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ABSTRACT 
 
International standard ISO 10012:2003 establishes requirements for measurement management systems, 
including requirements for measurement processes and measuring equipment. ISO 9001:2008 presents 
requirements for quality management systems, including requirements for the control of monitoring and 
measuring equipments. ISO 17025:2005 presents general requirements for the competence of testing and 
calibration laboratories. In the nuclear field the requirements for measurement management are established by 
standards published by the International Atomic Energy Agency (IAEA), and in Brazil, by the National Nuclear 
Energy Commission (CNEN). The present paper presents and discusses the normative requirements for 
measurement management, considering requirements established by National Nuclear Energy Commission 
(CNEN), International Atomic Energy Agency (IAEA), and International Organisation for Standardisation 
(ISO). 
 
 

1. INTRODUCTION 
 
An effective measurement management system ensures that measuring equipment and 
measurement processes are fit for their intended use and is important in achieving product 
quality objectives and managing the risk of incorrect measurement results. The objective of a 
measurement management system is to manage the risk that measuring equipment and 
measurement processes could produce incorrect results affecting the quality of an 
organization’s product. The methods used for the measurement management system range 
from basic equipment verification to the application of statistical techniques in the 
measurement process control. 
 
The purpose of this article is to identify, characterise and discuss National Nuclear Energy 
Commission (CNEN), International Atomic Energy Agency (IAEA), and International 
Organisation for Standardisation (ISO) measurement management requirements to be applied 
in nuclear organisations. 
 
 

2. IDENTIFICATION OF THE APPLICABLE STANDARDS 
 
According to the information obtained in the International Organisation for Standardisation 
(ISO), International Atomic Energy Agency (IAEA) and National Nuclear Energy 
Commission (CNEN) databases, the following standards apply to measuring management 
systems and will be studied in this paper: 
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a. CNEN-NN-1.16:1999 – Quality assurance for safety of nuclear power plants and other 

installations [1]; 
b. IAEA GS-R-3:2006 – The management system for facilities and activities: safety 

requirements [2]; 
c. IAEA GS-G-3.1:2006 – Application of the management system for facilities and 

activities: safety guide [3]; 
d. IAEA DS 349:2007 – Application of the management system for nuclear facilities: draft 

safety guide[4]; 
e. ISO 9001:2008 – Quality management systems – Requirements [5]; 
f. ISO 10012:2003 – Measurement management systems – Requirements for measurement 

processes and measuring equipment [6]; 
g. ISO/IEC 17025:2005 – General requirements for the competence of testing and 

calibration laboratories [7]. 
 
 

3. CHARACTERISATION OF THE APPLICABLE STANDARDS 

3.1.  CNEN-NN-1.16:1999 – Quality assurance for safety of nuclear power plants and 
other installations [1] 
 
This standard establishes the requirements for the development and implementation of quality 
assurance systems in Brazilian nuclear power plants, nuclear installations and radioactive 
installations. 
 
It applies to activities that influence the quality of items important to safety, developed in the 
project management, and in all its stages: siting, design, construction, commissioning, 
operation and decommissioning. 
 
Reference to calibration and control of test and measuring equipment is made in topic 4.9.3. 
 
Measures shall be established to assure that the tools, calipers, instruments and other 
inspecting, measuring and testing equipment and devices, used to determine conformity with 
the acceptance criteria, are of adequate range, type, exactness and precision. 
 
Testing and measuring equipment used in activities that affects the quality of products shall 
be controlled, calibrated and adjusted at specified intervals or before the use, to keep the 
precision within the necessary limits. 
 
In the case of verification of deviation of precision beyond the prescribed limits, an 
evaluation of the validity of previous measurements and tests shall be made, as well as a 
revaluation of the acceptance of the items already tested. 
 
Controls must be established to guarantee the correct handling, storage and use of the 
calibrated equipment. 
 

3.2.  IAEA GS-R-3:2006 – The management system for facilities and activities: safety 
requirements [2] 
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This standard defines the requirements for establishing, implementing, assessing and 
continually improving a management system that integrates safety, health, environmental, 
security, quality and economic elements and ensures that safety is properly taken into account 
in all the activities of an organisation. 
 
It is applicable to the establishment, implementation, assessment and continual improvement 
of management systems for nuclear facilities, activities using sources of ionising radiation, 
radioactive waste management, the transport of radioactive material, radiation protection 
activities, any other practices or circumstances in which people may be exposed to radiation 
from naturally occurring or artificial sources and the regulation of such facilities and 
activities. 
 
This publication is applicable throughout the lifetime of facilities and for the entire duration 
of the activities in normal, transient and emergency situations. 
 
As described in topic 5.15 of this standard, activities for inspection, testing, verification and 
validation shall be completed before the acceptance, implementation or operational use of 
products. The tools and equipment used for these activities shall be of the proper range, type, 
accuracy and precision. 
 

3.3.  IAEA GS-G-3.1:2006 – Application of the management system for facilities and 
activities: safety guide [3] 
 
This safety guide provides generic guidance to aid in establishing, implementing, assessing 
and continually improving a management system that complies with the requirements 
established in IAEA GS-R-3 [2]. 
 
The scope of application of this safety guide is the same as that described for IAEA GS-R-3 
[2], in topic 3.2 above. 
 
Reference to measuring and testing equipment is made in topic 5 of this safety guide, in 
section ‘Control of Products’ of part ‘Generic Management System Processes’. 
 
The selection, identification and means of use, calibration requirements and calibration 
intervals of all measuring and testing equipment used for determining the quality of the 
product or its operational status should be specified. Responsibilities for controls for 
measuring and testing equipment should be defined. 
 

3.4.  IAEA DS 349:2007 – Application of the management system for nuclear facilities: 
draft safety guide [4] 
 
This safety guide provides supplementary guidance to the generic guidance provided in 
standard IAEA GS-G-3.1 [3] to enable nuclear facilities to comply with the requirements 
established in standard IAEA GS-R-3 [2]. 
 
This safety guide is applicable to the lifetime of a nuclear facility. This includes any 
subsequent period of control until there is no significant residual radiation hazard. For a 
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facility, this includes siting, design, construction, commissioning, operation and 
decommissioning. 
 
Reference to measuring and testing equipment is made in topics 5.15 to 5.19 of this safety 
guide, in section ‘Control of Products’ of part ‘Generic Management System Processes’. 
 
A process for the control, and where necessary, calibration of tools, gauges, instruments and 
other measuring, inspecting and testing equipment used for activities important to the safety 
of the facility should be established. 
 
A process for the control of equipment that is out of calibration, including segregation to 
prevent further use and identification and evaluation of the impact of the use on previous 
measurements since the last calibration date, should be established. 
 
Tools, gauges, installed instrumentation and other measuring, inspecting and testing 
equipment (including test software and devices) should be of the proper range, type, accuracy 
and measuring precision. 
 
The selection, identification, use, calibration requirements and calibration frequency of all 
measuring, inspecting and testing equipment should be specified. The responsibility for 
measuring and testing equipment controls should be defined. Arrangements should include: 
 
− Identification of the measurements to be made, the accuracy required and the selection of 

the appropriate measuring and testing equipment; 
− Identification, calibration and adjustment of all measuring and testing equipment and 

devices that can affect product quality at prescribed intervals, or prior to use, against 
certified equipment having a known and valid relationship to nationally or internationally 
recognized standards. If such standards do not exist, the basis used for calibration should 
be documented; 

− Establishment, documentation and maintenance of calibration procedures which include 
details of equipment type, unique identification number, location, frequency of checks, 
check method, acceptance criteria and the action to be taken when results are 
unsatisfactory; 

− Confirmation that the measuring and test equipment is capable of the accuracy and 
precision necessary; 

− Identification of measuring and testing equipment with a suitable indicator or approved 
identification record to show its calibration status; 

− Maintenance of calibration records for measuring and testing equipment; 
− The review and documenting of the validity of previous measurements, when measuring 

and testing equipment is found to be out of calibration. Operation/maintenance records 
can be used as a source of information to identify what testing equipment was used; 

− Controls to ensure that environmental conditions are suitable for the calibrations, 
measurements and tests being carried out; 

− Controls to ensure that the handling, preservation, storage and use of calibrated 
equipment is such that its accuracy and fitness for use is maintained; 

− Protecting measuring and testing equipment from adjustments which may invalidate its 
accuracy; 
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− Methods for adding and removing measuring and testing equipment to and from the 
calibration programme, including the means to ensure that new or repaired products are 
calibrated prior to their use; 

− A process to control the issue of measuring and testing equipment to qualified and 
authorized individuals. 

 
Testing hardware, such as jigs, fixtures, templates or patterns, and testing software used for 
inspection should be checked prior to use in production and facility and rechecked at 
prescribed intervals taking into account any manufacturer recommendations. The extent and 
frequency of such checks should be established and records maintained as evidence of 
control. Such approved testing hardware should be properly identified. 
 

3.5.  ISO 9001:2008 – Quality management systems – requirements [5] 
 
This international standard specifies the requirements for a quality management system 
where an organisation needs to demonstrate its ability to consistently provide a product that 
meets customer and applicable statutory and regulatory requirements and aims to enhance 
customer satisfaction through the effective application of the system, including processes for 
the continual improvement of the system and the assurance of conformity to customer and 
applicable statutory and regulatory requirements. 
 
All the requirements of this international standard are generic and are intended to be 
applicable to all organisations regardless of the type, size and product provided. This standard 
is focused on the processes that influence the quality of products and is not directly focused 
on the products themselves. The quality management system requirements specified by this 
standard are complementary to the requirements of products. 
 
Reference to control of monitoring and measuring equipment is made in topic 7.6. 
 
The organization shall determine the monitoring and measurement to be undertaken and the 
monitoring and measuring equipment needed to provide evidence of conformity of product to 
determined requirements. 
 
The organization shall establish processes to ensure that monitoring and measurement can be 
carried out and are carried out in a manner that is consistent with the monitoring and 
measurement requirements. 
 
Where necessary to ensure valid results, measuring equipment shall: 
 
a. Be calibrated or verified, or both, at specified intervals, or prior to use, against 

measurement standards traceable to international or national measurement standards; 
where no such standards exist, the basis used for calibration or verification shall be 
recorded; 

b. Be adjusted or re-adjusted as necessary; 
c. Have identification in order to determine its calibration status; 
d. Be safeguarded from adjustments that would invalidate the measurement result; 
e. Be protected from damage and deterioration during handling, maintenance and storage. 
 



INAC 2009, Rio de Janeiro, RJ, Brazil. 
 

In addition, the organization shall assess and record the validity of the previous measuring 
results when the equipment is found not to conform to requirements. The organization shall 
take appropriate action on the equipment and any product affected. 
 
Records of the results of calibration and verification shall be maintained. 
 
When used in the monitoring and measurement of specified requirements, the ability of 
computer software to satisfy the intended application shall be confirmed. This shall be 
undertaken prior to initial use and reconfirmed as necessary. Confirmation of the ability of 
computer software to satisfy the intended application would typically include its verification 
and configuration management to maintain its suitability for use. 
 

3.6.  ISO 10012:2003 – Measurement management systems – Requirements for 
measurement processes and measuring equipment [6] 
 
This international standard specifies generic requirements and provides guidance for the 
management of measurement processes and metrological confirmation of measuring 
equipment used to support and demonstrate compliance with metrological requirements. It 
specifies the quality management requirements of a measurement management system that 
can be used by an organization performing measurements as part of the overall management 
system, and to ensure metrological requirements are met. 
 
Figure 1 shows the basic structure of ISO 10012:2003 [6]. Clause 5 refers to management 
responsibility, clause 6 to resource management, clause 7 to metrological confirmation and 
realization of measurement processes and clause 8 to measurement management system 
analysis and improvement. The measurement management system consists of the control of 
designated measurement processes and metrological confirmation of measuring equipment 
and the necessary supporting processes. 
 
 
 

 
Figure 1.  Model of measurement management system. 
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Clause 5 describes that a metrological function shall be defined by the organization. The 
measurement management system shall assure that the customers’ metrological requirements 
are met and demonstrated. The management of the metrological function shall define and 
establish measurable quality objectives for the measurement management system. Top 
management of the organization shall ensure the systematic review of the measurement 
management system at planned intervals to ensure its continual adequacy, effectiveness and 
suitability. 
 
Clause 6 defines responsibilities and authorities for resource management: human, 
information and material resources, and outside suppliers. 
 
The management of the metrological function shall define and document the responsibilities 
of all personnel assigned to the measurement management system and shall ensure that 
personnel involved in the measurement management system have demonstrated their ability 
to perform their assigned tasks. 
 
Measurement management system procedures shall be documented to the extent necessary 
and validated to ensure the proper implementation, their consistency of application, and the 
validity of measurement results. Software used in the measurement processes and 
calculations of results shall be documented, identified and controlled to ensure suitability for 
continued use. Records containing information required for the operation of the measurement 
management system shall be maintained. Measuring equipment and technical procedures 
used in the measurement management system shall be clearly identified, individually or 
collectively. 
 
Measuring equipment necessary to satisfy the specified metrological requirements shall be 
available and identified in the measurement management system. The environmental 
conditions required for the effective operation of the measurement processes covered by the 
measurement management system shall be documented. 
 
The management of the metrological function shall define and document the requirements for 
products and services to be provided by outside suppliers for the measurement management 
system. 
 
Clause 7 defines guidelines for metrological confirmation and realization of measurement 
processes. 
 
Metrological confirmation shall be designed and implemented to ensure that the metrological 
characteristics of the measuring equipment satisfy the metrological requirements for the 
measurement process. Metrological confirmation comprises measuring equipment calibration 
and measuring equipment verification. 
 
Measurement processes which are part of the measurement management system shall be 
planned, validated, implemented, documented and controlled. The complete specification of 
each measurement process shall include identification of all relevant equipment, 
measurement procedures, measurement software, conditions of use, operator abilities, and all 
other factors affecting the reliability of the measurement result. The control of measurement 
processes shall be carried out in accordance with documented procedures. 
 



INAC 2009, Rio de Janeiro, RJ, Brazil. 
 

The metrological requirements shall be determined based on customer, organization, and 
statutory and regulatory requirements. The measurement processes designed to meet these 
specified requirements shall be documented, validated as appropriate, and realized under 
controlled conditions. The metrological function shall maintain records to demonstrate 
compliance with the requirements of the measurement process. 
 
The measurement uncertainty shall be estimated for each measurement process covered by 
the measurement management system. Uncertainty estimations shall be recorded. The 
analysis of measurement uncertainties shall be completed before the metrological 
confirmation of the measuring equipment, and the validation of the measurement process. All 
known sources of measurement variability shall be documented. 
 
All measurement results shall be traceable to SI unit standards, when applicable. Records of 
traceability of measurement results shall be maintained for as long as required by the 
measurement management system, the customer, or by statutory and regulatory requirements. 
 
Clause 8 establishes requirements for measurement management system analysis and 
improvement. 
 
The metrological function shall plan and implement the monitoring, analysis and 
improvements needed to ensure conformity of the measurement management system and to 
continually improve the measurement management system. 
 
Monitoring and analysis activities include customer satisfaction evaluation, measurement 
management system audit, and use of statistical techniques. 
 
The metrological function shall ensure the detection of any nonconformities in the 
measurement management system, and shall take immediate action. 
 
The metrological function shall plan and manage the continual improvement of the 
measurement management system based on the results of the audits, management reviews 
and of other relevant factors, such as feedback from customers. The metrological function 
shall review and identify potential opportunities to improve the measurement management 
system, and modify it as necessary. 
 

3.7.  ISO/IEC 17025:2005 – General requirements for the competence of testing and 
calibration laboratories [7] 
 
This international standard specifies the general requirements for the competence to carry out 
tests and/or calibrations, including sampling. It covers testing and calibration performed 
using standard methods, non-standard methods, and laboratory-developed methods. 
 
It is applicable to all organizations performing tests and/or calibrations and shall be used by 
laboratories in developing their management system for quality, administrative and technical 
operations. It covers technical competence requirements that are not covered by ISO 9001 
[5]. 
 
The structure of ISO/IEC 17025 [7] consists of two main sections: section 4 that refers to 
management requirements and section 5 that refers to technical requirements. 
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Section 4 - Management requirements consists of 15 topics, described below: 
 
4.1 Organization: Roles and responsibilities of the laboratory, the management and key 

personnel; 
4.2 Management system: Laboratory shall implement a quality system appropriate to the 

scope of its activities; 
4.3 Document control: Elaboration, approval, issue and change of documents; 
4.4 Review of requests, tenders and contracts: The laboratory shall establish and maintain 

procedures for the review of requests, tenders and contracts; 
4.5 Subcontracting of tests and calibrations: When a laboratory subcontracts work, this 

work shall be placed with a competent subcontractor; 
4.6 Purchasing services and supplies: Policy and procedure(s) shall be prepared for the 

selection and purchasing of services and supplies that affect the quality of the tests and/or 
calibrations. Purchased supplies, reagents etc, should be checked before use. Laboratory 
shall evaluate suppliers of critical consumables, supplies and services; 

4.7 Service to the customer: Customers shall have access to relevant areas of the laboratory 
for the witnessing of tests and/or calibrations and feedback from customers considered; 

4.8 Complaints: The laboratory shall have a policy and procedure for the resolution of 
complaints received from clients or other parties; 

4.9 Control of nonconforming testing and/or calibration work: There should be procedures 
in case of non-conformance to specifications. A corrective action plan should be 
developed; 

4.10 Improvement: The laboratory shall continually improve the effectiveness of its 
management system; 

4.11 Corrective action: Corrective action plans shall be implemented in case of non-
conforming work. An investigation to determine the cause of the problem shall be done. 
Actions should be taken to prevent recurrence of the problem. Actions should be based on 
risk analysis; 

4.12 Preventive action: Identification of the need for improvements and potential sources of 
non-conformance. Preventive action might involve analysis of data, including trend 
analysis, risk analysis and participation in proficiency testing; 

4.13 Control of records: Procedures shall be prepared for identification, collection, indexing, 
access, filing, storage, maintenance, disposal of quality and disposal of quality and 
technical records. Records should be protected against damage. Records can be on paper 
and on electronic media. There should be procedures to protect and back-up records and 
to prevent unauthorized access. Records must not be erased or deleted in case of 
corrections. Changes must be signed; 

4.14 Internal audits: Laboratory shall periodically, and in accordance with a predetermined 
schedule and procedure, conduct internal audits of its activities to verify that its 
operations continue to comply with the requirements of the quality system; 

4.15 Management reviews: Management shall periodically conduct a review of the 
laboratory's quality system and testing and/or calibration activities to ensure their 
continuing suitability and effectiveness, and to introduce necessary changes or 
improvements. 

 
Section 5 - Technical requirements consists of 10 topics, described below: 
 
5.1 General: Many factors determine the correctness and reliability of the tests and/or 

calibrations performed by a laboratory. The laboratory shall take account of these 
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factors in developing test and calibration methods and procedures, in the training and 
qualification of personnel, and in the selection and calibration of the equipment it uses. 

5.2 Personnel: Requirements for the competence through appropriate education, training, 
experience and/or demonstrated skills. Formulation of goals for education, training and 
skills. Policy to identify training needs. People should be contracted by the lab or the 
lab should make sure that people are supervised and competent. Development and 
maintenance of job descriptions with responsibilities. Laboratory shall authorize people 
for specific tasks; 

5.3 Accommodation and environmental conditions: Environment of calibration and test 
areas shall not adversely affect the accuracy of measurement. Laboratory shall monitor, 
control and record environmental conditions. Areas in which there are incompatible 
activities shall be separated. Access to test area shall be limited to authorized people; 

5.4 Test and calibration methods and method validation: The laboratory shall use 
appropriate methods and procedures for all tests and/or calibrations within its scope. 
These include sampling, handling, transport, storage and preparation of items to be 
tested and/or calibrated, and, where appropriate, an estimation of the measurement 
uncertainty as well as statistical techniques for analysis of test and/or calibration data. 

5.5 Equipment: Measuring and testing equipment shall be suitable to perform selected 
tests/calibrations and well characterized. 

5.6 Measurement traceability: General requirements are described to obtain the proper 
traceability of test equipment and reference standards. Specific requirements are 
specified for calibration, testing and reference standards and reference materials. 

5.7 Sampling: Laboratory shall have a sampling plan and procedures for sampling when it 
carries out sampling of substances, materials or products for subsequent testing or 
calibration; 

5.8 Handling of test and calibration items: Laboratory shall have procedures for the 
transportation, receipt, handling, protection, storage, retention and/or disposal of test 
and/or calibration items;  

5.9 Assuring the quality of test and calibration results: Laboratory shall have quality 
control procedures for monitoring the validity of tests; 

5.10 Reporting the results: The results of each test, calibration, or series of tests or 
calibrations carried out by the laboratory shall be reported accurately, clearly, 
unambiguously and objectively, and in accordance with any specific instructions in the 
test or calibration methods. The results shall be reported, usually in a test report or a 
calibration certificate. 

 
 

4. DISCUSSION ON THE APPLICABLE STANDARDS MEASUREMENT 
MANAGEMENT REQUIREMENTS 

 
All applicable standards present requirements for good quality measurement management, 
although there are differences in focus and scope of application. 
 
CNEN-NN-1.16 [1] has focus on the implementation of quality assurance systems in 
Brazilian nuclear facilities and activities. IAEA standards have focus on the implementation 
of an integrated management system in nuclear facilities and activities. ISO 9001:2008 [5] 
has focus on the implementation of a quality management system in an organisation. ISO 
10012 [6] has focus on the implementation of a measurement management system applicable 
to measuring processes of an organisation. ISO/IEC 17025 [7] has focus on the demonstration 
of competence in testing and calibration laboratories. 
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CNEN-NN-1.16 [1], IAEA standards and ISO 9001:2008 [5] are applicable to an 
organisation as a whole, ISO 10012:2003 [6] is applicable to measuring processes specified 
by an organisation and ISO/IEC 17025:2005 [7] is applicable to a single laboratory. 
 
 

5. CONCLUSIONS 
 
The general objective of this paper was to identify, characterise and analyse IAEA, ISO and 
CNEN normative requirements for the development and implementation of measuring 
management systems in nuclear organisations. 
 
To obtain the general objective of this paper, the applicable standards were identified and 
their requirements were characterised, reviewed and correlated. 
 
The methodology used in the elaboration of this paper consisted of making a review of and 
discussion on the applicable standards requirements. 
 
The discussion of the applicable standards requirements showed that all of them present 
requirements for good quality measurement management, the main differences among them 
are in focus and scope of application. 
 
No matter what standard an organisation chooses for its management system, measurement 
activities shall have special attention in that system. Particularly in nuclear organisations, it is 
fundamental that the requirements of CNEN and IAEA standards are implemented in their 
management system. 
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