide (essais accéléré). Août 1975.
(Testing methods applicable to components. General
climatic and mechanical tests. Test 4: moist heat
(accelerated tests). August 1975.)

N.F.C 20-516 - Méthodes d'essais applicables aux matériels. Essais
généraux climatiques et mécaniques. Essai Fc :
vibrations (sinusoïdales). Mars 1983.
(Testing methods applicable to components. General
climatic and mechanical tests. Test Fc: vibrations
(sinusoidal). March 1983.)

* N.F.C 30-201 - Repérage par inscription des conducteurs constitutifs
des câbles électriques : règles. Décembre 1970 et
additif 1.
(Identification of the conductors of which electric
cables are composed by marking them: regulations.
December 1970 and Supplement 1.)

* N.F.C 32-020 - Conducteurs et câbles isolés. Méthodes d'essais pour
les enveloppes et les gaines des câbles électriques
rigides et souples (mélanges élastomères et thermo-
plastiques). Mars 1981.
(Insulated conductors and cables. Methods for testing
coverings and sheaths of rigid and flexible electric
cables (mixtures of elastomers and thermoplastics).
March 1981.)

* N.F.C 32-050 - Conducteurs et câbles comportant un revêtement métal-
lique : règles. Mars 1981.
(Conductors and cables with metal sheath:
regulations. March 1981.)

* N.F.C 32-070 - Essais de classification des conducteurs et câbles du
point de vue de leur comportement au feu. Juin 1979 et
additif 1.
(Tests for classification of conductors and cables from
the point of view of their fire resistance. June 1979
and Supplement 1.)

* N.F.C 32-200 - Conducteurs et câbles comportant une enveloppe ou une
gaine en polychlorure de vinyle : règles.
Septembre 1965 et additifs 2, 3, 4.
(Conductors and cables with PVC coverings or sheaths:
regulations. September 1965 and Supplements 2, 3, 4.)

N.F.C 51-111 - Règles d'établissement des machines électriques
tournantes. Novembre 1975 et additifs 1, 2.
(Regulations for the installation of revolving electric
machines. November 1975 and Supplements 1, 2.)

* N.F.C 52-100 - Transformateurs de puissance : règles. Juin 1970.
(Power transformers: regulations. June 1970.)
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* N.F.C 63-110 - Appareillage industriel de commande à basse tension.
Contacteurs : règles. Octobre 1981 et additif 1.
(Low-voltage industrial control devices. Contactors:
regulations. October 1981 and Supplement 1.)

* N.F.C 63-410 - Ensembles d'appareillage à basse tension montés en
usine. Mai 1980.
(Sets of low-voltage devices assembled in the factory.
May 1980. }

* N.F.C 64-100 - Disjoncteurs à courant alternatif à haute'tension.
Février 1976 et additif 1.
(High-voltage AC circuit breakers. February 1976 and
Supplement 1.)

* N.F.C 64-400 - Appareillage à haute tension sous enveloppe métallique
de tensions nominales inférieures ou égales à 72,5 kV.
Mars 1975 et additif 1.
(Metal-clad high-voltage devices of nominal voltage
lower than or equal to 72.5 kV. March 1975 and
Supplement 1.)

N.F.C 93-021 - Connexions enroulées. Spécification d'emploi pour les
bornes carrées ou rectangulaires : prescriptions
générales. Mars 1977.
(Wound connections. Specifications for the use of
square or rectangular terminals: general rules.
March 1977.)

U.T.E C 20-060 - Règles communes aux matériels électriques.
Nomenclature des essais. Février 1970.
(Regulations common to all electrical components.
Nomenclature of tests. February 1970.)

U.T.E C 20-420 - Méthodes d'essais. Essais généraux climatiques et
mécaniques. Guide pour les essais de tenue des
matériels aux séismes. Décembre 1978 et additif 1.
(Testing methods. General climatic and mechanical
tests. Guide for tests of the seismic behaviour of
components. December 1978 and Supplement 1.)

* U.T.E C 96-822 - Thyristors de forte puissance. Octobre 1981.
(Powerful thyristors. October 1981.)
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UNITED KINGDOM

HM Nuclear Installations Inspectorate Safety Assessment Principles for
Nuclear Power Plants ISBN 0 11 883642 0

British Standards obtainable from British Standards Institution,. Sales
Department, Linford Wood, Milton Keynes MK14 6LE, England

BS No. Title
*17l Power Transformers
*440 Stationary Batteries
*2011 Basic Environmental Testing Procedures
2757 Classification of Insulating Materials
*4752 Specification for Switchgear and Control Gear
4941 Specification for Motor Starters
4999 General Requirements
5227 AC Metal Enclosed Switchgear and Control
*5311 AC Circuit Breakers of Rated Voltage above IK
*5419 Specifications for Air Break Switches, Air Break Disconnectors

and Fuse Combination Units
*5514 Specification for Reciprocating Internal Combustion Engines

Performance
5425 Specification for Control Gear
5486 Specification for Factory Built Assemblies of Switchgear and

Control Gear
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UNITED STATES OF AMERICA

USNRC Design Criteria and Guidelines, obtainable from National Technical
Information Service, Springfield, VA 22161, USA or Superintendent of
Documents, US Government Printing Office, P.O. Box 37082, Washington, DC
20013 - 7982, USA

Title 10 of the Code Federal Regulations - Energy (10 CFR)
Chapter 1 Nuclear Regulatory Commission
Part 50 Domestic Licensing of Prodcution and Utilization Facilities (50)

Appendix A - General Design Criteria for Nuclear Power Plants (GDC)

GDC No. Title
1 Quality Standards and Records
2 Design Bases for Protection Against Natural Phenomena
3 Fire Protection
4 Environmental and Missile Design Bases
5 Sharing of Structures, Systems and Components
13 Instrumentation and Control
17 Electric Power Systems
18 Inspection and Testing of Electrical
19 Control Room
21 Protection System Reliability and Testability
22 Protection System Independence
50 Containment Design Bases

Appendix B Quality Assurance for Nuclear Power Plants and Fuel
Reprocessing Plants

NUREG - 0800 Standard Review Plan (SRP)

SRP No. Title
8.1 Electric Power - Introduction
8.2 Offsite Power System
8.3.1 A-C Power System
8.3.2 D-C Power System

Appendix 8-A Branch Technical Positions (PSB)
Appendix B-B General Agenda, Station Site Visits
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Division 1 Regulatory Guides (RG)
Power Reactors

RG No. Titie
1.6 Independence Between Redundant Standby (Onsite) Power Sources

and Between Their Distribution Systems (Rev.O, 3/71)
1.9 Selection of Diesel Generator Set Capacity for Standby Power

Supplies (Rev. 0, 3/71)
1.22 Periodic Testing of Protection System Actuation Functions (Rev.

0, 2/72)
1.29 Seismic Design Classification (Rev. 1, 8/73)

1.32 Criteria for Safety-Related Electric Power Systems for Nuclear
Power Plants (Rev. 0, 8/72)

1.40 Qualification Tests of Continuous-Duty Motors Installed Inside
the Containment of Water-Cooled Nuclear Power Plants (Rev. 0,
3/73)

1.41 Preoperational Testing of Redundant On-Site Electric Power

Systems to Verify Proper Load Group Assignment (Rev. 0, 3/73)
1.47 Bypasses and Inoperable Status Indication for Nuclear Power

Plant Safety Systems (Rev. 0, 5/73)
1.53 Application of the Single Failure Criterion to Nuclear Power

Plant Protection Systems (Rev. 0, 6/73)

1.62 Manual Iniviation of Protective Action (Rev. 0)

1.73 Qualification Tests of Electric Valve Operators Installed

Inside the Containment of Nuclear Power Plants (Rev. 0, 1/74)

Institute of Electrical and Electronics Engineers- Standards (IEEE

Standard), obtainable from The Institute of Electrical and Electronics

Engineers, Inc., 345 East 47 Street, New York, N . Y . 10017

IEEE No. Title

20-1973 Low-voltage AC Power Circuit Breakers Used in Enclosures

*27 Switchgear Assemblies Including Metal-Enclosed Bus

32 Neutral Grounding Devices
55 Temperature Correlation in the Connection of Insulated Wire and

Cables to Electric Equipment, Guide for

*65 Thermal Evaluation of Ventilated Dry-Type Power and

Distribution Transformers, Test Procedure for
80 Safety in A-C Substation Grounding, Guide for
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IEEE No. Title
81 Ground Resistance and Potential Gradients in the Earth, Guide

for Measuring
112A Polyphase Induction Motors and Generators, Test Procedures for
*141-1976 IEEE Recommended Practice for Electric Power Distribution for

Industrial Plants
*142-1972 Recommended Practice for Grounding of Industrial and Commercial

Power Systems
143 Application Guides for Ground Fault Neutralizers Grounding of

Synchronous Generator Systems, Neutral Ground-ing of
Transmission Systems

242-1975 Recommended Practice for Protection and Coordination of
Industrial and Commercial Power Systems

273 Protective Relay Applications to Power Transformers, Guide for
*279-1971 Criteria for Potection Systems for Nuclear Power Generating

Stations
288 Induction Motor Protection, Guide for
*308-1980 Criteria for Class IE Power Systems for Nuclear Power

Generating Stations
*317-1976 Electrical Penetration Assemblies in Containment Structures for

Nuclear Powe Generating Stations
*323-1974 Qualififying Class IE Equipment for Nuclear-Power Generating

Stations
*334-1974 Type Test of Cotninuous Duty Class IE Motors for Nuclear Power

Generating Stations
*336-1980 Installation, Inspection and Testing Requirements for

Instrumentation and Electric Equipment During the Construction
of Nuclear Power Generating Stations

*338-1977 Criteria for Periodic Testing of Nuclear Power Generating
Station Safety Systems

*344-1975 Recommended Practices for Seismic Qualification of Class IE
Equipment for Nuclear Power Generating Stations

*352-1975 General Principles for Reliability Analysis of Nuclear Power
Generating Station Protection Systems

*379-1977 Application of the Single-Failure Criterion to Nuclear Power
Generating Station Class IE Systems

380-1972 Definition of Terms Used in IEEE Nuclear Power Generating
Station Standards

381-1977 Criteria for Type Tests of Class IE Modules Used in Nuclear
Power Generating Stations
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IEEE No. Title
*382-1980 Type Test af Class IE Electric Valve Operators for Nuclear

Power Generating Stations
*383-1974 Type Test of Class IE Electric Cables, Field Splices, and

Connections for Nuclear Power Generating Stations
*384-1981 Criteria for Independence of Class IE Equipment and Circuits
*387-1977 Criteria for Diesel-Generator Units Applied as Standby Power

Supplies for Nuclear Generating Stations
415-1976 Planning for Pre-Operational Testing Programs for Class IE

Power Systems for Nuclear Power Generating Stations
*420-1973 Trial-Use for Class IE Control Switchboards for Nuclear Power

Generating Stations
446-1974 Recommended Practice for Emergency and Standby Power Systems
*450-1980 Recommended Practice for Maintenance, Testing and Replacement

of Large Lead Storage Batteries for Generating Stations and
Substations

*462-1973 General Requirements for Distribution, Power and Regulating
Transformers

467-1980 Quality Assurance Program Requirements for the Design and
Manufacture of Class IE Instrumentation and Electric Equipment
for Nuclear Power Generating StationsStation Safety Systems

*484-1975 Recommended Practice for Installation Design and Installation
of Large Lead Storage Batteries for Generating Stations and
Substations

*485-1978 Recommended Practice for Sizing and Large Lead Storage
BAtteries for Generating Stations and Substations

*494-1974 Method for Identification of Documents Related to Class IE
Equpment and Systems for Nuclear Power Generating Stations

*497-1981 Trial-Use Criteria for Post Accident Monitoring Instrumentation
for Nuclear Power Generating Stations

498-1980 Supplementary Requirements for Calibration and Control of
Measuring and Test Equipment Used in the Construction and
Maintenance of Nuclear Power Generating Stations

535-1979 Qualification of Class IE Lead STorage BAtteries for Nuclear
Power Generating Stations

*566-1977 Recommended Practice for the Design of Display and Control
Facilities for Central Control Rooms of Nuclear Power
Generating Stations

*567-1980 Criteria for the Design of the Control Room Complex for a
Nuclear Power Generating Station
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IEEE No. Title
*577-1976 Requirements for Reliability Analyses in the Design and

Operation of Safety Systems for Nuclear Power Generating
Stations

*603-1980 Trial-Use Criteria for Safety Systems for Nuclear Power
Generating Stations

*622-1979 Design and Installation of Electric Pipe Heating Systems for
Nuclear Power Generating Stations

*627-1980 Design Qualification of Safety Systems Equipment Used in
Nuclear Power Generating Stations

628 Standard for Design, Installation and Quality of Raceway
Systems for Class IE Circuits for Nuclear Generating Stations

634-1978 Cable Penetration Fire Stop Qualification Test
*649-1980 Qualifying Class IE Motor Control Centers for Nuclear Power

Generating Stations
650-1979 Qualification of Class IE Static Battery Chargers and Inverters

for Nuclear Power Generating Stations
666 Electrical Power Service Systems for Generating Stations
690 Standard for Design and Installation of Cable Systems for Class

IE Circuits in Nuclear Power Generating Stations

American National Standards Institute Standards, obtainable from American
National Standards Institute, 1430 Broadway, New York, NY 10018, USA

No.

Cl

C2

*C5.1

Title

National Electric Code

National Electric Safety Code
Lightning Protection Code NFPA No. 78

*C37.5-1969 Methods for Determining Values of a Sinusoidal Current Wave,
(R 1974) a Normal-Frequency Recovery Voltage and a Guide for Calculation

of Fault Currents for Application of AC High-Voltage Circuit

Breakers Rated on a Total Current Basis

C84.1-1970 Voltage Ratings for Electric Power systems and Equipment
C37.98-1978 Seismic Testing of Relays
NQA-1-1983 Quality Assurance Program Requirements for Nuclear Power Plants

C2 National Electrical Safety Code

*C37.04-1964 Rating Structure for AC High-Voltage Circuit Breakers,
(R 1969) including Supplements C37.04a-1964
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No. Title

*C37.06-1971 Schedules of Preferred Ratings and Related Required
Capabilities for AC High-Voltage Circuit Breakers Rated on a

Symmetrical Current Basis
*C37.09-1964

(R 1969) Test Procedure for AC High-Voltage Circuit Breakers, including
Supplement C37.09a-1970)

*C37.10-1972 Application Guide for A-C High Voltage Circuit Breakers Rated
on a Symmetrical Current Basis

*C37.16-1973 Preferred Ratings, Related Requirements, and Application

Recommendations for Low-Voltage Power Circuit Breakers and AC

Power Circuit Protectors

*C37.100-1972Definitions for Power Switchgear
*C57.12-10-

1969 Requirements for Transformers, 138,000 Volts and Below 501

Through 10,000/13 333/16 667 kVA, Single Phase, 501 Through 30
000/40 000/50 000 kVA, Three Phase

C57.13-1968 Requirements for Instrument Transformers

C57.92 Guide for Loading Oil-Immersed Distribution and Power

Transformers
C57.96 Guide for Loading Dry-Type Distribution and Power Transformers
C84.1-1970 Voltage Ratings for Electric Power Systems and Equipment

C107.1-1974 Guidelines for Handling and Disposal of Capacitor- and

Transformer-Grade Askarels Containing Polychlorinated Biphenyls

National Electric Manufacturers Association Standards (NEMA), obtainable
from National Electrical Manufacturers Association, 2101 L Street, N . W . ,

Suite 300, Washington DC 20037, USA

No. Title

*MG 1 Motors and Generators
ABI-1975 Molded-Case Circuit Breakers

FU1-1972 Low-Voltage Cartridge Fuses

ICS-1970 Industrial Controls and Systems

SG 2-1975 High-Voltage Fuses

*SG 4-1975 AC High-Voltage Circuit Breakers
*SG 5-1975 Power Switchgear Assemblies

*SG 6-1974 Power Switching Equipment

*TR 1-1974 Transformers, Regulators, and Reactors
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

IEC Publications available from IEC Central Of f ice , 3 rue de Varembé, 1211

Geneva 20, Switzerland

IEC No. Title

*34-l Rotating Electrical Machines; Part 1: Rating and Performance

(1983) Eighth Edition.

*55-l Paper-insulated Metal-Sheathed Cables for Rated Voltages up to

18/30 kV (with copper or aluminium conductors and excluding
gas-pressure and oil-filled cables); Part 1: Tests (1978)
Fourth Edition.

*55-2 Paper-insulated Metal-Sheathed Cables for Rated Voltages up to

18/30 kV (with copper or aluminium conductors and excluding

gas-pressure and oil-filled cables); Part 2: General and
Construction Requirements (1981) First Edition.

*86-l Primary Batteries; Part 1: General (1982) Fifth Edition.
*86-2 Primary Batteries; Part 2: Specification Sheete (1982) Fifth

Edition.
*99-l Lightning Arresters; Part 1: Non-Linear Resistor Type Arresters

for A.C. Systems (1970) Second Edition
*99-2 Lightning Arresters; Part 2: Expulsion-type Lightning Arresters

(1962) First Edition.
*129 Alternating Current Disconnectors (Isolators) and Earthing

Switches (1984) First Edition.

*146 Semiconductor Converters (1973) Second Edition.

*152 Identification by Hour Numbers of the Phase Conductors of

3-phase Electric Systems (1963) First Edition
*183 Guide to the Selection of High-voltage Cables (1984) Second

Edition.

*214 On-load Tap-changers (1976) Second Edition

*228 Conductors of Insulated Cables (1978) Second Edition.

*255-0-20 Electrical Relays: Contact Performance of Electrical Relays
(1974) First Edition.

*255-5 Electrical Relays; Part 5: Insulation Tests for Electrical
Relays.

*265 High-voltage Switches.
*265-l High-voltage Switches; Part 1: Containers for Round Winding

Wires (1968) First Edition
*282-l High-Voltage Fuses; Part 1: Current-limiting Fuses (1985),

Third Edition.
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lEC No. Title
*300 Reliability and Maintainability Management (1984) Second Edition.
*331 Fire-resisting Characteristics of Electric Cables' (1970) First

Edition.
*420 High-voltage Alternating Current Fust-switch Combination and

Fuse-circuitbreaker Combinations (1973) First Edition.
Amendment No. 1 (1975), Amendment No. 2 (1977), Amendment No. 3
(1978).

*466 High-voltage Insulation-enclosed Switchgear and Controlgear
(1974 First Edition, Amendment No. 1 (1977), Amendment No. 2
(1978), Amendment No. 3 (1979).

*544-l Guide for Determining the Effects of Ionizing Radiation on
Insulating Materials; Part 1: Radiation Interaction (1977)

. First Edition.
*544-2 Guide for Determining the Effects of Ionizing Radiation on

Insulating Materials; Part 2: Procedures for Irradiation (1979)
First Edition.

*544-3 Guide for Determining the Effects of Ionizing Radiation on
Insulating Materials; Part 3: Test Procedures for Permanent
Effects (1979) First Edition.

*599 Interpretation of the analysis of Gases in Transformers and
Other Oil-filled Electrical Equipment in Service (1978) First
Edition.

*605 Equipment Reliability Testing (Parts 1, 5, 7)
*606 Application Guide for Power Transformers (1978) First Edition
*695-l Fire Hazard Testing; Part 1.- Guidance for the Preparation of

Requirement? and Test Specifications for Assessing Fire Hazard
of Electro technical Products.

*695-2 Fire Hazard Testing; Part 2: Test Methods.
*695-3 Fire Hazard Testing; Part 3: Examples of Fire Hazard Assessment

Procedures and Interpretation of Results.
*706-1 Guide on Maintainability of Equipment; Part 1: Sections One,

Two and Three. Introduction, Requirements and Maintainability
Programme (1982) First Edition.

*709 Separation within the Reactor Protection System (1981) First
Edition.

*727 Evaluation of Electrical Endurance of Electrical Insulation
Systems.

*744 Safety Logic Assemblies of Nuclear Power Plants.
Characteristics and Test Methods (1983) First Edition.
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LIST OF PARTICIPANTS

The meetings held in Vienna with the purpose of assisting in the
preparation of this Manual were:

Consultants' Meeting: 18 February - 1 March 1985
Advisory Group Meeting: 19 - 23 August 1985
Consultants' Meeting: 13 - 17 January 1986

MEMBER STATES

ARGENTINA
CANADA
FRANCE
FRG

KOREA, REPUBLIC OF
UK
USA

Mr. R. Salomoni (A)*
Mr. T.J. Molloy (A)
Mr. C. Hermant (A)
Mr. A. Hauser (A)
Mr. H. Wegener (C) (A)
Mr. Choi, Kyu Shik (A)
Mr. R.D. Bye (C) (A)
Mr. T. Ipolitto (A)
Mr. C.J. Wylie (C) (A)

International Organizations

IEC Mr. J. Furet (À)

IAEA
(Scientific Secretary)

Mr. J. Fischer (C) (A)

* (C) and (A) after name denotes participation in the Consultants'
and/or Advisory Group Meeting, respectively.
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