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Abstract

A statistical evaluation performed on a 1300 MW Nuclear Power Plants built in Germany has
revealed an amazing quantity and complexity features: About 700 participating manufactures,
suppliers and subsuppliers; 14000 to 18000 component and parts; 60000 interfaces among the
individual organizations participating in planning, design procurement, etc; 10 millions quality
characteristics to be defined in specifications and to be verified on the hardware by means of Non
destructive and / or destructive testing; Over one million pages of records from tests and examinations.

To cope the above mentioned work and activities planned and systematic actions are necessary
to provide adequate confidence on the performance. These planned and systematic actions are the
QUALITY ASSURANCE (QA). QA is an essential aspect of good management which contributes to
the achievement of quality through analysis of the task to be performed, the identification of the skills
required, the selections and training of appropriate personnel, the use of appropriate equipment, the
creation of a satisfactory environment in which activity can be performed and recognition of the
responsibility of the individual who is to perform the task. Briefly stated, provides that each task
affecting quality has been satisfactory performed, and production of documentary evidence to
demonstrate that the required quality has been achieved.

The presented paper shall heiglight the concept of QA as specified in the International Atomic
Energy Agency (IAEA) Nuclear Safety Standards (NUSS) and also some other National /
International Standards. The paper shall also address the QA requirements as stated in the IAEA
Safety Code of the Nuclear Research Reactors.
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1. The Concept of Quality Assurance in the IAEA Safety Code
and Guides and its Relation to Regulatory Control.

1.1 In nuclear power industry there are two approaches to assure quality:

1.1.1 The first approach adopted by US Nuclear Regulatory commission consists of a set of Q A
principles or criteria which oblige the plant OWNER and its major CONTRACTORS to plan,
conduct control and document their work in a systematic way. The REGULATORY
AUTHORITY obtains the confidence by a process of auditing and reviewing the QA
programme of the OWNER and its CONTRACTORS and by additional sampling inspection.

1.1.2 The second approach is in use in Germany and other European countries The REGULATORY
AUTHORITY obtains confidence in the quality of the performed work by an
INDEPENDENT INSPECTION ORGANIZATION. This independent organization
performs design review and inspection of plant systems and components.
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The plant OWNER and its CONTRACTORS are fully responsible for maintaining controls
over activities and in establishing a proper level of control and selecting the appropriate
methods and techniques.

In recognition of the fact that it is more cost effective and that REGULATORY
AUTHORITY in developing countries may lack in skill and technical experience for carrying
out independent inspections or the difficulty to hire an independent inspection organization
were the reasons behind the development of the IAEA safety code and guides. The Code and
Guides formulate the QA requirements in the form of general principles which should be
followed and implemented in all activities affecting quality of nuclear power plants.

1.2 The principles of Quality Assurance as Specified in the IAEA (5 0-C-QA) Code (1978) and
Safety Guides qould by summarized as follows:

1.2.1 The plant OWNER is fully responsible for QA measures and also for establishing and
implementing an averall QA in respect of the REGULATORY AUTHORITY. The plant
OWNER may delegate all or part of the QA programme to other organization but he will
retain responsibility for overall programme effectiveness.

1.2.2 The REGULATORY AUTHORITY obtains satisfactory confidence in the quality of the
performed work by a process of review and auditing of the Q A programme and by sampling
inspection of the work.

1.2 3 For all activities affecting quality the whole set of QA requirements are valid. This means that
the IAEA Code envisage a single level of QA programme.
The appropriate level of quality control and verification depends on the safety aspect. The
Safety Guide 50-SG-01 classifies reactor components in respect to their importance in safety.

1.2.4 The IAEA Code does not require for inspection and verification to be performed by an
independent inspection organization. These inspection and verification shall be performed by
those who do not have direct responsibility for performing the work.

1.2.5 Auditing is one of the most important functions of QA. Its role is to review, examine and
investigate the establishment and implementation of QA programme for the purpose of
verifying its existence and effectiveness. It has also the role to reduce the need for redundant
verification by physical examination and tests.

1.2.6 A documented QA programme as a requirement of the Code is regularly evaluated through
programme audits and may be considered as a basic concept of the QA specified in the Code.

1.3 The IAEA Code is in general conformance with the US 10 CFR 50 APP. B QA Criteria and
with US standard ANSI N45.2 The Code is structured in 13-sections and 33-sub-sections.

1.4 The Safety Guides were developed to provide guidance in both establishment of a satisfactory
QA system for a NPP and to describe acceptable practices in establishing and implementing
QA programme in various phase of a nuclear power project
Consequently the safety Guides can be divided into two groups:



1.2.7 The first group addresses those requirements of the Code which are related to establishment
and functioning of the QA system, the Guides in this group address the sections of the Code in
QA programme, QA organization, QA records system and QA auditing.

1.2.8 The second group give requirements, guidance and illustrative examples of practices, methods
and techniques of implementation of QA requirements in constituent activities of a NPP such
as in Siting, Design, procurement, Manufacturing Construction and Operation.

2. Contents cf a Quality Assurance Programme:

The framework of this section refers to the 13 criteria of the IAEA 50-C-QA code of practice
for Quality Assurance for safety in Nuclear Power Industry.

2.1 Introduction:
These "criteria" provide the principles and objectives to be adopted when establishing and
implementing a QA programme. They apply to the activities affecting quality of equipment
and systems such as design purchasing, fabricating, handling, shipping, storing, cleaning
erecting, testing, commissioning operating, maintaining, repairing or modifying .

Although the establishment and implementation of QA program are required for a nuclear
power plant, it must always be kept in mined that attainment of quality objectives during
the performance of a task is basically the responsibility of those who have assigned this task
and is not the responsibility of those seeking to ensure by means of verification that it has
been achieved.

2.2 Quality assurance Programmes:

A QA progeamme shall be established in the from of written procedures enforced by company
management and updated to assure, as appropriate, the quality of equipment and systems
involved.

This programme covers the conditions under which all activities affecting quality are
performed (personnel, processes resources, environment).

These activities shall be accomplished in accordance with written procedures and this
conformity shall be subject to verification.
Management shall regularly review the programme and shall take adequate corrective actions
to correct deficiencies.

2.3 Organization:
The authority and responsibility of persons performing QA functions shall be clearly defined
and documented.
All personnel responsible for .performing QA functions such as establishment of the
programme or verification and inspection functions, shall have sufficient independence from
cost and schedule considerations. In general, the individuals in charge of a verification shall be
independent of the individual responsible for performing the activity being inspected.
The personnel responsible for activities affecting quality shall be qualified to perform his tasks
adequately. The programme shall, in particular, provide for the quality-related training and
indoctrination of die personnel.
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Audit results are reported to appropriate levels of management and corrective action is taken
in deficient areas.

3. The Quality Assurance Requirements of the IAEA Code 50-C-QA,
Revision 1,1995.

This revised issue of the 50-C-QA Code published Oct. 1995 contains only basic QA
requirements which must be satisfied to ensure safety. The main text of the code has been
significantly condensed with the guidance on how to implement the basic requirements
included in the appropriate Safety Guides.

The basic requirements defined by this revised edition of the 50-C-QA code are divided
into three functional categories; Managements, Performance and Assessment.

4. The Quality Assurance Requirements as Applied in the IAEA
Safey Code of Nuclear Research Reactors:

4.1 According to the QA requirement of chapter 18 of the IAEA safety code of the Nuclear
Research Reactors, the establishment, management, performance and evaluation of QA
Programme for the Design, procurement, Construction, Commissioning, Operation, and
Decommissioning of research reactors and associated experiments are important for ensuring
safety. The extent of the detailed QA programme that is required for a particular research
reactor experiment will depends, however, upon its hazard potential and the requirements of
the Regulatory Body.

4.2 The requirements of QA should be applied to all research reactors being designed constructed
commissioned, operated or decommissioned.

4.3 Existing research reactor facilities might have not been required to prepare QA for previous
stages. However, all operational activities, including maintenance, testing, inspection,
modifications, experiments and decommissioning should meet appropriate QA requirements.

5. Quality Assurance Programme of Research Reactors:

5.1 Each applicant for site acceptance, a construction license or an operating license for certain
identified nuclear research reactor shall establish and implement an effective overall QA
Programme for the safety-related components, systems, structures and activities associated with
the facility. This overall programme shall cover the site evaluation, design, procurement,
manufacture, construction and installation, commissioning, operation, and decommissioning
phase of the facility.

5.2 QA manual, together with principal Quality assurance and Control Procedures shall be
submitted to the Regulatory Body for the overall QA Programme review and approval at the
time applications is made for a construction license.

5.3 Within the overall programme, a detailed constituent QA programme for each of the individual
phase of the facility's life-cycle shall be established and implemented in accordance with the
schedule for planning, commencing and accomplishing each of the phases concerned. Also, the
overall programme shall make particular provision for effective interfacing between the phases,
and the individuals and organizations who are participating in the project.
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2.4 Document Control:
Written procedures shall provide conditions for the preparation, review, approval, distribution
and revision of instructions according to which activities affecting quality shall be
accomplished.
Instructions should be clear, simple and easy for personnel to use. They shall, in particular, be
accessible.

2.5 Design Control:
Measures shall be established to assure that the applicable design basic requirements are
correctly translated into design documents, to verify that quality-related standards and
deviations from specified standards are correctly controlled.

Measures shall be established for the review for suitability of application of materials,
components, systems and processes. Review, approval, and distribution of design documents
shall be provided for and interface between the various organizations involved, in particular,
shall be considered. Internal verifications of design and supporting calculations shall be
provided for and the results reported to the responsible management. Changes including field
changes shall be controlled in the same manner as the original design.

2.6 Procurement Control:
Measures shall be established to ensure that all applicable requirements are correctly included
in procurement documents and in subsequent revisions thereof, and that these documents are
suitably reviewed and distributed. The requirements include implementation of Quality
Assurance Programme by the supplier, as necessary.
Measures shall be established to assure the conformance of purchased items and services to
procurement shall be established to assure the conformance of purchased items and services to
procurement documents. These measures include prior approval and periodic evaluation of
suppliers.

2.7 Material Control:

5.7.1 Identification:
Measures shall be established for maintaining identification of material, parts and components.
These identification measures shall be designed to prevent die use of incorrect or defective,
parts and components.

5.7.2 Handling^Storage and Shipping:
These activities shall be designed to prevent damage to item. They are documented in detailed
instructions, and are performed by qualified personnel. The devices used shall be adequate and
maintained.

2.8 Process Control:
Fabrication processes shall be accomplished by quality personnel using qualified procedures
and equipment particularly for 'processes for which it is difficult to verify upon completion
that they were performed according to the applicable requirements.

Welding for example shall be performed by qualified welders using qualified procedures and
accepted welding materials.
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2.9 Inspection and Test Control:

2.9.1 Programme of Inspection:
A program for inspection and surveillance of all activities affecting quality shall be
established and executed.

Such inspections-shall be performed by individuals other then those who performed the
activity being inspected. These inspections may be performed upon completion of the activity
or, if necessary, during accomplishment. Sequences shall be provided where activity shall be
held to allow for inspection (hold points).

As a minimum, inspection reports shall specify the inspector, observation, results,
acceptability and action taken on non conformances if any.

2.9.2 Test Programme: "
Tests shall be provided as necessary and performed in accordance with documented and
detailed instructions. The test programme shall include provisions for assuring that all
prerequisites for the given test have been met and shall cover the test equipment and
conditions. Test results shall be documented in reports.

2.9.3 Calibration and Control of Measuring and Test Equipment:
These devices shall be periodically checked, calibrated, and adjusted.

2.9.4 Indication of Inspection, Test and Operating Status:
Measures shall be established to indicate at all stages the statues of inspections and test
performed upon individual items of the nuclear power plant, and to document the results of
these inspections and tests to ensure that only the items that have passed the required
inspections and tests are used, installed or operated.

2.10 Non-Conformance Control:
All non-confonnance materials shall be detected as early as practical and handled so that non-
conforming items will not be used inadvertently.

2.11 Corrective Actions:
Conditions adverse to quality shall be identified and timely corrected, for significant
conditions adverse to quality, the cause of such conditions shall be determined, and corrective
actions taken to prevent repetition.

2.12 Records:
Results of examinations inspections, tests, audit, monitoring of work performance as well as
qualifications of personnel, procedures and equipment shall be reported in legible, complete
and identified documents.
These documents shall be stored under appropriate conditions and for a suitable retention
time.

2.13 Audits:
A comprehensive system of planned and documented audits shall be carried out to verify
compliance with all aspects of the QA programme. The audits shall be performed in
accordance with written check-lists by qualified personnel having no direct responsibilities in
the areas being audited.
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5.4 The applicant shall identify clearly in each QA programme manual associated with the facility,
the safety related systems, components, structures and activities to which the QA programme is
to be applied.

5.5 No activity having a bearing on a safety-related systems, components, and structures associated
with the nuclear facility shall be undertaken prior to the approval of the licensing authority of
the QA manual and principal QA/QC procedures covering the detailed constituent QA
programme for the life-cycle phase of the facility during which the activity is to be take place.

5.6 Guidance on the principles and objectives as regarding safety when establishing a QA
Programme is provided in the IAEA UNSS Code 50-C-QA, and Safety Guide 50-SG-QA5 for
power reactors. The basic Quality Assurance Priniciples in the documents can be usefully
applied to research reactors. The appropriate QA requirements developed for research reactors
shall take into account the national regulatory requirements.
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