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INTERNATIONAL ELECTROTECHNICAL COMMISSION

NUCLEAR FACILITIES - ELECTRICAL POWER SYSTEMS: DIESEL
GENERATOR UNITS APPLIED AS STANDBY POWER SOURCES

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC document(s)"). Their
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with
may participate in this preparatory work. International, governmental and non-governmental organizations liaising
with the IEC also participate in this preparation.

IEEE Standards documents are developed within IEEE Societies and Standards Coordinating Committees of the
IEEE Standards Association (IEEE SA) Standards Board. IEEE develops its standards through a consensus
development process, approved by the American National Standards Institute, which brings together volunteers
representing varied viewpoints and interests to achieve the final product. Volunteers are not necessarily members
of IEEE and serve without compensation. While IEEE administers the process and establishes rules to promote
fairness in the consensus development process, |[EEE does not independently evaluate, test, or verify the
accuracy of any of the information contained in its standards. Use of IEEE Standards documents is wholly
voluntary. IEEE documents are made available for use subject to important notices and legal disclaimers (see
https://standards.ieee.org/ipr/disclaimers.html for more information).

IEC collaborates closely with IEEE in accordance with conditions determined by agreement between the two
organizations. This Dual Logo International Standard was jointly developed by the IEC and IEEE under the terms
of that agreement.

The formal decisions of IEC on technical matters express, as nearly as possible, an international consensus of
opinion on the relevant subjects since each technical committee has representation from all interested IEC
National Committees. The formal decisions of IEEE on technical matters, once consensus within IEEE Societies
and Standards Coordinating Committees has been reached, is determined by a balanced ballot of materially
interested parties who indicate interest in reviewing the proposed standard. Final approval of the IEEE standards
document is given by the IEEE Standards Association (IEEE SA) Standards Board.

IEC/IEEE Publications have the form of recommendations for international use and are accepted by IEC National
Committees/IEEE Societies in that sense. While all reasonable efforts are made to ensure that the technical
content of IEC/IEEE Publications is accurate, IEC or IEEE cannot be held responsible for the way in which they
are used or for any misinterpretation by any end user.

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
(including IEC/IEEE Publications) transparently to the maximum extent possible in their national and regional
publications. Any divergence between any IEC/IEEE Publication and the corresponding national or regional
publication shall be clearly indicated in the latter.

IEC and IEEE do not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC and IEEE are not responsible
for any services carried out by independent certification bodies.

All users should ensure that they have the latest edition of this publication.

No liability shall attach to IEC or IEEE or their directors, employees, servants or agents including individual
experts and members of technical committees and IEC National Committees, or volunteers of IEEE Societies and
the Standards Coordinating Committees of the IEEE Standards Association (IEEE SA) Standards Board, for any
personal injury, property damage or other damage of any nature whatsoever, whether direct or indirect, or for
costs (including legal fees) and expenses arising out of the publication, use of, or reliance upon, this IEC/IEEE
Publication or any other IEC or IEEE Publications.

Attention is drawn to the normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

Attention is drawn to the possibility that implementation of this IEC/IEEE Publication may require use of material
covered by patent rights. By publication of this document, no position is taken with respect to the existence or
validity of any patent rights in connection therewith. IEC or IEEE shall not be held responsible for identifying
Essential Patent Claims for which a license may be required, for conducting inquiries into the legal validity or
scope of Patent Claims or determining whether any licensing terms or conditions provided in connection with
submission of a Letter of Assurance, if any, or in any licensing agreements are reasonable or non-discriminatory.
Users of this document are expressly advised that determination of the validity of any patent rights, and the risk
of infringement of such rights, is entirely their own responsibility.
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IEC/IEEE 63332-387 was prepared by subcommittee 45A: Instrumentation, control and
electrical power systems of nuclear facilities, of |IEC technical committee 45: Nuclear
instrumentation, in cooperation with Nuclear Power Engineering Committee of the IEEE Power
and Energy Society, under the IEC/IEEE Dual Logo Agreement between |IEC and IEEE.

This document is published as an IEC/IEEE Dual Logo standard.

This new edition supersedes IEEE Std 387-2017 and therefore constitutes a first edition of the
standard published under the IEC/IEEE Dual Logo agreement. This document contains the
following technical changes with respect to IEEE Std 387-2017:

e This revision incorporates current practices and lessons learned from the implementation of
previous versions of this document by the nuclear industry. Additionally, several issues are
clarified or changed in this revision.

e This document defines the methods for design and testing of a diesel generator (DG) unit
to provide reasonable assurance that in the event it is required to perform its safety functions
during a plant emergency condition, it is readily available and capable given the
environments to which it can be exposed. This dual logo standard applies to all electrical
equipment important to safety in accordance with IAEA terminology including class 1E
equipment in accordance with IEEE classification scheme and classes 1, 2 and 3 in
accordance with IEC 61226 classification scheme. This document is generally intended for
DGs to be utilised as equipment important to safety located in mild environments. The
standard may be used in applications where a highly reliable onsite alternating current (AC)
power source is required to maintain plant safety following an event with potential loss of
offsite power for an extended duration. The documentation and qualification requirements,
however, can be less rigorous or different.

e The definitions and terms used in IEC/IAEA standards and guides have been added to
support the terminology used in IEEE standards.

e Incorporation of recent industrial experience in the area of DG unit best practices for
maintenance and testing.

The text of this International Standard is based on the following IEC documents:

Draft Report on voting

45A/1536/FDIS 45A/1553/RVD

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

The language used for the development of this International Standard is English.

This document was drafted in accordance with the rules given in the ISO/IEC Directives, Part 2,
available at www.iec.ch/members_experts/refdocs. The main document types developed by IEC
are described in greater detail at www.iec.ch/publications/.

The IEC Technical Committee and IEEE Technical Committee have decided that the contents
of this document will remain unchanged until the stability date indicated on the IEC website
under webstore.iec.ch in the data related to the specific document. At this date, the document
will be

e reconfirmed,

e withdrawn, or

e revised.
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INTRODUCTION

a) Technical background, main issues and organization of the standard

This IEC/IEEE international standard defines the standard criteria for the application and testing
of diesel generator (DG) units used as standby power supplies in nuclear facilities. This dual
logo standard applies to DG units as relevant for electrical equipment important to safety in
accordance with IAEA terminology including all equipment important to safety in accordance
with the IEEE classification scheme.

The provisions of this document are divided into the following clauses:

Clause 5: Principal design criteria,
Clause 6: Factory production testing,
Clause 7: Qualification requirements,
Clause 8: Site testing.

This document harmonizes in a unique standard practice formerly given by IEEE Std 387-2017
on sizing, testing, qualification, and operational requirements of diesel engine-driven onsite
power sources. This document also considers the general requirements on electrical power
systems provided in IEC 63046 and assesses current practices and operating experience on
the current fleet of nuclear facilities with a perspective on safety significance of the performance
requirements of DG units during accident mitigation.

This document is applicable to the DG units of new nuclear facilities and upgrading or back-
fitting of existing facilities. It is intended that the standard be used by operators of nuclear
facilities, design engineers, systems evaluators and by licensors.

b) Situation of the current standard in the structure of the IEC/SC 45A standard series

The entry point for the IEC/SC 45A standard series is the two first-level standards providing
general requirements on instrumentation and control (IEC 61513) and electrical power systems
(IEC 63046) for nuclear facilities.

IEC/IEEE 63332-387 is a second level IEC/SC 45A document under IEC 63046 which focuses
on criteria for the application and testing of DG units used for standby power supplies for
electrical equipment important to safety in nuclear facilities.

For more details on the structure of the IEC/SC 45A standard series, see paragraph d) of this
introduction.

c) Recommendations and limitations regarding the application of the standard

An important concept is that the current fleet of operating reactors with forced cooling and
immediate need for alternating current (AC) powered equipment following an emergency or off-
normal condition necessitates safety classified onsite power sources. Designs with passive
cooling systems preclude the need for immediate AC driven pumps and motors. However,
following the events at Fukushima Daiichi nuclear plant, and requirements for design extension
conditions, onsite AC power system(s) are required to make up inventory and perform core
cooling functions after the passive systems have performed the immediate safety functions at
the onset of an event. Diesel engine driven AC power sources can be used to provide the power
necessary to perform the functions important to safety in order to maintain safe state conditions
in all types of plant designs.

It is important to note that this document establishes no additional functional requirements for
safety systems.
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To ensure that the standard will continue to be relevant in future years, the emphasis has been
placed on issues of principle, rather than specific technologies.

d) Description of the structure of the IEC/SC 45A standard series and relationships with
other IEC documents and other bodies' documents (IAEA, 1SO)

The IEC/SC 45A standard series comprises a consistent set of documents organised in a
hierarchy of four levels. The top-level documents of the IEC/SC 45A standard series are
IEC 61513 and IEC 63046, covering respectively general requirements for instrumentation and
control (I&C) systems and general requirements for electrical power systems of NPPs.
IEC 61513 and IEC 63046 adopt an overall system life-cycle framework and constitute, along
with the relevant second-level standards, the nuclear implementation of the basic safety series
IEC 61508.

IEC 61513 and IEC 63046 refer directly to other IEC/SC 45A standards for general
requirements for specific topics, such as categorization of functions and classification of
systems, qualification, separation, defence against common cause failure, control room design,
electromagnetic compatibility, human factors engineering, cybersecurity, software and
hardware aspects for programmable digital systems, coordination of safety and security
requirements and management of ageing.

At a third level, IEC/SC 45A standards not directly referenced by IEC 61513 or by IEC 63046
are standards related to specific requirements for specific equipment, technical methods, or
activities. Usually, these documents refer to second-level documents for general requirements
and can be used on their own.

A fourth level extending the IEC/SC 45A standard series corresponds to the Technical Reports
which are not normative.

The IEC/SC 45A standards series consistently implements and details the safety and security
principles and basic aspects provided in the relevant IAEA safety standards and in the relevant
documents of the IAEA nuclear security series (NSS). In particular this includes the IAEA safety
requirements SSR-2/1 (Rev 1), establishing safety requirements related to the design of nuclear
power plants (NPPs), the IAEA safety guide SSG-30 dealing with the safety classification of
structures, systems and components in NPPs, the IAEA safety guide SSG-39 dealing with the
design of instrumentation and control systems for NPPs, the IAEA safety guide SSG-34 dealing
with the design of electrical power systems for NPPs, the IAEA safety guide SSG-51 dealing
with human factors engineering in the design of NPPs and the implementing guide NSS42-G
for computer security at nuclear facilities. The safety and security terminology and definitions
used by the SC 45A standards are consistent with those used by the IAEA.

IEC 61513 and IEC 63046 refer to ISO 9001 as well as to IAEA GSR part 2 and IAEA GS-G-3.1
and |IAEA GS-G-3.5 for topics related to quality assurance (QA).

At level 2, regarding nuclear security, IEC 62645 is the entry document for the IEC/SC 45A
security standards. It builds upon the valid high-level principles and main concepts of the
generic security standards, in particular ISO/IEC 27001 and ISO/IEC 27002; it adapts them and
completes them to fit the nuclear context and coordinates with the IEC 62443 series. At level 2,
IEC 60964 is the entry document for the IEC/SC 45A control rooms standards, IEC 63351 is the
entry document for the human factors engineering standards and IEC 62342 is the entry
document for the ageing management standards.

NOTE 1 IEC TR 63400 provides a more comprehensive description of the overall structure of the IEC/SC 45A
standards series and of its relationship with other standards bodies and standards.
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NUCLEAR FACILITIES - ELECTRICAL POWER SYSTEMS: DIESEL
GENERATOR UNITS APPLIED AS STANDBY POWER SOURCES

1 Scope

1.1 General

This document defines the criteria for the application and testing of diesel generator (DG) units
used as safety class standby power supplies in nuclear facilities. In general, the standard
applies to new nuclear facilities as well as for upgrading or back-fitting of existing facilities.
Existing facilities can voluntarily adopt the requirements to enhance the performance
capabilities and reliability of the installed DG units. The standard can be used in applications
where highly reliable onsite alternating current (AC) power source is required to maintain plant
safety following an event with potential loss of offsite power for an extended duration.

This document provides the principal design criteria, the design features, testing, and
qualification requirements for the individual DG units that enable them to meet their functional
requirements as a part of the standby power supply under the conditions produced by the design
basis events cataloged in the plant safety analysis.

Figure 1 shows the boundaries of systems and equipment included in the scope of this
document.
The following items are within the scope of this document:
a) The diesel engine, which includes the following:
1) the flywheel and coupling (if applicable),
2) the combustion air system and supply,
3) the starting system including storage of energy,
4) the starting energy system,

5) the fuel oil supply system (e.g., including the day tank, filters, piping, pumps, valves and
strainers between the day tank and the engine injection pumps),

6) the lubricating oil system including keep-warm system,

7) the cooling system (jacket water), starting at the point where the cooling medium is
introduced to the DG unit. (For a closed loop water-cooling system (radiator) supplied
as part of the DG unit, the starting point is water/air interface),

8) the exhaust system,
9) the governor system;
b) The generator, which includes the following:
1) the excitation and voltage regulation system,
2) the diesel generator output breaker at the switchgear,
3) the diesel generator grounding (earthing) system;

c) The local control, protection, and surveillance systems associated with the diesel engine,
the generator, and their auxiliary equipment and systems cited above. The design of control
systems is not in the scope of this document. However, the functional criterion is provided,;

d) The AC and direct current (DC) distribution systems associated with the diesel engine
including the battery (if supplied with the generator) for starting, field flashing, the generator,
and their auxiliary equipment and systems cited above, exclusive of the auxiliary power
system beyond the generator output breaker;

e) Fuel oil storage system (e.g., storage tank, transfer pumps, filters, piping, valves, and
strainers between the storage tank and the day tank);
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f) Cooling air and ventilation system;

g) Those elements that are essential to the safety function of DG units within the scope of this
document (see Figure 1);

h) Evaluation of the characteristics of the service environment relative to performance and
qualification.
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Figure 1 — Scope diagram

1.2 Inclusions for site testing

The following items are not in scope of the standard, and in general, the specific requirements
might not be applicable. These items or systems are included as they are essential for the
performance of the DG unit and also required for accomplishing site testing as described in
Clause 8.

a) The AC and DC power distribution system, which includes the following:

1) circuits for conveying AC power from the generator breaker up to and including the
dedicated safety class bus,

2) circuits for conveying AC or DC power to the DG units and associated controls,
3) DC power supplies (batteries and chargers), if dedicated to the DG unit;
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b) The remote and local control, protection (generator, engine, and auxiliaries), and
surveillance systems, which include the following:

1) devices for automatic and manual starting,
2) devices for load shedding and sequencing,
3) remote devices for the protection of the DG unit and its auxiliary equipment,

4) synchronizing equipment.
1.3 Exclusions
The following items are not in the scope of this document:

a) DG unit enclosure and foundations;

b) External service equipment (e.g., Heating Ventilation and Air Conditioning (HVAC) system)
and systems that are a part of, or that are housed in, the DG unit enclosure, other than
those identified in 1.2;

c) The control, protection, and surveillance systems for the following:
1) Protecting the loads energized by the DG unit,

2) Prevention of common-cause failure between the preferred power supply and the
standby power supply system;

d) Determination of the characteristics of the service environment;
e) Fire protection system.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies.
For undated references, the latest edition of the referenced document (including any
amendments) applies.

IEC 60034 (all parts), Rotating electrical machines

IEC 61226, Nuclear power plants — Instrumentation, control and electrical power systems
important to safety — Categorization of functions and classification of systems

IEC 62342, Nuclear power plants — Instrumentation and control systems important to safety —
Management of ageing

IEC 63046, Nuclear power plants — Electrical power system — General requirements

IEC/IEEE 60780-323:2016, Nuclear facilities — Electrical equipment important to safety —
Qualification

IEC/IEEE 60980-344, Nuclear facilities — Equipment important to safety — Seismic qualification

IEC/IEEE 62271-37-013:2021, High-voltage switchgear and controlgear - Part 37-013:
Alternating current generator circuit-breakers

IEEE Std 308-2020, IEEE Standard Criteria for Class 1E Power Systems for Nuclear Power
Generating Stations

IEEE Std 450, IEEE Recommended Practice for Maintenance, Testing, and Replacement of
Vented Lead-Acid Batteries for Stationary Applications
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IEEE Std 485, IEEE Recommended Practice for Sizing Lead-Acid Batteries for Stationary
Applications

IEEE Std 1106, IEEE Recommended Practice for Installation, Maintenance, Testing, and
Replacement of Vented Nickel-Cadmium Batteries for Stationary Applications

IEEE Std 1115, IEEE Recommended Practice for Sizing Nickel-Cadmium Batteries for
Stationary Applications

ASME OM, Operation and Maintenance of Nuclear Power Plants (Division 2, Part 16,
Performance Testing and Monitoring of Standby Diesel Generator Systems in Light-Water
Reactor Power Plants)

NEMA MG 1, Motors and Generators, available at http://www.nema.org/ [viewed 2024-03-11]

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminology databases for use in standardization at the following
addresses:

o |EC Electropedia: available at http://www.electropedia.org/
e |SO Online browsing platform: available at http://www.iso.org/obp
o |EEE Standards Dictionary Online: available at http://dictionary.ieee.org

3.1
acceptable
demonstrated to be adequate by the safety analysis of the plant

3.2

acceptance criteria

specified bounds on the value of a functional indicator or condition indicator used to assess the
ability of a structure, system or component to perform its design function

[SOURCE: IAEA Nuclear Safety and Security Glossary, 2022]

3.3

accident

any unintended event, including operating errors, equipment failures and other mishaps, the
consequences or potential consequences of which are not negligible from the point of view of
protection and safety

[SOURCE: IAEA Nuclear Safety and Security Glossary, 2022]
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