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FOREWORD
The present Manual on Quality Assurance (QA) for Installation and Commissioning of Instrumentation, Control and Electrical (ICE) Equipment of Nuclear
Power Plants contains supporting material and illustrative examples for implementing basic requirements of the quality assurance programme in procurement, receiving, installation and commissioning of this equipment. These requirements and
supplementary recommendations are contained in the Code of Practice on Quality
Assurance for Safety in Nuclear Power Plants (IAEA Safety Series No. 50-C-QA,
Rev. 1, 1988), and in the Safety Guide on Establishing the Quality Assurance
Programme for a Nuclear Power Plant Project (IAEA Safety Series No. 50-SG-QA1,
1984). In addition the IAEA has published a Guidebook on Nuclear Power Plant
Instrumentation and Control (IAEA Technical Reports Series No. 239, 1985) with
the purpose of giving advice in the field of nuclear power plant instrumentation and
control design, procurement, installation and operation.
This Manual on Quality Assurance for Installation and Commissioning of I C E
Equipment is designed to supplement and be consistent with the Guidebook as well
as with the IAEA Code and Safety Guides on Quality Assurance. It is intended for
the use of managerial staff and QA personnel of nuclear power plant owners or the
organizations respectively responsible for the legal, technical, administrative and
financial aspects of a nuclear power plant. The information provided in the Manual
will also be useful to the inspection staff of the regulatory organization in the planning and performance of regulatory inspections at nuclear power plants.
The final version of this Manual was prepared by N. Raisic, IAEA, using basic
material f r o m the first draft prepared by H. Roggenbauer, Austria, and P. Van
Gemst, Sweden, and f r o m additional contributions submitted by members of the
reviewing Advisory Groups.
Advisory Group Meetings to review the Manual were held in Vienna f r o m 21
to 25 April 1986 and f r o m 23 to 27 February 1987. (I) and (II) denote participation
in the Advisory Group Meetings in 1986 and 1987 respectively.
S. Ebneter, USA
R. Feraud, France
S. Goessner, Federal Republic of Germany
M . Hillairet, France
J. Koutsky, Czechoslovakia
V. Neboyan, IAEA

(I) + (ID
(I)
(I)
(II)
(I) + (П)
(II)

H. Oppolzer, Austria

(I)

N. Pieroni, IAEA

(И)

N. Raisic, (Scientific

Secretary),

IAEA

(I) + (И)

R. Ranieri, Italy
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P. Van Gemst, Sweden

(I)
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The final version was also reviewed by members of the International Working
Group on Nuclear Power Plant Control and Instrumentation.
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1. INTRODUCTION
1.1.

GENERAL

The IAEA Code of Practice on Quality Assurance (QA) for Safety in Nuclear
Power Plants (IAEA Safety Series No. 50-C-QA, Rev. 1), hereinafter referred to as
the Code, provides the requirement that for a nuclear power plant (NPP) project an
overall QA programme shall be established, consistent with the provisions of the
Code. The purpose of the QA programme is to provide for control and verification
of the activities associated with NPP design, construction, manufacturing, commissioning and operation. Consistent with the Code, the IAEA Safety Guide on Establishing of the Quality Assurance Programme for a Nuclear Power Plant Project
(IAEA Safety Series No. 50-SG-QA1) provides requirements and recommendations
on the establishment and documentation of the overall QA programme for a nuclear
power project as a whole and of the constituent QA programmes for specific phases
of a project, for specific activities or for a specific type of equipment. This equipment can be identified either via some specific functions which it performs in an NPP
or via a given set of requirements imposed on the equipment in accordance with
appropriate engineering codes, standards, specifications and practices. The control
of a constituent QA programme related to specific activities or to the type of equipment of an NPP shall also be consistent with the Code.
Although general QA requirements are identical to those for all other systems
and equipment in an NPP, technical aspects of activities related to instrumentation,
control and electrical (ICE) equipment, as well as the requirement that this equipment shall comply with specific engineering codes, standards, specification and practices, makes it necessary to consider the QA programme to be established and
implemented for ICE equipment as a constituent QA programme within the framework of the overall QA programme for an NPP. However, interfaces between ICE
equipment and other types of NPP equipment shall be clearly identified and appropriate control of the changes in engineering standards across the interfaces shall be
established.
The IAEA places special importance on information exchange among Member
States on ICE equipment and on providing guidance on design, manufacturing,
installation and operation of such systems. In 1982 the IAEA published a Guidebook
on Nuclear Power Plant Instrumentation and Control (IAEA Technical Reports Series No. 239) to summarize experience in that field and to give advice on such equipment to organizations preparing for their first nuclear power project.
This Manual on Quality Assurance for Installation and Commissioning of
Instrumentation, Control and Electrical Equipment in Nuclear Power Plants is
prepared to supplement both this Guidebook and the IAEA Code and Guides on QA.
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1.2. SCOPE AND PURPOSE OF THE MANUAL
This Manual provides guidance and illustrative examples on the establishment
and implementation of the quality assurance programme for instrumentation, control
and electrical equipment in NPPs that is consistent with the requirements of the
IAEA Code and Safety Guides on QA for Safety in Nuclear Power Plants.
The Manual is intended to be used in the first place by managerial staff and
QA personnel of the nuclear power plant owner or of the organizations respectively
responsible for legal, technical, administrative and financial aspects of an NPP. In
the scope of its general responsibility such an organization shall also be responsible
for:
(1)
(2)

(3)

Establishing and documenting an overall QA programme for the NPP;
Providing architect engineer (A/E) and other contractors with clear direction
as to the QA programme objectives, needs, scope, and requirements, and
delegating the function of establishment and implementation of the constituent
QA programmes that will be parts of the overall QA programme for the NPP;
Requiring and establishing a surveillance and audit system to ensure effective
implementation of the QA programme.

It is intended that the information provided in the Manual should also be useful
to the inspection staff of the regulatory organization when they are planning and performing regulatory inspections at an NPP. However, the Manual does not indicate
all the detailed information necessary when performing first line inspection of equipment and installations for the purpose of acceptance or rejection of items or the work
during or after the manufacture or installation of ICE equipment. These basic quality
control (QC) inspections are normally performed by organizations contracted for
these purposes. Within the scope of their constituent QA programme they should
develop specific procedures and instructions for the first line inspection and tests.
However, the Manual includes a review of the job and task analysis of the QC inspector as well as indicating the technical requirements for development of acceptance/rejection criteria for items or activities.
Considering that specific QA functions of the plant owner related to ICE equipment are particularly pronounced when such equipment arrives on the site and during
its installation and commissioning, this Manual places emphasis on the construction
and commissioning phase of a nuclear power project. The QA requirements and
practices for design and procurement of ICE equipment are similar to those for other
types of equipment. They are covered in a short analysis of the respective QA functions during these activities, including surveillance of on-site design (design changes
and modifications) as well as on-site procurement. The Manual covers specifically
those QA activities related to ICE equipment from the time of the receiving inspection and acceptance of equipment on the site, through storage, installation, turnover
for pre-operational and startup testing until the plant is taken over by the owner for

2

commercial operation. The Manual deals mainly with on-site activities. Quality
assurance functions related to off-site activités such as engineering, procurement and
manufacturing are mainly considered in relation to on-site activities such as acceptance and receiving of equipment (interface with procurement and manufacturing)
and on-site design and design changes (interface with engineering design of the ICE
equipment).
Taking into account that this Manual is an element in the IAEA programme
for implementing IAEA Safety Codes and Guides, an effort has been made to ensure
its consistency with requirements and recommendations contained in those documents as well as with their terminology.
In the hierarchy of the IAEA QA publications the manuals are low level documents intended primarily to provide information to the NPP owner's managerial staff
and QA personnel. They contain no requirements but guidance and illustrative
examples of methodology to implement existing QA requirements in specific activities. This Manual is intended as a guideline for the performance of QA activities in
the component area of ICE equipment, and the desired aim is to provide QA personnel with the knowledge and skills necessary to plan, document and perform the
assigned task related to QA functions for ICE equipment satisfactorily.

2. QUALITY ASSURANCE PROGRAMME
ESTABLISHMENT AND DOCUMENTATION
2.1.

INTRODUCTION

Before proceeding with guidelines for establishing the required QA
programme for ICE equipment in an NPP it is necessary to clarify the terms 'quality', 'quality assurance', 'QA programme' and 'constituent QA programme' that will
be used throughout this Manual.
Quality as used in this document represents: "those characteristics of an item
or a service which collectively contribute to its ability to satisfy the requirements of
its intended service". Many quality characteristics are inherent in each item. These
might be defined in terms of properties (dimensional, physical, electrical, etc.), state
(temperature, pressure, density, electrical resistance, etc.) or performance (speed,
output, consumption, accuracy, reliability, life expectancy, etc.). In NPP systems
components that prevent or mitigate the consequences of postulated accidents are
required to be of a quality determined to be consistent with their importance to
safety.
Quality assurance as used here refers to: "All those planned and systematic
actions necessary to provide adequate confidence that an item or a facility will perform satisfactorily in service".
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The ultimate quality of an item will result from two basic functional processes.
These are the quality achieving process and the quality assuring process.
(1)

The quality achieving process includes such activities as design, manufacturing, construction and operation. If such activities are performed in a planned
and systematic way, the quality characteristics will be attained.

(2)

The quality assuring process is made up of the activities that provide for a
planned and controlled way of performing work and verifying that the required
quality characteristics of an item or service are in fact attained. Typical quality
assuring activities are planning, controlling, inspecting, testing, verifying and
recording.

as used here represents: " A l l the activities
Quality assurance programme
established, documented and implemented to assure quality". The integrated body
of activities that constitutes a quality assurance programme will normally consist of
two basic types of activity. These are characterized as programmatic or administrative, and work oriented or technical activities.
(1)

The programmatic activities encompass establishment and implementation of
an administrative or management system that assures that quality achieving
activities are performed in a planned and systematic way, based on qualified
procedures and instructions, and performed by qualified personnel according
to established plans and schedules under controlled conditions according to
established requirements or codes, standards and specifications.

(2)

Work oriented or technical activities are related with correct performance of
the work and verification that the quality objectives are attained. Verification
methods include inspection, testing, surveillance and auditing.

The programmatic and technical activities also encompass all those functions
that are related to the use of the QA programme as a management tool. Besides establishment and implementation of the programme, that also includes feedback of information to the management for ensuring corrective action and evaluation of the
programme effectiveness as well as ensuring that its goals and objectives are
achieved.
Constituent quality assurance programme as used here represents: " A n y portion of the quality assurance programme directly or indirectly implemented in specified activités for a specific type of equipment, or by a given organization".
All quality assurance activities related to a specific activity or type of equipment may be considered as a constituent quality assurance programme. The main
characteristics of a constituent Q A programme are that it is a portion of the overall
Q A programme for an N P P , that it is limited in scope to specified project activities,
types of equipment, or phases of the project, and that it must have defined interfaces
with other constituent Q A programmes within the overall QA programme. A constituent QA programme can be implemented by one or by several organizations.

Quality assurance activities related to I C E equipment can be considered as a
constituent Q A programme. This programme may consist of several subprogrammes
implemented by various organizations such as designers, manufacturers, installers,
etc., but all these subprogrammes shall be co-ordinated by the plant owner or organization to which this task is delegated. This Manual will mainly consider QA activities
related to ICE equipment as a constituent QA programme within an overall Q A
programme for an N P P .

2.2.

Q A P R O G R A M M E E S T A B L I S H M E N T F O R ICE E Q U I P M E N T

The work of establishing the required QA programme for I C E equipment is
a progressive effort. It starts with the initial establishment of the overall N P P
programme by or for the plant owner. It then proceeds to assign portions of the work
of establishing and implementing a part of the programme to organizations participating in nuclear power project activités, including the plant owner itself. The work of
establishing the overall programme and each of its constituent programmes may proceed in steps as follows.
(1)

Identification of the objectives to be attained through the implementation of the
required Q A programme;

(2)

Identification of the scope of application and coverage of the programme
regarding items and activities;

(3)

Identification of the technical basis of the programme and compliance with
requirements of given engineering codes, standards, specifications and
practices.
Identification of QA requirements and content of the programme.

(4)

2.2.1.

Objectives of the QA programme for ICE equipment
The objectives of the QA programme for ICE equipment during a nuclear

power project shall be in general terms to provide the controls and verifications that
are needed to ensure that:
(1)

All activities that have an effect on the quality of the I C E equipment that performs functions important to nuclear power plant safety are correctly performed. To achieve this objective (a) I C E equipment that performs safety
functions shall be identified as well as (b) all activities that have an effect on
the quality of each component and system during its design, manufacture,
installation and operation.

(2)

The quality characteristics achieved in these components and systems shall
comply with established requirements.
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(3)

Feedback of information regarding the work activities to the management is
ensured, thus permitting identification of deficiencies and implementation of
corrective action.

2.2.2.

Scope and coverage of the QA programme for ICE equipment

Criteria for the application of the QA programme shall be defined. The Code
requires that a quality assurance programme shall be applied to "structures, systems
and components important to s a f e t y " . The plant owner may decide to apply the Q A
programme also to items not important to safety if their correct functioning is important for efficient power plant operation. However, regulatory requirements, codes
and standards require implementation of Q A programmes only for those components
and systems that perform functions important to safety. Consequently, in establishing
the QA programme all structures, systems and components important to safety shall
be identified. To provide this identification it will be necessary to review and analyse
the functions of each system and component in the NPP. This requires:
(1)

Dividing the power plant into constituent elements of structures, systems and
components.

(2)

Analysing the functions to be performed by each structure, system and
component.

(3)

Identifying the functions important to safety that are performed by each structure, system and component.

(4)

Identifying which feature or characteristics of each structure, system and component are involved in the performance of functions important to safety.

(5)

Identifying all activities that have an effect on the quality of those features or
on quality characteristics.

(6)

Including these activities affecting the quality of safety related items in the QA
programme's scope and coverage.

2.2.3.

Safety classification and categorization of ICE equipment

The IAEA Safety Guide on Safety Functions and Component Classification for
B W R , P W R and PTR (IAEA Safety Series No. 50-SG-D1) contains a list of safety
functions that shall be accomplished at an N P P . This list can be used in deciding
whether a particular ICE equipment system is important to safety or not and how it
can be classified. In principle, such systems are subject to given design requirements
and others that specify the required quality and functional characteristics of such
systems. The systems identified as important to safety shall also be subject to the
quality assurance programme.
The safety classification system as presented in this Safety Guide provides the
rationale to correlate safety requirements with the importance of the functions per-
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formed by the equipment. The system is based on two broad categories of equipment,
namely, systems important to safety and systems not important to safety.
In the same way, following the IAEA Safety Guide on Safety-Related
Instrumentation and Control Systems for Nuclear Power Plants (IAEA Safety Series
No. 50-SG-D8), ICE equipment systems in a nuclear power plant can be classified
into two broad categories:
(1)

Systems important to safety. These can be divided into
(a) Safety systems, and
(b) Safety related systems.

(2)

Systems not important to safety.
Systems are important to safety if they belong to the following categories:

(1)

Systems whose malfunction or failure could lead to undue radiation exposure
of the site personnel or members of the public,

(2)

Systems which prevent anticipated operational occurrences f r o m leading to
accident conditions,

(3)

Those features which are provided to mitigate the consequences of malfunction
or failure of structures, systems or components.

In IAEA Safety Guide No. 50-SG-D1 an example is given of how fluidretaining components of an N P P can be further classified in respect of safety. Four
safety classes are chosen to represent various safety functions of these components
and their relative importance to safety.
However, there are no generally accepted principles for classifying safety systems in NPPs.
IAEA Safety Guide No. 50-SG-D8 does not classify I C E equipment systems
important to safety but merely divides instrumentation and control (I&C) safety systems into three broad categories related to the safety functions they perform:
(1)

Protection systems: those which directly perform safety functions such as
initiating reactor trip, emergency core cooling, decay heat removal, containment isolation, containment spray, containment heat removal, etc.

(2)

Actuation systems: those systems which perform actuation for the reactor protection. In some categorizations (USA) both protection and actuation systems
are categorized as basic safety systems.

(3)

Safety system support features or auxiliary supporting systems are those which
must function to enable operation of the basic safety systems, e.g. component
cooling systems, service water system, emergency power system, electric
power systems which serve engineered safety features (ESF).
Other systems important to safety are those which operate to reduce the proba-

bility of occurrence of specific accidents or to maintain the plant in operating conditions as required to assure full protection capability. These are primarily systems
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having a functional interface with the operator, such as interlocks, position indicators, alarms related to various safety systems, etc.
For all these safety systems there are general elements which consist of:
— 'sense and command' features
— 'execute' features
— power supply (electrical power, compressed air, etc.)
— cables and wiring, etc.
As a rule all activities having an effect on the quality of the safety systems in
a nuclear power plant will be subject to all requirements of specified quality assurance standards.
The same I A E A Safety Guide (No. 50-SG-D8) defines the engineering characteristics of safety related I&C systems and provides detailed guidance on the design
and functional requirements for such systems. Safety related systems include, among
others, control and instrumentation equipment for the following functions in an NPP:
(a)
(b)

Fire detection and extinguishing
Fuel handling and storage

(c)

Monitoring state of safety

(d)
(e)
(f)

Radiation monitoring
Control room instrumentation
Power regulation.

In principle, all systems related to safety will also be subject to the QA
programme, but the degree of effort, for control and verification, to be applied to
such systems may vary and will be based on an analysis of the nature of malfunctions
within them which could result in a threat to safety.
In establishing the scope of the QA programme one should take advantage of
the fact that identification of equipment important to safety in NPPs is performed also
for other purposes. Classification of I&C equipment into classes important to safety
and not important to safety is done in an N P P primarily for the purpose of providing
for equipment important to safety:
(1)

Functional requirements and design criteria,

(2)
(3)
(4)

Minimum operational conditions under which NPPs operate,
Surveillance requirements,
Q A programme requirements.

The IAEA Codes and Guides in the Design and Quality Assurance Series identify safety functions, establish design criteria and specify Q A requirements which
will apply to this equipment. Consistent with this categorization, a number of international and national standards provide requirements and establish guidance for identification, classification, design, and qualification of this type of equipment. These
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standards can also be used as a guidance for determining scope and coverage of the
QA programme.
It is customary for nuclear power industry standards to classify all electrical
equipment into two broad categories: class I E and non-class-IE equipment. These
two classes will broadly correspond to systems important and not important to safety,
respectively.
Class IE electrical equipment and systems are those which are essential for
emergency reactor shutdown, reactor containment isolation, reactor core cooling and
containment, reactor heat removal or which otherwise are essential in preventing any
significant release of radioactive material to the environment. Within the broad class
of class I E equipment there exists no additional safety classification. However, in
some national standards, such as the French R C C - E , class I E equipment is subdivided into two categories for the purpose of functional and environmental qualification requirements.
Category 1EA equipment comprises those items located in the containment
which are required to function during and after an accident inside the containment.
Category 1EB equipment comprises those items located outside or within the
containment which are not required to operate after the beginning of an accident.
Such subdivision into two or more subcategories is used also in various national
practices.
The following systems may be considered as class I E type of equipment:

(1)
(2)
(3)

AC power systems
D C power systems
Vital instrumentation and control power source systems.
The following general elements of these systems are included:

(a)
(b)

(c)
(d)
(e)
(f)

(g)

Power sources (batteries, diesel generators, etc.)
Components and distribution equipment (transformers, buses, switchgear,
cables, raceways, battery chargers, inverters, etc.)
Sensing and monitoring equipment (analogue and logic sensors)
Actuation devices (circuit breakers, controllers, control relays, control
switches, pilot valves, etc.)
Actuated equipment (motors, actuators, solenoids)
Rod control and positioning (drive mechanism, coil connectors)
Instrumentation and control associated with power supply and distribution.

Not considered as class I E equipment are the unit generator and its buses;
generator breakers; step-up, auxiliary and startup transformers; connections to the
station switchyard, transmission lines and transmission network, etc.
Although standards for class I E equipment do not apply to non-class-IE electrical equipment the equipment shall be constructed in accordance with the design
and quality assurance requirements consistent with good practice for electrical equipment for steam power plants.
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In Annex I of this Manual a review is made of basic I C E equipment in an N P P
with a classification subdividing it into groups important to safety (class IE) and not
important to safety (non-class-IE).

2.3.

T E C H N I C A L BASIS F O R QA P R O G R A M M E E S T A B L I S H M E N T

As required by the Code, the establishment of the QA programme shall include
consideration of the technical aspects of the activities to be performed. The
programme shall contain provisions to ensure identification of and compliance with
requirements of appropriate regulatory documents, recognized engineering codes,
standards, specification and practices.
It is not the task of the Q A programme establishment to develop functional
requirements, criteria and technical specification for the equipment to be subject to
the programme but only to identify existing requirements that specify the needed
quality characteristics of the equipment. These requirements are established through
regulatory requirements, national codes and standards and other consensus standards. The application of existing national industrial codes and standards to ICE
equipment includes both systems and individual components. These standards generally specify the functional requirements of the system and identify necessary design
features such as requirements for redundancy, capability, availability, independence,
single failure criteria, interaction, separation, testability, etc. Quality requirements,
in terms of needed quality characteristics for a given use of individual components,
are also specified. The technical basis for establishment and implementation of the
QA programme consists of a set of design, procurement, installation and testing
specifications which incorporates all pertinent requirements of regulatory standards,
industrial standards, national electric codes, national electric safety codes and other
specific requirements established by the designer. To satisfy established functional
requirements (environmental, post-accident, etc.) under specified operational conditions in an N P P a particular component must be 'qualified' for a given use according
to standard requirements. Methods of qualification are specified by the standards as
well and may include testing under specified conditions, operating experience with
the component or analysis.

2.3.1.

General design and operation criteria

These criteria are specified by regulatory requirement for design and operation
of NPPs. The IAEA Code of Practice for Design for Safety of Nuclear Power Plants
(IAEA Safety Series 50-C-D) provides general design criteria and a design basis for
plant systems and components.
Among general design criteria and the design basis for nuclear power plant
equipment specified in this Code, the following directly address I C E equipment
systems.
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Instrumentation and control
I&C shall be provided to monitor variables and systems over their anticipated
ranges for normal operation, for anticipated operational occurrences and for .actual
conditions as appropriate to assure adequate safety.

Control room
A control room shall be provided f r o m which the N P P can be safely operated
in all its operational stages and from which measures can be taken to maintain the
plant in a safe state. Adequate radiation protection shall be provided to permit access
and occupancy of the control room under accident conditions.

Supplementary control points
Sufficient I&C equipment shall also be located at points physically and electrically separated f r o m the control room.

Protection system
The protection system shall be designed to initiate automatically the operation
of appropriate systems, to sense accident conditions and to initiate the operation of
systems and components important to safety (safety and safety related systems).

Protection system reliability and testability
The protection systems shall be designed for high functional reliability and
periodic testability commensurate with the safety functions to be performed. Redundancy and independence designed into protection systems shall be sufficient to assure
that no single failure results in loss of the protection functions and removal from service of any component important to safety.

Protection system independence
The protection system shall be designed to ensure that the effects of natural
phenomena, of normal operation, maintenance and testing, and postulated accident
conditions on redundant channels do not result in loss of the protection functions.

Separation of protection and control systems
The protection system shall be separated f r o m control systems to the extent that
failure of any single control system component or channel, or failure or removal
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f r o m service of any single protection system component or channel which is common
to the control and protection systems leaves intact a system satisfying all requirements as to the reliability, redundancy and independence of the protection system.

Periodic testing of protection system
The system shall be designed so as to permit periodic testing of its functioning
when the reactor is in operation, including a capability to test channels independently
to determine failure or losses of redundancy that may have occurred.

Single failure criterion
Equipment shall be able to meet its purpose despite a single random credible
failure assumed to occur in the assembly.

Reactivity control system redundancy
Two independent and diverse systems shall be provided for reactivity control
and shutdown. Each one shall be able to perform its function in the event of a single
failure.

Reactivity control system capability
At least one of the reactivity control systems shall be capable of rendering the
reactor subcritical from normal operation conditions and shall maintain the reactor
subcritical by an adequate margin even in the most reactive situation of the core.

Electric power systems
An outside electric power system and an off-site electric power system shall
be provided to permit functioning of systems important to safety. The on-site electric
power supplies, including diesel generators, batteries and on-site electric distribution
system shall have sufficient independence, redundancy and testability to perform
their safety functions in the event of a single failure.

Inspection and testing of electric power systems
Electric power systems important to safety shall be designed to permit
appropriate periodic inspection and testing of important areas and features, such as
wiring, insulation, connections and switchboards, to assess the continuity of the systems and the condition of their components.
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General design and operation criteria are specified in a number of national
regulatory requirements. In Annex II examples of the applicable design criteria
codes and standards related to I C E equipment are given for the USA.

2.3.2.

Safety guides and recommendations

Safety guides and other regulatory documents provide recommendations on
how to satisfy general requirements specified in regulatory criteria and other mandatory documents. T h e IAEA has published several Safety Guides related to design and
operational principles and practices related to ICE equipment. In the area of design,
the following Safety Guides directly address I C E equipment.

Safety Series No. 50-SG-D1: Safety Functions and Component Classification for
BWR, PWR and PTR
This Guide provides recommendations for the safety classification of N P P
components for the purpose of their design, fabrication, installation and testing. It
may represent a basis for selecting the scope and grading quality assurance
programme requirements based on safety functions of the components.

Safety Series No. 50-SG-D3: Protection System and Related Features in Nuclear
Power Plants
This Guide provides functional requirements and detailed design principles and
design verification guidance for protection systems including sensing and control
devices, actuation systems and safety system supporting features. This Guide gives
general guidance on the design of N P P safety systems.

Safety Series No. 50-SG-D8: Safety-Related Instrumentation and Control Systems for
Nuclear Power Plants
This Guide provides guidance on design requirements and the design basis of
those I&C systems specified as related to safety, i.e. those not directly performing
safety functions but which contribute to satisfactory performance of these through
monitoring, transmitting and controlling process and plant parameters that may have
importance to safety. This Safety Guide interfaces with other Safety Guides in the
design and operation series such as:
Safety Series No. 50-SG-D2:

Fire Protection in Nuclear Power Plants

Safety Series No. 50-SG-D9:

Design Aspects of Radiation Protection for
Nuclear Power Plants
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Safety Series No. 50-SG-D13:

Reactor Coolant and Associated Systems in
Nuclear Power Plants

Safety Series No. 50-SG-D14:

Design for Reactor Core Safety in
Nuclear Power Plants

Safety Series No. 50-SG-03: Operational Limits and Conditions for Nuclear Power
Plants
This Guide provides guidance on establishing and controlling plant operation
and safety by setting limits and conditions on plant parameters, including reactor protection and other safety system settings.

Safety Series No. 50-SG-08: Surveillance of Items Important to Safety in Nuclear
Power Plants
This Guide provides guidance on surveillance of items important to safety such
as the reactor protection system, shutdown systems, etc. It also recommends surveillance methods.
National legislatures in the IAEA Member States have issued a number of
Safety or Regulatory Guides related to I C E equipment. These may be supplemented
with additional documents describing methodology and positions as regards technical
solutions meeting specific ICE equipment requirements, as submitted to the regulatory organization for approval in the Safety Analysis Report.
A list of U S N R C Regulatory Guides (RGs) and Branch Technical Positions
(BTP) related to ICE equipment is presented in Annex II.

2.3.3.

Industrial codes and standards related to ICE equipment

Technical bases for the design, manufacture, installation and testing of ICE
equipment are contained in international and national codes and standards. In
identifying industrial standards to be used one should take into account that only a
limited number of those standards are identified as nuclear standards. The others are
in general used both in nuclear and conventional industry and among other technical
aspects also include all requirements for industrial safety related to the use of electrical equipment. Because of the broad selection of national codes and standards that
are in use in Member States consistent with national requirements, only a brief
review of the main organizations responsible for the preparation and publication of
ICE equipment standards will be given here.
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2.3.3.1.

International Electrotechnical Commission (IEC)

This is a unique international organization responsible for the development and
publication of standards in the area of ICE equipment. Within the scope of the activities of IEC Technical Committee T-45, Nuclear Instrumentation, a series of standards has been developed and published containing functional requirements for the
main components used for nuclear instrumentation. Two sets of standards are being
developed by two subcommittees: SC.45A, Reactor Instrumentation,
and SC.45B,

Radiation Protection

Instrumentation.

By 1987 about 100 standards had been published by these two subcommittees.
These deal with a variety of subjects related to nuclear instrumentation, starting with
general principles for operation of nuclear instrumentation and basic functional
requirements, to dimensional requirements of electronic instrument modules, standard dimensions for scintillators, etc. Few standards address test methods for
specific electronic equipment and instruments. There are no specific IEC standards
dealing with Q A - Q C of nuclear instrumentation.

2.3.3.2.

National standards

National industry codes and standards are available and used in the design,
fabrication, manufacturing and installation of ICE equipment systems and
components.
These industry standards generally specify the functional requirements of the
system and of specific components, and identify design restrictions or system design
requirements such as redundancy, reliability, capability, surveillance, independence,
testability, etc. In the same way quality requirements or design margins for the
individual components are specified. A number of standards establish principles and
methodology for "qualification of a particular component for a specific applicat i o n " . Qualification normally includes type testing under specified test conditions
(environmental, seismic, ageing, etc.), records of satisfactory operating experience
or, as appropriate, analysis.
National industry codes and standards for I C E equipment are in existence in
all nuclear power plant vendors' countries and are used both nationally and in export
projects. In principle these national industry codes and standards provide guidance
in implementing national design criteria formulated in the regulatory requirements
for nuclear power plants.
In addition to the nuclear codes and standards specifically developed for use
in nuclear power plant design, installation and operation, a series of conventional
codes and standards addressing electrical equipment design and installation are also
in use in the nuclear industry. These include a set of standards incorporated in the
National Electric Safety Code that addresses such aspects as:
— installation and maintenance of electric supply stations and equipment
— installation and maintenance of electric supply and communication lines
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— practices for grounding of electric power systems
— insulators and insulation
— functional requirement for specific electrical components
— cable pulling, splicing and termination.
Both nuclear and conventional industry standards are the basis for development
and implementation of specific procedures and instructions for inspection of ICE
equipment in various phases of a nuclear power project.

2.3.3.2.1.

Industry codes and standards for ICE equipment in the USA

In the USA, development, approval and publication of industry codes and standards for ICE equipment is the responsibility of the Institute of Electrical and Electronics Engineers (IEEE). The IEEE is a national technical and professional
engineering society that, among other tasks, deals with all matters relating to the
electrical aspects of nuclear engineering, including the advancement of technical
standards.
Arbitrarily, nuclear standards developed and published by the IEEE can be
clustered around a few specific areas:

(a)

Standard criteria for safety systems for nuclear power plants

This group of standards establishes minimum functional and design requirements for safety systems for NPPs. The standards provide guidance on implementation of the design criteria specified in national regulatory requirements such as in the
US Code of Federal Regulations 10-CFR-50, Appendix A, applicable to N P P
instrumentation, electric power systems and control rooms.

(b) Standard criteria for class IE power systems for nuclear power generating
stations
This group of standards represents criteria and requirements for class I E electric power systems in nuclear power generating stations. The standards include
guidance in determination of the design features, surveillance requirements and testing requirements for the electric power systems in NPPs.

(c)

Qualification requirements and practices for class IE equipment

This group of standards is based on generic requirements for qualifying class
I E equipment for NPPs. They provide qualification procedures and methods that
shall confirm that the equipment design will perform its class I E functions under normal, abnormal, design event, post design event and containment test conditions.
Considering that 'qualification' is by definition " t h e demonstration by type test,
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previous operating experience or analysis", the IEEE standards express a preference
for type testing under appropriate conditions using actual equipment. A series of
standards is headed by IEEE Standard 323-1974, Qualifying Class I E Equipment for
Nuclear Power Generating Stations, which is currently recognized in the USA as a
basic document for establishing a qualification programme. In addition, up to 16
'daughter' documents cover major equipment and environmental areas.

(d)

QA, inspection and testing requirements for ICE equipment

This group of standards includes requirements and guidance on testing and
inspection of individual equipment as well as general requirements for Q A
programme establishment and implementation in the design, manufacturing and
installation of I C E equipment.

(e)

Other IEE and American National Standards Institute (ANSI) standards

There are other non-nuclear standards in use for nuclear generating stations.
They are classified both as IEE and/or ANSI standards, i.e. US national consensus
standards indexed as ANSI-C. The most frequently used are:
ANSI C I — National Electric Code
ANSI C2 — National Safety Code.

2.3.3.2.2.

Industry codes and standards for ICE equipment in France

The French design, construction, installation and testing requirements for electrical equipment of NPPs are published in the form of a Code by A F C E N (Association française pour les règles de conception et de construction des matériels des
chaudières électro-nucléaires). The Code rules apply to equipment whose failure
would adversely affect plant availability and safety. This Code is one division of the
Code of Design and Construction Rules for Power Generating Stations (RCC-...) and
in the framework of these rules it is specified as RCC-E. The RCC-E is intended
to supplement the French industry standards published by A F N O R (Association française de normalisation) indexed as N F or as U T E 1. The RCC-E identifies equipment
to be subject to the rules of this code as class I E equipment, further categorized as
category 1EA and category 1EB equipment.
The class I E equipment is defined in R C C - E as the safety class of electrical
equipment essential to: emergency shutdown, containment isolation, emergency core
cooling, residual heat removal f r o m the reactor, heat removal from the reactor building, prevention of significant release of radioactive material to the environment. The
RCC-E Code provides lists of equipment subject to the RCC-E Code or lists of class
I E items which include all category 1EA and 1EB equipment.
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According to Code Section A5000 the main contractor or the power plant
owner is responsible for:
(1)

Preparing and implementing of the Q A programme for all activities related to
the quality of equipment subject to the R C C - E Code.

(2)

Notifying each manufacturer of the applicable QA requirements. The QA
requirements to be followed for the equipment subject to the RCC-E code are
those of the IAEA Code of Practice on Quality Assurance for Safety in Nuclear
Power Plants (Safety Series No. 50-C-QA, Rev. 1).

(3)

Verifying that manufacturers meet QA requirements specified.

The R C C - E Code establishes the minimum requirements to be followed by the
parties involved in the design, manufacturing and installation of electrical equipment
for nuclear steam supply systems (NSSS). It is both a technical and contractual document, which is referenced in all contracts related to electrical equipment in an N P P .
For specific technical requirements the Code refers to the French standards
(NF), the U T E and also IEC (International Electrotechnical Commission) standards.

2.3.3.2.3.

Nuclear codes and standards for I C E equipment in the Federal Republic

of Germany
At the level of regulatory requirements in the Federal Republic of Germany
a series of standards has been developed by the Nuclear Technology Commission
(KTA, Kerntechnischer Ausschuss). These KTA standards emphasize the basic,
safety related, regulatory aspects of nuclear power plants. They are developed to
provide guidance on how to meet the criteria for safety of N P P s established and
enforced by the Federal Ministry for the Interior.
At the industrial level the Nuclear Standard Committee (NSC) of the Federal
German National Standards Institute (DIN) has developed over 120 nuclear standards related directly to NPPs. In addition, a large number of national standards such
as DIN and V D I / V D E , developed for conventional industry, are in use in the nuclear
industry after being evaluated and approved for nuclear application.
A number of K T A standards have also been adopted as DIN standards and have
both KTA and DIN indexing.
One should take into account that according to Federal German practices a
number of test procedures for I C E equipment have been developed and are used by
the Independent Inspections Association (UdTÜV), which is authorized for the
inspection, testing and approval of N P P equipment during manufacture, installation
and operation.
Annex III provides a list of the most important national standards for I C E
equipment. This includes the US-IEEE, French R C C - E and Federal German K T A DIN standards.
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2.4.

QA P R O G R A M M E R E Q U I R E M E N T S F O R ICE E Q U I P M E N T

Quality assurance programme requirements are specified in a number of international and national codes and standards on QA.
The IAEA has published the Code of Practice on Quality Assurance for Safety
in Nuclear Power Plants (Safety Series No. 50-C-QA, Rev. 1), which contains
requirements also applicable to I C E equipment. This document is supplemented by
a series of Safety Guides containing both requirements and recommendations on
implementation of the QA requirements in various phases of a nuclear power project
or in specific activities. These documents are now used in a number of IAEA Member States as regulatory requirements or recommended practice. A close link and
consistency can be found between the Q A standards of the IAEA and QA requirements of the USA specified in the Code of Federal Regulations, 10-CFR-50, Appendix B.
In all the countries with a nuclear power programme, Q A is a regulatory
requirement. With respect to these requirements the plant owner is responsible for
the following:
(1)

Establishment and implementation of the Q A programme in accordance with
regulatory requirements in all activities related to quality of equipment and
services important to the safety of nuclear power plant.

(2)

Passing on QA requirement to all suppliers and other contractors, in respective
contractual arrangements.

(3)

Verification that all contractors meet requirements specified in the contract.

Consistent with the specification of the Code or other relevant standards it is
not necessary for all contractors to establish a Q A programme which complies in all
respects to all Q A requirements specified in the Code. The plant owner may, within
the scope of its own overall QA programme, draw up specifications for grading the
Q A programmes of its contractors and stipulate which provisions of the Code are
applicable, and to what degree.
In grading Q A programme requirements for an item or activity the main factors to be considered are:
(a)
(b)

The importance of the item or activity to the safe operation of the N P P .
The complexity, uniqueness or novelty of the item.

(c)

The quality history and degree of standardization of the item or activity.

(d)

The degree to which functional compliance can be demonstrated by inspection
and testing.

(e)

Accessibility of the item after installation in the plant for maintenance, replacement and in-service inspection.
The QA programme activities can be graded with respect to the scope of the

application of QA requirements and to the degree of control and verification efforts
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that should be applied. With regard to the scope of application of the QA requirements one may select and implement all or some of the requirements specified in the
Code. However, when a QA standard is part of the regulatory requirements all
applicable requirements shall be implemented, but the degree of control and verification may vary depending on the factors specified above.
Factors to be considered in determining the degree of control and verification
to be applied in a specific QA programme include:
(a)

(b)

(c)

(d)

(e)

Number and content of procedures and instructions: Procedures and instructions for work activities should be prepared to the extent necessary for correct
performance of the work.
Methods of verification: Verification can be performed on one or several
levels. First line inspection and tests for the purpose of acceptance of an item
is a standard method of verification used in both conventional and nuclear
industry. It can be supplemented by surveillance or monitoring of the activities
by the customer, plant owner and regulatory body and supervised by internal
and external audits of the QA programme.
Extent of verification: Inspections and tests can be organized on a sampling
basis using statistical methods of acceptance or could be implemented on the
basis of 100% inspections and tests.
Independent verification: Some products may require an independent verification by authorized inspection agencies for the purpose of satisfying regulatory
or specific code requirements.
QA records: The need for records should be evaluated. The amount of records
needed as objective evidence of quality may vary, depending on the type and
function of the equipment. Also the need for establishment of a QA records
system should be evaluated.

2.4.1. QA programme grading
The IAEA Manual on the Selection of Appropriate Quality Assurance Programmes for Items and Services of a Nuclear Power Plant, IAEA-TECDOC-303,
provides methodology and illustrative examples of how to select an appropriate QA
programme for items or activities related to NPP design, manufacture, construction
and operation.
According to this methodology, the following steps should be taken in establishing an appropriate QA programme level:
(1)

(2)
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The first step consists of classifying items and activities using primarily the
criteria of importance to safety as well as the other relevant criteria previously
identified.
The second step consists of specifying the applicable QA activities and requirements to be invoked in the bid specification and in the contracts for procure-

(3)

ment of equipment and services. There can be a single or several sets of
specifications, depending on the type of items and services to be procured.
The third step consists in correlating appropriate equipment classes or classes
of services with appropriate sets of QA specifications and requirements. Following this methodology, grading of the QA programme to be applicable in
the procurement of equipment and services would be possible. For selecting
an appropriate QA programme for design, manufacturing and installation of
ICE equipment, the safety classification and categorization as described in Section 2.2.3 of this Manual may be used. On the basis of this classification it
would be possible to identify the following safety classes:
(a)

(b)

Equipment important to safety, with further subdivision into safety
systems and systems related to safety. This class includes all electric
power class IE equipment.
Other ICE equipment not important to safety, including electric power
non-class-lE equipment.

Within the class of equipment important to safety it would be possible to make
subdivisions using other criteria besides importance to safety. To this end, in some
countries or organizations a subclass of equipment categorized as 'Class IE Standard
Catalogue Items' is identified for the purpose of establishing a QA programme
appropriate for this equipment. Class IE Standard Catalogue Items are defined as
those items with an essentially standard design, not necessarily unique to each
procurement, which may require less QA effort than class IE equipment with a
unique design and manufacturing process.
Also, for the class of equipment not related to safety further subdivision is possible for the purpose of establishing selected, but limited, QA requirements for certain items. For this purpose such equipment may be divided into two subclasses:
NN-SC-A: Non-Nuclear Safety Class A — This includes some specified equipment or activities not related to safety but making some contribution to safe and reliable operation.
NN-SC-B: Non-Nuclear Safety Class В — All other equipment not related to
nuclear safety, for general use or for stock.
To fit the existing classification of ICE equipment the QA activities can be
graded initially into two major categories:
(1)

(2)

QA programme activities that shall follow the requirements of the appropriate
international and national standards such as the IAEA Code of Practice on
Quality Assurance.
QA activities that do not follow the QA standard requirements specified for
NPPs but are consistent with common industrial practice for this type of equipment, including inter alia industrial quality control.

In the QA programme activities that follow the standard QA requirements,
there may be graded QA programme levels established in advance that consider
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selected factors for the determination of the degree of control and verification to be
applied. These may be pre-established QA programme models to be used in contractual arrangements with various contractors. Otherwise, for each type of equipment
or services an appropriate customized QA programme can be established based on
engineering judgement and technical considerations. In this case appropriate QA
activities may be negotiated with each contractor separately. The manufacturing and
installation of ICE equipment involve QA activities which are more specific and may
make greater use of such methods as statistical quality control, type testing and
acceptance sampling than is the case with other types of equipment.
The scope of the QA programme to be used for equipment and activities not
related to safety, or non-class-IE equipment, will be determined by factors other
than the regulatory requirement. The QA programme may in this case be determined
by industrial standards for manufacturing and installation of the specific type of
equipment or it may be selected by the manufacturer on the basis of economic
considerations.

2.5. QA PROGRAMME DOCUMENTATION
Both the overall QA programme and each constituent of it shall be documented
in two types of documents:
(1)

(2)

Programmatic and administrative policies and procedures which govern establishment and operation of the QA programme, specify QA functions to be
implemented and define responsibilities for their implementation. This type of
document consists of:
(a) A QA programme description
(b) Programmatic or administrative procedures.
Work oriented or technical documents that are prepared and used to control
the work performance and establish the methods for verifying the work for
which the respective organization is responsible. They comprise:
(a) Work plans and schedules
(b) Work or technical procedures and instructions, technical specifications
and drawings. Included are procedures and instructions for inspection and
testing of equipment.

2.5.1.

QA programme description

The plant owner and each organization with a delegated QA programme shall
prepare a description of its QA programme. When more than one level of the QA
programme is established for various classes of equipment or activities, each level
shall be described separately.
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In the description of the overall QA programme for an NPP the plant owner
shall identify the ICE equipment to be covered by the programme and describe the
QA procedure applicable to this equipment. Each designer, manufacturer or installer
of ICE equipment shall prepare its QA programme description consistent with the
guidance provided in the respective standard or procedure. Normally an organization
should have one programme description for the whole duration of its activities, but
the description might be updated from time to time to reflect the status of the project
and findings related to QA programme effectiveness.
2.5.2.

Programmatic or administrative procedures

Programmatic procedures provide details of how QA activities are to be performed. They address all the applicable elements of the QA requirements and provide direction as to the responsibility and methodology in implementing QA
functions identified by the QA programme description. Normally, QA programmatic
procedures are valid and applicable for all items and activities subject to the QA
programme. Consequently, no specific QA programmatic procedures will be needed
for ICE equipment and related activities, unless a graded QA programme is
implemented for this equipment. This may require specific programmatic QA procedures that are appropriate for that programme level. Procedures should be prepared
in a standardized form. A typical programmatic procedure should include:
(a)
(b)
(c)
(d)
(e)
(f)
(g)
(h)

Definition of the purpose of procedure
Scope and limitation
Definition of the terms used in the text
References
Responsibilities
Actions to be performed in step by step sequence
Forms for communicating instructions, information and results
Records to be generated and their classification.

The whole set of programmatic QA procedures may be collected into the QA
Manual and be used by QA personnel in implementing QA functions during project
activities. A typical programmatic procedure is presented in Annex IV.
2.5.3.

Technical documents

The type, content and format of technical or work oriented documents used in
implementation of the QA programme depend upon the application involved.
Arbitrarily, these documents can be put into three large categories:
(1)

Technical documents that specify items of ICE equipment in terms of their
quality characteristics, functional requirements, interrelation and functional
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(2)

(3)

link with other items, components or equipment, configuration, etc. These
documents are in the form of technical specifications, equipment descriptions
and drawings, and normally represent the design output. These documents are
used in the control of procurement, manufacturing, installation and operation
of equipment.
Technical documents that specify the activities to be performed. They consist
of work procedures, instructions and drawings that specify how activities will
be performed, how the achieved quality characteristics of the product can be
determined and evaluated, and what verification methods may be used for
acceptance of the performed work. They also include inspection, qualification
and test procedures for various phases of project activities.
Work plans and schedules are documents that provide for identification and
scheduling of activities to ensure that the work is dealt with in a systematic and
expeditious manner throughout all phases of the activity. The basic technical
documents in this category may take the form of manufacturing or installation
plans, flow diagrams, integrated manufacturing and inspection and test plans
(quality plans), etc.

For the ICE equipment a hierarchy of technical documents may be developed
and used in a particular phase of the project, e.g. manufacture, installation. This
hierarchy should correspond to the hierarchy of items that define and compose the
ICE equipment:
(1)

(2)

(3)
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A component or electronic component represents the smallest item of ICE
equipment that may be considered as an indivisible and in most cases a nonrepairable element of a system. Technical documents for components normally
consist of a procurement specification with full component identification,
inspection requirements and procedures, test conditions, procedures and
acceptance criteria. For standard components normally procured and tested for
function, performance and qualification, permanent identification for the purpose of traceability may not be required by the technical documents.
A module or item of equipment represents any assembly of interconnected
components which constitutes an identifiable device, instrument or piece of
equipment. Technical documents for a module comprise procurement specifications with module characteristics, a description of operating conditions,
procurement specifications for components, module type test requirements,
procedures and acceptance criteria, procedures for duplicate tests, instructions
for marking, package and preservation. A module will require permanent identification for the purpose of traceability. For this purpose QA records related
to a module should be generated and maintained.
Equipment or system equipment is a functional unit of a system that performs
a specified function with a high degree of autonomy. Technical documents
related to an equipment comprise general technical specifications (descrip-

(4)

tions, assembly drawings, parts lists including modules and components
characteristics), procurement specifications, manufacturing documents such as
the manufacturing programme and procedures, qualification procedures,
inspection and test plans acceptance criteria, etc. Technical documents may be
collated into an integrated quality plan that permits step by step control and surveillance of all technical activities in procurement, manufacturing, inspection
and test operations, including, when required, in-factory testing of equipment
constituting a system prior to acceptance. QA records should be generated for
the equipment to provide objective evidence of the quality, traceable down to
the level of modules or components.
ICE equipment systems related documents contain in addition to those specified for equipment and modules also all technical documents related to control
of design, assembly and installation of an ICE equipment system. This includes
design requirements and specifications, including, when necessary, reliability,
maintainability and repair requirements, demonstration testing procedure and
acceptance criteria, qualification testing procedures, design review procedures
and checklists; procurement, manufacturing and installation specifications;
installation procedures with drawing, diagrams and assembly instructions
(integrated installation/inspection/test plan); after-installation inspection and
testing procedures; functional testing procedures under operating conditions,
including in-service periodic testing, etc.

Documents corresponding to each of the above mentioned hierarchy levels of
ICE equipments will be used in documenting the QA programme in various phases
of a nuclear power project. A list of typical QA programme documents, both
programmatic or administrative and technical, corresponding to the characteristic
phases of a nuclear power project is presented in the IAEA Safety Guide on Establishing of the Quality Assurance Programme for a Nuclear Power Plant (IAEA
Safety Series No. 50-SG-QA1, Rev. 1).

2.6. QA RECORDS
The QA records represent that type of document which furnishes objective evidence of quality of items and activities. In principle, QA records do not document
a QA programme but provide evidence of programme existence and effectiveness.
However, technical specifications or procedures, instructions and drawings that
document the QA programme may be used as QA records, thus providing evidence
of the required quality of an item or service and of methodology that is used in QA
programme implementation. Thus there exists an intersection of the set of QA
programme documents and the QA records that represent those programmatic or
technical documents that shall be retained and used as objective evidence of QA
25

programme existence, adequacy and consistency with regulatory requirements,
codes, standards and specifications.
Quality assurance records to be used in QA programme management are
generated on the basis of specified requirements of the design specifications,
procurement documents, test and inspection procedures or other applicable documents used in QA programme implementation. In the first place the QA records are
needed to demonstrate the accomplishment of activities which affect the quality of
nuclear power plant in accordance with the specific requirements and substantiate
that the required quality has been achieved and is maintained. In addition the records
are generated and permanently retained to meet the following objectives:
(a)
(b)
(c)
(d)

To
To
To
To

demonstrate capability of an item for safe operation;
enable maintenance, rework, repair, replacement or modifications;
determine the cause of an accident or malfunction of an item;
facilitate decommissioning.

The IAEA Safety Guide, Quality Assurance Records System for Nuclear
Power Plants (IAEA Safety Series No. 50-SG-QA2) provides in Annex I types of
records and retention categories for each specific phase of a nuclear power plant
project, e.g. design, procurement, manufacturing, installation, pre-operational and
startup tests (commissioning) and operation. Designers, manufacturers or installers
of ICE equipment may be requested to establish a QA records system in order to
retain records generated during performance of specific project activities. Otherwise
the records generated in activities according to the procurement specification shall
be transmitted to the purchaser together with procured equipment as a 'data
package'.

3. QUALITY ASSURANCE ORGANIZATION
3.1.

INTRODUCTION

The factors influencing the organization of the execution of QA functions in
a nuclear power project are the type of contract and project management selected for
the project. These two factors are interrelated and it is possible to define the quality
assurance organizational structure in terms of (a) the project management functions
that the plant owner will execute itself, and (b) those it delegates to other contracted
organizations. The plant owner may execute all management functions in the project
including QA or may delegate most or all of these functions to a main contractor.
The main contractor may in turn retain all QA functions or delegate some or all of
them to one or more engineering organizations. In this broad scale of various types
of project management, three are most common:
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(1)

The plant owner, usually a large, well organized public utility, retains all
important project management functions itself. It will delegate work on plant
design, manufacturing, construction and installation to specialized organizations but it will retain such functions as overall project management and coordination, conceptual design and equipment configuration, construction
management, commissioning and startup, QA functions during design, construction and operation, surveillance and auditing of all contractors, including
all manufacturers and installers.

(2)

The plant owner delegates overall project management functions to an
architect-engineer organization (A/E). This organization performs design,
procurement and construction management functions during project implementation. This may include most of the QA functions in all project phases. The
plant owner may retain supervisory, surveillance and auditing functions, and
responsibility for co-ordination with the regulatory body. Also, in principle,
it may share with the A/E the project management and other control functions,
including QA.

(3)

The plant owner delegates all project management functions to a principal contractor. This is usually the case when the plant owner is purchasing the plant
on a turnkey basis. The principal contractor may in turn hire an architectengineer, or may perform all management and engineering functions itself.
The plant owner may retain the functions of project surveillance and coordination with the regulatory organization. It may also hire a consultant to
assist it in performing functions which cannot be delegated to the main contractor, such as those related to co-ordination with the regulatory body.

The type of contract and project management selected for an NPP will
influence the organization and implementation of the overall QA programme for the
plant. However, irrespective of the type of project management selected for the
project there are general principles that should be followed in establishing the
organizational structure for the execution of the QA functions. These principles are
specified in the IAEA Code of Practice on Quality Assurance, Section 3, and in the
IAEA Safety Guide on Quality Assurance Organization for Nuclear Power Plants
(IAEA Safety Series No. 50-SG-QA7).

3.2. QA ORGANIZATION OF THE PLANT OWNER
In establishing the QA organization the following situation may be considered
as typical for nuclear power projects in the USA and in a number of European
countries:
(a)

The utility is the plant owner. It undertakes the overall QA programme
management itself or delegates most of these functions to an architect27

(b)

(c)

(d)
(e)

engineer. It performs a part of the QA programme itself. For special quality
related tasks it hires a consultant. During plant operation the plant owner
assumes all QA/QC functions.
The architect-engineer can be also the designer of the plant and undertakes
overall project management during design and construction of the plant. It may
share the QA functions with the plant owner.
Manufacturing, construction and installation work is performed by specialized
organizations which have their QA programmes and complete all first line
inspections of the work and after installation testing of equipment.
The NSSS supplier is responsible for the design, manufacture and installation
of the NSSS and provides its own QA/QC programme for these activities.
The equipment manufacturers have their own QA programme relevant to items
important to safety and to quality requirements for manufacturing items, and
this programme is implemented during equipment manufacture.

3.2.1.

Functions, structuring and staffing of the plant owner's
QA organization

The QA organization of a utility (plant owner) may vary widely as regards
what QA activities the utility delegates to an architect-engineer for implementation
and how much it retains for itself. As a minimum, the utility must retain activities
related to the overall supervision of the work in order to discharge its responsibility
for the QA programme's effectiveness.
In a typical situation, quality related tasks of the utility are shared between two
organizational units, i.e. the home office and the site QA organization.

3.2.1.1.

Home office

The home office of a utility QA organization may have several units, depending on the number of NPPs under construction or in operation. For a single plant
in the construction phase, two QA groups are normally established.
(a)
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A QA engineering group which is responsible for:
— development of the overall QA programme, including procedures, plans
and input to the Preliminary Safety Analysis Report (PSAR);
— QA reviews of constructor and equipment supplier bids before award of the
contract;
— review of equipment specifications and drawings;
— review and approval of procurement documents;
— interfacing with the regulatory organization.

The manpower needed would be four to six mechanical and electrical engineers
qualified as QA specialists. This figure will not change during the pre-construction
and construction phases of a nuclear power project.
(b)

A QA auditing group specialized in auditing the QA programmes of A/E,
manufacturers, NSSS suppliers, constructors and installers. This group also
performs a management review of the overall QA programme and evaluation
of its effectiveness. Up to five QA specialists and/or auditors will be needed
during the design and construction phases to perform auditing functions. When
a specific area of the QA programme is audited, e.g. ICE equipment installation, additional specialists may be included in the audit team, possibly recruited
from engineering or construction groups.

3.2.1.2.

Site QA organization

During plant construction, utility QA personnel are stationed at the site to
ensure that activities are correctly performed. The functions of this on-site group
should be:
— Review and approval of construction procedures;
— Review and approval of QA/QC procedures of the constructors and installers;
— Surveillance and audits of construction activities;
— Interface with regulatory inspection personnel at the site;
— Monitoring of startup and testing of equipment, etc.
The manpower needed for this site resident QA group would be five to seven
individuals with knowledge of the site construction engineering disciplines, i.e. civil,
mechanical and electrical.
3.2.2.

Functions, structuring and staffing of the A/E QA organization

The tasks of an A/E in a nuclear power project include not only project
management but also quality assurance functions. These functions are divided
between two QA units, analogous to the QA task distribution by the plant owner.
If the plant owner is performing all project management and QA functions without
an A/E, its QA organization will increase proportionally to the supplemental QA
functions to be performed.
3.2.2.1.

Home office organization of the A/E

This QA unit is responsible for:
— Review of procurement specifications for equipment
— QA of the procurement of items and services
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— Development of QA procedures and instructions
— Internal audits during design and construction
— Vendor surveillance (this activity may be done in co-ordination with utility QA
units and, when appropriate, with an independent inspection organization).
The A/E home office may be staffed with five to ten QA engineers, excluding
those engaged in vendor surveillance who are acting mostly as resident inspectors
at the suppliers' facilities. Surveillance of the main suppliers, including acceptance
of items at the source, may require in total ten to fifteen QA/QC inspectors that may
originate from the A/E and/or the plant owner's QA organization. The staff of the
A/E is usually more discipline oriented and includes several ICE equipment
engineers.
3.2.2.2.

Site QA/QC

organization

The QA unit of the A/E at the site should be responsible for the following
activities:
— surveillance of constructors' and installers' inspection activities
— interfacing with the home office and utility QA site organization.
It is necessary that the staff of the QA unit be qualified in engineering disciplines, i.e. civil, mechanical or electrical, to be able to verify through surveillance
or corroboration that the plant is built according to design specifications. Staffing
requirements would be five to seven engineers.
3.2.2.3.

Records centre

Record keeping at the site may be a responsibility of either the A/E or the plant
owner. Staffing of the records keeping centre would be seven to ten individuals,
mainly clerks or other administrative personnel.
3.2.3.

QA functions, structuring and staffing of the QA organization of
constructors and installers

Constructors and installers participating in a nuclear power project themselves
undertake the first line inspection of the work to verify that specific actions were
completed. Their QC personnel is mainly responsible for acceptance of the work
completed by the task performers. Their main functions include:
— Inspection of incoming equipment and parts;
— Maintenance of equipment (storage, housekeeping, cleanliness, preparation,
etc.);
— Inspection of installation equipment and tools;
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—
—
—
—

Surveillance of installation activities;
Equipment testing, setting and alignment;
Calibration of measuring and test equipment;
Post-installation inspection and testing of equipment for the purpose of acceptance or rejection of work.

It is obvious that the scope of QC will depend on the type of construction or
installation activities to be inspected, namely, there will be specific control and
verification activities related to civil engineering, mechanical or electrical work. The
IAEA Safety Guide on Quality Assurance during Site Construction of Nuclear Power
Plants (No. 50-SG-QA4) provides lists of requirements for specific controls to be
performed in the following areas:
(1)
(2)
(3)

Soil, foundations, concrete and structural steel;
Mechanical equipment and systems;
Instrumentation control and electrical equipment.

The number of personnel needed for QC of the ICE equipment installation
work will vary during the project activities but in principle it will be proportional
to the number of the craft workers. At the peak of the ICE equipment installation
activity it may be ten to fifteen QC inspectors, with various levels of qualification.
QA support in the form of a review of procedures, quality engineering co-ordination
and audits is provided by the installer's home office.
The IAEA Safety Guide on Quality Assurance Organization for Nuclear Power
Plants (No. 50-SG-QA7) provides in its annexes illustrative examples of organizational structures of various organizations participating in a nuclear power project.

3.3. PLANT OWNER DELEGATES ALL MANAGEMENT AND
QA FUNCTIONS TO THE MAIN CONTRACTOR:
TURNKEY TYPE OF CONTRACT
The turnkey type of contract for NPPs has been common in the past in the USA
and Europe. Most of the first nuclear power projects in developing countries were
also organized in this way. Usually, the plant owner delegates most management and
control functions for the project to the main contractor, i.e. the one who is also performing such A/E functions as design, procurement of equipment, construction
management, startup and commissioning. In a typical power plant project the following parties are involved in the project management and implementation of QA/QC
functions:
(1)

The plant owner or utility generally delegates most of its QA functions to the
system supplier (main contractor), retaining only overall supervision of the
project;
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(2)

(3)
(4)

The main contractor performs all engineering and project management functions, including establishment and implementation of the QA programme for
the whole plant. He may delegate some of these functions to subcontractors;
Manufacturers of equipment perform all QA functions during manufacture and
installation of equipment;
An independent inspection organization (e.g. in the Federal Republic of
Germany the Technischer Überwachungsverein (TÜV)), that from the legal
point of view represents the licensing authority, performs regulatory inspections and testing of the equipment. At the same time this organization is acting
as a third party in the implementation of the QA programme for the plant.

The QA functions in the Federal Republic of Germany concentrate mainly on
verification activities oriented to the products or equipment. These verifications are
performed independently by manufacturers, by the main contractor and by independent inspection organizations. For some products these verifications are done by all
three parties.
The verification activities are classified into the following basic areas:
(a)
(b)
(c)
(d)

Verification of technical specifications of equipment. This includes verification
of adherence of the design to technical requirements, codes and standards.
Verification and approval of manufacturing or installation documents and
qualification of manufacturing or installation processes and equipment.
In-process inspection, equipment testing and documentation of results.
After-installation inspection and testing and formal acceptance of equipment.

4. METHODS AND TECHNIQUES FOR IMPLEMENTING
THE QUALITY ASSURANCE PROGRAMME
4.1.

INTRODUCTION

The overall quality assurance programme for a nuclear power plant project as
well as the constituent QA programmes for each of the specific project activities can
be considered as elements of the formal management system that are developed and
used by the project management in implementing control over technical aspects of
the project. Each organization performing activities affecting the quality of the plant
should use its QA programme as a management tool to attain the goals and objectives
of the project. For NPP project construction and operation the ultimate goals should
be that the plant will produce electricity in a safe, reliable and economic way. These
goals should be achieved by implementing three basic QA functions:
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(1)

(2)

(3)

Achieving quality objectives for equipment and activities through identifying
and prescribing the quality and safety standards, and by imposing their
implementation by qualified personnel under rigorous management control.
Verifying achieved quality through a series of complementary or independent
methods such as inspection, testing, surveillance, auditing, reviews and assessment and generation of objective evidence of achieved quality.
Ensuring feedback of information to the management on identified deficiencies
and on their causes, and initiating corrective actions to eliminate root causes
of quality related problems.

To be in a position to implement these functions efficiently the QA programme
should have all the elements of a management control system. It will be based on
a defined organizational structure with various organizational units and persons
assigned autonomy, responsibility and authority. The organizational units and each
person in the organization should perform delegated functions that are prescribed by
the QA programme. The QA programme should be implemented by all personnel
performing quality related activities: QA is not the responsibility of a single group
that may be formally identified as a QA unit.
The role of the management will be to use the QA programme as a closed loop
system of management control. It depends on the management itself how efficient
this system is. Inability or failure of management to implement the QA programme
efficiently can have severe consequences on the quality of equipment and activities
related to the construction and operation of the NPP.
An important task of the management is to determine how to implement the
identified QA functions. The methodology will include techniques for both control
and verification and will be specific for each level of management.

4.2. CONTROL OF ACHIEVEMENT OF QUALITY OBJECTIVES
The main objective of QA in controlling project activities is the prevention of
errors and potential failures of equipment by ensuring correct performance of all
basic activities in building and operating a nuclear power plant. The methods of
implementing these basic functions of the QA programme are mainly managerial and
administrative. All the activities affecting quality of equipment and plant as a whole
must be performed in a planned, systematic and controlled way.
The performance of activities in design, manufacturing, construction and
operation of the plant and its equipment is not a QA function. However, control of
these activities through administrative, managerial and technical methods should be
considered as QA functions which should be laid down in the QA programme
documentation. It is the responsibility of the management to ensure the execution of
these functions both by task performers themselves and by the QA personnel.
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Typically, task performers such as the designer, manufacturer, installer or
operator should control their work through:
(1)

(2)

(3)

(4)
(5)

(6)

A thorough analysis of the work to be performed, and identification of all items
and activities to be subject to control. This will allow identification and
classification of equipment and activities to be used as a basis for establishment
of the QA programme and determination of its scope and content.
Identification of the required quality of items and services and determination
of criteria to be used in evaluation of achieved quality characteristics for the
purpose of accepting or rejecting an item or a service.
Development and qualification of procedures and instructions for performing
activities affecting quality. These procedures and instructions should be based
on identified regulatory requirements, codes and standards.
Development of manufacturing, construction and installation plans that specify
step by step operations to be performed in quality achievement.
Identification of all quality characteristics of an item and working procedure
to be subject to verifications. Development of inspection and test plans to be
used when verification is necessary. These plans should be constituent elements of manufacturing, installation or construction plans which form an
integrated quality plan.
Identification of qualification requirements for personnel performing activities
affecting quality. Development of training and qualification programmes for
such personnel.

Management control functions to be performed by management via QA personnel are explicitly specified in the QA requirements of the appropriate international or national standards such as the IAEA Code of Practice on Quality Assurance
in Nuclear Power Plants (No. 50-C-QA, Réf. 1). These requirements, directly
related to the control of achievement of quality objectives, will be implemented with
regard to all items and activities subject to the QA programme. These include:
(1)

(2)

(3)

(4)
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Document control, e.g. document preparation, approval, issue and distribution, through a set of procedures providing a methodology for the above mentioned activities (Section 4 of the Code).
Design control, which includes, besides all control activities performed by
designers themselves, control of the design input, design process, design documents and design verification (Section 5 of the Code).
Procurement control, which includes the use of procedures for the procurement process and establishment of criteria for evaluation and selection of suppliers and awarding contracts (Section 6 of the Code).
Identification and control of materials, parts and components through
appropriate procedures, instructions and forms for identification, tagging and
marking of items. These control measures should provide a means for tracing

(5)

(6)

(7)

items back to the material and ahead to their location within an assembly
(Section 7 of the Code).
Control of special processes such as welding, heat treatment, non-destructive
examination (NDE), etc., through the use of qualified procedures,
implemented under controlled conditions by qualified personnel (Section 8 of
the Code).
Non-conformance control through the procedures for identification, segregation, analysis and disposition of non-conforming items to prevent their inadvertent use or installation (Section 10 of the Code).
Implementation of corrective action through analysis of root causes of identified deficiencies, and reporting to the management to undertake appropriate
measures to prevent recurrences (Section 11 of the Code).

Control of activities as a constituent part of the quality achieving process is
complementary to verification of quality achievements for the purpose of acceptance
or rejection. Control and verification of activities are the basic quality assuring
processes documented in and implemented through the quality assurance
programme.

4.3.

QUALITY VERIFICATION

The two fundamental objectives of quality verification are compliance and
assessment.
(1)

(2)

Compliance is the verification that the product or process complies with the
requirements — the requirements being regulations, design specifications,
installation procedures, acceptance criteria, etc. The determination of
compliance is a process which compares characteristics of the item or process
with the specific requirement. If the two match, compliance has been achieved
and verified. If they do not match, the item is non-conforming and must be dispositioned. Compliance verification uses direct verification methods such as
inspection, measurement or testing.
Assessment is the determination of how effective the people, systems and programmes are in achieving and assuring quality and the identification of where
improvements can be made in the attainment of quality. Assessment requires
a more perceptive look at the product or process being examined, i.e. it not
only verifies compliance but attempts to define how compliance can be
achieved more efficiently or how the quality level can be improved. Assessment can be considered as an indirect method of verification. It provides the
assurance that effective control is being implemented during activities.
Methods and techniques used in the assessment are mainly surveillance, audits
and reviews. They have no direct objectives to accept or reject an item or
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activities but rather should provide confidence that a control system is being
implemented and that it is effective.

4.3.1.

Direct verification methods, inspections and testing

Direct inspection is the fundamental quality verification technique. It is based
on the direct measurement or observation of a characteristic or attribute of a product
or process which is compared with the requirement. This is the primary technique
used by quality control (QC) organizations to verify compliance. Quality control
inspectors or technicians measure physical attributes, compare them with requirements and either accept or reject the product or process measured. Inspection plans
and procedures provide basic guidance for the inspection of ICE equipment.
The direct inspection can be of a characteristic of the final product or it can
be an in-process measurement. In-process inspection is designed to measure/inspect
during equipment manufacture or installation process parameters that affect quality,
or product characteristics that will not be readily observable after installation. An
example of a process variable that can affect quality is the tension on a cable when
it is pulled through a raceway. If the permitted tension is exceeded, the cable jacket
and/or insulation can be damaged. An in-process inspection is the recording of the
cable pulling tension as measured by a dynamometer.
Inspectors should observe the inspection procedure steps and requirements
during direct inspection. If there is any doubt about the accuracy of the procedure,
the inspector should not change the procedure himself but should report to or consult
with his supervisor. Techniques used in performing inspections are numerous but can
be broadly classified as examination and measurements. Examination is a most usual
technique of inspection. It consists of investigation of items by using either simple
physical manipulations such as gauging, observation and comparison or sophisticated
techniques such as non-destructive examination based on radiography, ultrasonic
tests or holography.
Measurements of quality characteristics are used to determine compliance of
an item's properties or condition with specifications. These can be based on measurements of mechanical, electrical or other physical properties using appropriate equipment. The precision and accuracy of this equipment as well as its correct calibration
will determine the success of inspections. Inspection can be based on examination
and measurement of all the items in a group of products, or alternatively one may
inspect a small sample to determine whether to accept or reject the entire group.
Whilst sampling, if performed on a valid, scientifically justifiable basis, may be
acceptable in some cases, there is some safety related equipment for which the
authorities' licensing requirements do not accept sampling and essentially 100%
inspection is needed. For example, the installation of safety related cables is usually
required to be inspected 100%.
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Testing is a direct verification method that is used to determine the capability
of an item to meet specified requirements by subjecting it to a set of physical,
chemical, environmental or operational conditions. Testing is applied during the
entire life cycle of an item.
Qualification testing of a prototype should demonstrate that an item is capable of performing in accordance with functional requirements under the most adverse operating, environmental and other conditions expected to be experienced. It is used as a
method of design verification.
Proof testing is normally applied after completion of manufacturing or assembly to
verify that an item satisfies technical requirements and that manufacturing and
assembly processes have been correctly performed.
After-installation or construction tests have the role of verifying that an item after
being installed is able to perform the prescribed function.
Pre-operational testing is part of the commissioning process and its function is to
verify that all requirements are met before initiating operation of the item.
Startup testing has the function of bringing an item or facility to operational status
and verifying that all performance characteristics of the item, equipment or facility
are satisfactorily attained. Both pre-operational and startup testing of completed systems and the facility as a whole represent a final opportunity to reveal any design
or installation error before operation starts. If this testing is performed in a planned
and systematic way, there will be little opportunity for new types of failure to appear
when the plant or facility is put in operation.
In-service or periodic testing during operation has to verify that the performance
characteristics of an item or system are maintained despite possible adverse effects
such as ageing, wear, the environment or mishandling. Sometimes these tests are
termed 'surveillance' of plant equipment during operation, although 'surveillance'
can also be used for other forms of verification.
Each test is followed by test results evaluation. This evaluation is essentially
an analysis of the results of a test to ascertain its acceptability. This is done extensively during pre-operational testing of electrical instrumentation systems to verify
their functional acceptance. During test results evaluation, the actual test results are
compared with the expected design values to identify possible differences. If the two
agree, the reviewer should also verify that any changes to the test procedure during
the test did not alter the results in an undesirable manner. Deviations from expected
results must be analysed and the reason for the discrepancy identified. Ultimately a
decision as to the acceptability of the item must be made and justified.
Equipment which must operate under extreme accident conditions cannot be
tested under assumed operational conditions. In order to verify that performance
characteristics are maintained, indirect verification is performed by means of evalua37

tion of other measurable or visible characteristics. Also, requalification of naturally
aged pieces of equipment taken from the plant is recommended in some cases.
Direct verification methods for the purpose of compliance verification are
normally applied by the organization responsible for the work, e.g. the designer,
manufacturer, installer or constructor. The direct result of this type of verification
is acceptance or rejection of an item or service. When regulatory or other requirements call for an independent inspection this is normally done by an authorized
inspection organization that may be responsible for accepting or rejecting items for
the purpose of compliance verification with regulations or a governmental code.
4.3.2.

Indirect methods of verification

Indirect methods of verification are designed to substantiate that the control
system is being implemented in an organization and that it is efficient. The control
system can be a constituent part of the QA programme such as 'inspection and test
programme' or can be the QA programme as a whole. Surveillance, auditing and
reviews are the most frequently used methods of indirect verification. These methods
can be implemented inside an organization as an internal method of verifying conformance to established policies and QA programme requirements. However, they can
also be used to verify conformance of a contractor to procurement documents
requirements and to specification of a supply. In this case the term 'external verification', e.g. external audits, is normally used.
Indirect methods of verification are mainly used as higher levels of verification
such as those performed by the plant owner in respect of the contractors or by the
regulatory organization regarding its licensee. Surveillance and monitoring by resident inspectors or auditing as a technique of regulatory inspection are typical
methods of indirect verification.
4.3.2.1.

Surveillance

Surveillance is a quality overview function that provides quality assurance during performance of an activity. This is also called monitoring or witnessing and is
usually done on a random or intermittent basis. Therefore, it can provide a sample
view of a total process subject to verification and is not used as the primary method
of verifying compliance. A typical application of surveillance is the random wandering, or roving, of an inspector between several installation craft crews that may be
working in different areas of a plant. The surveillance inspector appears at random
times and surveys or monitors activities in process. If an inspector detects deviations
from requirements, he should then perform detailed direct inspections or corroboration or stop work until the quality can be directly verified. If the inspector suspects
poor quality, he should increase his surveillance or monitoring to assure himself of
the suitability of the process.
38

4.3.2.2.

Witnessing

Witnessing is a form of surveillance consisting of direct observation of an
activity affecting quality or a quality control activity while the activity is being performed. The witness, or observer, is normally informed when a specific activity is
taking place so as to be in a position to verify that the performer of the activity is
complying with procedural requirements and generally good practices. The witness
must understand the process requirements. For example, a QC inspector usually witnesses tradesmen or craftsmen pulling cables through a conduit. As part of his witnessing, the inspector verifies that the correct cable type is used, proper pulling
attachments are connected to the cable, and monitoring instruments, such as a
dynamometer, are attached to measure the pulling force. Witnessing is also an essential part of an effective surveillance or audit and can be supplemented by other verification techniques. The witness records the observations as part of the inspection,
surveillance or audit and when necessary issues the quality release for an item for
its further processing or delivery.
4.3.2.3.

Audit

The audit is a fundamental tool of quality assurance. The IAEA definition of
an audit is: "A documented activity performed to determine by investigation, examination and evaluation of objective evidence, the adequacy of, and adherence to,
established procedures, instructions, specifications, codes, standards, administrative
or operational programmes and other applicable documents and the effectiveness of
implementation". This definition specifies the use of investigation, examination, and
evaluation techniques which were discussed in previous paragraphs but relates these
to objective evidence of quality. To achieve this, all audits are oriented on three basic
componets: procedure review, observation of work and review of records, where
objective evidence of quality can be found.
The process of auditing and detailed discussions of audit plans, execution,
reporting and qualifications of auditors are extensively discussed in the IAEA documents Safety Guide on Quality Assurance Auditing for Nuclear Power Plants (IAEA
Safety Series No. 50-SG-QA10), and Manual on Quality Assurance Programme
Auditing (IAEA Technical Reports Series No. 237).
Most audits are limited in scope and are performed by a single person, or
perhaps two. However, an effective means of auditing is by utilization of a team consisting of multidisciplinary experts. For example, to perform an in-depth examination of the installation of an electrical distribution system, an audit team could be as
follows:
(a)
(b)

Electrical engineer — Team leader and co-ordinator
Electrical engineer A — inspection of cable installation, terminations, cable
pulling, separation
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(c)
(d)
(e)
(f)

Electrical engineer В — installation of switchgear, transformers and motors
Civil engineer — inspection of anchor bolts installation, cable tray and conduit
supports, seismic aspects, duct banks, etc.
QA engineer — inspection of QA programmatic aspects applied to electrical
systems
Welding engineer — inspection of cable tray and equipment welds.

Note that all team members have specific responsibilities related to electrical
installations, but all will have insight into the adequacy of procedures, calibration,
or effectiveness of QC inspections in their assigned areas. Thus, an audit team can
provide insight well beyond the sum of the observations of each individual person.
The effectiveness of a team inspection depends to a great extent on the team leader
who is responsible for the planning and implementation of an audit. The most frequently used techniques in performing an audit are the following:
Record reviews are an essential part of auditing and provide insight into quality
achievement and effectiveness of the process of control of activities affecting quality.
A set of records for a given process or product provides a mechanism to determine
trends over time and allows insight into the performance of many different people
performing quality functions. In addition, a set of records for one quality area can
be correlated on a time basis with other activities to detect possible abnormalities or
deviation from procedures. Record reviews are used basically as an audit technique
and the reviews should as much as possible support the objective of the audit, i.e.
assessment of effectiveness of the QA programme.
Interviews are discussions with persons who are performing, or have
responsibility for supervising others performing activities affecting quality. Interviews provide insight into the knowledge of the person being interviewed and give
clues to his attitude to quality and his understanding of quality requirements. The
interviewer must of course understand the process and quality requirements in order
to assess the interviewee's responses. The interview technique should only be used
by persons who have had training and experience in communications and interview
skills. Information gained in interviews should be substantiated by, or correlated
with, information gained by witnessing or record reviews because verbal information
is subject to misinterpretation and may be easily refuted.
Independent verifications include measurements, examinations, or tests of a
product or process that are performed by persons other than those involved in the
process of fabrication of a product. The object of these verifications is to confirm
the effectiveness of the control system in processing or producing an item. It is an
independent repetition of an original quality verification performed by inspections
or tests. It is referred to as corroboration by some organizations and as a product
audit by others when it is used to corroborate product characteristics directly. It is
a fairly expensive and time consuming technique but has been used frequently by
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plant owners and regulatory organizations because of its independence from the first
line inspections and tests. An independent verification is useful to determine both
(1) the ability of the construction process to build the equipment in accordance
with design intent, and
(2) the effectiveness of direct quality verification to detect and eliminate nonconformances and identify deficiencies in the construction process.
4.3.3. Regulatory inspections
Verifications performed by or for the regulatory organization are referred to
as regulatory inspections. The underlying basis of these is to demonstrate compliance
with the regulatory requirements or laws. Therefore, they focus on safety related
equipment since the primary role of the regulator is to assure safety and protect the
public.
The regulatory organization staff is usually small in number and therefore the
regulatory inspections can only look at a small sample of plant equipment. The
regulatory inspections are usually an audit which will review procedures, observe
completed work or work in progress and review a larger sample of records.
Regulatory inspections have their basis in the law and licensees and site contractors should co-operate fully to avoid impeding the audit process. The regulators
usually concentrate on the quality assurance programme of the licensee and attempt
to determine if it complies with the regulations. In some Member States, regulatory
inspections have become more oriented towards independent verifications of equipment/hardware for the purpose of verifying not only compliance of the QA
programme with the regulations but also acceptance or rejection of certain selected
items or activities which are important to safety.

5. DESIGN CONTROL
5.1.

INTRODUCTION

In order to implement the QA programme relevant to the design of ICE equipment, the criteria for equipment design quality should be identified. Having in mind
that an ICE equipment item's quality in a broad sense is determined by its specific
performance characteristics, it may be accepted that an item's performance
parameters will constitute its basic design quality criteria. A design process should
be able to establish the appropriate performance parameters of an item, having as
a basis its intended use in NPPs. In the design of ICE equipment, the establishment
of equipment performance parameters may require the use of various sophisticated
techniques of analysis such as system effectiveness, reliability and maintainability
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and others that may provide accuracy in establishing required parameters. Thus
design control of ICE equipment is an interdisciplinary function that involves
both design organization in the form of specialized engineering groups and the
QA organizations of both the designer and of the plant owner. The overall goal of
design control will be the correct performance of design and avoidance of errors in
the design process which might affect the achievement of the required performance
parameters and the product's fitness for its intended use. Design control includes
verification by appropriate methods that the item performance parameters satisfy
the design requirements. Both the design organization and the plant owner's
QA organization should satisfy themselves that design control is adequate and ensure
that the controls are effectively implemented. The methods of design control that
should be used in the ICE equipment design are presented in the IAEA Safety
Guide on Quality Assurance in Design of Nuclear Power Plants (IAEA Safety
Series No. 50-SG-QA6).

5.2. DESIGN CONTROL CONCEPT
Control of the design process of ICE equipment is normally performed at three
levels of QA activities:
(1)

(2)

(3)

The first level is performed by the engineering organization itself engaged in
the control process of the engineering groups performing the design activities
and of the QA personnel. These groups shall be responsible for engineering
development, control of the design process and first line verifications.
The second level of QA activities is performed by the engineering organization
with participation of QA personnel from their home office QA group and by
the plant owner. This personnel will perform mainly surveillance of design
activities to verify that requirements of the QA programme and respective QA
procedures have been met.
The third level of QA activities consists of planned and scheduled audits to
determine QA programme effectiveness and compliance with procedures.
These verifications are performed both by the design organization itself as
internal audits and by the plant owner, who has responsibility for the overall
QA programme for the plant.

Verification of design as a constituent part of design control is normally
performed by or under supervision of the design organization. QA requirements
allow three options for design verification, i.e. design review, the use of alternative
calculations and qualification testing. Although the IAEA Code of Practice on
Quality Assurance does not specify a preferred method, for ICE equipment industrial
standards endorsed by national legislation such as IEEE Standard 323 in the USA
or the French Standard RCC-E, qualification testing under simulated service condi42

tions is a required method of design verification. Since qualification testing is a well
established method of obtaining objective evidence of quality it should be considered
as a most important component of design verification not only for class IE equipment required to function under accident conditions but also for other ICE equipment. For ICE equipment, therefore, the three approaches to design verification are
not direct substitutes for one another, but rather complement one another.
The plant owner will be engaged in qualification test control. It may use any
method of verification such as surveillance of test or audit to obtain confidence that
tests are performed correctly and test results on a parameter by parameter basis
safety corresponding design requirements.

5.2.1.

Review of the QA functions during design control and verification

Design control activities at the level of the engineering organization consist of
identification and implementation of QA requirements specific to each phase of
engineering development. This includes both management controls and direct
process verifications for each appropriate phase of the design process such as:
(a)
(b)
(c)
(d)
(e)
(f)
(g)
(h)
(i)
(j)
(k)

Development and approval of the QA programme for design and preparation
of QA programme procedures on the basis of the QA requirements.
Review of design input in the form of engineering criteria, applicable codes,
standards and QA requirements.
Preparation of QA input for system descriptions and review of all system
descriptions.
Review of baseline drawings and comparison with system description.
Verification that proper review and approval are obtained for all calculations
and analyses.
Ensurance of control of computer software.
Control of all design changes introduced during the design process.
Ensurance of control of all interfaces of the design.
Review of detailed drawings and associated specifications.
Review and approval of all procurement specifications and assurance of compliance with engineering criteria and baseline documents,
Preparation of the QA section of the procurement specifications.

During the process of design verification, QA functions performed at the first
level of activities include:
(a)
(b)
(c)
(d)

Ensurance of design verification by independent experts.
Review and approval of design verification methods.
Review and approval of the design review plan.
When qualification testing of a prototype is used as a verification method,
verification of the existence of a test plan and schedule, and review of these.
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(e)
(f)
(g)

Review and approval of test acceptance criteria.
Verification that tests are performed under most severe design criteria.
Review and acceptance of test results.

Surveillance of design activities performed both by the engineering organization itself and by the plant owner is carried out to verify that the QA programme
requirements and procedures are met in design activities. The plant owner can
perform verifications by placing resident representatives in the design organization.
Verifications should include:
(a)
(b)
(c)
(d)
(e)
(f)
(g)
(h)
(i)
(j)

Availability and use of procedures and instructions for all design activities.
Existence of control of design interfaces and efficiency of this control.
Existence and use of an adequate design plan.
Implementation of design process control activities such as engineering
reviews, and approval of design documents.
Existence and adequacy of control of computer software.
Adequacy of calculation: methodology, documentation.
Monitoring drafting activities; verification of drawing format and symbols
used.
Design verification by independent experts.
Verification of implementation of corrective action,
Verification of adequacy of design change control.

Quality assurance programme audits during design activities are performed
both by the design organization in the form of internal audits and by the plant owner
as an external audit. Audits of design activities, including software development,
apply to the QA programme as a part of the management systems which are in place
to ensure that the design activities proceed in a logical and controlled manner. Audits
of design activities apply to the programme and system aspects of the design activit é s and not to specific technical details. These specific technical details are covered
by the design verification, which is a part of the QA programme implementation.
An audit of the design QA programme is based on a documented quality audit
programme which includes all elements of audit planning and scheduling and the
methodology of implementation. The planning and scheduling of audits are performed by the management of the respective organizations and are based on the
evaluation of current needs, the project schedule, changes in the QA programme, the
results of previous audits and requests from the project management. Audit results
presented in the audit report and subsequent audit responses represent an important
element in the management's decisions for implementing corrective action in the
design process.
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5.3. ON-SITE DESIGN CONTROL
It is customary in a nuclear power project to establish ICE equipment design
groups on the site. These groups may belong to either the plant owner or architectengineer organizations. The functions of these groups may be:
(1)

(2)
(3)

To provide for design of those systems that are not included in the scope of
supply of major design organizations. These are usually systems not related to
safety, and having marginal functions in nuclear power plant operations. Such
a system may include access control and access monitoring systems for fences,
doors and other entries, meteorological tower, etc.
Correction of all identified design errors or incomplete design discovered in
the study of design documents or during equipment installation.
Implementation of design modifications and design changes made as a result
of deficiencies in design discovered before or during installation, inspection or
testing.

In establishing control over on-site design activities, authority and responsibility of site design groups should be clearly defined. On-site design groups normally
have limited authority to revise designs and change drawings. They never independently design ICE equipment systems. Their duties and responsibilities can be
grouped into three categories:
(1)
(2)
(3)

Development of minor or detailed engineering activities or completion of
details in the design with review and approval by the on-site management.
Proposals for and documentation of necessary engineering modifications to be
reviewed and approved by the home office of the relevant organization.
Requests for necessary modifications to be reviewed by the home office and
resolved by the originating design organization if this is not the same as on-site.

Design activities on the site, except when related to minor engineering activities, usually involve some form of design changes and design modifications. As such
they can be a source of design errors unless subject to strict design change control.
This includes both the review of all design documents issued for construction, such
as drawings, specifications and installation instructions and strict control of any
on-site changes to these documents. When receiving on the site, it will be necessary
to verify that all design output documents are accurate and complete and are provided
with sufficient details to ensure that items can be constructed and installed on the site.
A lack of details may lead to craft workers determining installation and construction
details by themselves. If they lack background information on the purpose of the
installation, such design modifications can impair the quality level intended by the
designer.
Authorization for on-site design changes should be clearly defined in the procedures. In establishing responsibility for design changes and modifications it will be
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necessary to ensure that the responsible organization or person has all the necessary
background information including consideration of all interfaces and configuration
control.
Surveillance and auditing of the on-site design activity should be performed
both by the organization performing the design as well as by the plant owner or its
representatives. The purpose of these verifications is to ensure that the on-site design
process, in particular when it includes design modification, is well under control of
the organization in question. These verifications should include:
(a)
(b)
(c)
(d)
(e)

Verification of the existence and adequacy of design change procedures or
on-site design procedures.
Verification that on-site design activities are subject to the same process of control and verification as the original design.
Verification that the reasons for design changes are identified and are
acceptable.
Verification that all changes are approved by the appropriate organization as
specified in the procedures.
When design changes are caused by deficiencies or errors in the performance
of the design process, an analysis of the root causes of deficiencies should be
performed and corrective action recommended.

An example of a checklist to be used when auditing design change control
activities on the site is presented in Annex V.
QA personnel should ensure that all design documents necessary for installation of ICE equipment are available on the site before the beginning of activities.
These include: design drawings, diagrams (ICE equipment schematic, logic, electrical wiring, etc.), list of material and equipment specifications, system description,
installation procedures and instructions. All the revisions should be identified by
deletion, addition of new material or by redraw. All these revisions of the original
documents should be clean and unambiguous. Signing, approving and releasing of
design documents should be done in accordance with the procedures. In principle,
all drawings and other documents to be used in construction and installation should
be 'approved for construction' documents. Originally 'approved for construction'
design documents should be marked as Rev. 0. Revisions made to a drawing
subsequent to Rev. 0 shall be identified by consecutive numerals.

6. PROCUREMENT CONTROL
6.1.

INTRODUCTION

The purpose of the procurement organization is to communicate the quality
requirements of the engineering organization through contractual documents to
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sellers of ICE equipment and obtain the desired quality at minimum cost. It is essential that quality not be sacrified for low cost and therefore the procurement group
must interface extensively with engineering and QA groups.
As with engineering, most procurement organizations are located at the plant
owner's or A/E office to centralize buying and because of the co-ordination and
co-operation required of engineering.
Procurement specification is the responsibility of the engineering group performing the design. The QA unit is responsible for preparing QA requirements as
a part of the procurement specification. During the procurement process the quality
assurance group normally reviews the procurement documents for safety related
equipment to ensure that quality requirements, codes and standards and the supplier's
QA programme are within the procurement specifications. The QA group should
also review the supplier bid to verify that the QA requirements are included. The
QA group has control over procurement in that it identifies which suppliers are
capable of producing quality products. This is normally done by performing an
evaluation of potential suppliers and certifying that the supplier has a QA programme
that meets the requirements. After award of contract to a supplier, QA may survey
and audit the supplier to verily that the equipment is being built to specifications and
with an adequate QA programme. Quality assurance requirements and recommendations for the procurement process are included in the IAEA Code Section 6 and
elaborated in the IAEA Safety Guide on Quality Assurance in the Procurement of
Items and Services for Nuclear Power Plants (IAEA Safety Series No. 50-SG-QA3).

6.2. PROCUREMENT DOCUMENTS REVIEW AND APPROVAL
The IAEA Code of Practice on Quality Assurance specifies the procurement
requirements for assuring quality. For procurement of ICE equipment the procurement specification normally includes:
(1) An equipment specification that identifies the equipment concerned, the scope
of supply and reference to specific technical documents that describe an item,
piece of equipment or functional assembly in respect of its quality characteristics (system description, configuration documents, components, modules or
equipment identification lists, etc.).
(2) Quality assurance requirements.
(3) Service conditions as regards environment, power supply, maintenance, etc.
(4) Equipment characteristics regarding guaranteed performance, reliability,
maintainability, etc.
(5) The selection criteria for parts, components, electronic subassemblies and
modules.
(6) Type test and qualification requirements.
(7) Test verification conditions, duplicate tests, witnessing tests, etc.
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(8) Acceptance conditions at the factory and after installation.
(9) Technical documents to be supplied (data package).
(10) Instructions related to handling, packing and transportation.
Procurement documents should be subject to control and verification. These
should ensure that documents transmitted to prospective suppliers include provisions
that meet the specified requirements. Before awarding the contract the purchaser
shall ensure that all provisions of the procurement document requirements are
included in the contract document. These should include, besides such considerations
as specification of the scope of supply, warranties, schedule, price, price adjustments, commercial terms and conditions, etc., also so-called procurement quality
clauses. The objective of the quality clauses is to apply adequate procurement quality
requirements to each applicable procurement. Depending on the type of procurement, quality clauses or other considerations of a contract may include either
standard quality clauses or some special quality requirements.
Standard quality clauses include requirements for:
(1)
(2)

(3)
(4)

(5)

A quality management system or the establishment and implementation of a
QA programme.
Design control when design is included in the scope of supply. This clause may
specify the performance of all necessary analyses to demonstrate conformance
of the item to specified performance characteristics.
Qualification testing.
Fabrication, assembly and installation control. This may include preparation
and use of an integrated manufacturing/quality plan, manufacturing process
procedures, material traceability procedures, etc. This should include, when
necessary, the right of the purchaser to source inspection, examination or test
as well as the obligation of the manufacturers to notify the purchaser at key
points in manufacture such as release for fabrication, first article inspection,
acceptance testing or submission of inspection/test results.
Miscellaneous requirements such as notification on release for shipment, packaging, shipping and rigging procedures, retention of QA records, training of
operators, submission of the maintenance manual, spare and replacement
parts, etc.

6.3. VERIFICATION ACTIVITIES BY THE PURCHASER
When necessary, the purchaser should evaluate the performance of the suppliers to verify conformance to the quality clauses of the contract. This verification
may use both surveillance of the manufacturing process and audits of the manufacturers' QA programme.
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When so specified in the contract, the surveillance functions which the
purchaser (plant owner) intends to implement during the manufacturing process will
be specified in the Quality Plan. This document, besides reference to procurement
specification and related technical documents, should include a list of operations to
be performed during manufacturing, assembly, inspection and tests. For each of the
specified operations in the Quality Plan the reference should be given of the technical
document which the manufacturer intends to apply (procedures, instructions and
drawing). For each operation for which the manufacturers intend to perform an
inspection or test, indication should be given whether the purchaser should be notified or not. In case notification is necessary, two possible options for purchaser
verification should be given:
(1)

(2)

A witness point that designates an inspection or test point of which the
purchaser wishes to be notified, but the manufacturer may proceed with operations in case the purchaser is not present.
A hold point that designates an operation which the manufacturer may only
perform in the presence of a representative of the purchaser.

Surveillance of manufacturing, inspection or test operation are formalized by
the purchaser's approval for continuation of manufacturing operations according to
the Quality Plan. Quality release by the purchaser during manufacturing does not
prejudice the acceptance of items.
When verification activities of a purchaser are performed by auditing of
the manufacturer's QA programme or a part of it, it shall be conducted in accordance with the requirements and recommendations of the IAEA Safety Guide on
Quality Assurance Auditing for Nuclear Power Plants (IAEA Safety Series
No. 50-SG-QA10).

6.4. ON-SITE PROCUREMENT
Construction and installation processes need to be accomplished in a timely
manner. This requires the availability of equipment and materials on the site such
as cable trays, cables, instrument tubing, etc., to ensure schedules are met. When
equipment is not in plant stores or a warehouse, the construction organization may
attempt to bypass procurement controls of the plant owner and buy the items from
a local supplier through the constructor's on-site procurement unit to assure early
delivery and allow the construction to proceed on schedule. This will usually result
in inferior ICE equipment materials and equipment which will not meet safety and
quality requirements.
On-site procurement offers the potential to bypass QA controls placed on the
procurement department. Thus, on-site procurement should be limited in the area of
ICE equipment to small purchases of non-essential equipment or equipment not
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related to safety. QC inspectors should constantly be on the alert for identifying
equipment and materials that do not contain
(1)
(2)

receiving inspection records, with evidence of inspection stamps, and
certification of conformance to procurement specifications.

When procurement of items important to safety is necessary during the equipment installation phase this will be performed through the plant owner's procurement
department, observing the relevant QA requirements.
6.5. METHODS OF ACCEPTANCE OF ITEMS
The IAEA Safety Guide on Quality Assurance in the Procurement of Items and
Services for Nuclear Power Plants (No. 50-SG-QA3) identifies the following purchaser's methods for accepting an item or service from the supplier: source verification, supplier's certificate of conformance, receiving inspection, post-installation test
at the nuclear power plant site or a combination thereof.
For ICE equipment, depending on its safety classification all the above
mentioned methods are applicable, and a combination of the methods is usually used.
For some equipment all acceptance methods are complementary. Warranty clauses
in the procurement contract may extend formal acceptance of equipment over the
whole warranty period, thus permitting the performance of all post-installation
testing and a reasonable period of operational testing.
When source verification is required for the acceptance of items it normally
includes surveillance and auditing of the manufacturing and assembly process.
Formal confirmation of a satisfactory source verification is performed through the
issue of a quality release note before an item is sent to the site. The quality release
note is issued by a purchaser's representative, e.g. a resident inspector or auditor.
The release note is based on a study of all QA records, including surveillance and
audit reports prepared by the purchaser during surveillance of the manufacturing
process.
A certificate of conformance to quality requirements should include the report
on satisfactory performance of all tests specified by the procurement documents,
codes and standards. In some cases, for the purpose of acceptance each individual
item from manufacturing will be tested. This testing includes checking of the main
performance parameters that demonstrate the quality characteristics as specified by
the procurement specifications. The tests should be documented by a test report that
should be used as an integral part of the Certificate of Conformance.
All documents substantiating accordance with the procurement document,
including the Certificate of Conformance, are constituent parts of the 'data package'
or set of documents shipped to the site together with the equipment. They represent
objective evidence that the equipment conforms to design requirements and procurement specifications.
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It should be noted that the Certificate of Conformance may in some cases be
considered as a sample statement attesting that an item has been manufactured and
shipped in accordance with the contractual requirements. However, for ICE equipment items such a simple statement is not sufficient and the Certificate of Conformance should include certified test reports presenting actual functional and other test
or inspection data.
Acceptance of items by receiving inspection is a practice used in some organizations as a complementary method for acceptance. It includes an obligatory inspection of equipment on reception at the site, for the purpose of equipment identification
and verification that the specified packaging and shipping requirements are maintained, and additional testing of items before installation. In this case an electrical
laboratory is organized at the site at an early stage of installation activity. Arriving
components and installation systems are subject to functional testing. In this case
practically every unit of equipment is checked, adjusted and calibrated when
necessary, and documented before release for installation.

6.6. ACCEPTANCE SAMPLING
The use of acceptance sampling or accepting of items by sampling inspection
is necessitated very largely by economics. In industrial situations when it may be
difficult or even impossible to perform 100% inspection of all items produced and
of all characteristics of each item, the economic need for acceptance sampling
becomes obvious. By acceptance sampling is meant the process of selecting a number
of individual units, called the sample, from a lot of units, in accordance with some
specified rules, based on the laws of statistics, for the purpose of subjecting the
sample to inspection or test, the results of which will permit a decision as to the
acceptability or rejectability of the entire lot.
Samples should be taken on the basis of recognized national or international
standards and established procedures. These should stipulate:
— Lot size.
— Criteria for classifying (critical, major and minor) and their importance.
— Sampling plan with a definition of acceptable quality level (AQL) and inspection level.
— Lot and acceptance rejection criteria.
— Procedure how to handle a rejected lot such as: definite rejection, 100%
inspection for defects with prompt rejection, etc.
The acceptable quality level for a lot of items is the maximum percentage
defective in a lot for a given quality characteristic which can be considered satisfactory as an average. The AQL or per cent defective tolerated in a given lot is an
element of equipment specification. It is used if individual lot tests are requested as
a part of factory acceptance tests.
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7. RECEIVING OF EQUIPMENT ON THE SITE
7.1.

INTRODUCTION

The purpose of the receiving inspection is to identify that the equipment
shipped is complete and no damage exists due to improper handling, packing or
transportation.
Inspection starts when the item arrives at a construction site before it is
unloaded or unpacked. Incoming shipments for the permanent installation will be
directed to the appropriate preliminary inspection area, and the QC inspector performs a preliminary receiving inspection prior to the unloading of the shipment. If
the shipment does not pass the preliminary receiving inspection, it is returned to the
vendor. If the shipment passes the preliminary receiving inspection, it is routed to
the receiving inspection area where inspection takes place.
7.2. PRELIMINARY INSPECTION
Preliminary visual inspection or examination of shipment should be performed
prior to unloading to determine if any damage has occurred during shipping. Observations for unusual conditions should include:
(1)
(2)
(3)
(4)
(5)

Fire: charred paper, wood or paint, indicating exposure to fire or high
temperature.
Excessive exposure: weather beaten, frayed, rusted or stained containers,
indicating prolonged exposure during transit.
Environmental damage: water or oil marks, damp conditions, dirty areas or
salt film.
Tie down failure: shifted, broken, loose or twisted shipping ties and worn
material under ties, indicating improper blocking and tie down for shipment.
Rough handling: splintered, torn or crushed containers, indicating improper
handling. Review of impact recording instrument readings.

Documents that should be examined during the preliminary inspection should
include the Transportation Freight Bill or Bill of Lading. Preliminary inspection does
not normally verify information on these documents but only that they are received
with the shipment. Upon termination of the preliminary inspection the shipment
together with documentation is forwarded to the receiving inspection area for
detailed examination and disposition.
7.3. ITEM INSPECTION
Unless the package marking prohibits unpacking, the contents of all shipments
should be visually inspected to verify that the specified packaging and shipping
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requirements have been maintained. When items are contained in separate moistureproof bags or envelopes, visual inspection without unpacking the contents is acceptable. Statistical sampling methods may be used for groups of similar items. Care
should be taken to avoid contamination of the items during inspection. The inspections should be performed in an area equivalent to the level of storage requirement
for the item. These inspections and examinations should include the following as
appropriate:
(1)

(2)

(3)
(4)

(5)
(6)

(7)

(8)

Identification and marking: verification that identification and markings are in
accordance with applicable codes, specifications, purchase orders and/or
drawings.
Manufacturing documentation: assurance that the item received was fabricated, tested and inspected prior to shipment in accordance with the applicable
code, specification, purchase order and/or drawings.
Protective covers and seals: visual inspection to assure that covers and shields
meet their intended function.
Coating and preservatives: verification that coating and preservatives are
applied in accordance with specifications, purchase orders or manufacturer's
instructions.
Inert gas blanket: verification that the inert gas blanket pressure is within the
acceptable limits.
Desiccant: verification that the desiccant is not saturated as revealed by humidity indicators. Desiccants should be regenerated or replaced as necessary in
accordance with special instructions.
Physical damage: visual inspection to assure that parts of items are not broken,
cracked, mising, deformed or misaligned and rotating parts turn without binding. Accessible internal and external areas shall be free of detrimental gouges,
dents, scratches and burns.
Cleanness: visual inspection to assure that accessible internal and external
areas are within the specification requirements for dirt, soil, mill scale, well
splatter, oil, grease or stains. If inspection for cleanness was performed prior
to sealing and shipping, and inspection upon receipt indicates that there has
been no penetration of the sealed boundary, then inspection for internal cleanness is optional.

Unless the completed item was inspected or tested at the source, it shall be
inspected or tested at the point of receiving to verify that the following characteristics
conform to the specified requirements. These inspections or examinations shall
include such items as:
(a)

Physical properties: assurance that physical properties conform to the specified
requirements and that physical test reports, if required, meet the requirements.
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(b)

(c)
(d)

(e)

Dimensions: random visual inspection to assure that important dimensions conform with drawings and specifications. Examples are mounting cabinets, overall external size, configuration and orientation of parts.
Workmanship: visual inspection of accessible areas to assure that the workmanship is satisfactory and meets the requirements.
Lubricants and oils: verification of the presence of proper lubricants and oils,
if required, either by specification, purchase order or manufacturer's
instructions.
Electrical insulation: performance of insulation resistance tests for motors,
generators, control and power cable to ensure conformance with
specifications.

All incoming shipments of procured or contractor furnished equipment and/or
materials to be incorporated into the permanent construction will be quality control
inspected, received, handled, warehoused and documented in accordance with existing procedures. After the item inspection has been performed, a disposition will be
made on the shipment that will identify the status of the equipment.
7.4. DISPOSITION OF RECEIVED ITEMS
The disposition of the shipment upon examination must be into one of three
categories:
(1)

(2)
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Accepted, when the shipment conforms completely to procurement specification, i.e. has complete and proper documentation and physically conforms to
all the specified requirements for installation. When a shipment is designated
as accepted, it will be identified as such with an 'accepted' tag permanently
attached to the shipment. An accepted shipment may be released for permanent
construction when a properly completed equipment/material release form is
submitted. Whether an accepted shipment is to be installed or stored, the
storage requirements spelled out in the original purchase order must be
adhered to.
Rejected, when non-conformances are identified and the item cannot be
released for permanent construction. If the shipment is rejected the QC inspector will then complete the deviation report form. The rejected shipment will
be subject to non-conformance control and after review by authorized personnel is either returned to the vendor, repaired on the site or accepted 'as is'.
Acceptance 'as is' requires the approval of Engineering. If the rejected shipment is returned to the vendor, the QA inspector then clears the deviation
report. If the shipment is repaired on the site, the QC inspector revises the
receiving and inspection report and then clears the deviation report. If the
documentation is complete for this repaired shipment, the shipment is then
accepted for permanent construction and tagged as such. If the repair has been

complete and the documentation is incomplete, the repaired shipment may be
conditionally released until the documentation can be completed. When a shipment is designated acceptable 'as is' by Engineering, then the justification for
the acceptance must be given on the deviation report. The QC inspector then
may clear the deviation report, and if the documentation is complete, the shipment may be accepted for permanent installation. If the documentation is not
complete, the shipment is then quarantined or conditionally released for
installation.
(3)

Conditional release, or quarantined is a disposition in cases where the nonconformance which caused the item to be "unacceptable" can be corrected
later, even after installation. In this case the item may be released for installation on a conditional basis. A statement documenting the authority and technical justification for the conditional release shall be prepared and made part of
the documentation. A typical case of conditional release is when a shipment
has undergone receiving inspection, physically conforms to all the specified
requirements for installation, but lacks complete, proper documentation as
specified by purchase order, contract specification or codes. If it is necessary
to use a conditionally released shipment for the installation of permanent plant
equipment, the shipment may be used after an equipment/material release form
has been completed and submitted, and also a deviation report written. Even
though the shipment has been released and is installed in the permanent plant,
the deviation report will indicate that the documentation is incomplete. After
completion of documentation, the QC inspector then clears the deviation report
and the shipment is designated as accepted. If the documentation is not complete, and Engineering can justify that the shipment and documentation is adequate 'as is', Engineering may clear the deviation report and thus the shipment
becomes accepted. If after the quarantine shipment has been installed as part
of the permanent construction and Engineering cannot justify acceptance 'as
is', and a deviation report remains open, the quarantined item should be
removed from construction. Once the item has been removed from the construction, then the QC inspector can clear the deviation report and conclude
the paperwork with regard to this item.

A system or method for identifying the status of items (e.g. tagging, labelling)
shall be employed that clearly indicates whether items are acceptable or unacceptable
for installation. A controlled physical separation is an acceptable equivalent method.
The system shall indicate the date when the item was placed in the 'acceptable' or
'unacceptable' installation status. The use of the system shall be regulated by the tagging procedures that should be developed as an element of the QA Manual.
A flow diagram of inspection activities and dispositions made during receiving
of shipments on the site and an example of a Receiving Inspection Report Form are
presented in Annex VI.
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8.
8.1.

EQUIPMENT CONTROL

INTRODUCTION

Control of equipment is designed to ensure that the quality characteristics of
each item to be used in an NPP correspond to the item's design specification and that
they will be preserved during manufacturing, installation and operation. This control
includes a number of measures to be taken during the item's life cycle, both administrative and technical. The IAEA Code of Practice and Safety Guides on Quality
Assurance identify, among others, the following measures to be taken in the control
of equipment.
(1)

(2)
(3)
(4)

Identification of materials, parts and components and ensurance of the traceability of each item from manufacturing up to the location where it is to be
installed in an NPP.
Documentary evidence that the equipment conforms to design requirements
and procurement specification.
Documenting the status of equipment as related to required inspections, or
tests, and indicating its operating status (tagging or labelling).
Control of equipment handling, shipping and storage to prevent deterioration
due to mishandling or to the environment.

8.2. IDENTIFICATION AND CONTROL OF ITEMS
Identification of items is used for the purpose of preventing the use of incorrect
or defective materials, components or equipment. The correct item is considered as
that required by the design. Identification is normally related to the traceability of
items. This term in relation to ICE equipment items means the capability to find permanent identification of an item up to some limit defined by standards or procedures
regulating identifcation of items. This identification can be traced via records which
substantiate that the item or the lot was inspected or tested and found acceptable.
Establishing a limit in identification of the ICE equipment item should be based on
the purpose of identification, i.e. prevention of use of an incorrect item. Since ICE
equipment is built on the basis of several levels of item integration the purpose is
justified if identification is retained until the next stage of integration where the
choice between correct and incorrect items ceases.
Industrial Standards such as IEEE or RCC-E require permanent identification
of ICE equipment items at the module level. With this term one defines items normally tested for function, performance or qualification as a unit and typically
replaced as a unit. These items may be motors, relays, switches, transmitters, sensors, etc. The reason for establishing requirements for identification at module level
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is that acceptability of the ICE equipment is based on functional testing of components for the critical function before their use in equipment. Identification below
module level may be required by the design organization or by the respective standards when a component is identified as contributing to a particular critical safety
function in the module. Also, identification of a component is needed when mixing
of components can produce errors in engineering or in variation of the critical attributes of a module. Identification may be by the heat number, part number, serial number, lot number, data code or other appropriate means. Flexibility in the method of
identification is needed because of the wide range of items used for ICE equipment
shipment. Some purchase orders may specify that the manufacturers identify the
equipment with a permanent identification in accordance with the project numbering
system. Such a system should permit the identification of each module — and its
position within the ICE equipment system. Identification numbers or symbols may
be directly printed, painted or etched on the item or may be in form of tags. These
are usually made of paper marked with waterproof ink or may be in the form of
stamped metal, adhesive backed Lamacoid or similar.
Modules subject to the QA programme should be permanently identified by the
manufacturer with their date of manufacture.

8.3. TAGGING OR LABELLING
The status of equipment regarding inspection, testing or operation should be
identified on tags or labels attached to the item. The purpose of tagging is to prevent
inadvertent use of an item. This it does by stating information, precautions or prohibitions related to the use or change of status of this item. From this point of view
a tag can be considered as non-permanent identification of an item with regard to
its inspection, test or operating status.
The tagging system established by the management during various phases of
a nuclear power project should be based on the procedures. These procedures should
identify:
—
—
—
—
—

Authority and responsibility for tagging,
Control of tagging activities,
Type and format of tags,
Adherence to tagging procedures,
Tagging administration.

The central point of co-ordination of all discipline construction tagging activities is the Project Tagging Unit. It is the responsibility of this unit to issue a Tag
Permit in co-ordination with and on the request of Construction or the Operation Discipline Superintendent. The Tagging Unit should be responsible for maintaining an
accurate Tagging Log filling out all issued tags at the request of various discipline
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superintendents responsible for performance of the work. Tracking the tags during
construction and installation is normally performed using computers. This allows an
overview of all systems and equipment affected by tagging and easy introduction of
any changes, additions and deletions. With entries being made as the status of equipment changes, a complete status of any system would be retrievable at any given
time.
Information on the status of equipment is provided both by colour of the tag
and by what is written on the tag.
Red — 'Prohibition ' tag or 'Danger Do Not Operate ' tag
These tags indicate that safety conditions have been established and that operation or use of this equipment or system could result in injury to personnel and/or
damage to equipment. No equipment shall be used or operated while a red tag is
attached to it. This type of tag must be attached:
(1)
(2)

By receiving inspection, to equipment that has been rejected as nonconforming.
During construction, whenever a system or a portion of that system is capable
of being energized during some work operation. This includes circuit breakers,
motor starters, valves and associated local and remote control switches and
push buttons.

Yellow — Equipment being tested and operated
These tags indicate that the equipment or system is under preliminary test or
is being operated under specified authority. These tags warn all personnel to use caution. Tagged equipment is normally energized and can be operated at any time.
These tags are placed on circuit breakers, motor starters, valves, etc., and their operation is regulated to specified permission.
A danger tag can be attached over a yellow one while repairs are being performed on any particular piece of equipment. The red tag takes precedence and the
equipment will not be operated before red tags are removed by proper authority.
Green — Equipment turnover

(Accepted)

These tags are used to designate equipment or a system that is turned over from
one group to another for the purpose of installation, use, calibration or operation by
the other group. The green tag with sign 'Accepted' will be used by the receiving
QC inspector to indicate its acceptance and direction to storage or installation. Plant
owner personnel should not operate or work on equipment, systems or devices which
are under jurisdiction of the constructor, installer or commissioning group until
turned over and green tagged.
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Blue — Conditionally released or turned over for use, but requires to be checked,
calibrated or otherwise completed
This type of tag may be used to designate equipment which is being checked
or being operated temporarily. Work is normally permitted on blue tagged equipment, under supervision of the person directing the work. When the conditions for
release of the equipment are fulfilled the blue tag will be replaced by the green one.
Equipment received on the site and conditionally released for installation or storage
will be blue tagged until any deficiency, such as lack of documentation, has been
overcome.
Besides the four main types of tag used during the life cycle of an item of
equipment there may be other tags or stickers attached to the item and providing
information on the status of equipment related to storage, installation, testing, commissioning or operation. These tags, in combination with the above mentioned main
tag types, can provide complete information on the status of an item and prevent any
inadvertent use or operation of this item.
The tagging procedure should prescribe the methodology for requesting, issuing, placing and removal of tags. In principle, only authorized persons such as the
work supervisor in charge may request a tagout. Tagout request should be submitted
in a prescribed form. The Discipline Tagging Unit will review the request and check
the status of equipment to be tagged. Then it will issue the tagout permit and enter
information into the Tagout Log. The Tagging Unit is responsible for attaching its
safety related tags to equipment, giving the tag stubs to the work superintendent in
charge. The individual who issued the Tagout Permit shall comply with all requirements and restrictions of the Work Order governing the work to be performed. It
should be noted that a tag is not a substitute for a Work Order. Before work may
commence the authorized person must be in possession of both a Tagging Permit and
a Work Order. The work superintendent must ensure that personnel under his direction do not attempt to perform work on, or test, any equipment without first obtaining
the stub from each tag affixed to the equipment for which it was issued. The work
superindentendent shall be responsible for returning tag stubs to the appropriate Tagging Administration when work on, or testing of, the equipment has been completed.
The work superintendent will be responsible for ensuring that all personnel
under his supervision are performing work on properly tagged equipment in accordance with procedures. He should also verify that the tags are properly placed and
that the equipment is properly isolated prior to commencing work.

8.4. DOCUMENTARY EVIDENCE OF EQUIPMENT QUALITY
CHARACTERISTICS
One element in equipment control is generation, preservation and retention of
documents providing objective evidence that a piece of equipment conforms to
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design requirements and its procurement specification. In general, both these QA
records can be retained by the supplier and kept as permanent or non-permanent
records, and supplied together with the equipment and delivered to the purchaser as
a 'data package'.

Supplier Retained Documents include those specified in the procurement documents that the manufacturer should generate and retain for a specified period of time
as QA records. Normally these documents include:
(a)
(b)
(c)
(d)
(e)
(f)
(g)
(h)
(i)

All procurement documents
Baseline design documentation
Supplier QA manual, procedures and instructions
The manufacturing, test and inspection plan: manufacturing, test and inspection procedures
Design drawings and changes
Inspection and test results
Quality release
Data package (to be delivered to the purchaser)
All QA audit reports (supplier internal reports).

Should ICE equipment include mechanical parts which require the application
of mechanical equipment standards, manufacturer retained documents may include:
(j)
(k)

Material Certification (such as for an electrical motor shaft when it is also a
pump shaft)
NDE of equipment (such as shaft), etc.

Data Package. This includes documents to be handed over to the purchaser and
containing objective evidence of quality of the equipment. These normally include:
(a)
(b)
(c)
(d)
(e)

Certificate of Conformance
Approved Deviation Notice (if applicable)
All Certified Test Reports
Special Material Certification (if applicable), such as for reactor coolant pump
motor: shaft and coupling, runner, flywheel, etc.
NDE of materials (if applicable).

Certified Test Reports may include both the Qualification Test Certificates as
required by industrial standards and fabrication acceptance test reports.
The former tests can be considered as qualification tests of an item. They are
performed for a specific type of equipment and are usually not repeated on each
fabricated item, provided no design or manufacturing process changes have been
made. They normally include:
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Type test or commercial test: Should demonstrate satisfactory performance of
a type of equipment. When required by the National Electric Code or an equivalent
standards this test is performed for each type of electrical equipment irrespective of
its intended use. Usually, type tests are performed on a sampling basis and have to
demonstrate that the type of equipment is able to meet the performance requirements
under specified conditions.
Suitability test: This type of test should demonstrate the suitability for use of
an item in an NPP. The purpose of the suitability test is to imitate the normal and
extreme conditions which the component is subjected to during its lifetime. This test
should verify performance parameters of an item as specified by the design. It may
include functional testing under environmental influences such as temperature and
humidity variations, vibrations, electromagnetic interfaces, voltage fluctuation, etc.
Ageing may also be tested during the suitability test.
Seismic test: When required by the specification this test should be performed
to demonstrate that an item is able to withstand the conditions of external events such
as an earthquake, airplane crash, etc. Depending on the requirement, testing can be
performed under various frequency ranges and accelerations.
Post-accident (LOCA) qualification test: These tests are carried out to demonstrate qualification of equipment to operate under extreme, post-accident conditions.
The test requirements are prescribed by the respective industrial standards for
Class IE equipment.
Besides the documents generated by the designer and manufacturers and either
retained by them or delivered to the site together with equipment, there are other
documents to be used in the control of equipment that are generated both off-site by
the engineering group and on-site by installation, inspection and test personnel. Offsite they are mainly generated by various engineering groups and provide requirements and information on installation, inspection, testing, maintenance and operation. On-site they are generated by installation, inspection and test personnel and
include objective evidence of quality of installation such as 'as built' drawing,
inspection reports, test certificates, non-conformance reports, corrective actions
record, performance test reports, turnover reports, etc. Annex VII provides a review
of documents generated off- and on-site with details of their transmission to and from
the site and indicating the generating organization.
8.5. CONTROL OF PACKAGING, SHIPPING, HANDLING AND STORAGE
OF EQUIPMENT
Requirements and recommendations for packaging, shipping and storage of
equipment are specified both in the IAEA Code of Practice on Quality Assurance and
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in various Safety Guides on QA such as Quality Assurance during Site Construction
of Nuclear Power Plants (IAEA Safety Series No. 50-SG-QA4) or in Quality Assurance in the Manufacture of Items for Nuclear Power Plants (No. 50-SG-QA8,
Annex VIII). The requirements are intended to ensure that the quality of items is not
degraded as a result of packaging, shipping, receiving, storage and handling practices and techniques. In most of the existing standards the requirements for activities
covered by these standards are divided into four levels with respect to protective
measures to prevent damage deterioration or contamination of the items. These
requirements are mainly based upon the physical characteristics and not upon the
important functional characteristics of the item with respect to safety, reliability or
operation. Classification of equipment into four levels of protective measures is also
used in implementing a four level storage system.
Storage is a vital part of the ongoing process necessary to assure quality. To
store ICE equipment adequately, one should identify the categories or levels of
storage that dictate the environment an item might be stored in.
Level A: Items classified as Level A are those that are exceptionally sensitive
to environmental conditions and require special measures for protection during shipping and storage from the following effects:
— Temperature outside required limits
— Sudden temperature changes
— Humidity and vapours
— Gravitational forces (g)
— Physical damage and airborne contamination (e.g. rain, snow, dust, dirt, salt
spray, fumes).
These items will be assigned storage space in a facility that provides humidity
and temperature control, as well as proper ventilation with filters to remove dust and
vapours. These spaces or facilities should always be closed, and no foreign material
should be allowed in. The storage area should have a paved floor and should be well
sealed to keep out foreign material. It should not be subject to flooding and should
be fire resistant.
Level B: Items classified as Level В are those that are sensitive to environmental conditions and require measures for protection from the effects of temperature
extremes, humidity and vapours, g forces, physical damage and airborne contamination but should not require the special protection required for Level A items. Level В
storage will be in a fire resistant, weathertight, well ventilated building or enclosure
made of durable material. This might be a sealed, plastic covered wood frame structure or a conventional warehouse building. The storage area should not be subject
to flooding. In addition, the floor should be paved, or covered with a wood planing,
plywood, or some similar material.
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Items stored here should be placed on pallets, shelves, bins, or cribbing supports to provide for air circulation. The area will usually have temperature control,
and possibly humidity control. The maximum allowable temperature will be about
30°C and the minimum about 4°C.
Level C: Items classified as Level С are those that require protection from
exposure to the environment, airborne contaminants, g forces and physical damage.
Protection from water vapour and condensation is not so important as for Level В
items.
This type of storage covers similar features to level В storage with the possible
exception of temperature and humidity control.
Level D: This level of storage calls for an outdoor area which is well drained;
in some cases, gravel or pavement may be put in. The area will preferably be located
away from construction activity to avoid damage from traffic. The area will require
cribbing (supports) to keep the items off the ground and to avoid trapped water.
Storage areas and stored equipmenKshould be subject to periodic inspection.
When performing inspection, storage requirements should be as specified by the
equipment manufacturer. These requirements should be translated into procedures
and checklists. The storage requirements may also be documented on storage cards
which should be kept with the stored equipment and on corresponding computer lists.
Examples of written procedures used for storage control are the following:
— Acceptance from receiving control
— Access to storehouses
— Cleanness and housekeeping practices
— Fire protection in the storage area
— Protective covers and seals
— Coating and preservation
— Environmental control
— Removal from storage procedure and handing over for installation.
A summary of storage level requirements and examples of typical items in each
of the storage levels are presented in Annex VIII.
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9. QUALITY ASSURANCE DURING INSTALLATION OF
INSTRUMENTATION, CONTROL AND
ELECTRICAL EQUIPMENT
9.1.

INTRODUCTION

Installation of ICE equipment in NPPs is normally performed by specialized
organizations contracted to perform this task. The responsibility of the installers,
besides installation itself, also includes specified field engineering activities,
procurement of minor materials for installation, control of materials and equipment
during the installation process, first line inspection and after-installation testing of
equipment. After completion of the installation process and performance of all specified after-installation testing (or construction testing) the equipment is turned over
to the commissioning group for pre-operation and startup testing.
The installer's own verification activities include first line inspection, surveillance and after-installation testing. These functions are performed both by installation personnel, including the installation supervisor, and by independent inspection
and test personnel, usually termed QC personnel. It should be recognized that control
and verification of the installation process is not the sole responsibility of the QC
personnel. The installation supervisor through his personnel is responsible for performing all the verifications, such as examinations, measurements, checks or tests.
QC personnel should witness these activities and perform redundant verifications,
i.e. independent inspections and tests. The QC inspector should verify, in addition,
that all prerequisites for correct performance of the installation process are met, that
installation is in accordance with approved drawings and specifications and that all
necessary verifications prescribed by procedures are implemented. To that end, QC
inspectors may establish 'hold points' where no further work may be performed until
they are present to witness the particular test or operation. During the installation
process, the installer's QA personnel should periodically perform audits of installation activities to verify that the established QA programme is in place and is
effective.
During the equipment installation phase, the plant owner or its representative
will be responsible for verification that the installation process is being performed
on the basis of established requirements, that the installers and all subcontractors are
implementing the control system specified in the QA programme, and that this system is effective. These verification activities performed by or for the plant owner
are implemented by surveillance or planned and scheduled audits. The technical
bases for performing verification will be the QA manual of the installer as well as
procurement specifications for installation services, including all supporting technical documents such as design specification, installation documents, inspection and
test procedures and instructions, etc.
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All construction and installation activities related to safety systems will be
additionally subject to regulatory inspections that may take the form of surveillance
by resident inspectors or of regulatory audits. The regulatory inspections are strictly
based on existing regulatory requirements and the respective regulatory inspection
procedures and checklist. A basic principle of regulatory verification is that it shall
be independent of the plant owner. This allows the regulatory inspectors to develop
their own methods and techniques to be used in verification. Depending on the availability of staff and other resources these methods may be both direct (such as equipment inspection or corroboration) and indirect (surveillance and QA programme
audit). In some countries an independent regulatory inspector may be responsible for
clearing the acceptance of installed systems.
Although control and verification activities during the equipment installation
process are performed by several organizations in a complementary or redundant
way, the basic principles for performing these activities as well as acceptance criteria
for the work are the same. They are based on a planned approach to installation that
ensures a sequential progression of installation operations for each item or system.
Control and verification activities follow at each step of the installation plan and
ensure that each operation is performed on the basis of established procedure, that
the achieved results correspond to technical requirements and that objective evidence
of the quality of the work is generated.
Regarding the sequence of installation activities that proceed according to plan,
it is possible to focus control and verification activities on four distinct tasks to be
performed. They are in sequential order:
(1)
(2)
(3)
(4)

Pre-installation verifications to ensure that preparations for the installation
process are correctly carried out.
Installation process control and in-process verification.
Inspection and tests of installed systems or after-installation verification.
Turnover of equipment for commissioning.

The activities to be performed in implementing these tasks are both administrative and technical and are fully based on QA programme documentation as described
in Section 3 of this Manual.

9.2. PRE-INSTALLATION VERIFICATION
The purpose of pre-installation verification is to assure that the items to be
installed and the installation area are in conformance to specific requirements; that
all necessary preparations are made, e.g. with regard to documents, tools and controlled environment, and that the installation personnel are qualified for the tasks to
be performed.
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The installation of ICE equipment will normally start immediately after finalizing the construction of the buildings and the main grounding system. After construction is finalized a building is inspected room by room and formally handed over from
the construction organization to the installers. Since ICE equipment can be classified
into any of the four levels regarding protective measures, installation of the equipment will be carried out in steps, corresponding to the status of preparation of the
installation area.
Mainly the electrical equipment will be installed first, since it is rigid and cannot be damaged by dirt, water and other environmental conditions. A room or a
building can be conditionally accepted for installation of this equipment, which has
a low protection level.
Instrumentation installation will not be initiated before the piping systems are
installed.
Last will be installed sensitive ICE equipment that requires a high degree of
protective measures. The building may be accepted for installation of this kind of
equipment only when an environmental control system is in operation and a temporary or permanent fire protection system is installed.
9.2.1. Installation documents
Pre-installation verifications include review and when necessary approval of
all documents necessary for identification, installation, inspection and testing of
installed equipment and systems.
The basic documents to be used in the installation of ICE equipment are the
design documents. They are prepared by the design organization, e.g. the A/E, or
a specially contracted organization. These design documents are used for the
development of detailed installation and field working documents.
When received from the design organization the design documents are verified
for delivery to the site by the design organization itself and by the plant owner
representatives at the designer home office. Design documents to be received and
be present on the site before commencement of installation normally include:
(1)
(2)
(3)
(4)
(5)
(6)
(7)
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System description;
Design drawings, both baseline (functional) and detailed;
Diagrams such as a one-line ICE equipment schematic, ICE equipment logic,
electrical wiring, etc.;
Layout opf equipment and cableways;
List of materials such as boards and panels, racks and instruments, motors,
cables, conduits, etc.;
Design specification of equipment to be included in the procurement
specification;
Installation specification.

Technical requirements for installation of ICE equipment are included in the
installation specifications. These documents contain all technical aspects of ICE
equipment installation that are necessary for developing detailed installation procedures and instructions and for establishing acceptance criteria to be used in inprocess and after installation inspections. Specifications of the following technical
aspects of installation of a system are included in these documents:
(a)
(b)
(c)
(d)
(e)
(f)
(g)
(h)
(i)
(j)
(k)
(1)
(m)
(n)
(0)

Reference to applicable standards and procurement documents;
Special requirements for the installation of ICE equipment;
Specification of materials to be used in installation;
Physical separation requirements for cables and equipment;
Seismic protection requirements;
Grounding requirements;
Working instructions for installation;
Welding and solding instructions;
Working instructions for cable installation pulling;
Levelling and alignment of equipment;
Clearance and tolerances;
Tightness of connections and attachments;
Slope of instrumentation lines;
Protection of the installation from mechanical damage, corrosion, water
dripping etc.;
Provisions for space for maintenance.

Design documents are further developed into installation documents by the
A/E's home office and issued to the installation organization as 'issue for installation' documents. Normally, these documents are used for procurement of installation
services as a procurement specification. Besides the design documents, 'issued for
installation' documents also include:
(1)
(2)
(3)
(4)

Interface specifications
Installation instructions
Installation drawings and diagrams with actual location of equipment
Termination and connection tables.

The lowest level of documents necessary for the initiation of installation activities comprises work documents prepared by the installation organization and
reviewed and approved by the A/E's home office. These include:
(a)
(b)
(c)
(d)
(e)

Detailed working instructions for the installation workers
Detailed diagrams such as one-line, circuit and cable routing
Installation, inspection and test plans
QC procedures for installation control
Installation test checklists for each type of installation (cables, electrical cabinets, etc.).
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An example of documents issued by a contractor for cableways and equipment
installation activities is presented in Annex IX.
For effective performance of control and verification activities during the
installation process it will be necessary to develop a detailed installation inspection
and test plan. The advantage of having such an integrated plan for installation,
inspection and test is in using a single document for attaining production, control and
verification objectives. This document, sometimes called 'Quality Plan', brings
together the installation steps for each ICE equipment system and the inspection and
test steps in a logical sequence leading to the systematic accomplishment of all
activities.
In establishing the Quality Plan the degree of verification must be considered,
with the tendency being to establish inspections or tests at those points where decisions as to the quality of installation can be most consistently correct. These points
are referred to as 'hold points'. The idea is that the work may not progress beyond
any such points without acceptance of the prior work by the QC organization. In
order to have an objective assessment of the quality of the work, detailed inspection
or test instructions for each 'hold point' should be developed.
In preparing inspection/test procedures several options are possible. First, the
inspection/test point required in the Quality Plan may be so simple that a detailed
procedure is not necessary. Secondly, the inspection/test being called for in the plan
may be a consistent and repetitive one so that a standard detailed instruction may be
used and referenced in the plan. Thirdly, it may be necessary to prepare a detailed
procedure or instructions because of the complexity or uniqueness of the inspection/test required. This is the case when complex testing is called for, including a
need for detailed data recording.
To ensure consistency of the Quality Plan and installation/test instructions the
configuration of the hardware to which the plan applies should be identified on both
the Quality Plan and on each procedure or instruction referenced in the plan.

9.2.2. Identification and inspection of items and materials to be used in
installation
Before installation, equipment to be installed should be inspected for the
purpose of identification and checking readiness for installation. As indicated in
Section 7.2 of this Manual, a unique identification system will be used for ICE equipment up to module level. For pre-installation verification, identification of the items
on the basis of a prescribed project numbering system is useful. Such a numbering
system permits the designation of all major ICE equipment systems, their equipment
and respective modules. For ICE equipment, up to five numbers are used for identification of an item and its position within the equipment and system. A specific number indicates whether an item is subject to the QA programme or not. Project
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numbering systems will permit verification that all equipment which is to be installed
according to installation plans and other documents is in place and is correct.
Equipment is transported from the storage area or directly from the receiving
inspection area to the place of installation. Visual inspection of this equipment by
QC besides identification should also ensure that:
(1)
(2)
(3)
(4)

Equipment has not been damaged by handling or transportation;
During storage or transportation, no environmental damage has occurred;
Protective covers, seals, coating and preservation are in place and fulfil their
intended function;
Cleanness of equipment is satisfactory. All accessible internal and external
areas are within the specified cleanness requirements.

If any non-conforming conditions are noted during pre-installation inspection
of items, all non-conforming items could be cleared before installation, and appropriate corrective action initiated.
9.2.3. Tool proofing, inspection and test equipment control
Pre-installation verification should ensure that appropriate tools and instruments are available for use in installation. All tools to be used should correspond to
the installation specification. The purpose of tool inspection will be to determine the
capability of the tool(s) to yield an acceptable installation, prior to beginning the
installation process.
Inspection and test equipment to be used in examination, measurement or tests
of ICE equipment during and after installation should be available on the site before
the commencement of installation. Pre-installation verification should identify this
equipment and ensure that it corresponds in respect of range, accuracy and precision
to the requirements of the intended use. The equipment should be calibrated according to calibration procedures and calibration records should exist both in the form
of a calibration sticker attached to the equipment and of records traceable to it.
Calibration plans and procedures should be in place to ensure calibration control of
all measuring and test equipment on the basis of the QA standard's requirements.
9.2.4. Qualification of installation, inspection and test personnel
Personnel performing installation should possess the level of proficiency
necessary to ensure that the installation will meet the specified requirements. Preinstallation verification should ensure that the qualification of installation personnel
is adequate to perform installations according to drawings, specifications and instructions so that the installed equipment will satisfy identified quality standards. Verification should include the review of qualification documents and a demonstration of
performance by the installation personnel. This includes demonstration of the capa69

bility to read electrical and 1С drawings and to understand the practices employed,
as well as satisfactory production of items for the installation. When required by the
applicable standards the installation personnel will be certified according to requirements. The installation organization should also organize, when necessary, additional training of installation personnel to help them develop proficiency in the tasks
they perform and to familiarize themselves with special equipment, QA programme
requirements, etc.
Qualification requirements for inspection and test personnel for ICE equipment
as well as for all QA personnel are contained in the IAEA Safety Guide on Quality
Assurance Organization for Nuclear Power Plants (No. 50-SG-QA7) and in the
IAEA Manual on Training, Qualification and Certification of Quality Assurance
Personnel (IAEA Technical Reports Series No. 262). According to some national
standards, such as US-ANSI-QA1 and QA2, certification of inspection and test personnel for electrical equipment is necessary according to a three level certification
scheme. To be certified as an ICE equipment inspector a person should possess
knowledge of ICE equipment and demonstrate the capability to perform verification
activities related to installation of this equipment. Annex X presents a list of tasks
an ICE equipment installation inspector should be able to accomplish for successful
certification for the prescribed levels.
9.2.5. Qualification of installation procedures
The purpose of qualification of installation procedures and practices is to determine the capability of the installation process to yield an acceptable installation conforming to requirements. The qualification should include the whole installation
process, including the effects of tools, procedures, personnel and environmental conditions. A method of qualifying the installation process is a prototype installation that
should be accomplished before initiation of actual installation of ICE equipment.
For the protoytpe installation, equipment that will be installed in several places
in an NPP is selected. Normal administrative and installation procedures are used
for the installation. In this way it is possible to verify the adequacy of installation
specifications, installation procedures and the quality of the work. As a result of this
prototype installation both installation procedures and specification may be modified.
A satisfactory prototype installation may be considered as qualification of the installation procedures and be used during all installation processes as a reference for the
quality of the work.
9.3. INSTALLATION PROCESS CONTROL
Installation process control should be implemented through appropriate installation planning, use of the applicable procedures, installations and drawings and inprocess verification activities such as surveillance, inspections and tests.
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During the whole installation process, the management should ensure and
verify that the following conditions are fulfilled:
(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)

The applicable installation procedures, instructions and drawing are developed, qualified and followed.
Appropriate processes, materials and tools and other equipment are used.
The status of installation, inspection and test is indicated or identified in
appropriate records.
The installation plan is strictly followed and the inspection and test sequence
is maintained.
Non-conforming items are controlled.
'As built' information is recorded.
Inspection and test records are current, accurate and complete.
Installation personnel are qualified as required.

9.3.1. Surveillance of installation operations
The purpose of surveillance of installation activities is to verify adherence to
installation procedures and to prevent errors that could be difficult to identify and
eliminate during after-installation inspection and testing. There are a large number
of installation operations that should be verified against established general design
criteria for ICE equipment and the relevant installation specification. The IAEA
Safety Guide on Quality Assurance during Site Construction of Nuclear Power Plants
(IAEA Safety Series No. 50-SG-QA4) provides recommendations that the following
operations should be carefully checked during the installation process:
(1)
(2)
(3)
(4)
(5)
(6)
(7)

Cable pulling, splicing and termination;
Cable segregation and separation;
Identification of items by coding, colouring and tagging;
Installation of electric and instrumentation penetration assemblies;
Installation of hydraulic, pneumatic and other instrument systems;
Installation of protective devices against fire such as fire stops and barriers;
Installation of instruments.

9.3.1.1.

Cable pulling, segregation and separation

The cable system is a large part of the electrical scope of an NPP. Installation
of power and 1С cable systems, better known as cable pulling, is a complex and
detailed activity that should be subject to control. The large number of different
cables in an NPP calls for detailed planning and recording of activities. The use of
a computerized cable information system is a prerequisite for satisfactory planning
and controlling cable pulling operations.
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All information related to the installation of cables is fed into computer files.
This includes equipment data, tray data and cable data. Cables should be identified
by type and marks, by routing, or how to get from one point to another and by the
termination requirements. This information should be included in computer files and
used when needed to plan, control and verify the installation operation. An example
of the flow of input and output information to the computer based cable information
system is presented in Annex XI. The computer will provide for each cable a card
with all the information needed by the installation supervisor to issue a work order
and control the cable installation process.
A typical cable pull card will contain the following pertinent data:
(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)

Cable number and tabulation page number;
Name of system to which the cable belongs;
Cable type code;
Cable description;
Segregation code requirement;
Approximate length of the cable;
Equipment or panel number from and equipment or panel number to, and routing of the cable;
Cable reel identification number.

Prior to the set-up of the cable pull, the Discipline Superintendent and QC
inspector should verify that the cable pull card has been received and that the cable
to be pulled conforms to the installation specification. Each cable should be identified
by the pulling card date and by its manufacturer's specifications such as maximum
pulling tension allowed, cable temperature, cable lubricant specification, etc. In
addition, all conditions necessary for a satisfactory cable pulling operation should be
verified. For instance, it must be ensured that:
(a)
(b)
(c)
(d)
(e)
(f)
(g)

Lubricants are compatible with cable jacket, insulation and environment;
If the ambient temperature is low, the cable has been warmed to prevent fracture upon input;
Insulated cable ends have been terminated or sealed additionally;
Cable cutting adheres to the length listed on the cable pull card and the cable
tabulation;
Cable carriers are installed per specification;
The full factor of the carrier is not exceeded;
Pulling monitoring equipment is calibrated.

The normal manner of documenting these verifications is by use and completion of a checklist. An example of a cable pulling checklist is given in Annex XI.
During cable installation, verifications should ensure that the basic design
criteria and installation specification are fulfilled. These include:
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Separation criteria: Some safety related functions are duplicated in two or more
redundant systems with each system containing cables and equipment necessary to
perform the essential safety function. All elements of one system must be sufficiently
electrically and physically separated from the elements of the other system. The
separation criteria are safety requirements and are prescribed by industrial standards
such as US-IEEE-384. Verification should ensure that the separation criteria for
redundant cable systems are maintained. This includes measurement of the distance
between cable trays and conduits belonging to different safety systems and inspection
of barriers and other isolation devices. In evaluating the adequacy of cable and cable
tray segregation one should take into account both fire protection and seismic
concerns.
Seismic design consideration should verify the conformance of raceways and cable
conduits to the seismic design. This includes verification of the anchor bolt embedded depth; anchor bolt installation setting and tension; cable tray size and type; bent
radii, reducing connectors and expansion fittings to proper specification; secure
clamping of the cable trays to supports, etc. Before installation, verification should
ensure that static and dynamic calculations are performed for cable trays and other
cable installations, including single cable installed on iron, in concrete or in conduits
as well as grouped cables installed on trays.
Identification of cables and cable trays, belonging to different systems, both functionally (power and control cables) and redundant, should be done using colour coding and numbering. Name plates added to identify the equipment used inside one
system should have a corresponding colour. Cubicles and boards should be marked
individually and their internal wires should also be marked so that it is easy to identify to which part and system the wiring belongs.
Cables entering cubicles and boards should be marked, besides by colours, also
with cable number, conductor number and connection point designation.
9.3.1.2.

Cable termination and splicing

Cable termination and splicing is a process that should be subject to control.
Cable termination is the attachment of a lug or other electrically conductive attachment device to the conductor to allow a suitable connection of the cable end to a unit
of ICE equipment. Control of the termination process should include:
(1)
(2)
(3)
(4)
(5)

Preparation and issue of the termination cards;
Termination instructions, identification of respective standards and practices;
Issue of drawing and wiring diagrams;
Control of cable installed by number, colour and type;
Equipment identification at the point where the cable should be terminated;
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(6)
(7)
(8)
(9)

Lug to be used for cable;
Tools to be used and calibration requirements;
Qualification requirements for terminators;
Requirement for checking and monitoring termination activities, for safety
related termination.

Normally, the termination process should be the same for safety and nonsafety-related terminations, except for QC inspection to be required in the latter case.
Cable splicing is not normally performed on safety related cables. Associated
cables and those not related to safety are sometimes spliced. The splicing process
should be performed according to instructions and verification should be performed
to ensure that the cables are spliced in their final position. The QC inspectors
monitoring or otherwise inspecting the termination and splicing process should check
the following:
(a)
(b)
(c)
(d)
(e)
(f)
(g)
(h)
(i)

Correct cable preparation (stripping and cutting);
Use of correct materials, splice, lug, etc.;
Correct installation of splices;
Tagging of splices;
Proper termination of wires and cables;
When necessary, monitoring cad weld operation;
Any discontinuity of connections;
Proper use of equipment such as crimpers, shippers and cadweld equipment;
Calibration of equipment such as meggers, voltmeters, continuity checkers,
etc.

9.3.1.3.

Installation of electrical

penetrations

Electrical penetrations are normally pressurized canisters which are installed
into a sleeve in the containment structure. Since these items are pressurized their
manufacture and installation are subject to requirements of both pressure vessel
codes and electrical codes and standards. According to these requirements electrical
penetration should be qualified for service conditions that simulate the installed life
of the assemblies.
During receiving inspection verification should ensure that the documentation
provides objective evidence of design qualification of this equipment. This includes
permanent identification on the assembly name-plate as required by the relevant
code.
During installation of electrical penetrations the QC inspector should verify
that:
(1)
(2)
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The installation process is performed according to instructions;
Measures are taken to prevent damage to the assembly;

(3)
(4)

The penetration is correctly sealed;
Appropriate tests have been performed before and after installation such as
leak rate test, continuity test, insulation resistance to ground, etc.;
The installation corresponds to the drawings regarding nozzle dimensions,
material, location and dimensions in relation to liner or containment wall, etc.;
The assembly finish is correct regarding protective coating requirements, etc.

(5)
(6)

For instrumentation electrical penetration, specifically during installation a
field test should be performed to verify the adequacy of:
— insulation resistance
— dielectric strength
— shielding adequacy related to electromagnetic, electrostatic and intercircuit
interference
— impedance and pulse transmission characteristics of coaxial conductors, etc.
9.3.1.4.

Installation of instrumentation sensing lines

Installation control of instrumentation sensing lines includes primary instrument and sample piping or tubing and associated control valves.
Measures should be established to ensure that hardware and equipment installation agree with applicable design drawings, installation specifications and instructions. Sufficient documentation and QC procedures should exist to ensure sensing
line installation is according to requirements. These should include:
(1)
(2)
(3)

Analyses of qualification data including seismic qualification;
Analyses related to physical protection;
Material test reports, pressure test reports and proof test reports to establish
the pressure ratings of isolation valves.
During the installation process the QC inspector should verify that:

(a)
(b)
(c)
(d)
(e)
(f)
(g)
(h)
(i)
(j)

All impulse lines piping has the prescribed dimensions and tubes are seamless;
Provision for tube expansion has been made;
Bent radii conform to installation specification;
Dimensions and location of root valves are correct;
Tubing and instruments are rooted and supported so that they are protected
from damage during normal operating activities;
Sample tubings are routed away from other equipment which could be
damaged by heat;
Tubing subject to vibration is supported at irregular intervals;
Cut ends of tubing are reamed and deburred;
Connection lines between points of measurement and instruments are installed
with a continuous slope to allow draining or venting;
Safety criteria such as separation, redundancy, seismic design, etc., have been
met.
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9.3.1.5.

Installation of fire stops and seals

The installation specification of ICE equipment should include requirements
that all cable and cable tray penetrations through walls and floors as well as any other
types of cableways or conduits should have fire stops. During the installation of fire
stops and seals the QC inspector should verify:
(1)
(2)
(3)
(4)
(5)
(6)
(7)

Materials for fire stops and seals are correctly used with regard to their flammability, fire retarding properties and fire underwriters' rating;
All penetrations to be sealed are identified;
All penetrations are cleaned prior to installation of seals; this includes removal
of any previously installed seals;
Sealant mixtures are tested regarding weight and density;
Fire barriers rating is adequate as regards expected temperature and time
before possibility for extinction;
Flame retarding board, substrate damming and flame retarding fibre is correctly installed;
Maximum physical vertical and horizontal distances between fire stops on long
run cables correspond to the fire protection design specification.

9.3.1.6.

Installation of electrical

equipment

Modern ICE equipment systems in NPPs being built today involve many
different items of electrical equipment. It is impractical to describe or recommend
standard installation controls. However, general principles of equipment installation
control include identification of the prerequisites for correct installation and assurance that installation is accomplished according to design requirements and installation specifications.
To ensure that the prerequisites for installation are met it must be verified that:
(1)
(2)
(3)
(4)
(5)

Equipment is identified and that the proper components (model, size, rating,
type) will be installed;
The location and orientation of the equipment is correct;
Modules to be assembled are correctly selected;
The level of cleanness of the installation area and equipment is acceptable;
The installation conforms to installation specifications regarding mounting,
levelling and alignment of equipment.

Measures should be taken to ensure that the correct procedures are followed
regarding lifting and moving equipment during installation. The installation process
for some types of equipment may involve hazards associated with handling toxic
chemicals such as those used as transformer fluids, battery chemicals and electrolyte.
Installation procedures should include details of precautions and hazards associated
with these chemicals.
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A list of controls that should be implemented during electrical equipment
installation is presented in Annex XII.
9.3.1.7.

Installation of instruments

Installation of both nuclear and other instrumentation should include control of
the following:
(1)
(2)
(3)
(4)
(5)
(6)

Identification of the type and size of instruments and conformance between
design requirements and installation specification,
Identification and use of the relevant installation, inspection and test
procedures;
Review of the location of instruments for installation, and verification of
appropriate cleanness;
Verification of adherence to separation criteria and maintenance of separation
and clearance tolerances;
Correctness of installation of hangers and supports of instruments;
Identification of cable connections and verification of their cleanness.

Before connecting instruments to sensing lines, the orientation and alignment
of the lines should be verified. Also, proper splicing and termination of the wires
as well as verification of their type and size should be made.

9.4. AFTER-INSTALLATION VERIFICATIONS
After-installation for ICE equipment should comprise both inspection and
testing.
Inspection should be used to verify that equipment is located, installed, assembled and connected in compliance with specified requirements.
Tests are performed to ensure that items being installed comply with specified
quality and performance requirements. These tests are normally performed at
appropriate points in the installation plan, when a specified installation operation is
completed and when equipment lends itself for testing. Equipment may be subject
to specific operating or environmental conditions to verify its correct performance.
Such testing may include preliminary operation of equipment. After-installation tests
may include electrical, mechanical or chemical tests to verify conformance with
specified requirement.
After-installation inspection and testing cannot replace commissioning testing
of installed systems. The purpose of after-installation verification is to verify that
installation has been completed in accordance with requirements. During this verification all errors introduced during equipment installation should display themselves
and it will be possible to correct these errors and bring the installation to a condition
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in which all functional and other testing can be performed to demonstrate that the
installation performs in accordance with design requirements.
Owing to the large variety of ICE equipment and different technical disciplines
involved in installation of this equipment it would be difficult in this Manual to
review verification activities specific to each type of equipment. However, a set of
checklists that should be used during inspection and tests for each type of equipment
normally includes both a set of general checks to be used for broad categories of
equipment and additional specific checks for each specific type of equipment. In this
Manual general checks to be used will be reviewed and a few examples of verifications of some specific type of equipment will be given.
After-installation inspection should be performed by the QC group of the
organization responsible for installation. Additional surveillance and auditing,
including corroboration at some inspection points, should also be performed by the
plant owner's QA organization.
It should be considered that after-installation inspections and additional testing
represent a formal way of accepting construction and installation work. These verifications, together with verification records produced during the installation process,
should provide objective evidence of quality of installation that should be used when
handing over the installation for commissioning testing.
All non-conformances identified during after-installation verification should be
resolved before an installation can be accepted and records representing the clearance of non-conformance reports should be generated. The final inspection and test
report represents a part of the package used in the process of handing over responsbility for testing and operation to the commissioning or operation group.

9.4.1. General checks to verify correctness of installation
General checks included in the inspection checklist are those related to quality
characteristics of the installation which can affect the safety of the installation or the
health of operating personnel, and/or generally impede correct operation of equipment. Inspection of the installed equipment is usually visual. Tests require the use
of measuring and test equipment such as: voltage tester, ohmmeter, megger (megaohmmeter), resistance bridge, current tester (amperemeter) as well as hydrometer,
vibration probe, thermometer, etc.
Typical checks to be performed on installed ICE equipment normally include:
(1)
(2)
(3)
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Proper equipment identification. Verification should ensure that each item of
equipment is permanently identified as required by specification.
Location and orientation of equipment.
Levelling and alignment of equipment. Alignment of pump and motor with the
coupling with rim and face alignment should be verified.

(4)
(5)

(6)

(7)
(8)
(9)
(10)
(11)
(12)
(13)
(14)
(15)

Clearance and tolerances. The gap between pump/motor coupling and tolerances in alignment or levelling should conform to specification.
Tightness of connections and fastenings. Connectors in cable trays should be
tight and rigid, trays clamped securely to supports, anchor bolts tight, tension
and setting correct.
Proper grounding and shielding of equipment. Verification of ground run to
the equipment, ground wire connection to the equipment and termination of the
ground wire.
Physical integrity of equipment.
Accessibility for inspection and maintenance.
Proper location and routing of cables and their identification. Verification of
conformance to separation criteria, isolation and fire protection.
Termination; proper termination and verification of the short circuit current
rating for termination.
Correct polarity of installed equipment.
Freedom of moving parts in equipment.
1С tubing location and routing. Process connection, tubing run, separation
requirement, support details for instrument and valve connection.
Absence of leaks in tubing and connected equipment. Tubing slope
verification.
Acceptable cleanness on completion of installation of ICE equipment.

After-installation testing of ICE equipment includes electrical, mechanical and
chemical tests. Typical electrical tests include:
(a)

(b)
(c)

(d)

Cable conductor continuity testing to determine whether the conductor has a
break or not. This testing is performed by passing a signal from one end of
the cable to the other. When the cable is shielded the continuity of the shield
is also tested.
Insulation resistance using a megger. This testing is performed on cables and
equipment by applying voltage in the 500-600 V range.
Insulation resistance using high potential machine (hypot test). Applied voltage
is in the range of 25-100 kV and should be used to verify insulation resistance
on the transformer and high voltage operating equipment.
Tests to ascertain proper functioning of equipment, including motors, transducers, annunciators and alarms, control and interlocks.

Mechanical tests should be carried out on instrumentation and control sensing
lines (air, steam and vacuum), electrically operated valves, etc.
(1)
(2)
(3)

Pressure and leakage testing of instrument tubing and mechanical connectors.
Freedom of movement of tubing supports with regard to thermal and seismic
influences.
Observation and measurement of motor/generator vibration during operational
testing.
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(4)
(5)

Operational testing of relays, relay hookup, etc.
Valve operation testing (opening and closing, full stroke of valve, timing, setting of limit switches).

Physical tests should be performed mainly with radiation instrumentation.
Radiation sensitivity testing should be performed to verify that radiation sensors such
as ion chambers, fission chambers and other radiation detectors and associated controlling devices are functioning properly.
Chemical testing should include analyses of fluids such as battery chemicals
and electrolyte, chemicals associated with electrical transformers, etc.
9.4.2. Specific after-installation checks for ICE equipment
Because of the large number of various types of equipment in an NPP this
Manual will present only typical examples of verification checklists and related
reporting forms to be used in after-installation inspection and testing of specific
equipment. Annex XIII provides examples of:
—A
—A
—A
—A

checklist
checklist
checklist
checklist

and
and
and
and

report
report
report
report

form
form
form
form

for
for
for
for

a 4160 V motor
4160 V switchgear
control of electrical cabinets and panels
electrical penetrations.

9.4.3. Surveillance and audits by the plant owner
As specified in Section 9.1 of this Manual, the plant owner or its representatives will be responsible for verifying that the installation process and respective control systems are implemented correctly and conform to the commitments specified
in the installer's QA programme description and other QA documents. These verification activities are implemented by surveillance of installation activities and auditing of the installer's QA programme.
9.4.3.1.

Surveillance by the plant owner

The plant owner's surveillance of installation and related QC activities
represents the second level of verification activities, considering that the first line
inspection and tests are performed by the installer's organization itself. It will therefore concentrate on the key items and activities associated with the installation
process, in order to ensure that the processes are under control. Surveillance of
installation should be considered as complementary to QA programme audits,
because both of these verification methods have the same goal, namely, to assure
effective implementation of the QA programme during installation of ICE equipment
systems.
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Planning for installation surveillance should be based on integrated installation, inspection and the test plan or Quality Plan prepared and implemented by the
installer's organization. The installation Quality Plan will include hold and witness
points for plant owner surveillance activities as well as the list of special items,
activities and services forming objects of surveillance. On the basis of this plan the
plant owner's QA organization should develop its plans and schedules and appropriate written procedures, instructions or checklists to be used in performing the surveillance activities. These documents should include the following elements, as
applicable:
(1)
(2)
(3)
(4)
(5)

Identification of quality characteristics of activities or items subject to
surveillance.
Identification of the surveillance technique to be used, e.g. witness, monitor,
corroboration or independent measurement.
Identification of acceptance criteria.
Identification of prerogatives for the successful implementation of activities
(tools, environment, housekeeping practice, etc.)
Forms of reports to be used to record evidence of surveillance results.

Execution of the plant owner surveillance functions should be oriented to those
critical parameters of an item or activity that can provide confidence that the installation process is well under control. It will, therefore, concentrate on the work performance and QC activities of the installers and will emphasize the prevention of major
quality problems. Surveillance is conducted by monitoring work performance and
QC operations, but also by reinspecting and rechecking the product of an activity
which has been accepted by QC inspectors. The surveillance personnel will use the
same methods, rules, standards and techniques specified for the inspector. However,
these techniques are not judged for their adequacy. The immediate objective of this
surveillance is to determine the degree of compliance of QC inspection to requirements of the QA programme and the repeatability of inspection results.
The findings of the surveillance personnel should be in principle either in
agreement or in disagreement with the first-line inspection results. In the former case
a formal quality release of an item for further processing or turnover is issued. In
the latter case the surveillance results are used in judging the competence and effectiveness of the installer's QC system and organization and all deficiencies will be
reported promptly to the first-line inspection supervisor.
Executing surveillance should involve an overview of the work being performed in order to reaffirm that the quality requirements are being met. To perform
this it will be necessary, in addition to monitoring or reinspecting the work, to evaluate the following:
(a)
(b)

Qualification of those performing work or QC activities.
Existence and adequacy of work documents, procedures,
specifications.

drawings,
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(c)
(d)

Acceptability of equipment and material as well as inspection, measuring and
testing devices.
Completeness, adequacy and accuracy of the documented results that comprise
the objective evidence that the requirements are met. This includes direct comparison of results recorded by QC and results of reinspection, witnessing
inspections and tests performed by surveillance personnel and evaluating the
effectiveness of the QC organization.

The results of these evaluations should be used to determine the cause of a
potential or actual problem affecting quality. Follow-up of surveillance activities
should assure that the responsible personnel take appropriate and prompt action to
correct the identified problems.
9.4.3.2.

Auditing of the QA programme during

installation

During the installation phase of ICE equipment the plant owner's QA organization should perform sufficient audits of the installer's QA programme on a regular
scheduled, but also unannounced basis in order to be effective in revealing quality
deficiencies requiring correction. The audits implemented by the plant owner will
be supplemental to the plant owner's surveillance activities and will be mainly
oriented to the installer QA programme and its effectiveness. In particular, audits
will verify the following:
(1)

(2)
(3)
(4)
(5)

Adequacy, implementation, and availability of policies, procedures and
documentation controlling the appropriate product quality requirements during
performance of the installation process.
Personnel familiarity with the installation QA programme and conformance/compliance to documentation and requirements.
Existence and implementation of all control functions specified in the QA
requirements of the governing QA code or standards.
Existence, adequacy and effectiveness of the installer's QC organization.
Extent and adequacy of training, qualification and certification of personnel
performing production or control functions.

In planning and performing audits, the plant owner organization should
develop procedures and checklists that should cover all appropriate elements of the
installer's QA programme specified in the code or standards. These procedures and
checklists should mainly address the installer's programmatic and administrative
controls in order to evaluate the installer's capability to establish, maintain and control the QA programme in accordance with contract requirements.
Typical elements of the QA programme to be evaluated through audits should
include:
(1)
82

QA programme documentation: Existence and use of QA programme documents such as the QA procedure, approved by the responsible management.

(2)

QA organization: Existence of QA/QC organization, with authority and
responsibility that are separated from those of production.
(3) Control of drawings and specifications: Adequacy of procedures for control of
changes and modifications on drawings and installation specifications.
(4) Procurement control: Existence and use of procurement controls of materials
and equipment relevant to installation activities.
(5) Control of installation process: Existence and use of procedures and instructions for performance of the installation process, including the Quality Plan or
similar control documents.
(6) Material control: Proper identification and control of materials and equipment
during storage and handling. Adequacy with regard to existing procedures and
instructions.
(7) Tools, measuring and test equipment control:
(a) Existence of written procedures for control of tools and calibration of
measuring equipment.
(b) Keeping of current certificates reflecting source and traceability of
calibration.
(c) Adherence to the established calibration schedule and existence of a
records system that shows evidence of adherence.
(8) Quality control system and organization: Existence and effectiveness of the QC
system and its implementation by an independent QC organization. The effectiveness of this system can be evaluated supplementally by reviewing surveillance reports as well as other relevant documents. Evaluation should check
also:
(a) Existence of records of QC inspections performed on all installation
operations specified in the Quality Plan.
(b) Completeness of inspection records regarding identification of items or
operations, non-conformances identified, possible causes and disposition
of non-conformances.
(c) Adequacy of inspection procedures regarding coverage of characteristics
to be inspected, acceptance and rejection cipria.
(d) Availability of inspection procedures and relevant drawings at the point
of inspection.
(9) Receiving, in-process and after-installation inspections: Existence and adequacy of procedure, instructions and other documents to be used in performing
specific inspection activities.
(10) Non-conformance control: Use of procedure to control non-conforming items
including responsibility for disposition.
(11) Record system: Existence of QA record systems including provisions for retention, maintenance and inspections of records.
(12) Audit system by installer's QA organization: Existence of the QA programme
internal audit system performed by an independent team of QA experts to
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determine adequacy of work performed by QC inspectors, availability of
required documents at inspection and test points, inspector's familiarity with
required documents and adequacy of preparation of inspection documents and
record forms.
QA programme audits during installation and construction activities can be
oriented to a specific area of activities such as the installation of the ICE equipment,
or can be broadly spread over the QA programme during construction. The plant
owner's audit oriented to a specific constituent QA programme is a common practice
during the construction phase. In this case the audit is usually conducted by a team
of QA professionals, including some discipline specialists who visit the construction
site and assess the adequacy of the various QA activities. The team's objective is to
cover all elements of the QA programme and to disclose any existing deficiencies.
A report identifying the deficiencies observed or audit findings is then submitted to
the management of the audited organization. In response to the report, the audited
organization commits itself to a schedule of corrective actions to remedy the
deficiencies.

9.5. TURNOVER OF EQUIPMENT FOR COMMISSIONING
Turnover is the transfer of responsibility from one organization to another for
handling, control, verification or operation of the equipment. It is a formal and
documented process, prescribed by specific procedures, that is implemented
whenever one organization is taking over some or all of the responsibilities for equipment or work for the purpose of continuing or completing the work initiated by
another organization.
During the construction phase of an NPP, responsibility for construction,
installation and after-installation verification is normally delegated by the plant
owner to the contracted construction or installation organization. After satisfactory
completion of the installation and performance of after-installation verification, components and systems should be transferred from the installation group to the commissioning group. Formal turnover includes documented transfer of equipment and
related records with indication of the present status and changes from the original
status of the equipment.
For ICE equipment it is customary that the equipment and documents are
turned over in parts as the installation and after-installation verification processes are
accomplished for one system or one component area. When it is decided by the
management that the transfer can be accomplished, the completed system or a room
should be jointly checked by representatives of the installation and commissioning
groups and the turnover records will be jointly signed by authorized persons from
both groups to indicate formal transfer of responsibility. Documentation describing
the equipment, and QA records generated during the construction process will be
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reviewed and compared with the as-built status of equipments. The documentation
to be handed over during transfer of responsibility normally includes:
(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)

As-built drawings and equipment specification.
Reports and records of inspections and tests performed with an evaluation of
the results.
Remaining non-resolved points or unresolved non-conformances.
Temporary connections, disconnections and modifications.
Operation manuals for equipment.
Manuals for maintenance, calibration, fault diagnosis, repair and periodic
testing.
Tests still outstanding.
Installation certificates and other QA/QC records generated during the construction phase.

If during the handing over process the commissioning group discovers nonconformances both in documentation or in equipment, a non-conformance report will
be prepared and measures should be taken to resolve the non-conformances. If an
identified non-conformance cannot be resolved, the joint commissioning group
should decide on a case by case basis if the non-conformance in the installation is
an obstacle for handing over of the system or not. In the latter case it will be
documented in the handover report and listed in the summary list of deficiencies for
the whole plant.
The equipment that is handed over for commissioning should be tagged in
accordance with established tagging procedure. The tag should indicate the test status
of equipment, all necessary information related to identification and other control
aspects and bear the signatures of the persons responsible for handing over and
receiving the equipment. An example of a procedure regulating turnover and inspection status of equipment from construction to commissioning is presented in
Annex XIV.

10. QUALITY ASSURANCE DURING COMMISSIONING
OF INSTRUMENTATION, CONTROL AND
ELECTRICAL EQUIPMENT
10.1. INTRODUCTION
According to the IAEA definition, commissioning is "the process during
which plant components and systems, having been constructed, are made operational
and verified to be in accordance with design assumptions and to have met the performance criteria; it includes both non-nuclear and nuclear tests' '.
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Implementation of the QA programme for commissioning provides a means of
establishing and maintaining controls over commissioning activities so that confidence can be provided that the commissioning is performed according to established
requirements and the commissioning objectives are achieved. Requirements for and
recommendations on QA programme implementation during this phase of nuclear
power project activities are contained in the IAEA Safety Guide on Quality Assurance during Commissioning and Operation of Nuclear Power Plants (IAEA Safety
Series No. 50-SG-QA5, Rev. 1). As indicated in the definition, the commissioning
process includes two distinct stages:
The first stage, immediately following termination of construction, including
after-installation testing and handing over equipment to the commissioning group,
consists of non-nuclear tests or pre-operational tests. These tests are performed as
part of the pre-operational test programme and are intended to ensure, before fuel
loading, that the equipment and systems perform in accordance with design criteria.
They also include all the tests needed to confirm that all the individual component
parts of a system function and that the system functions as designed. Pre-operational
or non-nuclear tests terminate with fuel loading and preparation of the plant for
nuclear tests or startup tests.
The second stage of commissioning includes initial criticality, low power tests
and power tests. The purpose of the startup test is to prove that overall plant performance is confirmed in terms of established design criteria and that the plant is capable of withstanding anticipated transients and postulated transients in accordance
with established requirements. Finally, the purpose of startup testing is to make an
NPP operational.
In carrying out commissioning, the objectives are to verify the proper installation of structures, systems and components and their instrumentation, starting with
the acceptance of installed components from the construction and installation organizations, moving on to the testing of individual systems and progressing to integrated
system tests, until safe operation of the nuclear power plant as a whole is finally
proved.

10.2.

RESPONSIBILITY FOR COMMISSIONING AND QA FOR
COMMISSIONING

In the last instance overall responsibility for planning, executing and analysing
the commissioning programme is the responsibility of the plant owner or the operating organization. This organization is authorized by the regulatory organization to
construct and operate the plant and it is assigned as the overall controlling and coordinating authority for supervising the satisfactory completion of all commissioning
work.
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10.2.1. Responsibility for execution of the commissioning programme
The operating organization normally delegates the work of planning and execution of the commissioning programme to a specialized commissioning group. To this
group is assigned authority to plan, conduct, analyse and accept or reject the test
according to established criteria, procedures, test plans and schedules reviewed and
approved by the responsible authorities of the operating organization. It should be
recognized that there may be many ways the organizational structure may be formed
to carry out commissioning activities, depending upon such aspects as the industrial
practices and nuclear experience in the country, contractual arrangements, etc. The
IAEA Safety Guide on Commissioning Procedures for Nuclear Power Plants (IAEA
Safety Series No. 50-SG-04), foresees during the commissioning phase the
existence of the following organizational groups on the site:
Construction group: ensures that the installation has been completed according to
specifications and identifies and corrects deficiencies detected during
commissioning.
Commissioning group: ensures that structures, systems and components are tested in
order to provided assurance that the plant has been properly designed and constructed and that its performance satisfies the design intent.
Operating group: carries out operation and maintenance with competent staff, using
approved procedures in accordance with the commissioning programme.
The group responsible for execution of the overall commissioning activities is
the commissioning group. This group may consist of several teams with delegated
tasks to execute specific commissioning activities and with autority to operate the
necessary devices and systems. The personnel of the commissioning group may
belong to the operating organization or it may be composed of specialists from the
manufacturer of equipment, A/E and operating organization. When a large nuclear
power programme is implemented with several nuclear power plants to be consecutively commissioned, a standing commissioning group may be formed by the plant
owner with professional test personnel moving from one to another construction site
in the course of implementing the commissioning programme for a series of NPPs.
10.2.2. Responsibility for the commissioning QA programme
Overall responsibility for execution of the QA programme during
commissioning is with the QA organization of the plant owner. As referred to in
Section 3 of this Manual, the plant owner's QA organization may consist of both offsite and on-site groups sharing responsibility for the execution of the QA
programme. When the plant owner delegates part or all of the QA functions for the
commissioning QA programme to the A/E, this organization should establish an
appropriate organizational structure and staff it with qualified personnel for execu87

tion of the QA functions during commissioning. QA personnel of both the plant
owner and A/E should consist of qualified inspection, surveillance and audit
personnel.
According to the Safety Guide on Quality Assurance during Commissioning
and Operation of Nuclear Power Plants (IAEA Safety Series No. SG-QA5, Rev. 1),
the QA programme during commissioning shall provide controls over the conduct
of commissioning testing and related activities to ascertain that the commissioning
programme has been developed and implemented consistent with regulatory requirements and design specifications. This includes:
(1)

(2)

(3)

(4)

(5)

Management of the QA programme and control of commissioning planning
and documentation to ensure commissioning activities are prescribed by written procedures and instructions consistent with regulatory requirements and the
relevant standards.
Surveillance and inspection of commissioning items such as test documentation, conduct of testing, control of measuring and test equipment, field changes
and modification and analysis of test results.
Audits of the QA programme for commissioning to verify: conformance to the
test requirements, administrative control of testing and other safety related
activities during the various commissioning stages.
Non-conformance control and corrective action for the purpose of controlling
items and activities that do not conform or do not meet specified requirements.
Significant conditions adverse to quality shall be determined and corrective
action taken to prevent their repetition.
Standard QC functions related to such activities as incoming inspection of procured items, equipment control, verification of calibration, status of inspection
and test equipment, control of maintenance, modification and repair activities,
etc.

The QA organization should also be responsible for controlling implementation
of procedures for the co-ordination between the construction, commissioning and
operating groups, including in particular surveillance of the process of transferring
responsibility for structures, systems and components from the construction group
to the commissioning group and from the commissioning group to the operating
group.

10.3. PLANNING OF THE COMMISSIONING TESTS, TEST PROGRAMME
AND PROCEDURES
The commissioning programme should be based on regulatory requirements
for commissioning tests specified in the relevant regulatory documents. A description of the commissioning test programmes and their execution is presented in the
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documents submitted to the regulatory organization in support of the application for
an operation licence for nuclear power plant. The IAEA Safety Guide on Commissioning Procedures for Nuclear Power Plants (IAEA Safety Series No. 50-SG-04)
provides a detailed list of commissioning tests for each specific stage of the commissioning process.

10.3.1. Planning of pre-operational tests
Planning of the pre-operational test programme should take into account the
proper sequence of testing individual systems. It should ensure that tests of electrical
systems, instrumentation systems and other service systems should be performed
first to ensure availability of the necessary services and instrumentation for the
implementation of the commissioning programme.
The pre-operational test programme should include the following sequences:
(1)

(2)

Functional tests of individual subsystems and components. For ICE equipment
the programme should include provision for ensuring that individual equipment is ready for operation within a system. If some tests for the same purpose
have been completed during construction testing it may not be necessary to
repeat them.
(a) For ICE equipment the test programme should include the test of voltage, frequency, current, circuit breaker operation, bus bar transfer, trip
setting, operation of interlocks as well as instrument calibration.
(b) For common types of electrical equipment the test programme should
include, besides those tests performed during construction and afterinstallation testing, tests for motor or generator vibration, thermal overload protection, lubrication, switch gear operation, supply voltage, etc.
Pre-operational system tests to confirm that all individual component parts of
the system function as a system and the system functions as designed. During
these tests the ICE equipment systems are tested both as individual systems and
as parts of various auxiliary systems, mainly process control and instrumentation. Pre-operation tests are functional tests that should be performed with the
fluid systems at low temperature and pressure (cold performance testing) and
with reactor and turbine fluids at rated temperature and pressure (hot performance testing). Planning should include functional testing of the following ICE
equipment systems:

Reactivity control systems, including chemical control system; stand-by liquid
control system; automatic reactor power control system; in-core monitoring system;
auxiliary startup instrumentation as well as safety related computers.
Protection system. Tests should verify conformance to required design criteria
and operation parameters.
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ICE equipment belonging to various process and auxiliary systems. ICE equipment is tested in conjunction with other process systems.
Electrical power systems, including such systems as stand-by diesel generator,
preferred AC power supply, AC power distribution systems, battery supply and
chargers, DC power distribution system, power supply and distribution systems of
vital instrumentation.
Functional tests of the above systems performed both under cold and hot conditions should include, according to the nature of the system, the following elements:
For electrical systems, the power supply of safety systems and vital
instrumentation:
(a)
(b)
(c)
(d)
(e)
(e)
(f)
(g)

Startup test of the system
Load acceptance test
Design load test
Load rejection test
Electrical tests (for stand-by diesel)
Functional tests
Independence
Shutdown.

For reactivity control and process instrumentation the response of instrumentation should be tested in normal operating and disturbance conditions with observation
of:
(a)
(b)
(c)
(d)
(e)
(f)
(g)
(h)

Function of control systems
Position of the control rods
Control loop stability and accuracy
Automatic sequencing actions
Process parameter indications
Equipment and systems protection and interlocks
Instrumentation calibration
Computer display and records.

and for the protection system:
(a)
(b)
(c)
(d)

Response time of protection channels
Proper logic
Correct trip and alarm settings
Demonstration of redundancy, coincidence, independence and safe failure on
power loss.

10.3.2. Planning of safety integrated testing
These tests are planned at the final phase of non-nuclear or pre-operational testing and are performed after completion of all cold and hot pre-operational tests.
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The general purpose of these tests is to demonstrate the correct actuation of
safety systems in the case of design basis accidents that can be simulated at this stage.
Planning of integrated safety tests should include:
(1)
(2)
(3)
(4)
(5)
(6)

Demonstration of correct actuation and operation of safety systems in the case
of design basis accidents;
Verification of safety functions in the case of failure of various components or
systems;
Verification of functional independence of redundant safety systems;
Verification of correct actuation of the electrical isolation devices between
safety and non-safety systems;
Verification of system performance during automatic sequences and switching,
combination of plant events, etc.;
Verification of control room procedures.

Since integrated tests are performed during plant shutdown condition, planning
should ensure that arrangements are made to simulate operation conditions as closely
as possible.
10.3.3. Planning of startup tests
The startup test is initiated with fuel loading and ends with the warranty run
and the turnover of the plant from the commissioning group to the operating organization for commercial operation. During this period there may be several test phases,
depending on the planning methodology and operating organization practices. The
most common phases, identified by the type of tests to be performed, include:
(1)
(2)
(3)
(4)

Fuel loading, pre-critical and initial criticality test
Nuclear heating and low power operation tests
Power ascension tests in several power steps
Warranty run test and turnover of the plant for commercial operation.

Since most of the ICE equipment systems are functionally tested during preoperational testing, including a safety integrated test, planning of startup testing
should concentrate on interaction between various plant systems and functional performance of the plant as a whole. This will include the consideration of tests that can
be performed when the following conditions are fulfilled:
(a)
(b)
(c)
(d)

Reactor is critical and generates power (power dependable conditions);
Systems are in their normal operational mode (operation dependent
conditions);
Correct organizational structure, including maintenance, is in existence
(organization dependable conditions);
Margins for safe and reliable power operation are to be attained for verification
(operating status dependable conditions).
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In order to take into account all the above mentioned conditions, the test plan
shall specify all applicable test objectives and limitations and will refer to organizational and work procedures.
The selection of startup tests to be performed using ICE equipment systems
will depend on the reactor type and will emphasize the specific features of each reactor type. Typical tests of ICE equipment for all reactor types should include the
following:
Control room tests
All design characteristics of the control room as a whole can be tested for the
first time during startup testing. The following control room characteristics will be
verified:
(a)
(b)
(c)

Suitable location of instruments and controls, their accessibility and display of
information;
Adequacy and correctness of operational and emergency procedures;
Co-ordination of action as prescribed by procedures between control room
operation staff and corresponding maintenance and equipment operation staff
such as TG staff.

Control loops testing
Integrated loops for control and instrumentation are tested in the scope of testing process equipment. During these tests the following control loop characteristics
will be verified for stationary and transient operations:
(a)
(b)
(c)
(d)
(e)
(f)

Stability of control or indications
Deviations between set values and observed values
Correct margins to alarm and trip levels
Dynamic process responses
Response of system to disturbances in the process using variable frequencies
of disturbances
Process noise analysis.

The behaviour of complex control loops is simulated and tested first on a computer. The results are compared with the test results obtained.
Control rod positioning and positioning

indication

As a part of control loops testing, the positioning of control rods will be tested
during various power plant operating modes. The function of the test should be:
(a)
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To measure the power shaping under the influence of control rods;

(b)
(c)

To check the existence and characteristics of the closed control loop for
selected rods;
To check the insertion time and reactivity value of the scram rods.

Interfaces of control rods to control room indicators of rod position, as well
as to plant computers and protection interlockings, will also be verified during these
tests.

In-core instrumentation,

including neutron flux

instrumentation

During startup testing the static and dynamic behaviour of individual
instrumentation loops will be verified. This includes the behaviour of individual sensors, instrumentation circuits and indicators. The functioning of instruments will be
verified in relation to:
(a)
(b)
(c)
(d)
(e)

Limit monitoring and alarming;
Averaging of the measurements over the whole reactor core or parts of it;
Deviations between various core regions;
Comparison with out-core measurements;
Nuclear flux instrumentation operation in various ranges (startup range, intermediate range, power range) and overlapping between ranges.

Area temperature measurement
conditioning (HVAC) systems

and testing of heating,

ventilation

and

air-

These tests have to be performed both at low and high outdoor temperature and
during stable power operation. The area to be monitored includes: reactor containment, switchgear room, computer rooms, battery rooms, etc.

Computer system testing
Computer operation will be verified during different plant operational modes.
The verification will include:
(a)
(b)
(c)

Methods and contents of presentation of information and response times;
Margins of load within the computer system during plant disturbances, such
as scram in combination with containment isolation, etc.;
Recording capacity of computer.

However, most of the computer testing, including verification of software,
should be performed during the pre-operational phase in order to allow the use of
computers as early as possible during the startup phase.
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Radiological monitoring and data management
These tests will be performed at various power levels. Activity levels are
measured in various parts of the plant building and close to different process systems.
Verification of correct indication, acquision of data and their processing will be
planned on the following systems:
(a)
(b)
(c)
(d)
(e)

Area radiation monitoring
Process radiation monitoring
Effluent radiation monitoring
Environmental monitoring
Data acquision and processing.

Since most of these systems cannot be tested for monitoring accident situations,
extrapolations and analyses will be performed to verify the capability of the instruments to measure and record data typical of accidental release of radioactive
materials.

Calibration and testing of process

instruments

Although most of the instruments are calibrated during the preceding commissioning phases, during startup of the plant formal procedures for the calibration of
instrumentation to be used during commercial operation will be tested and evaluated.
The main evaluation points to be planned are:
(a)
(b)
(c)
(d)
(e)

Adequacy and correctness of calibration procedures and calibration tools;
Authorization by the control room supervisor in accordance with the work
order system;
Existence and adequacy of equipment control procedures such as tagging and
indication of introduced bypasses, positioning of switches, etc.;
Correct calibration and adjusting values and return to normal operation;
Adequacy of safety measures to be taken in connection with calibration and test
personnel.

Calibration of process instruments in normal plant operating conditions will
include:
(a)
(b)
(c)
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Adjustment and calibration of process instruments at various power ranges
Calibration and adjustment of the instrument channels to the reactor and
turbine protection systems
Adjusting the relay protection.

Electrical power systems startup testing
Most of the electrical power systems are tested during the pre-operational (cold
and hot condition) testing phase. However, during startup tests most of the systems
to be supplied with electric power are in operation and the evaluation of the loads
has to be repeated and some additional tests performed. These tests will be of sufficient diversity to demonstrate that the electrical equipment meets the design specification under the highest possible loads. The planning should include:
AC load tests
The total required auxiliary power during plant operation will be measured.
Under the highest possible bus bar loads, margins to be rated, capacity and protection level of AC sources, transformers, converters and breakers will be analysed.
DC load tests
Current from the battery chargers and batteries is measured and evaluated
against rated capacities and protection levels during the following operation modes:
(a)
(b)
(c)

Stationary and transient operation
Black-out on the AC bus bars
Recharging of batteries after a black-out.

During the tests of DC as well as AC loads temperature measurement inside
the most filled cable trays will be performed.
AC/DC voltage drops
Bus bar voltage drops are measured and recorded during stationary and transient operation, taking into account various operating situations such as:
(a)
(b)
(c)

Full power operation combined with low voltage level on the main generator
terminals;
Start and disconnection of the biggest load;
Voltage transients during and after full load rejection, etc.

These tests are followed by adjustment of the voltage on the bus bars when
necessary.
Switch sequencing
Evaluation of the performance of the electrical equipment will be performed
when the equipment is initiated during tests, transients or faults in the plant. Differ95

ent switching and sequencing equipment will be tested during these operations such
as the following:
(a)
(b)
(c)
(d)

Relay protection for motors, transformers, generators and batteries;
Bus bar switching between the plant and stand-by transformers;
Diesel generator startup, synchronizing/connection and loading;
Automatic synchronizing and loading of the main generator.

Emergency power system startup
These tests will verify that the emergency power system can start, assume the
required load and carry it for several hours. Also, checks will be performed for
proper safety related bus stripping and separation of non-vital loads.
Remote shutdown tests
These tests shall be performed to verify that there exist procedures, equipment
and tools to meet the requirements of the safety criteria for a supplemental control
board.

10.3.4. Commissioning test programme documentation
All commissioning tests should be documented in the relevant test programme
and plans, test procedure and test records and reports.
Preparation and implementation of the commissioning test programme is a
regulatory requirement in all countries having a nuclear power programme. A
documented test programme should contain sufficient information to allow review
and approval by the respective authority in addition to the commitment of the organization to implement commissioning tests. Formally, the test programme in the form
of the programme description is submitted to the regulatory organization as a constituent part of the Final Safety Analysis Report in support of the application for an
operating licence.
The description of the test programme should discuss all commissioning test
phases such as pre-operational or non-nuclear tests, fuel loading and nuclear or
startup tests. It should include a description and schedule of all tests in relation to
the completion of installation, the training programme for plant operators and the
safety analysis report. The description should include:
(1)
(2)
(3)
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Assignment of responsibility for the preparation, review and approval of test
procedures;
Methodology and responsibility for performance of the test;
Review, analysis and approval of test results;

(4)

(5)

Features of the plant that are not used during normal operation but must be in
readiness to perform a safety function during unusual circumstances (protection system);
Tests to demonstrate satisfactory plant response to anticipated transients.

The test programme should include all those tests that are necessary to demonstrate the overall normal operation of the plant. A list of tests and procedures should
be included in the test programme description. Each test should be discussed
individually and the description should include identification of test objectives, brief
details of the test and all safety precautions to be taken before and during test performance. For all tests acceptance criteria should be specified to substantiate conformance of equipment performance with the design and installation specification.
For each test prerequisites should be specified. These can include completion
of some prior tests, plant status, environmental conditions, etc. When simulation of
the operating condition is used, justification of the degree of simulation should be
given.
A test procedure should be prepared for each test in the test programme.
Depending on the type of testing, different levels of test procedures should exist, e.g.
for components or standard electrical circuits, for a system and for integrated testing
of several interconnected systems. The format of the test procedures should be standardized and should include all elements of the test to be considered in test performance. The test procedure should include the following elements:
(1)

(2)
(3)
(4)
(5)

(6)
(7)
(8)

Prerequisites: These include confirmation of prerequisites to be fulfilled before
initiation of tests such as: field inspection of completed construction and installation activities, cleanness, checkout of wiring continuity and electric protection devices, setting of limit switches, etc.
Test objectives: The objectives of the test should be stated.
System initial conditions: Instructions pertinent to system configuration, components that should not be operating, etc.
Environmental conditions: Some tests will be performed in other than ambient
conditions to simulate both normal and accidental conditions.
Acceptance criteria: The criteria against which the success or failure of the test
will be judged. These criteria may be both qualitative or quantitative. In the
first case an event does or does not occur; in the second qualitative values to
be achieved in the test are the acceptance criteria.
Data collection: The type of data to be collected and the form in which they
are to be recorded should be prescribed.
Special precautions : Those precautions to be taken to ensure safety of test personnel should be indicated.
Detailed procedure: Detailed step by step procedure should be prescribed for
each test. When automatic systems and systems with automatic control are
tested in an integrated test the procedure should require demonstration of cor97

(9)

rect performance of these systems and prescribe the proper system time constants under various input function forms.
Test results records: The procedure should identify the test records to be
retained, including test procedure, test results, the acceptability, possible corrective action taken as well as test personnel responsible for data recording.
An example of the content of a test procedure is given in Annex XV.

Test records and reports
Test results should be documented in a number of records that are prescribed
by test procedures. It is customary to use standard recording forms for test results.
They may be named Test Data Record Form, Test Log or by some other title
appropriate for the recording of test results.
The test data record to be used with each test normally includes besides identification of the test and equipment tested also:
(a)
(b)
(c)
(d)
(e)

Test name and reference to test programme (No. or paragraph);
Specified value to be achieved in testing, or expected results of the test
according to design specification;
Values observed during the test;
Comments, in particular when specified values are not achieved;
Identification of test recorder or observer.

The test log should record the results of several tests related to parts, components or systems with an indication of acceptance or rejection and explanation of
failure. To be in the position to identify the failure, test procedures should normally
contain a definition of failure or an explanation how failure should be identified. Any
failure detected should trigger the issue of a non-conformance report.
The test report should be prepared after termination and evaluation of test
results. The report form should identify the part, assembly or system tested, as well
as the test operator and surveillance or inspection personnel present during the test.
The report should include as appropriate:
(a)
(b)
(c)
(d)
(e)
(0
(g)
(h)

Test type and level of test (unit, system, plant);
Reference to test programme and test procedures;
Required value to be obtained and tolerances;
Test run time and conditions;
Actual reading and reference to test data record and test log;
Comment on test results;
Summary comments on test results;
Signing or stamping of test report.

When test results do not conform to requirements, the test might be repeated.
Retesting should be recorded in a Retest Log that should include, besides identifica98

tion of retest, also an explanation of reasons for retesting or rework, the final result
of the retest as well as the decision to 'accept' or 'reject', including justification.
Annex XV provides illustrative examples of the forms to be used in recording and
reporting test data.
A summary report of the commissioning nuclear tests should be submitted to
the regulatory organization following receipt of the operating licence for the plant.
This report should address each of the tests identified in the documents submitted
in support of the operating licence application and should in general include a
description of the measured values of the operating conditions or characteristics
obtained during the test programme and a comparison of these values with design
specification. This report should also specify any corrective action taken to Obtain
satisfactory operation.

10.4.

QA FUNCTIONS DURING COMMISSIONING

Requirements and recommendations for the QA programme during commissioning of nuclear power plants are covered in the IAEA Safety Guide on Quality
Assurance during Commissioning and Operation of Nuclear Power Plants (IAEA
Safety Series No. 50-SG-QA5, Rev. 1).
The QA programme should provide a means of establishing controls over commissioning activities with the purpose of obtaining confidence that commissioning is
performed according to established requirements. It should be documented in
programmatic and work oriented procedures, test programmes and schedules.
Implementation of the programme should be the responsibility of both the commissioning groups and the QA organization of the plant owner or of the organization
delegated to implement the QA programme. The QA programme should include all
the QA requirements of the Code. Many of these requirements are generic to other
power plant phases. However, since commissioning activities are in fact verification
activities, most of these requirements have to be implemented by the commissioning
organization itself as a constituent part of management control functions and test control. For the same reason programmatic QA procedures to be implemented may be
generic QA procedures developed for the whole NPP project. These procedures may
be reviewed and modified as necessary in order to cope with specific requirements
and conditions of the commissioning phase.
The QA organization of the plant owner should be involved in verification
activities, using such methods as inspection, surveillance and auditing. These verifications should ensure that the commissioning activities are kept well under control
by the commissioning group and that the QA programme as prescribed by programmatic and work oriented procedures is implemented correctly and efficiently.
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10.4.1. QA functions for control of commissioning activities
General QA control functions are described in Section 4.2 of this Manual.
Specifically, for their implementation in the commissioning phase these requirements
should address the test programme that is implemented through a specific and temporary organizational structure over a limited time period. The following are those
QA functions that should ensure performance of the commissioning test in a planned
and systematic way.
Commissioning programme, procedures and instruction: A prerequisite for the correct performance of tests is the existence of approved test programmes including
reviewed and approved procedures, instructions and checklists.
Document control: Documents essential to the performance and control of commissioning shall be subject to control, including that of preparation, approval and distribution of documents.
Design control,
specification or
process should
changes should

including field changes and modifications: Changes to the design
modification of design that might occur during the commissioning
be controlled according to the requirements of the Code. These
be subject to the same control as the original draft.

Equipment control: This should include test configuration identification and control,
test equipment identification, calibration and control, control of handling and storing
of equipment, identification and control of material, components and equipment, etc.
Housekeeping and cleanness control: This should include preparation and implementation of procedures for the establishment and maintenance of clean conditions during commissioning activities and through a strict housekeeping control.
Calibration and control of measuring and test equipment: Measures should be taken
to ensure that measuring and test equipment used during commissioning activities is
of the proper type, range, accuracy and precision and properly calibrated using
recognized calibration standards.
Non-conformance control: Test results that do not conform to specified requirements
should be identified, reported and reviewed according to established procedure. All
non-conformances in test results should be resolved before the commissioning activities are completed.
Corrective action: The causes of significant conditions adverse to quality should be
determined and corrective action taken to prevent their repetition.
Record systems: Record systems should be established to collect and maintain documents providing objective evidence of quality of the plant as determined from commissioning tests.
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10.4.2. Verification functions of commissioning activities
Three levels of verification should be implemented in the QA programme:
(1)
(2)
(3)

Inspection of items transferred to the commissioning as well as the pre-testing
inspections
Surveillance of the test process
Auditing of the QA programme for commissioning.

In principle verification activities should be performed by personnel other than
those engaged in commissioning testing, and not belonging organizationally to the
commissioning group.
10.4.2.1.

Inspections

All equipment transferred from the construction group to the commissioning
group should be inspected. These inspections should verify that the equipment is
properly installed, that after-installation testing has been successfully completed, all
non-conformances resolved, formal transfer of responsibility to the commissioning
group is performed and the equipment has been tagged accordingly, indicating the
present status of such systems and components.
Pre testing inspection should verifiy the following:
(1)
(2)
(3)
(4)
(5)
(6)
(7)

Test programme and procedures are in existence and are approved;
All test prerequisites have been fulfilled according to the test procedure;
Test equipment is of the required type, range and accuracy;
Test inputs (current, flow, pressure, etc.) are within the required test limits;
Safety precautions have been taken regarding personnel and equipment;
Measuring and test equipment is within the 'calibration due' date;
Documentation and forms to be used in recording test data satisfy the procedure requirements.

10.4.2.2.

Test surveillance

The test process should be monitored by responsible QA personnel to verify
the following:
(a)

The testing process follows the established procedure. This includes:
— test sequence
— test method and set-up
— identification of test inputs and outputs
— test duration
— environmental conditions
— data collection criteria
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(b)
(c)
(d)
(e)
(f)
(g)
(h)
(i)
(j)

— definition of failure
— test equipment failure procedure
— penalty or retest requirements and procedure.
Test documentation is in existence and is used;
All documents generated during tests are subject to control;
Measuring and test equipment is kept within 'calibration due' dates;
Cleanness is controlled during tests;
Field changes and modifications are controlled as required by procedures;
Tracking test deficiencies and their resolution;
Personnel qualification;
Records generation and records system existence and maintenance;
Failure notification.

10.4.2.3.

Auditing of the QA programme during

commissioning

A comprehensive system of planned and periodic audits should be carried out
during all commissioning phases of the plant to verify compliance with all aspects
of the QA programme and to determine its effectiveness. The audit of plant commissioning activities is the responsibility of the plant owner QA organization. The
scheduled frequency of audits will depend on the safety significance of specific
phases of commissioning activities and information received through surveillance of
the commissioning programme by plant owner QA personnel. Taking into account
that commissioning activities are of limited duration, the audit programme should
include all the pertinent elements of the QA programme which should be verified
during the audits.
A typical schedule of audits during the commissioning phase consists of one
audit at least six months prior to initial fuel loading as well as six months prior to
the unit being declared in service.
The methodology of audit preparation, performance and follow-up is described
in the IAEA Manual on Quality Assurance Programme Auditing (IAEA Technical
Reports Series No. 237).
Specifically for the commissioning phase the audit programme should verify
the conformance of the QA programme with specific QA requirements for that
phase, such as those specified in the IAEA Safety Guide No. 50-QA5, Rev. 1. Confidence should be obtained that the activities affecting quality comply with all aspects
of the commissioning programme and that the QA programme provides effective
control over these activities. To achieve these objectives the audit programme should
include evaluation of:
(1)
(2)
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The extent to which performance and verification activities are being carried
out in accordance with the requirements of the commissioning QA programme.
The extent to which non-conformances are being identified and corrected.

Audits performed during commissioning may be carried out both as a general
type audit or as a specific audit oriented to a specific aspect of the test commissioning
programme.
A general QA programme audit should address all the elements of the QA
requirements specified in the relevant code and standard. Most of these requirements
are not unique to the commissioning phase and can be considered as generic to other
nuclear power plant phases and stages. For these reasons audit procedures and
checklists contained in the nuclear power project QA Manual may be used also in
auditing the commissioning QA programme. This will include review and assessment of the effectiveness of management control of activities as specified in Section
10.4.2 of this Manual.
Specific audits may address only selected elements of the QA programme such
as record generation and record keeping, control of measuring and test equipment,
modification and change control or performance of some specific tests. In the last
case the audit may contain elements of surveillance activities that should verify that
the QA programme is effectively implemented, using methods of surveillance and
corroboration.

11. TURNOVER OF SYSTEMS FOR OPERATION
11.1. INTRODUCTION
The process of turnover of a system from commissioning to operation consists
of the following:
(1)
(2)

(3)
(4)

Reviewing system construction and installation;
Assembling all the test documentation prepared during installation and commissioning, and preparing a turnover documents package that will assure the
operating organization that the system construction and configuration are in
accordance with the applicable design specification;
Defining clearly the boundary of the system that is being released for operation
and identifying the status of outstanding items (if any);
System walkdown, which represents physically walking through the plant and
visually confirming that the configuration of the system being turned over is
in accordance with the latest engineering documents.

Handing over of ICE equipment is normally done system by system or room
by room. A typical agenda for the walkdown through the plant is presented in
Annex XVI. The turnover document package will be prepared by the lead startup
engineer or the appropriate discipline startup engineer. It will be the responsibility
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of the startup manager to review the status of the turnover package and recommend
that the system be accepted by the operating organization.

11.2. RESPONSIBILITIES FOR TURNOVER
The turnover process will involve the staff of the commissioning group, the
construction and installation organization and the operating organization. There
should be an assigned responsibility for co-ordination of turnover activities and for
each of these organizations a manager will be responsible for performing and
co-ordinating turnover activities.
The startup or commissioning manager will be responsible for the following:
(1)
(2)
(3)
(4)
(5)

Providing input to the turnover plan and scheduling and specifying priorities
for the turnover;
Reviewing system turnover packages;
Signing the turnover package for acceptance;
Assigning commissioning personnel to perform walkdowns;
Preparing the agenda for the walkdown through the plant.

The construction manager or discipline construction manager will be responsible
for:
(1)
(2)
(3)

Preparing input for the turnover package;
Initiating a turnover package correction list to identify any change in
construction status after a system has already been turned over;
Assigning personnel from the construction organization to perform
walkdowns.

The design organization
following:
(1)

(2)
(3)

representative

(engineering manager) will perform the

Review a list of engineering documents (drawings, specifications and purchase
order) for each component and system within the scope of the system to be
turned over;
Sign the engineering release for each turnover, certifying the engineering
status and listing documents to be incorporated in the engineering documents;
Prepare the turnover package correction list to identify changes in the
engineering status.

The plant owner QA manager will be responsible for the following:
(1)
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Reviewing the turnover package for QA related matters;

(2)
(3)

Assigning QA personnel for system walkdowns;
Signing the QA release for each package if found acceptable.

The turnover co-ordinator has the following responsibilities:
(1)
(2)
(3)

(4)

To expedite various forms and data sheets which make up a turnover package;
To schedule a system walkdown prior to the scheduled turnover date;
To review the walkdown deficiency list obtained from the groups performing
the system walkdown. To resolve the open items with construction and
engineering organizations and/or include the identified deficiency in the outstanding work and deficiency list;
To obtain all necessary approvals and required signatures to accomplish the
turnover.

11.3. TURNOVER PACKAGE AND DOCUMENTATION
A typical turnover package on a system will include the following:
(1)

(2)
(3)
(4)
(5)
(6)
(7)

Proper identification of a system and its configuration through appropriate
engineering documents such as system description, drawings, specification and
purchase order;
Drawings appropriately marked to define system boundaries such as marked
electrical on-line diagrams or connection diagrams;
Appropriate after-installation test data sheets, typically including all the checks
performed on the installed system;
Commissioning test results, test reports, reviews and approval;
Tag lists, showing the tagging status of all equipment in the system;
Computer lists of equipment in the system within turnover boundaries;
Other drawings or lists appropriate to the turnover.

11.4. ACCEPTANCE OF SYSTEMS BY THE OPERATING ORGANIZATION
Before taking on responsibility for the operation of a system the operating
organization will delegate a group for takeover. This group will satisfy itself that the
system transferred complies with specified design, performance and safety requirements and will formally accept responsibility for the transferred systems and related
documents.
The operating group will take part in the system walkdown and will review the
turnover package to satisfy itself that the system is ready for transfer. This
verification should include:
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(1)

(2)
(3)

Checking all components and systems for proper identification, completion of
construction and commissioning tests, cleanness, lubrication, positioning of
switches and valves, calibration of instruments, proper status of safety devices,
etc.;
Verifying that all required commissioning and other documentation has been
completed and included in the turnover package;
Verifying that all deficiencies and open items have been resolved.

In principle the operating group will accept a system when all deficiencies and
open items have been resolved. If such deficiencies exist they should be identified
during the system walkdown and a walkdown deficiency list will be jointly prepared
by the operating group and other individuals participating in the system walkdown.
The turnover co-ordination should take care to resolve the open items with
construction and engineering organizations.
The operating organization will formally receive a system after satisfying itself
that the system is ready for transfer and signing a document to indicate the formal
acceptance of responsibility.
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Annex I
REVIEW OF THE ICE SYSTEMS FOR THE PURPOSE OF SELECTING
THE SCOPE AND COVERAGE
OF THE QUALITY ASSURANCE PROGRAMME
(See Sections 2.2.3 and 2.6)

In establishing the QA programme for a nuclear power plant all structures, systems and components important to safety shall be identified which are subject to the
QA programme requirements. Following these requirements, ICE systems and components should be reviewed on the basis of the functions they perform in the NPP
and in the component area to which they belong.
As an example of such a review for the purpose of identification of safety
relevance, typical items of ICE equipment for a PWR power plant are here listed
with an indication of their relevance to safety. All equipment identified in such a
review as important to safety (safety systems and safety related systems) shall be subject to the QA programme requirements. However, in the selection of appropriate
QA programme activities other factors besides safety should also be taken into
account, such as equipment complexity, uniqueness, degree of standardization, etc.
In the same way such considerations as the seismic category of the structure and
equipment, load conditions, etc., should be taken into account.
This review of ICE equipment follows the standard practice of dividing NPP
equipment into three major areas:
(1)
(2)
(3)

Nuclear steam supply systems (NSSS) instrumentation and control systems
(NICS)
Turbine plant instrumentation and control system (TPICS)
Electrical plant equipment (EPE).

Considering the scope of this Manual and purpose of the equipment listing only
major equipment groups and systems will be indicated. In the process of establishing
the QA programme scope the analysis should go in details to determine each component and activities contributing to the safety and quality of nuclear power plant.

1.

NUCLEAR STEAM SUPPLY SYSTEMS INSTRUMENTATION AND
CONTROL SYSTEMS

Instrumentation and control systems provide monitoring and protection for
nuclear power plant personnel and equipment, and controls to enable the operator
to start up, operate and shut down the reactor.
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Most of the NSSS, turbogenerator and auxiliary process systems and components are monitored and controlled from the main control room. Equipment such as
switches, controllers, indicating, recording and annunciating devices and the
associated logic for remote operation of plant systems are located in the main control
room. From control boards and panels located in the control room area both equipment important to safety and other equipment are controlled.
Some controls which duplicate manual functions inside the main control room
are located in the local stations or local control rooms (design criterion for supplementary control points).
Most of the equipment performing plant protection functions such as reactor
protection systems and engineered safety feature actuation systems (ESFAS) are field
installed with manual trip switches installed on the control board.
1.1. Main control room equipment
Physically, main control room equipment can be divided into:
(1)

(2)
(3)
(4)
(5)
(6)
(7)

The main control board, consisting of
(a) NSSS control board
(b) Turbine plant control board
(c) Main generator and auxiliary electric power control board
Control panels and cabinets for safe shutdown control
Auxiliary systems panels
Process computer
Instrumentation for following the course of an accident
Reactor diagnostic system
TMI instrumentation.

Each of the above mentioned boards and panels consists of controls and instruments to monitor safety and process parameters of various nuclear power plant
systems.
(1)

Main control board — NSSS control board
From this board the following systems are monitored and controlled:
(a)

Safety systems and safety related systems:
— Residual heat removal system
—
—
—
—
—
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Safety injection system
Containment spray system
Containment isolation system
Combustible gas control system
Control room habitability system

—
—
—
—
—
—
—
—
(b)

Fission product removal and control system
Emergency feed water system
Reactor make-up system
Chemical and volume control system
Fluid leak detection system
Nuclear service water system
Primary component cooling water system
Ultimate heat sink.

Non-safety-related systems and components I&C
—
—
—
—
—
—

Control rod drives
Reactor coolant pumps
Pressurizer
Steam generators
H 2 /N 2 gas supply system
Boron recycle system.

The following are I&C associated with the NSSS control board:
(a)

Safety systems, and safety related systems
—
—
—
—
—
—
—
—
—
—
—

(b)

Reactor trip systems
Engineered safety feature actuation system
Safety related display instrumentation
Accumulator isolation valve control
Reactor coolant system pressure control during low temperature
operation
Residual heat removal system isolation
Protection against spurious valve actuation
Switchover from injection to recirculation
Isolation of non-essential components in primary component cooling
water system
Bypass and inoperable status indication
Area radiation and airborne radioactivity monitoring instrumentation.

Non-safety-related systems
—
—
—
—
—

Reactor control system
Rod position control system
Plant control system interlocks
Pressurizer pressure control
Pressurizer water level control
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— Steam generator water level control
— Steam dump control
— In-core instrumentation.
(2)

Safe shutdown control equipment important to safety

The instrumentation and controls tabulated below are utilized to achieve and
maintain a safe shutdown. They are available in the event of evacuation of the control
room being required. Controls for equipment having dual independent motor controls outside the control room (which duplicate manual functions inside the control
room) are provided with a selector switch which transfers control from the main control room to a local station.
(a)

Monitoring indicators
—
—
—
—
—
—
—

(b)

Water level and pressure for each steam generator
Pressurizer water level and pressure
Reactor coolant pumps 1 and 4, hot and cold leg temperature
Intermediate range neutron flux
Volume control tank level
Primary component cooling water loop temperature
Emergency feedwater flow.

Control of pumps and fans
—
—
—
—
—
—
—
—
—
—

Reactor coolant pumps
Emergency feedwater pumps
Charging and boric acid transfer pumps
Boration capability
Residual heat removal pumps service water pumps
Primary component cooling water pumps
Service water cooling tower pumps and fans
Containment cooling units
Control room ventilation
Controlled steam release and feedwater supply.

(c)

Control of emergency diesel generator units and auxiliaries

(d)

Control of valves and heaters
— Charging flow control valves
— Modulating letdown valves
— Emergency feedwater control valves
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—
—
—
—
—
—
—
—
—
—
—
—
—
—
—

Main steam atmospheric relief valves
Main steam isolation and bypass valves
Pressurizer heaters
Pressurizer auxiliary spray valves
Pressurizer relief valves
Reactor coolant pump seal return valves
Reactor coolant pump seal injection valves
Excess letdown isolation valves
Charging flow isolation valves
Accumulator tank isolation valves
Emergency boration valve
Cooling tower discharge and test valves
Service water intake/discharge valves
Primary component cooling water temperature control valves
Containment structure cooling valves.

Auxiliary systems panels
(a)

Heating, ventilating and air-conditioning (HVAC) panels
Provide monitoring and control of HVAC systems for buildings which
house the reactor plant systems. Those systems servicing engineering
safety feature and control room are safety systems.

(b)

Radwaste panels and rocks
— Liquid waste system
— Gaseous waste system
— Solid waste system.
Radwaste panels in the main control room are supplemented with racks
and local panels near radwaste equipment. Control of radwaste management operations such as for solid waste solidification, handling and
drumming are performed through local panels. All these systems are
safety related.

(c)

Radiological monitoring and data management system
The system is related to safety and consists of the following subsystems:
— Neutron monitoring system
—
—
—
—

Process radiation monitoring system
Effluent radiation monitoring system
Area radiation monitoring system
Data acquisition and processing system.
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Each monitor channel is complete with detector, preamplifier, digital
buffer, microprocessor with alarm outputs, and readout modules. The
data acquisition and processing system is a computer based system that
collects the available information from field mounted detectors, performs the necessary calculations and displays the results on the CRT as
required.
(d)

Neutron monitoring system
The neutron monitoring system is safety related and consists of:
(i) Out-of-core flux detectors
(ii) Fixed in-core thermocouples
(iii) Movable in-core flux detectors.
The out-of-core detectors are located in vertical instrument wells adjacent to the four corners of the core cross-section. There are three groups
of detectors: source range, intermediate range and power range
detectors.
The in-core instrumentation provides information on the neutron flux
distribution and fuel assembly outlet temperatures at selected core
locations.

(e)

Containment monitoring systems
These systems are safety related and consist of:
(i) Containment atmospheric monitoring system
(ii) Containment leakage monitoring.

(f)
(4)

Failed fiiel monitoring system

Process

computer

The system combines on-line computer hardware with colour CRTs to assemble and display plant performance data and plant status information. The safe operation of the plant is not dependent on the availability of the process computer system,
and this system is classified normally as not important to safety.

(5)

Instrumentation for following the course of an accident

Instrumentation to assess plant and environmental conditions during and following an accident is provided to give indications of critical plant variables. This is
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safety related equipment. The following variables are monitored in the control room
or at a remote control board as necessary:
(a)

Variables that determine proper functioning of reactor trip and
engineered safety features (ESF)
— Reactivity control
— Core cooling parameters
— Maintaining reactor coolant system integrity
— Maintaining containment integrity.

(b)

Variables that indicate possible failure of barriers for radioactive release
— Fuel cladding parameters
— Reactor coolant pressure boundary parameters
— Containment parameters.

(c)

Variables that indicate operation of the plant systems
—
—
—
—
—
—
—
—
—
—

(d)

Residual heat removal system parameters
Safety injection system parameters
Primary coolant system parameters
Steam generator parameters
Emergency feedwater system parameters
Containment cooling system parameters
Chemical and volume control system parameters
Radwaste system parameters
Ventilation system status
Power supply parameters.

Variables that provide information regarding release of radioactive
material
—
—
—
—
—

Containment radiation level
Area radiation level
Airborne radioactive materials released from plant
Environs radiation and radioactivity
Meteorology

— Accident sampling capability.
(6)

Reactor diagnostic system
The reactor diagnostic system is not safety related and consists of:
(a) Loose parts monitoring
(b) Vibration monitoring
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(c)
(d)
(7)

Neutron noise threshold monitoring
Diagnostic data handling and analysis.

TMI instrumentation

The instrumentation systems are enhanced and supplemented with the
instrumentation which responds to the 'lessons learned' from the Three Mile Island
(TMI) Unit 2 event. All these instruments systems are safety related:
(a)
(b)
(c)
(d)
(e)
(f)
(g)
(h)
(i)
(j)
(k)
(1)
(m)

Relief and safety valve testing
Direct indication of valve position
Detection of inadequate core cooling
Diverse containment isolations
Hydrogen control
Plant shielding review
Auto-initiation of emergency feedwater
Emergency feedwater flow indication
Post-accident sampling
High range radiation monitoring
Improved iodine monitors
Transient and accident analyses
Systems integrity for high radioactivity.

1.2. Field installed equipment
While the main control room and associated equipment contain control and
information devices necessary for remote operation of the plant, the main equipment
for sensing and transmitting signals as well as for execution of control ànd safety
functions are field installed. Components such as sensing and command features,
transmitters, actuating devices (both electric and pneumatic), switches, breakers,
valve operators, electric motors, relays, transformers, associated wiring, etc., are
system oriented. Within a system, components or modules are loop or train oriented
and assembled.
(I)

Reactor protection

system

The reactor protection system receives signals from nuclear instrumentation
and process instrumentation bistables, control board pushbuttons, and field mounted
devices, and combines these signals according to prescribed logic to produce actuation signals for reactor trip and engineered safeguards operation. The reactor protection system is a typical safety system subject to the QA programme. Such a system
consists normally of four redundant channel sets. Components are located inside and
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outside the reactor plant building with instrumentation to monitor
process and nuclear variables as well as the control rod position from the main control room (see safe shutdown control equipment important to safety). The protection
system is closely associated with the engineered safety features actuation system.
The following components are integral parts of the protection system:
(a)

Sensors of the protection system
—
—
—
—
—

Process sensors (flows, pressures, temperature)
Nuclear detectors
Nitrogen-16 power monitor
Equipment status input (pump speed, turbine)
Control rod position.

(b)

Field termination cabinets

(c)

Protection system cabinets
—
—
—
—

(d)

A/D converters
Signal conditioning devices
Calculation and comparisons to set points
Voting matrices.

Logic cabinets
— ESF logic
— Interposing logic and component level inputs
— Power interfaces.

(e)

Data link structures
— Isolation devices
— Hard wired data link
— Multiplexing.

(2)

(f)

Microprocessors

(g)

Built-in test capabilities

Engineered safety features actuation system (ESFAS)

The engineered safety features actuation system monitors selected plant
parameters to determine whether predetermined safety limits are being exceeded.
When safety limits are surpassed, ESFAS combines the signals into logic matrices
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that are indicative of primary or secondary system boundary ruptures. Once the logic
combination is completed, ESFAS sends actuation signals to those engineered safety
features whose aggregate function provides the best response for the accident.
The ESFAS are grouped into the following categories:
—
—
—
—
—
—
—
—
—

Safety injection signal
Excessive cooldown protection
Containment spray signal
Steamline isolation
Feedwater line isolation
Startup of auxiliary feedwater pump
Trip of the turbine
Blocking of steam dump
Blocking boron dilution.

Each ESFAS sensor subsystem and initiating logics are located in the protection system logic cabinets. The ESFAS initiating logic consists of bistables, output
relays, trip relays, matrix relays, initiating channel output relays, operating bypass
controls and relays, manual testing controls and interconnecting wiring.
(3)

NSSS instrumentation tubing and fitting

2.

TURBINE PLANT INSTRUMENTATION AND CONTROL SYSTEM

The turbine plant instrumentation and control system provides monitoring,
protection and control of the turbine plant in conjunction with the nuclear reactor
plant. The I&C equipment associated with the turbine plant is located both in the
main control room and in the building which houses the turbine plant system. I&C
associated with turbine plant are not considered as important to safety. However,
selected components performing specific functions may be subject to the QA
programme if so decided by the plant owner. I&C related to turbine plant consist of:
(1)
(2)
(3)
(4)
(5)
(6)
(7)
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Turbine control board
I&C associated with control board
Electrohydraulic control cabinet
Turbine accessory panels
Monitoring and control of heating, ventilation and air-conditioning panels
Logic panels and cabinets
Process computer.

(1)

Turbine control board

From this board the following systems, normally non-safety-related, are monitored and controlled.
—
—
—
—
—
—
—
—
—
—
(2)

Feedwater system
Heater vents and drains
Main steam system
Turbine
Extraction steam system
Condensate system
Circulating water system
Service water system
Turbine supervisory and control system
Instrument and service air system.

I&C associated with the turbine control board
Turbine supervisory panel:
—
—
—
—

(3)

Recorder for shaft vibration
Eccentricity monitoring recorder
Speed and position recorders
Multipoint expansion and temperature recorder.

Electrohydraulic

control cabinets

— Control and indication equipment for the startup, normal operation and
testing of the turbine.
(4)

Turbine accessory panels

Contain the instrumentation and control devices for turbine auxiliary systems such
as:
— Hydrogen and cooling water control
— Turning gear motor control
— Excitation control.
(5)

HVAC system panels
Control of:
— Turbine building air handling system.
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(6)

Logic panels and cabinets
Contain analogue devices such as function generators, summers,
dividers, analogue controller and selectors for:
—
—
—
—
—

(7)

Condensate and feedwater system
Circulating water systems
Heater systems
Main steam system
Drain systems.

Process

computer

The same computer is used for NSSS control.

3.

ELECTRICAL PLANT EQUIPMENT (EPE)

Electrical plant equipment (EPE) generates and conveys the electric power to
the low voltage bushing of the generator step-up (GSU) transformers; controls and
meters electrical energy and protects the components that are constituent parts of the
equipment. EPE is the source of power for the plant auxiliaries, plant control, protection and surveillance systems during normal operation. During abnormal and accident condition EPE provides power for the plant protection system and engineered
safety features.
The following groups of EPE are provided in a nuclear power plant:
(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)

Switchgear
Electric generator
Plant service electrical equipment
Control switchboards
Protective equipment
Electric structure and wiring
Power and control wiring containers
Containment penetrations.

All EPE are divided into two classes: Class IE equipment that should be subject to all applicable requirements of the QA standards, and non-class-IE equipment
that in principle does not require implementation of QA requirements. However,
selected equipment and related activities should be subject to a given QA requirement, as decided by the plant owner.
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(1)

(2)

Switchgear
(a)

Generator load break switch
This is non-class-IE equipment provided to disconnect the generator
from off-site systems.

(b)

Station service switchgear
— Medium voltage (13.8 kW and 4.16 kW) switchgear with nonclass-IE and class IE buses.
— Non-class-IE and class IE (480 V) motor control centres.

Electric generator
This equipment is normally non-class-IE equipment and includes:
(a)
(b)
(c)
(d)

(3)

Main generator
Single phase generator step-up transformers (GSU)
Three-phase auxiliary transformer (UAT)
Interconnection with isolated phase bus.

Plant service electrical equipment
This equipment is both class IE and non-class-IE equipment and consists of:
(a)

Station service and startup transformers
— Unit auxiliary transformers (UAT)
— Reserve auxiliary transformers (RAT)
— Transformer protection devices.

(b)

Unit substations
This includes both class IE and non-class-IE equipment.
— Transformer of medium to low distribution voltage.

(c)

Auxiliary power sources
—
—
—
—
—

(4)

These include class IE and non-class-IE equipment:
Class IE batteries and battery chargers
Non-class-IE batteries and battery chargers
Two redundant class IE diesel generators
Class IE and non-class-IE solid state inverters.

Control switchboards
Main generator and auxiliary electric power control boards
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This board controls both non-safety-related and safety related equipment.
From this board, the following systems are monitored and controlled:

(5)

(a)

Main generator (non-safety-related)
— GSU transformer circuit breaker (GEN-STEP-UP)
— Generator load break switch
— Grid/generator synchronizing
— Excitation
— Auxiliary systems.

(b)

Auxiliary power distribution system
— RAT primary switch (reserve auxiliary transformer)
— VAT and RAT secondary circuit breakers
— 13.8 kW and 4.16 kW main circuit breakers
— Load centre main circuit breakers
— Battery/DC switchgear (safety related)
— Diesel generator main circuit breaker (safety related)
— Diesel generator manual remote control.

(c)

Electric system relay panel line-up for protection and monitoring of:
— Main generator
— GSU transformer
— Unit and reserve transformers (UAT and RAT).

(d)

Auxiliary power and signal boards
Class IE and non-class-IE power distribution panels and switchgear lineup for:
— AC power distribution
— DC power distribution.

Protective equipment
This includes non-class-IE equipment such as:

(a)
(b)
(c)
(d)

Generator station grounding system
Lighting protection system
Cathodic protection system
Heat tracing and freeze protection system.

(6)

Electric structure and wiring containers

This equipment includes both class IE and non-class-IE equipment and
consists of:
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(7)

(a)

Underground duct runs
— class IE ducts (seismic category I)
— non-class-IE ducts.

(b)

Conduit and cable tray raceways
— class IE conduits and cable trays (including fire stops and raceways
support in accordance with seismic I category)
— non-class-IE conduits and cable trays.

Power and control wiring

Wires and cables are assigned to various load groups but usually the same
cables that are qualified for use in class IE systems are used also in non-class-IE
system to reduce the hazard of unqualified cable being inadvertently installed in class
IE systems. The same is normally applied to the requirements of the
QA programme. Wire and cable installation is subject to QA programme requirements irespective of whether they are installed in class IE or non-class-IE systems.
(8)

Containment penetrations

All containment penetrations such as those of 15 kW, 5 kW and 600 V power
penetrators and 600 V control penetrators are designed as seismic category I requirements and are subject to the QA programme.
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Annex II
LISTING OF APPLICABLE CRITERIA, CODES AND GUIDES
FOR ICE IN THE USA
(See Section 2.3.2)

CRITERION

CRITERION TITLE

1. General Design Criteria (GDC)
Appendix A to Code of Federal Regulations 10-CFR-50
GDC-1

Quality Standards and Records

GDC-2

Design Bases for Protection
Against Natural Phenomena

GDC-3

Fire Protection

GDC-10

Reactor Design

GDC-12

Suppression of Reactor Power Oscillations

GDC-13

Instrumentation and Control

GDC-17

Electric Power Systems

GDC-19

Control Room

GDC-20

Protection System Functions

GDC-21

Protection System Reliability
and Testability

GDC-22

Protection System Independence

GDC-23

Protection System Failure Modes

GDC-24
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Separation of Protection
and Control Systems

CRITERION

CRITERION TITLE

GDC-25

Protection System Requirements for
Reactivity Control Malfunctions

GDC-26

Reactivity Control System
Redundancy and Capability

GDC-27

Combined Reactivity Control
Systems Capability

GDC-28

Reactivity Limits

GDC-29

Protection Against Anticipated
Operational Occurrences

GDC-37

Testing of Emergency Core Cooling System

GDC-40

Testing of Containment Heat
Removal System

GDC-46

Testing of Cooling Water System

GDC-54

Piping Systems Penetrating Containment

GDC-56

Primary Containment Isolation

GDC-57

Closed Systems Isolation Valves

2. Regulatory Guides (RG)
RG 1.6

Independence Between Redundant
Stand-by (Onsite) Power Sources and
Between Their Distribution
Systems

RG 1.11

Instrument Lines Penetrating Primary Reactor Containment

RG 1.22

Periodic Testing of Protection
System Actuation Functions
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CRITERION TITLE
Seismic Design Classification
Quality Assurance Requirements for the
Installation, Inspection, and Testing of
Instrumentation and Electric Equipment
Use of IEEE Standard 308-1971,
'Criteria for Class IE Electric Systems for
Nuclear Power Generating Stations'
Bypassed and Inoperable Status Indication
for Nuclear Power Plant Safety Systems
Application of the Single Failure Criterion
to Nuclear Power Plant Protection Systems
Manual Initiation of Protection Actions
Electric Penetration Assemblies in
Containment Structures for Water-Cooled
Nuclear Power Plants
Preoperational and Initial Startup Test
Programs for Water-Cooled Power Reactors
Qualification Test of Electric Valve
Operators Installed Inside the Containment
Physical Independence of Electric Systems
Preoperational Testing of Instrument
Air Systems
Qualification of Class IE Equipment for
Nuclear Power Plants

CRITERION

CRITERION TITLE

3. Branch Technical Positions
(BTP) EICSB

BTP EICSB 1

Backfitting of the Protection and Emergency
Power Systems of Nuclear Reactors

BTP EICSB 4

Requirements on Motor Operated Valves in
the ECCS Accumulator Lines

BTP EICSB 5

Scram Breaker Test Requirements
Technical Specifications

BTP EICSB 9

Definition and Use of 'Channel
Calibration' — Technical Specifications

BTP EICSB 10

Electrical and Mechanical Equipment
Seismic Qualification Program

BTP EICSB 12

Protection System Trip Point Changes for
Operation with Reactor Coolant Pumps Out
of Service

BTP EICSB 14

Spurious Withdrawals of Single Control
Rods in Pressurized Water Reactors

BTP EICSB 15

Reactor Coolant Pump Breaker
Qualification

BTP EICSB 16

Control Element Assembly (CEA)
Interlocks in Combustion Engineering
Reactors

BTP EICSB 18

Application of the Single Failure Criteria
to Manually Controlled Electrically
Operated Valves

BTP EICSB 19

Acceptability of Design Criteria for
Hydrogen Mixing and Drywell Vacuum
Relief Systems
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CRITERION

CRITERION TITLE

BTP EICSB 20

Design of Instrumentation and Controls
Provided to Accomplish Changeover from
Injection to Recirculation Mode

BTP EICSB 21

Guidance for Application of Regulatory
Guide 1.47

BTP EICSB 22

Guidance for Application of Regulatory
Guide 1.22

BTP EICSB 23

Qualification of Safety-Related Display
Instrumentation for Post Accident Condition
Monitoring and Safe Shutdown

BTP EICSB 24

Testing of Reactor Trip System and
Engineered Safety Feature Actuation
System Sensor Response Times

BTP EICSB 25

Guidance for the Interpretation of General
Design Criterion 37 for Testing the
Operability of the Emergency Core
Cooling System as a Whole

BTP EICSB 26

Requirements for Reactor Protection
System Anticipatory Trips

BTP EICSB 27

Design Criteria for Thermal Overload
Protection for Motors of Motor
Operated Valves
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Annex III
LIST OF THE
MOST IMPORTANT NATIONAL INDUSTRIAL STANDARDS
FOR ICE EQUIPMENT USED IN NUCLEAR POWER PLANTS
(See Section 2.3.2.2)

1.

IEEE STANDARDS USED IN THE USA
These standards are arbitrarily clustered around specific subjects.

(a)

Standard criteria for safety systems for nuclear power plants
The following are the most important IEEE standards belonging to this group:

ANSI/IEEE Standard 279-1971. Criteria for Protection Systems for Nuclear Power
Generating Stations.
ANSI/IEEE Standard 352-1975. Guide for General Principles of Reliability Analysis
of Nuclear Power Generating Station Protection Systems.
ANSI/IEEE Standard 379-1977. Guide for the Application of the Single-Failure
Criterion to Nuclear Power Generating Station Protection Systems.
ANSI/IEEE Standard 384-1981. Criteria for Independence of Class IE Equipment
and Circuits.
ANSI/IEEE Standard 387-1985. Criteria for Diesel-Generator Units Applied as
Stand-by Power Supplies for Nuclear Generating Stations.
ANSI/IEEE Standard 577-1976. Requirements for Reliability Analysis in the Design
and Operation of Safety Systems for Nuclear Power Generating Stations.
IEEE Standard 603-1985.
Stations.

(b)

Criteria for Safety Systems for Nuclear Generating

Standard criteria for class IE power systems for nuclear power generating
stations
The following are the most important IEEE standards belonging to this group:

ANSI/IEEE Standard 308-1980. Criteria for Class IE Power Systems for Nuclear
Power Generating Stations.
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IEEE Standard 317-1976. Electric Penetration Assemblies in Containment Structures for Nuclear Fuelled Power Generating Stations.
IEEE Standard 323-1974.
Generation Stations.

Qualifying Class IE Equipment for Nuclear Power

IEEE Standard 384-1977.
Circuits.

Criteria for Independence of Class IE Equipment and

ANSI/IEEE Standard 494-1974. Method for Identification of Documents Related to
Class IE Equipment and Systems.
ANSI/IEEE Standard 690-1984. Design and Installation of Cable System for Class
IE Circuits in Nuclear Power Generating Stations.

(c)

Qualification requirements and practices for class IE equipment
The following are the most important daughter standards in this group:

IEEE Standard 381-1977. Standard Criteria for Type Tests of Class IE Modules
Used in Nuclear Power Generating Stations.
ANSI/IEEE Standard 334-1974. Type Test of Continuous Duty Class IE Motors for
Nuclear Power Generating Stations.
ANSI/IEEE Standard 344-1975. Recommended Practices for Seismic Qualification
of Class IE Equipment for Nuclear Power Generating Stations.
IEEE Standard 382-1980. Type Test of Class IE Electric Valve Operator for
Nuclear Power Generating Stations.
IEEE Standard 383-1974. Type Test of Class IE Electric Cables, Field Splices and
Connections for Nuclear Power Generating Stations.
IEEE Standard 634-1978.

Cable Penetration Fire Stop Qualification Test.

IEEE Standard 649-1980. Qualification Class IE Motor Control Centers for Nuclear
Power Generating Stations.

(d)

QA, inspection and testing requirements for ICE equipment

ANSI/IEEE Standard 336-1980. Installation, Inspection and Test Requirements for
Instrumentation and Electric Equipment During the Construction of Nuclear Power
Generating Stations.
IEEE Standard 338-1977. Criteria for Periodic Testing of Nuclear Power Generating Station Safety Systems.
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IEEE Standard 415-1976. Planning for Pre-Operational Testing Programs for Class
IE Power Systems for Nuclear Power Generating Stations.
IEEE Standard 467-1980. Quality Assurance Program Requirements for the Design
and Manufacture of Class IE Instrumentation and Electric Equipment for Nuclear
Power Generating Stations.
IEEE Standard 498-1980. Supplementary Requirements for Calibration and Control
of Measuring and Test Equipment Used in the Construction and Maintenance of
Nuclear Power Generating Stations.
(e)

Other IEEE standards

Among IEEE standards classified as non-nuclear the following are used in the
installation and testing of electrical equipment in nuclear power plants:
IEEE Standard 48-1975. Standard Test Procedures and Requirements for HighVoltage AC Cable Termination.
IEEE Standard 56-1977. Guide for Insulation Maintenance of Large AC Rotating
Machinery.
IEEE Standard 95-1975. Insulation Testing of Large AC Rotating Machinery.
IEEE Standard 118-1978. Test Code for Resistance Measurement.

2.

RCC-E STANDARDS USED IN FRANCE
The RCC-E standards include:

Section A — General
Structure of the Code, responsibility, documents listing of equipment subject
to the RCC-E, and terminology.
Section В — Qualification and Approval
Basic rules governing qualification of equipment and standard qualification
procedures.
Section С — System Design
Co-ordination of electrical equipment characteristics, periodic testing and
availability and interchangeability.
Section D — Installation
Service conditions, ground circuits and rules for protection against electrical
and electromagnetic interference.
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Section E — Equipment Components
Section MC — Inspection and Test Methods

3.

KTA/DIN STANDARDS USED IN THE FEDERAL REPUBLIC OF
GERMANY

Some of the KTA/DIN standards directly related to ICE and QA for this equipment are listed below:
KTA 1402. Quality Assurance for Electrical Engineering.
KTA 22014. Seismic Design of Mechanical and Electrical Components.
KTA 3403/DIN 25431. Electrical Penetration Assemblies in Containment Structures
for Nuclear Power Plants.
KTA 3501/DIN 25434. Reactor Protection System.
KTA 3505. Type Testing of Sensors and Transducers in Reactor Protection Systems.
KTA 3507. Tests of Equipment for Instrumentation and Control in the Reactor Safety
System.
KTA 3701.1/DIN 25417-1. Requirements for Electric Power Supply to Safety Systems for Nuclear Power Generating Stations.
KTA 3702.1/DIN 25467-1. Emergency Power Generation Systems with Diesel
Power Plants in Nuclear Power Plants: Design and Safety Requirements.
KTA 3702/2/DIN 25467-2. Emergency Power Generation Systems with Diesel
Power Plants in Nuclear Power Plants: Tests and Safety Requirements.
KTA 3703. Emergency Power Generation Systems with Batteries and Rectifier
Equipment in Nuclear Power Plants.
KTA 3704. Emergency Power Systems with DC-AC Converters in Nuclear Power
Plants.
KTA 3705/DIN25470. Switching Systems, Transformers and Distribution Networks
for the Supply of Power to Safety Systems in Nuclear Power Plants.
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Annex VIII
EXAMPLE OF A TYPICAL QA PROGRAMMATIC PROCEDURE
(See Section 2.5.2)

1.

TITLE
Document Control Procedure.

2.

REVIEW AND APPROVAL
Review by Plant Nuclear Safety Committee
Date
Approved by

Project Manager
Date

3.

SCOPE
This procedure describes the general requirements for the control of documents which affect quality related activities. These requirements are applicable
to the responsible organization and its contractors.

4.

RESPONSIBILITY
The QA manager is responsible for controlling implementation of this procedure in all project activities identified in the QA programme.

5.

PROCEDURE
5.1. The document control programme is governed by a series of policy statements, standards, and procedures contained in the QA Programme
Description and QA Procedures Manual. The document control
programme establishes methods to control the procedure for preparation,
review, approval, issue, and revision of documents to assure document
adequacy and incorporation of the appropriate quality requirements.
These documents include:
— Project file system;
— Technical specifications;
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5.2.

5.3.

5.4.

5.5.

5.6.
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— Design, manufacturing, construction and installation drawings;
— Procurement documents;
— Project quality plans (construction, installation, etc.) and
schedules;
— Programme procedures and instructions including the QA Policy
Manual, the QA Procedures Manual, the Technical Procedures
Manual, and the Project Management Procedures Manual;
— Regulatory requirements and guidelines;
— Design criteria documents, such as project criteria document,
work plan and schedules;
— Installation work, inspection, and testing procedures;
— Field test procedures;
— Field monitoring procedures;
— Instrument calibration procedures and records;
— Design change requests and contract waiver requests;
— Non-conformance reports, including disposition information;
— Topical reports;
— Turnover of equipment and documents.
The project procedures identify the organizational elements responsible
for reviewing, approving, issuing, and revising the above documents.
Changes to the documents are reviewed and approved by the same
organization that performed the original review and approval or by
another delegated qualified organization.
The project instructions and procedures cited in the work plans for each
nuclear power project detail the control placed upon documents issued
by the project. These instructions and procedures specifically require
that approved changes be included in documents, such as those listed in
paragraph 5.1 above, prior to implementing the change through the use
of appropriate vehicles.
Document control centres for the project are established in the office of
the responsible organization. Document storage shall be designed for
protection against fire, flooding, earthquake, sabotage and vermin.
Controlled documents are released, received, controlled and distributed
through these centres.
Documents approved by the project manager are issued to the organizations requiring the information. Status lists identifying these documents
and their current revision status are issued periodically. These lists are
updated and distributed to predetermined organizations to preclude use
of obsolete or superseded documents. Transmittal forms, with provision
for receipt acknowledgement, are employed to forward these documents.
The document control programme for contractors is based on a system
which requires each contractor to ensure that its documents conform to

CONTROL DOCUMENT RELEASE FORM

A. Document No
B.

Rev.

Date

Document title

C. Special release instructions:

D. For procedures release
(1) Revised table of contents (Revision No.

) attached

(2) Backup procedure review forms attached (for disapprovals)
(3) Comment copies of procedures with comment
Resolution noted attached (for disapprovals)
E.

Released by author:
(Signature/Date)
Approved by author's manager:
(Signature/Date)

F.

Controlled distribution list attached
Revision No.

Date

Instructions:

G. Uncontrolled distribution list attached
Revision No.

Date

Instructions:
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the requirements imposed by procurement contract documents. These
contract documents require the contractors to submit a document control
procedure as part of their quality assurance programme describing the
receipt, review, approval, distribution, revision, and storage requirements of their document control programme. The records turnover
procedure shall also be defined in the contract. Prior to use, the contractor's document control programme is reviewed and approved by the
project manager.
5.7. Verification that the document programme is being effectively
implemented is assured by a series of surveillances and audits performed
by QA personnel.

6.

FORMS AND RECORDS
6.1. Control Document Release Form
6.2. A copy of this procedure shall be retained in the plant record system in
accordance with QA procedure QP-12.2.
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Annex VIII
EXAMPLE OF CHECKLIST TO BE USED IN
AUDITING DESIGN CHANGE CONTROL
(See Section 5.3)

No.

Checklist Question

1.

When some design responsibilities are transferred from one organizational
unit to another, is the new organizational unit capable of taking responsibility
for approval of design changes according to design change procedure?

2.

Are design changes designated as 'significant' or 'minor' by the organizational unit responsible for approval of the design change request (DCR)?

3.

What criteria are used in determining whether or not a DCR is 'significant'
or 'minor'? Typical items to be considered:
(a) System performance implications
(b) Safety implications
(c) Environmental implications
(d) Major economic implications
(e) Implications for maintenance and repair
(f) The necessity to revise the design requirements.

4.

Does the unit initiating the DCR (other than the design unit):
(a) State the reason for the change and document it in sufficient detail to
justify the need for the change?
(b) Provide documentation to justify that the change is warranted in terms of
cost-benefit?
(c) Obtain the appropriate level of approval?
(d) Maintain a record of all DCRs?
(e) Review on a regular basis the status of all outstanding DCRs with the
appropriate design unit?

5.

Does the design unit document the following:
(a) The appointing of a co-ordinator if the DCR involves more than one
engineering discipline or system, and making him responsible for
processing the DCR. Who would this co-ordinator be?
(b) That the design change was reviewed for conformance with the applicable
standards and codes and that the requested change is compatible with the
design requirements, and that the safety, reliability and maintainability
aspects of the original design will not be compromised by the change.
135

(с) That the design change request was reviewed with respect to cost and
schedule implications.
6.

Does the design unit distribute the DCR to the appropriate organizational
units for their comments/input?
Does a standard distribution list exist?

7.

Is it indicated on the copy of the DCR that is issued to the Project Record
Centre that the document is a DCR?

8.

When there is a significant design change to the design requirements, how is
the approval by the functional department documented?

9.

Does the unit responsible for the design change have access to all pertinent
background information and where is this information kept?

10.

Are 'significant' design changes reviewed by the organizational unit that was
responsible for reviewing the original design?

11.

Are the comments of this unit documented, i.e. are they kept in the working
file?

12.

Are the levels of approval for significant design changes the same as for the
original design?

13.

Are minor design changes approved by the appropriate level and maintained
in the working file?

14.

Are the appropriate organizational units informed of the acceptance or
. rejection of significant design changes?

15.

Are the comments from the other engineering disciplines on DCRs maintained in the working file?

16.

Is a working file maintained within the section that contains copies of 'as
received' DCRs?

17.

Are these 'as received' DCRs replaced with the 'dispositioned' DCRs
together with all information pertinent to the design change?
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Annex VIII
LIST OF ICE DOCUMENTS INDICATING ORIGINATING AND
RECEIVING ORGANIZATIONS
(See Section 8.4)

Transmission of documents necessary for QA of ICE equipment

Documents

Transmitted
off
on

off site

1. Contracts

PC

2. Safety report

PC

3. System description document

PC/MC

4. Preliminary testing document
testing document

PC
PC

T group
MC/C/SC

5. Maintenance and operation guide
with: shop drawings
detailed execution drawings
as-built

О group

6. Drawings
planning
guide drawing
interface drawing
wiring diagram
plot plan
outline drawing
layout drawing
connection drawing
general layout drawing

PC/MC/C
PC/MC/C
MC/C
MC/C
PC/MC
PC/MC
PC/MC
MC/C/SC
PC/MC

7. Design and manufacturing regulations

PC

8. Equipment identification documents

c/sc

9. Reference document
(catalogue equipment)

c/sc

10. Diagrams book

PC/MC

11. Equipment list

PC/MC

12. Marking document

MC/C/SC

13. Equipment specification

MC/C/SC
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on site

—
—
—».
—».

—
—
—

Transmission of documents necessary for QA of ICE equipment (cotit.)

Documents

Transmitted
off
on

off site

14. Specification for
equipment supply
equipment manufacturing
equipment control
equipment testing
equipment storage
equipment transport
equipment handling
equipment erection

on site

MC/C/SC
MC/C/SC
MC/C/SC
MC/C/SC
MC/C/SC
MC/C/SC
MC/C/SC
MC/C/SC

15. Control report
Testing report

E group
T group

16. Non-conformity card
Anomaly card

E/T group

17. Conformity report
18. QA plan

E/T group
PC
c/sc

19. Finished equipment manufacturing report
20. Schedule/planning document

PC/MC/C

21. Cabling book

c/sc

22. Blocking book

PC/MC/C/SC

23. Qualification procedure

PC/MC/C/SC

24. Turnover report

PC

T/O group

Owner

25. Performance test report

T/O group

26. Acceptance test report

T/O group

27. Testing report

T group

PC:
MC:
C:
SC:
T:
O:
E:

Prime contractor or architect/engineer
main contractor (NSSS — turbogenerator)
contractor
subcontractor (a supplier)
test group
^
operation group > on site
erection group J
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Annex VIII
STORAGE LEVEL CONSIDERATIONS AND TYPICAL ITEMS
IN EACH STORAGE LEVEL
(See Section 8.5)

Level

Storage considerations
Controlled temperature
Controlled humidity
Ventilation filters to remove
contaminants, fumes, and
vapours
Protection from vibration and
shock

Typical items
Special electronic equipment
Sensitive instrumentation
equipment
Hazardous chemical
Radioactive material

Protection from physical
damage
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Temperature limits
Controlled humidity
Protection from vibration and
shock
Protection from physical
damage
Protection from airborne
contamination

Instrumentation equipment
Electrical penetrations
Welding electrodes and wire
Control rod drive
Electrical switchgear and
panels
Motors and generators
Precision machine parts

Protection from the
environment
Protection from airborne
contamination
Protection from vibration
and shock
Protection from physical
damage

Pumps
Valves
Reactor internals
Instrument cable
Refuelling equipment
Cement

Level

Storage considerations

D

Protection from airborne
contamination
Protection from physical
damage

Typical items

Tanks
Heat exchangers
Accumulators
Reactor vessels
Piping
Structural items
Reinforcing steel
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Annex VIII
EXAMPLE OF DOCUMENTS ISSUED BY A CONTRACTOR FOR
CABLEWAYS AND EQUIPMENT INSTALLATION
(See Section 9.2.1)

QA/QC PROCEDURES
Field QA Programme
Field Organization
Field Technical Documents Issue
Field QA Surveillance
Field Deviation Disposition Request Issue
Field Engineering Change Request Issue
Field Disposition Instruction Management
Quality Control Plan Issue
Field Document Archives
Inspection and Test Activities
Calibration and Setting of Measurements and Test Devices
Final Inspections
Plant Parts Identification
Material Receiving, Storage and Conservation
Electrodes Management
Welder Qualification
Qualification of Personnel Assigned to ND Controls
Welding Process Qualification Procedure
Welding Control Procedure by Penetrant Liquids
Welding Control Procedure by Magnetic Test
ENGINEERING SPECIFICATION
Bolt Tightening Torque Prescriptions
Field Galvanizing Restoring Specification
Welding Performing and Control Specification
Field Welding Control Procedure
INSTALLATION PROCEDURES
Welding Record
Metallic Carpentry Erection Procedure
Cableways Installation Procedure
Secondary Grounding System Installation Procedure
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INSTALLATION PROCEDURES (cont.)

Fire Barriers Installation Procedure
Cableways Installation QC Plan
Anchoring and Shimming Instructions
Equipment Installation Procedure
Storage Batteries Installation Procedure
Equipment Installation: Typical QC Plan

Annex VIII
KNOWLEDGE AND SKILLS NECESSARY FOR QUALIFICATION
OF ICE INSTALLATION INSPECTORS
(See Section 9.2.4)

A person seeking qualification as an ICE installation inspector should be able
to accomplish the following:
— Identify, locate and use ICE equipment installation procedures, specifications
and drawings.
— Be able to read and understand ICE drawings and specifications.
— Possess knowledge of types of ICE equipment and of their functions in nuclear
power plant.
— Possess knowledge of types of ICE components, their functions and use in ICE
equipment.
— Demonstrate familiarity with requirements of applicable national and international standards for ICE equipment.
— Possess knowledge of the function and application of basic inspection and test
equipment for ICE installations.
— Possess knowledge of equipment identification schemes used in the project.
— Understand the purpose of various equipment installation inspections.
— Possess knowledge of procedures for handling ICE equipment.
— Understand hazards associated with toxic chemicals used in electrical transformers and electrical batteries.
— Understand methods of installing splicing and termination.
— Understand the importance of termination connection cleaness and tightness.
— Understand the purpose of bearing lubrication and methods of monitoring.
— Possess knowledge of methods and importance of resistance, capacity and
isolation tests.
— Understand the basic concept of process measurement and instrumentation.
— Possess knowledge of the basic theory of analogue and digital circuitry
operation.
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Annex VIII
FLOW OF INPUT AND OUTPUT INFORMATION TO THE COMPUTER
BASED CABLE INFORMATION SYSTEM
(See Section 9.3.1)

FIG. 1. Flow of input

information.
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CABLE PULLING CHECKLIST

Project Number

Station

Cable Number
Type

-Unit

Master Diagram Page Number
Seg. Code

Number of Cables
Reel

Service

Equipment No. To

Equipment No. From
Phys. Dwg. From

Rev.

Phys. Dwg. To

Rev.

Wiring Dia. From

Rev.

Wiring Dia. To

Rev.
INITIAL DATE

Cable carriers installed per contract specifications
Cable carrière clear and clean per specifications
Pulling monitoring equipment calibration valid
Cable temperature within cable manufacturer's specifications
Name of cable lubricant used

Fill factor of cable carrier not exceeded
Per cent of actual fill
Swivel is installed on cable pulling eye
Cable pulling hardware is free of sharp edges
Cable reels are set up safely and not subjecting
cable to a reverse bend
Cable identified
Maximum pulling tension allowed

_____

Actual maximum pulling tension applied during pull
Cable installed with sufficient differential movement slack
Cable separation criteria met _ _ _ _ _ _ _ _

Cable ends sealed

Cable megohm value
Cable pull card completed and submitted
Remarks:

—

EQCI Signature

FIG. 4.
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Cable pulling

Date

checklist.

Q.C. TERMINATION CHECK LIST
STATION
MASTER DIAGRAM
E O U I P U P N T ТЛ
WIRING D I A . T O

P R f i . l F f T Ml I M R F R
CABLE NUMBER
EQUIPMENT FROM
WIRING OIA. FROM
CONDUCTOR
NUMBER

C O L O R CODE

TERMINAL
POINT

TERMINAL
BLOCK

COLOR CODE

1

Black

1

Black

2

White

2

White

3

Red

3

Red

4

Creen

4

Creen
Orange

5

Orange

5

6

Blue

6

Blue

7

VHT-BLK

7

WHT-BLK

8

RED-BLK

8

RED-BLK

ч GRN-BI.K

?

GRN-BI.K

19
il

ORG-BLK

10

ORG-BLK

BLU-BLK

11

BLU-BLK

12

BLK-UHT

12

BUC-WHT

13

RED-WHT

13

RED-WHT

1»

CRJI-WHT

I4

CRN-WHT

15

BLU-WHT

IS

BLU-WHT

16

BLK-RED

16

ÏUC-RED

17

WHT-RED

17

UHT-REO

18

ORC-RED

18

ORG-RED

19

BLU-RED

19

BLU-RED

20

RED-CRM

20

RED-CRN

COMMUNICATION AND THERMOCOUPLE CABLE
COLOR
C O D E (pr.)

CONDUCTOR
NUMBER

TERMINAL
POINTS

TERMINAL
BLOCK

..
UNIT
PAGE. N U M B E R

CONDUCTOR
NUMBER

TERMINAL
POINT

TERMINAL
BLOCK

COMMUNICATION A N D THERMOCOUPLE CABLE
COLOR
C O D E (pr.)

1

1

2

2

3

3

CONDUCTOR
NUMBER

TERMINAL
POINTS

TERMINAL
BLOCK

4
5

5

6

6

7

7

8

8

9

9

10

10
О С IHKPFCTflR

FOREMA M

FIG. 5.

QC termination

r>ATF

checklist.
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Annex VIII
EXAMPLE OF LIST OF CONTROLS
DURING THE ELECTRICAL EQUIPMENT INSTALLATION ACTIVITIES
(see Section 9.3.1.6)

ISSUED BY MAIN CONTRACTOR
(1)

Basement

(2)

Correct positioning

(3)

Conservation/cleaning/integrity
(1)
(2)
(3)
(4)
(5)
(6)
(7)

(4)

Basement
Connections

Continuity
(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
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Conductors/cables
Components

Bolt tightening
(1)
(2)

(6)

Rings
Container/elements (cells)
Painting
Oil treatment
Hygroscopic salts status
Lubrication/greasing
Completed component installation

Marking/labelling
(1)
(2)

(5)

inspection

verification

Windings
Grounding connections
Rotor circuit
Auxiliary circuits
Between elements
To battery charger
Bus bars
Control and power circuits

Verification of connections to:
Logics cabinets
Control room panels
Electric switchgear
Alarm panels
Remote control panels
Measurements panels
Protection panels
Computer panels
Power panels
Regulation panels
Diesel generator control panels
Turbine regulation panels
Users
Panels interconnections
Verification of pneumatic connections
(7)

Insulation
(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)

(8)

Dielectric
(1)
(2)
(3)
(4)

(9)

Polarization index
Winding insulation
Auxiliary circuits insulation
Fixed and movable contacts insulation
Power circuits (circuit breakers in 'service' position)
Power circuits (circuit breakers in 'isolated' position)
Stator/rotor
Panels interconnections

Fixed and movable contacts
Phase to phase
Phase to ground
Bus bars

Mechanical
(1)
(2)
(3)
(4)

rigidity

operation

Driving in 'service'/'isolated' position
Interlocks
Spring loading
Driving in 'service'/'isolated' position of voltage transformers drawers
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(5)

Driving in 'service'/'isolated' position of grounding drawers

(6)

Local — manual operation

(10) Protection setting

(11)

(1)
(2)

Thermal
Magnetic

(3)

Power supply

Others
(1) Acid density

(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)
(10)
(11)
(12)
(12) Final
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Mechanical protection degree
Tightness test
Compliance with characteristic data
Fuses/circuit breakers compliance
Main reservoir oil level
Transformer tap — changer oil level
Analysis and dielectric rigidity of oil
Gas relay operation
Tap changer operation
Pneumatic circuits pressing
Instruments impulse lines
documentation verification

Annex XIII
EXAMPLES OF INSTALLATION AND CONSTRUCTION CHECKLISTS
(see Section 9.4.2)

INSTALLATION & CONSTRUCTION TEST CHECKLIST (4160V MOTORS)
Page 1 of 2
NAMEPLATE
FRAME

DUTY

HP

VOLT _

PH

CY

AMP

SERIAL NO.

MEGGER TEST:
S/N

VOLTAGE.

PHASE TO GRND MEG.

CAL DATE.

REMARKS

ROTATION (STATIC) CHECK
S/N

CCW

CAL DATE

CW

0A

0B

T-

T-

0C

LINE

T-

MOTOR

Note: Rotation viewed from end opposite
coupling and facing motor.
APPROVAL/ACCEPTANCE AND DATE
SIGNATURE AND DATE

QC

DATE

Tester:
Supervisor:
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INSTALLATION & CONSTRUCTION TEST CHECKLIST (4160V MOTORS)
Page 2 of 2
NAMEPLATE
FRAME

DUTY

HP

VOLT

PH

CY

AMP

SERIAL NO.

SIGNATURE/DÀTE

INSPECTION
[ ] Freedom of roation

REMARKS

Tester:

[ ] Grounding
[ ] Equipment isolated

Supervisor:

[ ] Protective features
installed

TESTS
[ ] Megger

Tester:

[ ] Megger (at breaker)
[ 1 Motor rotation

Supervisor:

APPROVAL/ACCEPTANCE AND DATE
QC
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DATE

INSTALLATION & CONSTRUCTION TEST CHECKLIST (4160V SWITCHGEAR)
Page 1 of 2
REMARKS

[ ] VISUAL INSPECTION
[ ] CHECK FUSES
[ ] GROUNDING

SIG. AND DATE

[ ] CONTINUITY
[ ] MEGGER
[ ] DATA SHEETS (MANUFACTURER)

MEGGER TEST:
Voltage

Transformer and/or bus

No.

Phase A to ground

Megs.

Phase В to ground

Megs_

Phse С to ground

Megs_

S/N

Calib. Date

SIGNATURE AND DATE
Tester:
Supervisor:

APPROVAL/ACCEPTANCE AND DATE
QC

DATE
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INSTALLATION & CONSTRUCTION TEST CHECKLIST (4160V SWITCHGEAR)
Page 1 of 2

ACB Serial No.

ACB Position

a. Primary contact wipe: 5/16" + 0 - 1 / 1 6 " 1200 A,
b. Arcing contact wipe: 5/16" or greater
(gap at primary contacts)
c. Primary contact gap: 3-13/16" + 1/8" - 3/16"
d. Trip latch wipe: 3/16" to 1/4"with trip
latch resting against stop pin
e. Trip latch clearance: 1/32" to 1/16"
f. Release latch wipe: 3/16" to 1/4"
g. Release
monitoring
maximumlatch
clearance
1/32"switch:
h. Motor and relay switch: maximum
clearance 1/32"
i.

Interlock switch: maximum clearance 1/32"

j.

Auxiliary switch 'a' contacts close when
breaker primary contact gap is 1 " or greater

k. Driving and latching pawl: minimum
clearance to ratchet teeth 0.015
1. Plunger interlocked: 10-7/32" plus or
minus 1/16"

SIGNATURE AND DATE
Tester:

APPROVAL/ACCEPTANCE AND DATE
QC

1" = 1 inch = 2.54 cm.
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DATE

INSTALLATION AND CONSTRUCTION TEST CHECKLIST
(Control and electrical cabinets and panels)
Page 1 of 2

PANEL NO.
LOCATION
DATE INSTALLED
PROCEDURE USED:

(WELDER NO:

)

Bolted (Nelson studs)
Plug welding
Welding shims
Control room recorder panels

:

Bolted
SKETCH SUBMITTED DATE
QUALITY CONTROL SURVEILLANCE
AS REQUIRED
QUALITY CONTROL SURVEILLANCE
SUPERVISOR

APPROVAL/ACCEPTANCE AND DATE

QC

DATE
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INSTALLATION AND CONSTRUCTION TEST CHECKLIST
(Electrical penetrations)
Page 1 of 2

PENETRATION TYPE
LOCATION NO.
SLEEVE SIZE
VIST I AI.

ПАТЕ

INSPECTION

REMARKS

I F . А К АПК

DATF.

TEST

REMARKS

SIGNATURE

SIGNATURE

AT THE START OF LEAKAGE TEST

TEMPERATURE

PRESSURE
AT THE END OF LEAKAGE TEST

TEMPERATURE

PRESSURE

QC ACCEPTANCE

INSTALLATION INSPECTION

QC ACCEPTANCE

WELDING INSPECTION

DF.WPOTNT

TEMPERATURE

ПАТЕ

SIGNATURE

SIGNATURE AND DATE
Tester:
Supervisor:
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APPROVAL/ACCEPTANCE AND DATE
QC

DATE

INSTALLATION AND CONSTRUCTION TEST CHECKLIST
(Control and electrical cabinets and panels)
Page 2 of 2

QC -

DATE

1. Equipment is adequately identified.
2. Equipment was inspected for physical integrity.
3. Equipment was properly aligned and levelled.
4. Equipment was inspected for clearance and tolerance.
5. Equipment was inspected for connections and
fastening tightness.
6. Equipment was inspected for freedom
from movement.
7. Equipment was inspected for proper grounding.
8. Equipment was inspected for proper location.
9. Method of mounting was in accordance with
field procedure reference drawing.

159

INSTALLATION AND CONSTRUCTION TEST CHECKLIST (Electrical penetrations)
PENETRATION TYPF.

PRESSURE

TEMPERATURE
Page 2 of 2

DATE

PRESSURE
(lbf/in 2 )

TEMP.
(°F)

TESTER'S
SIGNATURE

1 lbf/in 2 = 6.895 x 103 Pa. Temp. Celsius = ° F - 3 2 x 5/9.
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QC
SURVEILLANCE

Annex VIII
EXAMPLE OF PROCEDURE REGULATING
EQUIPMENT TURNOVER AND INSPECTION STATUS
(See Section 9.5)

SITE QUALITY PROCEDURE TURNOVER AND INSPECTION STATUS

1.

PURPOSE

1.1. The purpose of this procedure is to provide instructions and controls to facilitate the jurisdictional transfer of installed items from Construction to Startup, to
reflect the method to be used for re-entry into items under Startup jurisdiction and
to provide the inspection status of items during their construction phase.

2.

SCOPE

2.1. The scope of this procedure delineates the responsibilities of various departments for implementation of this procedure. It covers the documentation, methodology and sequence to be employed in each aspect to allow a smooth transition prior
to, during and after partial or conditional system turnovers. Any methods or procedures that advance turnovers to take place prior to the project schedule void the time
frame outlined in this procedure.

3.

REFERENCES

3.1. PSAR, Chapter 14, Initial Test and Operations
3.2. NPP — Unit 1. Quality Assurance Manual
3.3. ASP-8, Site Tagging Procedure.

4.

ATTACHMENTS

4.1.
4.2.
4.3.
4.4.

System Turnover Transmittal Sheet
Component Turnover List
Cable Turnover List
System Turnover Punch List.
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5.

DEFINITION OF TERMS

5.1. Turnover package: Package of documents, such as system boundary drawings,
which has been compiled by Construction Test to reflect the scope as defined by
Startup. Also, a transmittal sheet, a list of unresolved deficiencies (if any), and turnover list(s) that serve as a record of turned over equipment (Attachments 4.1.
through 4.3 as applicable).
5.2. Component turnover list: A cataloguing of physical items, components, and
equipment in a turnover package. This cataloguing may be substituted with the computer printout "Startup Documentation Summary", Attachment 4.2.
5.3. Cable turnover list: A cataloguing of cables in a turnover package. This
cataloguing may be substituted with the computer printout "Cable and Raceway
System Report" or CARS Electrical Management System — Report,
Attachment 4.3.

6.

PREREQUISITES

6.1. All construction verification, testing and quality inspections shall be completed
prior to initiation of a turnover package or noted as a Punch List item at the time
of turnover.

7.

RESPONSIBILITIES

7.1. The Site Manager has overall responsibility for the implementation of this
procedure.
7.2. The Construction Test Superintendent is responsible for the following
functions:
7.2.1. Assemble marked-up system boundary drawings and other documentation, as scoped by Startup, into a turnover package.
7.2.2. Assemble the balance of the turnover package to define the unique contents of the system or partial system being turned over.
7.2.3. Co-ordinate the turnover package for evaluation.
7.2.4. Perform a walkdown for verification of system completion.
7.2.5. Verily that all required construction tests are complete or identified as
Punch List items.
7.2.6. Assign system numbers, Exception List item numbers and responsibilities to all Exception Lists and forward to the Quality Assurance Records
Centre.
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7.2.7. Submit System Turnover Punch Lists as required.
7.2.8. Process the System Turnover Packages, including the System Turnover Transmittal Sheet (Attachment 4.1).
7.2.9. Track all outstanding exceptions, with the Startup Engineer responsible
for the system, to expedite their resolution.
7.2.10. Submit Turnover Exception Transmittals to the Quality Assurance
Records Centre.
7.2.11. Process all System Re-entry Requests until final plant acceptance.
7.2.12. Ensure that all non-conforming items identified in the turnover package will not adversely affect system testing.
7.3. The Senior Resident Engineer is responsible for the following functions:
7.3.1. To evaluate the turnover package to ensure that all required engineering, design changes, specifications and procedures are approved and
distributed.
7.3.2. To submit System Turnover Punch Lists for any outstanding engineering items.
7.3.3. To maintain engineering control for systems or partial systems which
have been accepted for preliminary or conditional turnover.
7.3.4. To transmit equipment storage/maintenance records to the Quality
Assurance Records Centre.
7.4. The project Quality Control Supervisor is responsible for the following
functions:
7.4.1. To submit System Turnover Punch Lists for all open Non-conformance
Reports (NCRs), Deficiency Reports (DRs), and unperformed required
inspections.
7.4.2. To review the turnover package and certify that all required inspections
have been performed and documented or identified as deficiencies, on a
System Turnover Punch List.
7.4.3. To perform a documented walkdown inspection and verification of all
safety related systems or partial systems and record all deficiencies.
7.5. The Assistant Manager, Quality Assurance Construction, is responsible for the
following functions:
7.5.1. To verify that the following Construction Quality Records are available
in the Quality Assurance Records Centre for the system or partial system being
turned over.
7.5.1.1. Quality Control inspection and construction verification
records.
7.5.1.2. Construction Test Records.
7.5.1.3. System or partial System Turnover Package.
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7.5.1.4. Records, as identified, in applicable Quality Programmes
(QPs) and site procedures.
7.5.2. To witness the Construction Quality Control walkdown of safety
related systems in accordance with their applicable QPs.
7.5.3. To submit System Turnover Punch Lists for any open audits, surveillances or outstanding records.
7.5.4. To develop, maintain, update and distribute a computerized Outstanding Exception List.
7.5.5. To provide the Project General Manager with a computerized Outstanding Exception List prior to the project schedule major milestones.
7.5.6. To forward Quality Assurance Records to the Plant Manager.
7.6. The Project Superintendent is responsible for the following functions:
7.6.1. To evaluate the turnover package for completeness of all mechanical
and electrical installations and verifications.
7.6.2. To submit System Turnover Punch Lists for outstanding work items or
incomplete construction verifications.
7.7. The Startup Superintendent is responsible for ensuring the performance of the
following functions:
7.7.1. To provide Construction Test with system or partial boundary definitions (system scoping).
7.7.2. To provide system turnover time frame information for the Construction/Startup Project Schedule.
7.7.3. To submit Punch List items or exceptions and review status of same.
7.7.4. To evaluate turnover packages for acceptance or rejection. To note all
unacceptable exceptions.
7.7.5. Acceptance of turnover package items in conjunction with the turnover
package software.
7.7.6. To place jurisdictional tags and stickers which notify site personnel of
transfer of equipment.

8.

PROCEDURE

8.1. Preparation for turnover
8.1.1. The Startup Superintendent shall provide Construction Test with the
preliminary or conditional system boundary packages. These packages should
be submitted approximately 180 days prior to the required turnover date.
8.1.2. Construction Test shall initiate the preparation of system preliminary
or conditional turnover packages, as defined by Startup system scoping in a
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timely manner, to ensure required reviews and approvals are achieved within
the time frame designated by Startup. This shall be accomplished by obtaining
and assembling the following documents.
8.1.2.1. Marked-up system boundary drawings and other documents, as
necessary, to define specifically system or partial system items within a
turnover package. These will be provided by Startup to Construction
Test. The boundary drawings shall indicate the latest revisions and have
all FCRs and/or DCNs that have not been incorporated into the P&IDs
or flow drawings listed. This information shall be verified by Construction Test.
8.1.2.2. System Turnover Transmittal Sheet (Attachment 4.1).
8.1.2.3. Component Turnover List (Attachment 4.2) or 'Startup
Documentation Summary' (Reference para. 5.2).
8.1.2.4. Cable Turnover List (Attachment 4.3) or 'Cable and Raceway
System Bl/Hl Report' or CARS Electrical Management System —
Report CDS.
8.1.2.5. Blank System Turnover Punch List.
8.1.3. Approximately ninety days prior to the turnover date, Construction
Test shall distribute copies of the assembled turnover package minus the transmittal sheet to Startup, the Project Superintendent and/or Discipline Superintendent, the Senior Resident Engineer, the Project Quality Control Supervisor
and the Assistant Manager of Quality Assurance Construction. Additional software required by Startup will be noted by Startup and returned to Construction
Test.
8.1.4. Approximately thirty days prior to the turnover date, all parties
involved shall thoroughly review their areas of responsibility and prepare a
System Turnover Punch List for all open items, which will be attached to the
turnover package transmittal sheet at the time of signing the transmittal.
8.1.4.1. Quality Control should schedule an informal system walkdown
approximately two weeks prior to turnover.
8.1.4.2. Quality Control should schedule and co-ordinate, with Startup
and Construction Test, a documented system walkdown to verify design
configuration is in accordance with the applicable documents. Quality
Assurance Construction may observe the walkdown of safety related systems, if desired.
8.1.4.3. QC shall complete the QC verification checklist and attach it
to the turnover package.
8.1.5. Tags: Construction tags on systems shall be removed by the responsible organization in accordance with ASP-8. Construction tags and Power
Resources Jurisdictional tags may exist simultaneously on any system due to
outstanding exceptions or boundary isolations.
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8.2.

Turnover

Upon completion of Section 8.1 of this procedure, the finalized turnover package with the transmittal sheet, marked-up boundary drawings and Punch List shall
be routed by Construction Test for certification and approval signatures.
8.2.1. Construction Test shall notify the Project Superintendent and/or Discipline Superintendents, the Senior Resident Engineer, the Project Quality
Control Supervisor and the Assistant Manager of Quality Assurance Construction approximately three working days prior to their receiving the turnover
package transmittal sheet (Attachment 4.1), so they will be prepared to sign
it upon its arrival in their department.
8.2.2. Construction Test shall transmit signed turnover packages to Startup
for review and acceptance or rejection approximately one week prior to the
scheduled system or partial system turnover completion date. Note: If the package is rejected, the Punch List items which lead to rejection shall be identified
by Startup for timely Construction correction. In the event the package is
rejected, the sign-off sheet will be reaccomplished after corrections are made.
8.2.3. Upon acceptance, Startup shall place green tags or stickers on turned
over items.
8.2.4. Upon acceptance, Startup shall send the original signed turnover package to Construction Test. Construction Test will assign a Startup system number, a sequential number and responsibility for all open Punch List items, and
forward the turnover package to Quality Assurance Records Centre for verification. QARC shall incorporate the open Punch List items into the computerized Exception List and transmit copies as required.
. 8.2.5. Upon completion of Records verification, QA shall submit any additional exception items using the Turnover Exception Transmittal and sign the
System Transmittal Sheet (Attachment 4.1). QA will retain a copy of the completed turnover package for record purposes and forward the original turnover
package to Startup.
8.3. Turnover follow-up
8.3.1. If any Construction/Inspection activities are required to be performed
on turned over items/systems for any Open Exception List item, all parties
shall complete a Unit 1 System Re-entry Request which shall serve as the document specifying and authorizing the above mentioned Construction/Inspection
activities and reinstating the Quality Assurance Programme for construction
thereon.
8.3.2. All parties shall complete a Turnover Exception Transmittal to add or
delete an exception. The Turnover Exception Transmittal shall be completed
and forwarded.
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8.3.3. The Assistant Manager, Quality Assurance, should distribute the
updated computerized Outstanding Exception List as required.
8.3.4. The Construction Test System Engineer shall track any status exceptions until they are resolved or accepted by the Plant Manager.
8.3.5. All work performed on systems green-tagged by Startup, shall be performed under Equipment Clearance Procedure and the Construction Tagging
Procedure and shall be co-ordinated by the responsible Startup System
Engineer.
8.3.6. The Assistant Manager, Quality Assurance Construction, shall transmit Quality Records, maintained by the Quality Assurance Records Centre, to
the Plant Manager after construction but prior to commercial operation.
8.3.7. Final acceptance of the plant is by letter from the Plant Manager to the
Project General Manager. This letter (and attachments) will identify outstanding exceptions for inclusion in the Backfit Programme.

9.

INSPECTION

9.1. Construction Quality Control performs walkdown and inspections in accordance with the applicable procedures.

10.

QUALITY ASSURANCE RECORDS

10.1. Upon completion, the following records shall be transmitted to the Quality
Assurance Records Centre to be processed in accordance with QA17 — QAD4.

RECORD NAME

TRANSMITTING

RESPONSIBILITY

Turnover Package
Turnover Exception Transmittal
System Re-entry Request

Construction Test Superintendent
Construction Test Superintendent
Construction Test Superintendent
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SITE QUALITY PROCEDURE
SYSTEM TURNOVER TRANSMITTAL SHEET
SAFETY RELATED
YES
NO

SYSTEM NAME
CTO/PTO NO

(1)

Description of equipment to be turned over is defined on checked ( )
documents: Scope Drawing
, Startup Documentation Summary
Component Turnover I.ist
, Piping Turnover l ist
, Cahle
Turnover List
, Cable and Raceway System B l / H l Report
CARS Electrical Management System

(2)

This system has been installed and documented in accordance with the approved
design and quality procedures.
Verified

Project Superintendent and/or
Discipline Superintendent

(3)

Engineering for this system or subsystem is complete, approved and
properly documented.
Verified

Senior Resident Engineer

(4)

Date

Construction Test has performed a documented hydrostatic test, cleanness tests and
electrical test in accordance with the applicable Construction Test procedures. Walkdown
inspection has been completed as required.
Verified

Construction Test
Superintendent

(5)

Date

Construction QC has performed and documented all required inspections and
verifications in accordance with the applicable CPL:QIs including SQP criteria
and has transmitted all required inspection, verification and inspection status
documentation to the QA Records Centre.
Verified

Project Quality Control
Supervisor

(6)

Approval for turnover recommended by:
Mech

(7)

F.ler
TAC
Startup Department Lead Engineers

T u r n o v e r arrepterl for FP&T. hy:

Startup Superintendent

(8)

Date

Date

QA documentation for this turnover is completed in accordance with the
applicable Quality Procedures.
Verified

Assistant Manager QA
Construction
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Date

Annex

VIII

DESCRIPTION OF THE CONTENT OF A TEST PROCEDURE FOR A
DIESEL GENERATOR UNIT: EXAMPLES OF THE FORMS TO BE
USED IN RECORDING AND REPORTING OF TEST DATA
(See Section 10.3.4)

1.

OBJECTIVE

This Annex describes the objective of the test and defines the equipment to be
tested.

2.

PREREQUISITES

2.1. Equipment status
For testing of diesel generator units the following types of auxiliary systems
must be in operation:
(a)
(b)
(c)
(d)

Startup air system for
Ventilation within the
Fire protection for all
Service cooling water

the diesel generators
diesel engine rooms
rooms containing parts of the diesel fuel system
systems.

Furthermore, it shall be specified which part of the control equipment must be
available locally and in the main control room.
2.2. Test equipment
This temporary instrumentation is to be used during testing for:
(a)
(b)
(c)

Noise level measurements within the diesel generator rooms or outside the
buildings
Vibration measurements of the diesel generators and their foundations
Recorders for documentation of trends.
The recommended manufacture and type of test equipment should be specified.

2.3.

Precautions

Before starting the testing, precautions shall be taken to avoid components
being damaged or test personnel hurt.
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These precautions shall include:
(a)
(b)
(c)

3.

Motor driven pumps which are not yet commissioned shall be isolated to prevent automatic starts by the motor start sequences.
Circuit breakers for feeders to bus bars which are not in operation have to be
racked out.
Switchgear rooms must be locked and warning markings for energizing must
be set up.

TESTING

3.1. Scope of the test
For the diesel generator units the following type of tests shall be included in
the scope:
(a)
(b)
(c)

Manual start and stop
Automatic starting, protective tripping
Loading of diesel generators, manually or by the motor sequence equipment.

If some part of the equipment is not tested owing to the fact that components
are not yet commissioned, this has to be documented. Such parts are retested later
if components are operational or if the plant situation allows retesting.
3.2. Test sequences
An example of diesel start tests and synchronizing to the medium voltage
bus bar can be as follows:
001

Start the diesel generator manually by using an operating procedure.
Chapter and sequence steps shall be referenced.
002 Observe and document such process values as starting time, pressure
drop in the startup air system, voltages, stable temperatures, lubrication
oil pressure, etc.
003 Synchronize the generator with the generator breaker to bus (identification of the bus) by using an operating procedure. Chapter and sequence
steps shall be referenced.
004 Increase the load of the diesel generator unit by reference to an operating
procedure, chapter and sequence steps.
005 If the feeder current from the preferred power supply to the diesel bus
bars is less than the specified kA rating, disconnect the feeder (identification) in accordance with an operating procedure, chapter and sequence
steps.
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006

At 100% load, observe and document such process values as stable temperatures, currents, voltages, loads, lubrication oil pressure, etc.

This sequence can be followed by a full load test over a certain time period.

4.

ACCEPTANCE CRITERIA

(a)

(f)
(g)

Diesel start time must be less than 10 s to 90% generator voltage and 100%
speed.
Noise level in the diesel generator room must be less than 100 dB at 110%
load.
Vibrations at 100% load shall be less than 30 mm/s.
Exhaust temperature measured at the cylinder top shall not exceed 500°C.
Temperature of the cooling water outlet shall not exceed 60° С at the rated inlet
temperature 30°C at 100% load.
Speed can be adjusted manually between 85-115%.
Voltage can be adjusted manually between 85-115%.

5.

RECORDS

(b)
(d)
(d)
(e)

Test data sheets for recording of measurements shall be attached.
The standard format of these sheets includes:
—
—
—
—

title of the test
identification of the test
measurements identification and observed values
sign off by the responsible test engineer.
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Ftrm 6.2.7-5
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• FCLD TEST
MSPECTION
STAMP

INSPECTOR

TEST OPERATOR

• ACCEPT. TEST

REPORT DATE

TEST RUN TIME

REPORT NO.

m
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6.2.7-2

OATE

PART NO.

SERIAL NO.

INSP.

ACCEPT.

FAIL.

TEST LOG
FAILURE EXPLANATION

CONTROL NO.

Annex VIII
A TYPICAL AGENDA THAT MAY BE USED FOR DEVELOPING
WALKTHROUGH THE PLANT FOR THE PURPOSE OF TURN-OVER
OF ICE
(See Section 11.1)

1.

GENERAL

(a)
(b)
(c)

Plant layout for walkthrough
Special interest areas
Unresolved items.

2.

CONTROL ROOM

(a)
(b)
(c)
(d)
(e)
(f)
(g)
(h)

General layout
Nuclear and reactor protection instrument arrangement and layout
Rod position indication
Protection system initiation and bypass switch arrangements
Diesel control board
Cabling in control room (separation, loading, etc.)
Radiation monitoring instrumentation
Engineered safety feature initiation and bypass switch arrangements and status
panels.

3.

CABLE RUNS AND CABLE SPREADING AREA

(a)
(b)
(c)
(d)
(e)
(f)

General layout
Degree of separation
Diverse wiring
Tray or wireway density (percentage fill) Fire detection and protection
Penetrations and cable terminations.

4.

SWITCHGEAR ROOMS

(a)
(b)

General layout
.
Physical and electrical, separation of redundant units
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(c)
(d)
(e)

Potential for damage due to fire, missiles, etc.
Cable installation
Fire detection and protection.

5.

BATTERY INSTALLATIONS

(a)
(b)
(c)
(d)
(e)
(f)

General layout
Physical and electrical separation
Potential for damage due to fire, missiles, etc.
Fire detection and protection and security
Ventilation independence
Monitoring instrumentation.

6.

DIESEL GENERATORS

(a)
(b)
(c)
(d)
(e)
(f)

General layout
Physical and electrical separation of redundant units
Fuel supply system
Fire detection and protection
Qualification tests — interlocks and control panel
Auxiliary systems — starting air, combustion air, ventilation.

7.

INSTRUMENT PIPING

(a)
(b)
(c)

Physical separation and single failure
Potential for damage due to fire, flooding, etc.
Test features.

8.

TRANSFORMERS (SWITCHYARD)

(a)
(b)
(c)

Physical and electrical separation
Potential for damage due to fire, flooding, missiles, etc.
Fire detection and protection.

9.

REACTOR BUILDING AND TURBINE BUILDING

(a)
(b)

Protection system instrument arrangement and layout
Potential for instrument damage due to fire, missiles, etc.
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(c)
(d)

Separation of piping and wiring to redundant instruments
Provisions for testing protection instruments.

10.

STEAM LINES -

(a)
(b)

BWR temperature and radiation monitoring systems
Isolation valves.

11.

RECIRCULATION WATER SYSTEM (CONDENSER)

(a)

Break detection and flood protection features.

12.

SHUTDOWN OUTSIDE CONTROL ROOM

(a)
(b)

Location for potential damage
Feedwater system, etc.

MAIN, HPCI, RCIC
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