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FOREWORD
In 2013, the IAEA published model regulations for the use of radiation sources and for the
management of the associated radioactive waste [IAEA TECDOC 1732, 2014], intended to be
used as input for the development of national regulations, which is a requirement for the
Government and the Regulatory Body of IAEA Member States [GSR Part 1, Rev 1, IAEA,
2016]. These general Model Regulations are consistent with the IAEA Safety Standards, and
in particular the General Safety Requirements No. GSR Part 3 “Radiation Protection and
Safety of Radiation Sources: International Basic Safety Standards” [IAEA, 2014]. They cover
the three exposure situations identified in the International Basic Safety Standards (planned,
emergency and existing exposure situations), and occupational and public exposure for each
exposure situation.
To meet the expectations of Member States where exploration and exploitation of mineral
resources are important industrial activities, model regulations for the safety of facilities and
activities involving radioactive ores (uranium, thorium) and other naturally occurring
radioactive material (NORM) have been developed, using the Model Regulations for the Use
of Radiation Sources and for the Management of the Associated Radioactive Waste [IAEA
TECDOC 1732, 2014] as a starting point. The provisions relevant for NORM have been
selected from the general model regulations and amended, where appropriate. Additional
provisions for specific practices involving NORM have been included. Explanatory
information has been developed with the model regulations to provide background
information and explanation about the intent of the regulatory provisions (Section 1.1), along
with more detailed information corresponding to each Article in the Model Regulations
(Section 1.4.1).
The model regulations, which are presented in this publication, have been developed on the
assumption that there are no other regulations dealing with safety1 in the country. Therefore,
they comprise a number of provisions that are also valid for other facilities and activities
involving other categories of radioactive material.
In many cases, other safety regulations already exist. If this is the case, it must be verified that
they are consistent with the model regulations in this publication. If necessary, the existing
safety regulations will have to be modified and/or completed to make them suitable for the
facilities and activities involving uranium, thorium, and NORM. In addition, care will need to
be taken to avoid redundancy in cases where more than one set of regulations are being
developed or are in place.
When transposing the model regulations into national regulations, the provisions must be
adapted to the legal and regulatory framework of the country. In particular, the term
“regulatory body” has to be replaced by the name of the authority involved2. Words and
numbers in brackets have to be adjusted to reflect the situation in the country.

1

“Safety” means the protection of people and the environment against radiation risks, and the safety of facilities
and activities that give rise to radiation risks. The term includes the safety of nuclear installations, radiation
safety, the safety of radioactive waste management and safety in the transport of radioactive material. It does not
include non-radiation related aspects of safety. This is the definition given in the Safety Fundamentals [IAEA,
SF-1, 2006].
2

The Regulatory Body is defined as “an authority or a system of authorities designated by the government of a
State as having legal authority for conducting the regulatory process, including issuing authorizations, and
thereby regulating nuclear, radiation, radioactive waste and transport safety” [IAEA GSR Part 3, 2014].

2

CONTENTS
1.

INTRODUCTION ............................................................................................................ 5
1.1.
1.2.
1.3.
1.4.

2.

APPLICATION OF THE GRADED APPROACH ....................................................... 11
2.1.
2.2.
2.3.

3.

BACKGROUND AND EXPLANATORY INFORMATION ........................... 5
OBJECTIVE ....................................................................................................... 7
SCOPE ................................................................................................................ 7
STRUCTURE ..................................................................................................... 8
1.4.1. Structure of the Model Regulations ........................................................ 8

EXEMPTION ................................................................................................... 12
NOTIFICATION .............................................................................................. 12
AUTHORIZATION ......................................................................................... 12
2.3.1. Registration and licensing ..................................................................... 13
2.3.2. Control measures .................................................................................. 14

OVERVIEW OF TYPES OF NORM FACILITIES AND ACTIVITIES ...................... 14
3.1.

3.2.

LICENSED NORM FACILITIES AND ACTIVITIES ................................... 17
3.1.1. Uranium ................................................................................................ 17
3.1.2. Thorium ................................................................................................ 18
OTHER ACTIVITIES INVOLVING EXPOSURE TO NATURAL
SOURCES SPECIFIED BY THE REGULATORY BODY AS
REQUIRING CONTROL ................................................................................ 19
3.2.1. Extraction of rare earth elements .......................................................... 19
3.2.2. Production and use of thorium and its compounds ............................... 19
3.2.3. Production of niobium and ferro-niobium ............................................ 21
3.2.4. Mining of ores other than uranium ore ................................................. 22
3.2.5. Production of oil and gas ...................................................................... 22
3.2.6. Manufacture of titanium dioxide pigments ........................................... 23
3.2.7. The phosphate industry ......................................................................... 23
3.2.8. The zircon and zirconia industries ........................................................ 24
3.2.9. Production of tin, copper, aluminum, zinc, lead, and iron and steel ..... 24
3.2.10. Combustion of coal ............................................................................... 24
3.2.11. Water treatment..................................................................................... 25
3.2.12. Geothermal energy production ............................................................. 25

4.

OVERVIEW OF CONTENT OF SPECIFIC ARTICLES ............................................. 25

5.

MODEL REGULATIONS ............................................................................................. 33

C-41 (May 13)

PART I – INTRODUCTORY PROVISIONS ............................................................ 34
PART II – GENERAL PROVISIONS ........................................................................ 37
Section 1 – Authorization ................................................................................. 37
Section 2 – General responsibilities of the operator ......................................... 41
Section 3 – Radiation protection ...................................................................... 44
Section 4 – Verification of safety ..................................................................... 45
Section 5 – Occupational exposure .................................................................. 47
Section 6 – Public exposure.............................................................................. 53

Section 7 – Radioactive waste management..................................................... 55
Section 8 – Decommissioning .......................................................................... 57
Section 9 – Transport ........................................................................................ 59
Section 10 - Emergency preparedness and response ........................................ 59
Section 11 – Interface with physical protection, security and safeguards ........ 60
PART III – ADDITIONAL PROVISIONS FOR SPECIFIC FACILITIES
AND ACTIVITIES ......................................................................................... 60
Section 1 – NORM Facilities and activities ..................................................... 60
Section 2 – Facilities and activities involving exposure to radon .................... 60
PART IV – FINAL PROVISIONS .............................................................................. 61

4

1. INTRODUCTION

1.1.BACKGROUND AND EXPLANATORY INFORMATION
IAEA Fundamental Safety Principles (SF-1) [IAEA, 2006] establishes the fundamental safety
objective3, “to protect people and the environment from harmful effects of ionizing radiation”,
along with safety principles and concepts that provide the bases for the IAEA’s safety standards and
its safety related programme. SF-1 states that “the fundamental safety objective of protecting people
– individually and collectively – and the environment has to be achieved without unduly limiting the
operation of facilities or the conduct of activities that give rise to radiation risks” [IAEA, 2006].
This can be accomplished through the application of the three general principles of radiation
protection, which concern justification4, optimization of protection and safety5, and application of
dose limits6, in conjunction with use of the graded approach7, as defined in the Safety Requirements
on Radiation Protection and Safety of Radiation Sources: International Basic Safety Standards
(IAEA Safety Standards Series No. GSR Part 3) (the BSS) [IAEA, 2014].
Use and handling of radioactive materials are subject to control, unless they are specifically
exempted from regulatory control because the risks involved are considered negligible by the
regulatory body. This is true for artificial (man-made) radionuclides, as well as for naturally
occurring radioactive materials. Naturally occurring radioactive material, or NORM, is defined as
“radioactive material containing no significant amounts of radionuclides other than naturally
occurring radionuclides”, where the exact definition of “significant amounts” for a particular site
or situation would be a regulatory decision [IAEA Safety Glossary, 2016]. This includes material in
which the activity concentrations of the naturally occurring radionuclides have been changed by a
process. The term should be used in the singular unless reference is explicitly being made to various
materials (i.e., if multiple types of NORM are being discussed, the term would be used in the
plural). The radionuclides involved are 235U8, 238U, 232Th and their radioactive decay products, and
40
K. Material that is designated as being subject to regulatory control in this regard is referred to as
naturally occurring radioactive material (NORM).
It is important to make a distinction between NORM, which can be a result of physical and
chemical anthrogenic processing, as described above, and radionuclides of natural origin, which are
defined as “radionuclides that occur naturally on Earth in significant quantities” [IAEA Safety
Glossary, 2016]. As for NORM, the term is usually used to refer to the primordial radionuclides,
including 40K, 235U, 238U, 232Th and their radioactive decay products.

3

The fundamental safety objective is “to protect people and the environment from harmful effects of ionizing radiation” [SF-1,
IAEA, 2006].
4
Justification is defined as “the process of determining for a planned exposure situation whether a practice is, overall, beneficial; i.e.
whether the expected benefits to individuals and to society from introducing or continuing the practice outweigh the harm (including
radiation detriment) resulting from the practice” [GSR Part 3-IAEA(2014)].
5
Optimization of protection and safety is defined as “the process of determining what level of protection and safety would result in
the magnitude of individual doses, the number of individuals (workers and members of the public) subject to exposure and the
likelihood of exposure being “as low as reasonably achievable, economic and social factors being taken into account” (ALARA)”
[GSR Part 3-IAEA(2014)].
6
A dose limit is defined as “the value of the effective dose or the equivalent dose to individuals in planned exposure situations that is
not to be exceeded” [GSR Part 3-IAEA(2014)].
7
With respect to the application of the graded approach for protection and safety, GSR Part 3 [IAEA, 2014] states that “for a system
of control, such as a regulatory system or a safety system, a process or method in which the stringency of the control measures and
conditions to be applied is commensurate, to the extent practicable, with the likelihood and possible consequences of, and the level of
risk associated with, a loss of control”.
8
In many situations involving NORM the consideration of the radionuclides of the 235U decay chain may not be necessary.
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The main types of occupational exposure arising from work with NORM are external exposure to
gamma radiation and internal exposure to inhaled dust and radon. However, other exposure
pathways, such as ingestion of contaminated water and foodstuffs following discharge to the
environment, cannot totally be excluded. Exposure to members of the public can occur following
release of radionuclides into the environment, and subsequent, presence in drinking water and the
food chain, leading to the potential for internal dose. External exposure can also occur in areas
where radionuclides may accumulate, such as in soils or sediments.
In cases for which there is a significant increase in dose, radiation protection measures may be
needed to ensure and demonstrate protection of workers or members of the public [IAEA SRS 49,
2006]. Specifically, this can occur in cases where:
1) The radionuclide activity concentration in any material associated with an industrial process is
significantly higher than in normal rocks and soil, whether due to the process or not, such that
protective measures may need to be considered to address:
(a) External exposure to radiation (primarily gamma radiation) emitted by the material;
(b) Intake of material (primarily through inhalation of radionuclides in dust);
(c) Inhalation of radon (and sometimes thoron) released from the material into the air.
2) The radionuclide activity concentrations in the materials associated with an industrial process are not
significantly higher than in normal soil, but measures may still be needed to protect workers against
exposure to radon if the workplace conditions are conducive to the build-up of radon gas in the air.
For example, this can occur in underground mines, where radon may become concentrated in the
atmosphere of the mine due to emanation from the rock or from water entering the workings.

In general, the following activities involving exposure to natural sources of radioactivity would be
subject to control with the requirements for practices9 [IAEA SRS 49, 2006]:
(a) The production and use of radiation sources involving radionuclides of natural origin;
(b) The mining and processing of radioactive ore as part of the nuclear fuel cycle; and
(c) Any other work activity involving exposure to natural sources specified by the regulatory body as
requiring control.

Further information on the different types of NORM facilities and activities that fall within the
above categories is provided in Section 3 below.
The purpose of these Model Regulations is to set out requirements for the safe management of
facilities and activities involving naturally occurring radioactive materials (NORM), to ensure and
demonstrate protection of people and the environment from the radiological hazards they give rise
to, in the context of a graded approach. For the purposes of this document, a distinction is made
between radioactive ores (e.g., uranium, thorium, and their compounds), and other types of NORM
(e.g., oil and gas, phosphate, and others), the latter of which would be expected to have less
potential for radiological risks and impacts. In general, for more complex facilities and activities for
which larger scale radiological impacts and risks are anticipated, more regulatory oversight and
more effort would be needed, compared to less complex facilities with relatively less anticipated
radiological risk. For example, more complex facilities with a greater potential for impacts and risk,
such as uranium processing facilities that are part of the nuclear fuel cycle, would require a licence,
9

A practice is defined as “any human activity that introduces additional sources of radiation or additional exposure
pathways, or that modifies the network of exposure pathways from existing sources, so as to increase the exposure or
the likelihood of exposure of people or the number of people exposed” [IAEA Safety Glossary, 2016].
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whereas less complex facilities with lower anticipated impacts and risk may require some other
form of authorization.
The facilities and activities that are covered by these model regulations are listed in Appendix I of
these Regulations. Although a comprehensive list of facilities and activities related to radioactive
ores and other NORM is presented here, in national regulations, particular attention is to be paid to
those planned and existing in the country.
There are also facilities where NORM is not held intentionally or processed, but where exposure to
radon and its progeny are likely to occur, e.g. caves that are used for any purpose or mines that are
no longer in use for the extraction of minerals. These facilities are listed in Appendix II of these
Regulations.
General Safety Requirements, Part 3 [IAEA, 2014] distinguishes three exposure situations: planned,
emergency and existing. For each exposure situation, occupational exposure, public exposure and
medical exposure are considered. The present Model Regulations deal with occupational and public
exposure in the context of planned exposure situations (including emergency preparedness) and
existing exposure situations (exposure to radon). They are consistent with the relevant requirements
set out in the International Basic Safety Standards.
Where the general term ‘regulatory body’ is used in the model regulations, the specific name of the
authority that is responsible for the activity must be mentioned (country-specific).

1.2.OBJECTIVE
The purpose of this document is to provide States with advice on an appropriate set of regulations
covering facilities and activities related to radioactive ores and other types of naturally occurring
radioactive material (NORM). It also allows States to appraise the adequacy of their existing
regulations and regulatory guides. The intent is to cover the whole range of circumstances related to
NORM facilities and activities to ensure and demonstrate protection of workers and the public.
This document provides guidance on matters to be addressed in national policy and strategy, and
regulations. It includes examples of text that could serve as reference to assist national authorities,
regulatory bodies, technical and legal experts involved in the development or review of regulations
for radiation safety.
This document is intended to provide States with model provisions for the regulations that need to
be established for NORM facilities and activities. It is compatible with, and supplements, the
Handbooks of Nuclear Law [IAEA, 2003, 2010] that provide provisions for the legislative
framework.
1.3.SCOPE
The scope of these model regulations is limited to occupational, public exposure, and protection of
the environment in the context of planned exposure situations and existing exposure situations due
to natural sources (for exposure to radon, and in the context of establishing baseline conditions
against which to compare releases). Medical exposure is out of the scope of these model
regulations. In addition, existing exposure situations due to residual radioactive material that derives
from past practices that were not subject to regulatory control or that remains after an emergency
exposure situation are out of the scope.
7

The provisions relevant for NORM have been selected from the general model regulations that have
been developed for the use of radiation sources and for the management of associated radioactive
waste [IAEA TECDOC 1732, 2014] and amended where appropriate. Additional provisions for
specific practices involving NORM have been included. Explanatory information has been
developed with the model regulations, to provide background information and explanation about
some of the regulatory provisions, along with a look up table with explanatory information
corresponding to each Article in the Model Regulations.
1.4.STRUCTURE
The document includes relevant introductory information related the regulation of NORM facilities
and activities in the context of protection (Section 1), followed by an overview of the key aspects of
the graded approach (Section 2), more detailed information for different types of NORM facilities
and activities (Section 3), article-specific explanatory information to support the Model Regulations
(Section 4), and Model Regulations for NORM (Section 5).

1.4.1. Structure of the Model Regulations
The Model Regulations (Section 4) are structured as follows:
Preamble
PART I – INTRODUCTORY PROVISIONS
Article 1 – Scope of application
Article 2 – Definitions
Article 3 – Applicability of other regulations and resolution of conflicts

PART II – GENERAL PROVISIONS
Section 1: Authorization
Article 4 - General provisions
Article 5 - Authorization of facilities

Section 2: General responsibilities of the operator
Article 6 – Safety
Article 7 – Investigations and feedback of operating experience
Article 8 – Management system
Article 9 – Safety culture
Article 10 – Human factors

Section 3: Radiation protection
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Article 11 – Justification of practices
Article 12 – Optimisation of safety
Article 13 – Dose constraints
Article 14 – Dose limits
Article 15 – Radiation Protection Officers

Section 4: Verification of safety
Article 16 – Safety assessment
Article 17 – Monitoring, testing and verification of compliance
Article 18 – Record keeping

Section 5: Occupational exposure
Article 19 – Responsibilities of the operator with respect to occupational exposure
Article 20 – Responsibilities of workers
Article 21 – Controlled areas
Article 22 – Supervised areas
Article 23 – Local rules and procedures and personal protective equipment
Article 24 – Monitoring of the workplace
Article 25 – Occupational exposure assessment
Article 26 – Records of occupational exposure
Article 27 – Health surveillance of workers
Article 28 – Information, instruction and training
Article 29 – Special arrangements for female workers and non-adult workers

Section 6: Public exposure
Article 30 – Responsibilities of the operator with respect to public exposure
Article 31 – Control of visitors
Article 32 – Monitoring of public exposure

Section 7: Radioactive waste management
Article 33 – Responsibilities of the operator with respect to radioactive waste
management
Article 34 – Appointment of radioactive waste management officer
Article 35 – Radioactive waste records and reports
9

Article 36 – Storage of radioactive waste
Article 37 – Clearance
Article 38 – Recycling and reuse
Article 39 – Discharge of radioactive effluents to the environment

Section 8: Decommissioning
Article 40 – Decommissioning plan
Article 41 – Authorisation for decommissioning
Article 42 – Decommissioning report
Article 43 – Status following decommissioning

Section 9: Transport
Article 44 – General provision

Section 10: Emergency preparedness and response
Article 45 – Emergency preparedness
Article 46 – Emergency plan
Article 47 – Implementation of the emergency plan

Section 11: Interface with physical protection, security and safeguards
Article 48 – Physical protection and security
Article 49 – Nuclear safeguards

PART III – ADDITIONAL PROVISIONS FOR SPECIFIC FACILITIES AND ACTIVITIES
Section 1 – NORM facilities and activities
Section 2 – Facilities and activities involving exposure to radon
PART IV – FINAL PROVISIONS
Article 50 – Inspection
Article 51 – Early entry into force
Article 52 – Transitional arrangements

APPENDICES
I.

Facilities and Activities related to Radioactive Ores and other NORM

II.

Facilities involving exposure to radon
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III.

Generic clearance levels

IV.

Criteria for the derivation of specific clearance levels



V.

General criteria
Dose criterion

Dose limits



VI.

Occupational exposure
Public exposure

Ionizing radiation symbol

Appendices I to VI are an integral part of the Model Regulations.
REFERENCES
ANNEXES
In addition to the appendices, the report includes the following annexes intended as guidance in
support of the Model Regulations in the main text and appendices:
I.

Establishment of a baseline for planned facilities and activities

II.

Re-use and recycle of NORM residues

III.

Transport of NORM

IV.

Implementation of NORM regulations

V.

IAEA NORM bibliography.

Annexes I to V are not part of the Model Regulations, and are intended to provide guidance in
support of the Model Regulations, in addition to examples of NORM regulation.
2. APPLICATION OF THE GRADED APPROACH
Requirement 2 of GSR, Part 3 [IAEA, 2014] states that “The government shall ensure that a graded
approach is taken to the regulatory control of radiation exposure, so that the application of
regulatory requirements is commensurate with the radiation risks associated with the exposure
situation”. In addition, Requirement 6 [IAEA, 2014] states that “The application of the
requirements of these Standards in planned exposure situations shall be commensurate with the
characteristics of the practice or the source within a practice, and with the likelihood and
magnitude of exposures”. The text goes further to say that “The application of the requirements of
these Standards shall be in accordance with the graded approach and shall also conform to any
requirements specified by the regulatory body”. With this in mind, there is a fundamental question
regarding the level of effort and regulatory oversight that would be appropriate when considering
the diversity of NORM-related facilities and activities, their level of complexity, and their potential
for impact.
11

IAEA SRS 49 on “Assessing the Need for Radiation Protection Measures in Work Involving
Minerals and Raw Materials” [IAEA, 2006] provides a useful starting point in developing Model
Regulations for NORM facilities and activities applying a graded approach, and the key concepts
are summarized here.
2.1. EXEMPTION
Exemption represents the most basic level in a graded approach and is defined as “the
determination by a regulatory body that a source or practice need not be subject to some or all
aspects of regulatory control on the basis that the exposure and the potential exposure due to the
source or practice are too small to warrant the application of those aspects or that this is the
optimum option for protection irrespective of the actual level of the doses or risks” [IAEA Safety
Glossary, 2016].
Although the decision for exemption is based on the principle optimization, some numerical
guidance is given in GSR Part 3 [IAEA, 2014], in terms of effective dose. Specifically, it states that
“material containing radionuclides of natural origin at an activity concentration of less than 1 Bq/g
for any radionuclide in the uranium decay chain or the thorium decay chain and of less than 10
Bq/g for 40K is not subject to the requirements in Section 3 for planned exposure situations (para.
3.4(a))” [IAEA GSR Part 3, 2014].
Based on experience with anthropogenic activities involving NORM exposure, the dose received by
a member of the public living in the vicinity of the facility is generally no greater than a few
microsieverts per year, representing only a small fraction of the dose limit for a worker [IAEA SRS
49, 2006]. As a result, a decision to exempt a practice or source can generally be made on the basis
of the work dose not exceeding 1-2 mSv per year, likely corresponding to a public dose of at least
an order of magnitude lower.
2.2. NOTIFICATION
In cases where a regulatory body determines that there is a need to apply regulatory requirements,
for example, where exposure are unlikely to exceed a small fraction of the relevant regulatory
limits, the next level of the graded approach is the requirement for a person or organization to
submit a formal notification to the regulatory body [IAEA SRS 49, 2006; IAEA GSR Part 3, 2014].
A notification is defined as “a document submitted to the regulatory body by a person or
organization to notify an intention to carry out a practice or other use of a source” [IAEA Safety
Glossary, 2016]. In this way, the regulatory body is kept informed of operations and processes for
which notification is required.
2.3. AUTHORIZATION
In cases where the hazard or impacts require a higher level of effort and regulatory oversight than is
needed for a notification, an operator would require some form of authorization prior to conducting
an activity. Authorization is defined as “the granting by a regulatory body or other governmental
body of written permission for a person or organization (the operator) to conduct specified
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activities”, and could include licensing (issuing a licence), certification (issuing a certificate 10) or
registration, for example [IAEA Safety Glossary, 2016]. It is generally a more formal process than
an approval, which typically represents any form of consent from a regulatory body that does not
meet the definition of authorization (with the exception of its usage in the Transport Regulations
[IAEA SSR-6, 2012], for which the two terms are synonymous).
2.3.1. Registration and licensing
In accordance with the graded approach, there are different levels of authorization that may be
granted, which require varying degrees of regulatory oversight. For example, an authorization may
take the form of a registration or a licence, which differ in terms of the level of stringency of
regulation that is required [IAEA SRS 49, 2006].
A registration is defined as “a form of authorization for facilities and activities of low or moderate
risks whereby the person or organization responsible for the facility or activity has, as appropriate,
prepared and submitted a safety assessment of the facilities and equipment to the regulatory body”
[IAEA Safety Glossary, 2016]. Typical facilities and activities that are amenable to registration are
those for which:
(a) safety can largely be ensured through the design of the facilities and equipment;
(b) the operating procedures are simple to follow;
(c) the safety training requirements are minimal;
(d) there is a history of few issues with safety in operations; and
(e) for which operations do not significantly vary.
In general, registration places only limited obligations on the person or organization, and may be
provide adequate level of control for many facilities and activities that involve significant, but
moderate exposure to NORM and/or radon.
In situations where more significant exposure could occur or for which the enforcement of specific
exposure control measures are needed for optimized protection, licensing may be a more
appropriate form of authorization [IAEA SRS 49, 2006]. Licensing is defined as “a legal document
issued by the regulatory body granting authorization to perform specified activities relating to a
facility or activity” [IAEA Safety Glossary, 2016]. For example, this could include any
authorization granted by the regulatory body to the applicant to have the responsibility for the
siting, design, construction, commissioning, operation, or decommissioning of a facility.
Licensing represents the highest, most onerous level of regulation in the graded approach and
should likely be largely limited to operations involving significant quantities of material with very
high radionuclide activity concentrations [IAEA SRS 49, 2006]. NORM-related practices that
typically require licences include mining and processing of uranium ore, and mining and processing
of thorium ore.

10

A certificate is “a legal document issued by the regulatory body stating the applicable conditions to be met for
certification and certifying compliance with regulatory requirements if the conditions are met” [IAEA Safety Glossary,
2016].
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2.3.2. Control measures
The nature extent of the control measures put into place for different types of NORM practices
should be commensurate with the level of exposure, and will generally require the establishment of
some form of radiation protection programme [IAEA SRS 49, 2006]. The radiation programme
should include provisions for monitoring and dose assessment that are suitable, adequately specific,
and fit-for-purpose for the type of NORM facility or activity being considered.
In addition to control measures, such as the use of personal protective equipment to protect workers,
and implementation of operational controls in the form of equipment, procedures, training,
communication, engagement, and others that can reduce both worker and public dose, measures,
such as job rotation, may also be considered to reduce occupational doses.

3. OVERVIEW OF TYPES OF NORM FACILITIES AND ACTIVITIES
GSR Part 3 [IAEA, 2014] states that:
“…the relevant requirements in Section 3 for planned exposure situations apply to:
(a) Exposure due to material11 in any practice specified in para. 3.1 where the activity concentration in
the material of any radionuclide in the uranium decay chain or the thorium decay chain is greater
than 1 Bq/g or the activity concentration of 40K is greater than 10 Bq/g;
(b) Public exposure due to discharges or due to the management of radioactive waste arising from a
practice involving material as specified in (a) above;
(c) Exposure due to 222Rn and to 222Rn progeny and due to 220Rn and to 220Rn progeny in workplaces in
which occupational exposure due to other radionuclides in the uranium decay chain or the thorium
decay chain is controlled as a planned exposure situation;
(d) Exposure due to 222Rn and to 222Rn progeny where the annual average activity concentration of
222Rn in air in workplaces remains above the reference level established in accordance with para.
5.27 after the fulfilment of the requirement in para. 5.28”.

The stringency of control required for radiation protection for different types of NORM facilities
and activities is dependent upon the potential level of hazard and impacts associated with a given
practice [IAEA RS-G-1.6, 2004]. For example, operations involving the mining and processing of
uranium ore and thorium ore typically require a licence, which would cover the following activities:
(a) Exploration involving possible exposure to radiation;
(b) Removal of radioactive ore from a site (e.g., for metallurgical testing and evaluation) in an
amount exceeding the exemption criterion specified by the regulatory body;
(c) Excavation of radioactive ore from a site, including a test mine, for evaluation or
delineation of the ore body;
(d) Siting, construction or operation of a mine or processing facility;
(e) Transport of the product of a mine or processing facility;
(f) Decommissioning or closure of a mine or processing facility;

11

A situation of exposure due to radionuclides of natural origin in food, feed, drinking water, agricultural fertilizer and
soil amendments, construction materials and residual radioactive material in the environment is treated as an existing
exposure situation regardless of the activity concentrations of the radionuclides concerned.
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(g) Radioactive waste management.
Some or all of the above activities may be authorized by means of a single licence at the discretion
of the regulatory body. Non-radiological contaminants may also be released during operations and
may require regulation, although this is outside the scope of the current document.
Depending on the levels of radiological exposures and the specific control measures for radiation
protection that are required, authorization for the mining and processing of raw materials other than
uranium ore or thorium ore, for which specific control measures for radiation protection are
required, may take the form of a licence or a registration. Registration should provide for the
conditions of occupational exposure to be reviewed periodically or in the event of a change in the
process that could significantly affect exposures [IAEA RS-G-1.6, 2004]. In cases where
radiological exposures are deemed insignificant by the regulatory body, the mining and processing
of raw materials may not be subject to the requirements for practices and may not require
authorization.
A list of the types of the different types of NORM facilities and activities being considered in this
report, in approximately descending order of priority with respect to the level of effort and
regulatory oversight potentially required [IAEA SRS 49, 2006], is as follows:
1) Mining and processing of uranium ore (licensed);
2) Mining and processing of thorium ore (licensed);
3) Extraction of rare earth elements;
4) Production and use of thorium and its compounds;
5) Production of niobium and ferro-niobium;
6) Mining of ores other than uranium ore;
7) Production of oil and gas (conventional and unconventional);
8) Manufacture of titanium dioxide pigments;
9) The phosphate industry;
10) The zircon and zirconia industries;
11) Production of tin, copper, aluminum, zinc, lead, and iron and steel;
12) Combustion of coal;
13) Water treatment;
14) Geothermal energy production; and
15) Scrap metal dealers, smelters, refurbishment of NORM-contaminated equipment.

Activities and facilities for which licences are required are identified above, whereas the level of
authorization required for those not flagged should be determined by the regulatory body, with
consideration of the situation.
Table 1 provides information on the categorization of the above facilities and activities into those
involving mining and processing of ore, fluids, and other, in approximate order of priority with
respect to radiological considerations within a given group.
Each of these facilities and activities, and the relevant radiological considerations, are discussed
briefly below in the sections that follow.
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TABLE 1. CATEGORIZATION OF NORM FACILITIES AND ACTIVITIES IN ORDER OF
POTENTIAL RADIOLOGICAL HAZARD WITHIN A GIVEN GROUP.
Activities and Facilities Involving:

Mining and Processing of Ores

Fluids

Mining and processing of uranium ore

Production of oil and gas

Mining and processing of thorium ore

Water treatment

Extraction of rare earth elements

Geothermal production

Production and use of thorium and its
compounds
Production of niobium and ferroniobium
Mining of ores other than uranium ore
Manufacture of titanium dioxide
pigments
Phosphate industry
Zircon and zirconia industries
Production of Sn, Cu, Al, Zn,Pb, Fe,
and steel
Combustion of coal
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Other
Scrap metal dealers, smelters,
refurbishment of NORMcontaminated equipment
Transport of radioactive
minerals

3.1. LICENSED NORM FACILITIES AND ACTIVITIES
A licence, as described in Section 2.3.1 (above), is typically required for mining and processing of
uranium ore, and mining and processing of thorium ore. Relevant background information
regarding uses, fate, and potential risks, hazards, and impacts related to uranium and thorium
facilities and activities is provided as context in the sections that follow.
3.1.1. Uranium
Uranium is naturally ubiquitous in soil, rock and water. When rock breaks down to form soil, the
uranium present in the soil can then be transported to surface waters via wind and water. Greater
than 99% of naturally occurring uranium is present as 238U, contributing approximately half of its
radioactivity, with the remaining 50% being contributed primarily by 234U. Uranium-235 represents
less than 1% of natural uranium in the Earth’s crust, and can be produced anthropogenically through
enrichment of 238U for use in fuel for nuclear reactors and weapons.
Uranium can be extracted through conventional mining (open pit or underground), as well as
through in situ leaching. Both types of processes involve the use of strong chemicals to extract
uranium, the former through either milling or heap leaching of the ore, and the latter directly from
rock while it is still in the ground. Through these processes, uranium becomes exposed and
concentrated, and the resultant materials that are generated contain elevated radioactivity compared
to the host rock. As a result, controls must be put into place to minimize release of radionuclides to
the environment, and to ensure the proper management of residual materials and disposal of wastes
that are generated during processing. The uranium concentrate that is generated through milling or
in situ leaching is shipped, in compliance with the transport regulations, to processing and
fabrication facilities to produce fuel for nuclear power reactors.
Uranium decays to form radium, which then decays to produce radon gas (Figure 1). The
contribution of uranium, as well as its radioactive progeny, should be considered in dose
calculations and in establishing appropriate controls to minimize dose.

FIG 1. Radioactive decay of uranium and thorium series [from World Nuclear Association, 2015].
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As for other exploration methods (e.g., drilling small core samples), in general, uranium exploration
poses very low radiological or radon exposure risks to public health and the environment, as it does
not result in significant modification of the environment. That said, mining of an ore body, for
example, in underground uranium mines, can result in radiation hazards to workers from radon,
which can concentrate in mine shafts. As a result, protective measures are needed (such as adequate
ventilation and personal protective equipment) to minimize doses. In addition, inhalation of dust
can lead to internal doses, and controls are needed to mitigate such risks.
Facilities associated with uranium mining and processing can discharge radionuclides to the
environment, and discharge limits need to be set by the regulatory body to control doses to the
public. Monitoring also needs to be done to demonstrate public protection. During milling
operations, mine waste rock and tailings are generated and need to be managed. Some of this
material may be reprocessed/reused for other purposes (e.g., further processing to extract other
elements, use of ‘clean’ waste rock in road construction or other physical structures), and some will
need to be managed as waste. Waste rock is also produced through the process of heap leaching and
measures need to be taken to prevent leaching of contaminants into the environment. Waste rock
that is not ‘clean’ contains low levels of radionuclides and heavy metals, which must be managed
during operations and properly disposed of to prevent the release of contaminants to the
environment. During storage on the surface, collection systems may need to be installed to collect
and treat water that may run off or filter through the piles. Following operations, the waste rock can
then be returned to the environment from which it was mined (for example, in the open pit or as
backfill in an underground mine), or may be left on the surface with an engineered cover to
minimize infiltration of water through the pile and subsequent runoff of contaminants into the
surrounding environment.
Tailings that are generated during the milling process can contain long-lived radioactive progeny of
uranium (e.g., 230Th, 226Ra) (Figure 1), along with heavy metals or other contaminants (e.g.,
arsenic, nickel, selenium) and chemical residues from the milling process. As a result, it is
necessary to install engineered covers to limit infiltration through the tailings and to isolate them
from the surrounding environment. Such measures will reduce exposure of the public to uranium,
for example, through ingestion of food and water.
3.1.2. Thorium
Thorium is present in trace quantities in soil, rock, flora and fauna, and all forms (natural and
anthropogenic) are radioactive in nature. Naturally occurring forms exist as 228Th, 230Th, and 232Th.
Mining of thorium may be conducted in areas with elevated activities concentrations in rock or
sands, after which thorium is refined, producing waste products, such as mill tailings and waste
rock.
Thorium is used in the production of ceramics, welding rods, camera and telescope lenses, gas
mantels for lamps and stoves, and metals used in the aerospace industry, as well as in nuclear
reactions. Thorium can also be used as a fuel for generating nuclear energy, although, this is
uncommon.
Possible pathways of radiological exposure include inhalation of dust and thoron (220Rn), as well as
external gamma radiation (Figure 1). Radiological risks include those related to inhalation as dust,
as depending on the chemical form, thorium may remain in the lungs for extended periods. Thorium
that has been ingested is generally excreted from the body within a period of several days through
feces and urine. The small amount of thorium remaining in the body will enter the bloodstream, be
deposited in the bones, remaining there for many years.
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In the absence of proper controls, tailings generated during processing of thorium can lead to
transport via wind and water, resulting in dispersion of tailings into the surrounding environment. In
addition, thorium can be released to the atmosphere from processing facilities. Therefore, controls
need to be put into place to prevent increased exposure to the public inhabiting areas in the vicinity
of thorium mining and processing.
3.2. OTHER ACTIVITIES INVOLVING EXPOSURE TO NATURAL SOURCES SPECIFIED
BY THE REGULATORY BODY AS REQUIRING CONTROL
For facilities and activities other than the mining and processing of uranium and thorium ores, the
level of regulatory will be dependent upon the potential radiological risk to workers and/or the
public, and will be at the discretion of the regulatory body. SRS 49 [IAEA, 2006] provides useful
information on the relevant aspects regarding other activities involving exposure to natural sources
requiring some level of regulatory control.
A summary of key considerations is provided in Table 2, and in the sections that follow.
3.2.1. Extraction of rare earth elements
Rare earth elements are extracted from monazite, bastnaesite, xenotime and rare earth bearing clays
using chemical processes, for use in the electronics, illumination and glass making industries, in the
manufacture of magnets, superconductors and ceramics, and as chemical catalysts and alloying
agents in metallurgy [IAEA SRS 49, 2006].
Possible pathways of radiological exposure include inhalation of dust and thoron (220Rn), as well as
external gamma radiation. In addition, elevated levels of 232Th and/or 228Ra can be found in
residues, and liquid and gaseous effluents, resulting in a need to remove, treat, and dispose of
contaminated residues, and to manage the discharge of liquid effluents containing high activity
concentrations of 228Ra in accordance with regulatory controls.
3.2.2. Production and use of thorium and its compounds
Monazite and other thorium-rich minerals can be chemically processed to produce thorium
concentrate containing up to 20% thorium. This involves digestion with nitric acid, concentration
and purification to generate thorium nitrate, which is then used to manufacture thoriated gas
mantles, as well as other thorium compounds, such as thorium oxide (for use in glass making and as
a catalyst), and thorium fluoride (for use in coating lenses and in glass itself), and production of
thorium metal (for use in magnesium alloys, welding rods, and other forms of tungsten electrodes).
Other applications of thorium include use in products, such as lamp starters, airport runway lights,
radiation detectors, and fuel cell elements [IAEA SRS 49, 2006].
High concentrations of thorium or 228Ra in the materials at various stages during production can
result in radiation hazards that may require specific radiation protection measures, primarily to
minimize external exposure to gamma (and in exceptional cases, to beta) radiation, and to prevent
inhalation of dust. Exposure to thoron, particularly in confined spaces, such as process vessels,
sumps and storage bins, may also represent a significant hazard [IAEA SRS 49, 2006].
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TABLE 2. MATERIALS TO BE ASSESSED FOR POSSIBLE REGULATORY CONTROL [from
IAEA SRS 49, 2006].

Category
Feedstocks

Bulk residues

Slags

Scales, sludges,
and sediments

Precipitator dust

Intermediate
Products

Radionuclides with
Highest Activity
Concentration

Material/Operation

Typical Activity
Concentration
(Bq/g)

Monazite sand
Metal ores, e.g., Nb/Ta, Cu, Au
Zircon sand
Phosphate rock
TiO2 feedstocks
Bauxite

232

Th series
U and 232Th series
238
U series
238
U series
232
Th
232
Th series

40-600
Up to 10
2-4
0.03-3
0.001-2
0.035-1.4

Red mud (alumina production)
Phosphogypsum (H2SO4
process)

238

0.1-3
0.015-3

Niobium extraction
Tin smelting
Copper smelting
Thermal phosphorus
production

232

Th
Th
226
Ra
238
U

20-120
0.07-15
0.4-2
0.3-2

Scale (oil and gas production)
Scale (phosphoric acid
production)
Residue (rare earth extraction)
Scale (TiO2 pigment
production)
Scale (rare earth extraction)
Sludge (oil and gas production)
Residue (niobium extraction)
Scale (coal mines with Ra rich
inflow water)
Scale (iron smelting)
Scale (coal combustion)
Sludge (iron smelting)
Residue (TiO2 pigment
production)
Sludge (water treatment)

226

0.1-15,000
0.003-4,000

238

U, 232Th
Ra

226

232

Ra
Ra

226

228

Ra
Ra, 226Ra

228

20-3,000
<1-1,600

226

Ra, 228Ra
226
Ra
228
Ra
226
Ra, 228Ra

1,000
0.05-800
200-500
Up to 200

210

Pb, 210Po
Pb
210
Pb
232
Th, 228Ra

Up to 200
>100
12-100
<1-20

226

0.1-14

Thermal phosphorus
production
Fused zirconia production
Niobium extraction
Metal smelting

210

1,000

210

Po
Pb, 210Po
210
Pb, 210Po

600
100-500
Up to 200

Thorium compounds
Thorium concentrate
Pyrochlore concentrate
(niobium extraction)
Cerium concentrate (glass
manufacture)
Fused zirconia

232

Th
Th
232
Th

Up to 2,000
Up to 800
80

232

10

238

2-8

210

Ra
Pb

210

232

Th
U
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Category
Products

a

Radionuclides with
Highest Activity
Concentration

Material/Operation

232

Gas mantles
Thoriated glass
Thorium containing optical
polishing powders
Thoriated welding electrodes
Thorium alloys
Zirconium containing
refractories
Phosphate fertilizers
Technical grade phosphoric
acid
Phosphogypsum plasterboarda

Typical Activity
Concentration
(Bq/g)

Th
Th
232
Th

500-1,000
200-1,000
150

232

Th
Th
238
U

30-150
46-70
1-4

238

0.4-2
0.14-2

232

232

U
U

238

226

Ra

0.004-0.7

Although this material has an activity concentration of less than 1 Bq/g, it is included because it is a building material.

Releases from thorium facilities into surrounding areas can also lead to internal exposure from
drinking water and food chain pathways, in addition to the potential for external exposure in areas
where radiological contaminants may concentrate in the environment. As a result, it may be
necessary to monitor and control solid wastes and effluents generated in industrial processes
involving thorium.
3.2.3. Production of niobium and ferro-niobium
Niobium is produced through high temperature chemical processing for use in the electrovacuum,
electronics, aerospace and nuclear industries, as well as for corrosion protection [IAEA SRS 49,
2006]. An important source of niobium is pyrochlore, which contains also significant concentrations
of uranium and thorium series radionuclides.
Ferro-niobium is generated through a high temperature, exothermic reaction between pyrochlore
concentrate (which typically contains an activity concentration of 232Th on the order or 100 Bq/g)
and aluminum powder. Similar activity concentrations to those found in the pyrochlore concentrate
have also been reported to occur in ferro-niobium slags.
In addition to the uranium and thorium present in process materials,
during production result in the generation of precipitator dust, which
activity concentrations on the order of 100-500 Bq/g [IAEA SRS 49,
may be needed to minimize occupational exposure to external gamma
generated during the production process.

the high temperatures used
contains 210Pb and 210Po at
2006]. As a result, controls
radiation and to dust that is

Extraction of niobium and tantalum from columbite and tantalite ores can result in the generation of
residues with significant concentrations of 238U (on the order of 300 Bq/g), 232Th (approximately
100 Bq/g), and 226Ra (approximately 500 Bq/g). Therefore, residues and wastes from processing
may require monitoring and control, for example, to prevent releases to the environment that could
lead to public exposure. Such control measures would likely include restrictions on the use of slag,
for example, in building materials, to avoid high indoor radon or thoron concentrations and gamma
radiation.
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3.2.4. Mining of ores other than uranium ore
Although some hard rock mines may produce ores with activity concentrations of up to 10 Bq/g, in
most rocks mined for their mineral content (other than uranium ore), activity concentrations of
radionuclides of natural origin are not significantly greater than those found in normal soils. Instead,
the principal radiological concern in most mines (other than mines of uranium and thorium) is the
build-up of concentrations of radon in the air, particularly in underground mines, potentially
resulting in exposure of workers [IAEA SRS 49, 2006]. The most important factors for seepage into
mines are usually permeability of the rock, and natural or artificial ventilation. Any enclosed space,
for example, in working and abandoned mines, tunnels and adits, are potentially affected. Radon
can also build-up in caves in which members of the public may receive exposure, if adequate
barriers are not in place (see Appendix II). The same origin causes build-up in basements of
houses, but is not within the scope of this regulation: see Section 1.3 above)
Emanation of radon into the air (influenced by rock porosity, and inflow of air and/or water
containing radon or high levels of 226Ra), as well as its removal (due to ventilation) have a strong
influence on radon activity concentrations, masking the influence of the parent radionuclide activity
concentrations in the ore. As a result, it is difficult to predict radon activity concentrations based on
the host rock. Careful consideration of factors, such as exposure time and degree of equilibration
between radon and its progeny, is needed to ensure occupational doses do not exceed the dose limit
in underground mines, as well as similar facilities (e.g., tunnels, underground water treatment
facilities, tourist caves, the latter of which can also result in doses to the public).
Potential exposure can also occur in mines with fissure water containing high levels of 226Ra, which
can result in elevated radon emanation from the water, in addition to precipitation of 226Ra in scales
and sediments in the mine workings. Release of fissure water into the environment from such mines
can result in contamination in the public domain [IAEA, 2005].
3.2.5. Production of oil and gas
Radium-228, 226Ra and 224Ra, along with their progeny, are dissolved from the reservoir rock in the
water present in oil and gas formations [IAEA SRS 49, 2006]. Therefore, this can lead to
precipitation of radium-rich sulphate and carbonate scales on the inner walls of production
equipment (e.g., pipes, valves, pumps) due to changes in temperature and pressure that occur when
this water is brought to the surface with oil and gas. These isotopes of radium and their progeny are
also found in sludges that occur in separators and skimmer tanks.
In addition, 210Pb and its progeny can occur in the wet parts of installations for gas production,
although, activity concentrations of radionuclides are difficult to predict. For example, activity
concentrations can range from levels similar to those in the host rock to greater than 1000 Bq/g (and
in exceptional cases, to 15000 Bq/g for 226Ra).
Radiation exposure during oil and gas production can occur due to external gamma radiation and
dust inhalation during maintenance and decommissioning work, and when work is being conducted
in the vicinity of heavily scaled pipes and vessels. In addition, exposure can occur during the
subsequent disposal of contaminated production equipment as waste.
There is little potential for radiological exposure to workers and members of the public expected
from unconventional oil and gas production (hydraulic fracturing) [Perma-Fix Environmental
Services, 2015].
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3.2.6. Manufacture of titanium dioxide pigments
Titanium oxide is produced primarily from ilmenite and rutile obtained from heavy mineral sands
(also containing minerals, such as monazite, zircon, garnet, and xenotime), which typically contain
activity concentrations of 238U and 232Th series radionuclides of less than 2 Bq/g [IAEA SRS 49,
2006]. Intermediate or upgraded feedstocks (e.g., synthetic rutile and slag) are often used in
production from ilmenite.
During processing, mineral sands are separated into their components through gravimetric,
magnetic, and electrostatic processes, with possible radiological hazards due to inhalation of dust
and external gamma radiation from large stockpiles of material. Stockpiles containing greater than
5% monazite can be of particular concern, due to the characteristically elevated activity
concentrations of 232Th series radionuclides that can be present.
Manufacturing of titanium dioxide pigments can involve various thermal and/or hydrometallurgical
processes, with generally moderate associated radionuclide activity concentrations.
Occupational exposure can occur from radium-rich scales, containing <1 to 1600 Bq/g of 228Ra and
226
Ra, and from waste streams. In addition, process waste from pigment production can contain up
to a few Becquerels per gram of 228Ra.
3.2.7. The phosphate industry
Large-scale mining of phosphate rock is undertaken for production of fertilizers and other
phosphorus-containing products [IAEA SRS 49, 2006]. The ore, which generally contains less that
Bq/g of radionuclides, can be processed in one of two ways: 1.) Acid treatment to generate
phosphoric acid, representing the dominant process; or 2.) direct conversion of the rock to fertilizer.
During production of phosphoric acid, large amounts of of phosphogypsum is generated, which
contains radium at activity concentrations that are similar to those of the host rock [IAEA TRS 419,
2003]. Disposal of the phosphogypsum in “stacks”, or through placement into surface water bodies
(where permitted), can lead to environmental impacts. Usage of phosphogypsum in building
materials and in agricultural practices can also contribute to radiological doses; for example,
phosphogypsum plasterboard can contain activity concentrations of 226Ra that range from those
found in natural gypsum to 0.7 Bq/g [IAEA TRS 419, 2003].
Activity concentrations of radium, which is present in scales and sediments that form inside process
equipment, can range from those similar to the original host rock to levels that that are three orders
of magnitudes greater than original [Baetslé, 1991]. This can result in potential for external gamma
exposure and inhalation of dust during maintenance and decommissioning.
In some cases, phosphate rock may be converted to elemental phosphorus in high temperature
furnaces for use in the production of high purity phosphoric acid and other phosphorus-containing
products [IAEA SRS 49, 2006]. This can result in the concentration of 210Pb by up to 1000-fold in
precipitator dust, again requiring consideration to prevent occupational exposure (e.g., due to
inhalation), as well as control during disposal [Erkens, 1999].
Controls are also needed to minimize dose from the calcium silicate slag, which can contain
elevated activity concentrations of natural radionuclides, for example, through restrictions for use as
construction material.
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3.2.8. The zircon and zirconia industries
Zirconium silicate (zircon) can be extracted from heavy mineral sands primarily for use as an
opacifier in glazes for tiles and sanitary ware, as well as for foundry sands and mould washes and in
the production of refractory materials and zirconia (zirconium oxide). Zircon sands typically
contain 238U activity concentrations of 2-4 Bq/g (for those sands widely exploited on a commercial
scale), which can result in radiological hazards that are comparable to those associated with
separation of ilmenite and rutile during manufacturing of titanium dioxide pigments (as described in
Section 3.3.6 above) [IAEA SRS 49, 2006].
During processing, zircon sand is often milled into smaller particles that can be less than 5 m in
diameter, resulting in the potential for inhalation; however, modern zircon milling maintains high
dust control, not only to minimize inhalation hazard, but also to avoid loss of product [IAEA SRS
49, 2006]. In addition to milling, zircon sand may be melted in a high temperature furnace to
produce zirconia, resulting in volatilization of 210Pb and 210Po, with activity concentrations as high
as 200 Bq/g and 600 Bq/g, respectively, in the silica fume [IAEA TRS 419, 2003]. As a result,
again, protective equipment is needed to prevent inhalation hazards to workers.
In addition to physical processing (i.e., milling and melting), zirconia can also be manufactured
using chemical processing of zircon sand. In such cases, controls may be needed to minimize
effluent discharges.
3.2.9. Production of tin, copper, aluminum, zinc, lead, and iron and steel
Most feedstocks used in production of metals and steel contain only moderately elevated
radionuclide activity concentrations, compared to those found in nature, with similar levels being
maintained in products and waste [IAEA SRS 49, 2006]. That said, activity concentrations of up to
200 Bq/g for 210Pb and/or 210Po can occur in precipitator dust, as a result of high-temperature
processes during smelting and refining, although, resultant occupational doses from such sources
are not considered significant.
Moderate activity concentrations of radionuclides, ranging from less than 1 Bq/g to greater than 10
Bq/g, can occur in slag, resulting in the need to restrict use of slag, in some cases. For example, tin
slag can contain elevated activity concentrations of both uranium and thorium series radionuclides,
and in some cases, can be used as a source of niobium and tantalum [IAEA SRS 49, 2006]. Tin slag
has also been used in the manufacturing of insulation (or mineral) wool for use in industrial
facilities in the past, resulting in detection of radioactive materials in metal recycling facilities
following decommissioning of the industrial facilities in which it was used [Van Weers and
Stokman-Godschalk, 2001]. Significant occupational doses have been reported from insulation
wool during decommissioning of industrial facilities, in the absence of controls.
3.2.10. Combustion of coal
Coal combustion for production of heat and electricity results in generation of fly ash (much of
which is separated from flue gases and collected), in addition to heavier bottom ash or slag, each
with significantly higher radionuclide activity concentrations than in the coal itself [IAEA SRS 49,
2006]. That said, activity concentrations in the ash do not generally exceed 1 Bq/g.
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Volatile radionuclides (e.g., 210Pb, 210Po) can accumulate in fly ash and on the inner surfaces of
burner kettles; for example, concentrations of 210Pb exceeding 100 Bq/g have been reported in
deposited scales [IAEA SRS 49, 2006; Huijbregts et al., 2000]. Additional residues in the form of
sludges and gypsum can also be produced during desulphurization of the flue gas, although,
radionuclide activity concentrations in such residues tend to be lower than those in the ash.
Therefore, some radiological considerations would exist in planning for disposal of residues from
coal combustion, recognizing, however, that the potential impacts would likely be of minor
significance if residues are disposed of in well-engineered landfills or surface impoundments [IAEA
SRS 49, 2006].
Fly ash and gypsum can be used in building materials, for example, as additives to cement and
concrete, or in lightweight building blocks, since activity concentrations in the final building
materials are generally too low to be of regulatory concern.
3.2.11. Water treatment
Water treatment involves the physical and chemical removal of contaminants, including
radionuclides of natural origin and NORM, from water. For example, this could include treatment
of process water from facilities, treatment of surface water, treatment of groundwater, and
desalination to improve potability of water. As a result, through such treatment processes, NORM
contaminants can accumulate in wastes generated during water treatment, for example, in resins, to
moderately elevated activity concentrations. By comparison, activity concentrations can reach
greater than 10 Bq/g in by-products of groundwater treatment, which requires consideration in
planning for disposal [IAEA SRS 49, 2006]. In addition, the present of non-radiological
contaminants, such as heavy metals, may also require some form of control. In underground water
treatment facilities, radon may accumulate to concentrations that are significantly higher than the
action level for workplaces.
3.2.12. Geothermal energy production
Geothermal energy production involves use of water or steam from high-temperature rocks deep in
the ground, and the fluids used can contain radionuclides, primarily from the uranium decay series
[Sabol and Weng, 1995]. In addition, radon can be present and can be released into the atmosphere
when water or steam comes into contact with the air.
As for oil and gas production, radiation exposure during geothermal energy production can occur
due to precipitation of radium-rich sulphate and carbonate scales on the inner walls of production
equipment (e.g., pipes, valves, pumps) due to changes in temperature and pressure that occur when
water is brought to the surface. Exposure can also occur from inhalation of radon that is released
from geothermal fluids into the air. In addition, exposure via external dose and inhalation can occur
during the maintenance of equipment and disposal of contaminated production equipment as waste.

4. OVERVIEW OF CONTENT OF SPECIFIC ARTICLES
4.1.1.1.Part I of Regulations (Articles 1 to 3)
Part I of these Model Regulations (Articles 1 to 3) contains introductory provisions. Article 1 sets
the scope of application of the present regulations. They apply to facilities and activities where
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naturally occurring radioactive material12 (NORM) is held or processed and where the activity
concentration in the material of any radionuclide in the uranium, thorium and actinium decay series
is greater than 1 Bq/g or the activity concentration of 40K is greater than 10 Bq/g (as listed in
Appendix III). They also apply to facilities where radon build-up and exposure to radon and its
progeny is likely to occur (as listed in Appendix II). They typically do not apply to the distribution
and use of consumer products in which natural radionuclides are incorporated (e.g., welding rods
containing thorium), following their manufacturing13.
Article 2 defines a number of terms that are used in the present regulations and that must be
interpreted in that specific way14. The definitions are taken from or based on the definitions in
IAEA GSR Part 3 [IAEA, 2014] and the IAEA Safety Glossary [IAEA, 2016] (in that order). It is
worthwhile to comment on some of the terms used:










decommissioning: the ensemble of administrative and technical actions taken to allow the
removal of some or all of the regulatory controls from a facility other than a waste disposal
facility (disposal facilities are not decommissioned). It typically, but not necessarily,
includes decontamination and dismantling. If the end state of decommissioning is such that
there are no radiological risks anymore, the licence may be withdrawn; in other cases, the
licence must be amended as necessary;
dose constraint: a prospective and source related value of individual dose that is used in
planned exposure situations as a parameter for the optimization of safety for the source, and
that serves as a boundary in defining the range of options in optimization. A dose constraint
is normally set by the regulatory body as a fraction of the dose limit for members of the
public for the purpose of deriving discharge limits;
installation: a collection of objects, equipment, devices and/or buildings which constitute a
technical unit within a facility. A facility may comprise more than one installation. For
example, a facility for predisposal management of radioactive waste may comprise a
treatment installation, a conditioning installation and one or more storage installations;
operator: the person who is responsible for a facility or activity that gives rise to radiation
risks. Such person may be a physical person (individual) or a legal person (organization). An
operator who is licensed is also called a licensee, but this term is not used in the regulations;
radiation source: anything that may cause radiation exposure, such as by emitting ionizing
radiation (e.g. X-ray generators, sealed radioactive sources) or by releasing radioactive
material (e.g. nuclear installations);
safety: the protection of people and the environment against radiation risks, and the safety
of facilities and activities that give rise to radiation risks. The term includes the safety of
nuclear installations, radiation safety, the safety of radioactive waste management and safety

12

Naturally occurring radioactive material (NORM) is defined as “Radioactive material containing no significant amounts of
radionuclides other than naturally occurring radionuclides. The exact definition of ‘significant amounts’ would be a regulatory
decision. Material in which the activity concentrations of the naturally occurring radionuclides have been changed by a process is
included in naturally occurring radioactive material (NORM)” [IAEA Safety Glossary, 2016]
13
The use of consumer goods that contain small amounts of radioactive material is a practice that must be justified. If the regulatory
body is of the opinion that the practice is not justified, it is written down in the regulations, e.g. “The incorporation of radioactive
material in lightning rods is forbidden.” The manufacturing of consumer goods, each containing a small amount of radioactive
material, involves larger amounts of radioactive material, and therefore, will be subject to authorization. When granting the
authorization, the regulatory body may attach conditions to it, e.g., restrictions with respect to the form of the radioactive material
and the maximum activity per item (to ensure that the dose to members of the public using these goods is of the order of 10 µSv in a
year or less). However, if the regulatory body is of the opinion that the distribution and use of the consumer goods is not a justified
practice, the regulatory body shall not grant the authorization. The use of such consumer goods (in a limited number) is then
exempted from regulatory control, and is, therefore, not within the scope of the regulations.
14
Terms that are used in the usual, common meaning (e.g. authorization, meaning giving somebody permission to do something) are
not defined in the regulations.
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in the transport of radioactive material. It does not include non-radiation related aspects of
safety. This is the definition given in the IAEA Safety Fundamentals [IAEA SF-1, 2006].
Article 3 recognizes that other regulations may be applicable to NORM facilities. In case of conflict
between those regulations and the present regulations, the regulatory body has to take the initiative
to resolve such conflict.
4.1.1.2.Part I of Regulations (Articles 1 to 3)
Part II of these Regulations specifies the so-called general requirements, i.e., requirements that
apply to all facilities and activities.
Section 1 of Part II (Articles 4 and 5):
Section 1 of Part II (Articles 4 and 5) deals with the licensing of facilities.
Article 4 requires that all activities listed in Appendices I and II be declared to the regulatory body.
The information required in the declaration is appropriate to the type of facility. In application of
the graded approach principle, the authorization would typically take the form of a licence for
mining and processing of radioactive ores, such as uranium, thorium and other ores, and for the use
of their compounds. This authorisation will take the form of a registration for the other types of
facilities, provided that concentrations of radionuclides, the exposures of workers and the public
and the impact on the environment are not comparable in magnitude to those activities that require
licensing.
In Article 5, a simple registration procedure and a stepwise approach to licensing are proposed.
The first step in the licensing process leads to the authorisation to start construction and
commissioning activities. The second step follows the review of the commissioning report and leads
to the authorisation to start operation of the facility. The regulatory body may attach facility specific
conditions to the licence.
Modifications of the facility are subject to notification to the regulatory and may result in an
amendment of the licence if applicable.
Provision is also made for appeal against the decisions of the regulatory body.
Section 2 of Part II (Articles 6 to 10):
Section 2 of Part II (Articles 6 to 10) deals with the responsibilities of the operator.
Article 6 deals with the responsibilities of the operator with respect to safety. The most important
provision is that the operator has the prime responsibility for safety of the facility he is responsible
for, and that he cannot delegate this responsibility.
Article 7 deals with the operator’s obligations with respect to investigations and feedback of
operating experience and to make the information available to the regulatory body and operators of
similar facilities.
Article 8 requires the operator to establish and to maintain an integrated management system.
Article 9 requires the operator to promote and to maintain a safety culture.
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Article 10 requires the operator to support good performance and good practices to prevent human
and organisational failures.
Section 3 of Part II (Articles 11 to 15):
Section 3 of Part II (Articles 11 to 15) deals with the requirements for radiation protection and
introduces the three basic principles: justification of practices, optimisation of safety and individual
dose limits.
Article 11 dealing with the justification of practices give the power to the regulatory body to deny
the licence on the basis that the practice is not justified.
Article 12 requires the operator to optimise safety and Article 13 requires the use of dose constraints
in the context of optimisation.
Article 14 requires compliance with the individual dose limits given in Appendix V.
Article 15 requires the operator to designate radiation protection officers to oversee the application
of the radiation protection requirements.
Section 4 of Part II (Articles 16 to 18):
Section 4 of Part II (Articles 16 to 18) deals with the obligations of the operator with respect to the
verification of safety.
Article 16 specifies the objective of a safety assessment, its scope and its contents. It also requires
that the safety of the facility is reviewed as necessary.
Article 17 requires the operator to provide for appropriate monitoring and verification of
compliance with the regulatory requirements and the licence conditions. The results of monitoring
and verification of compliance must be available to the Regulatory Body.
Article 18 requires the operator to establish and to maintain a number of records, such as doses from
occupational exposures, inventory of radioactive waste, non-routine releases of radioactive material
to the environment.
Section 5 of Part II (Articles 19 to 29):
Section 5 of Part II (Articles 19 to 29) deals with occupational exposure.
Article 19 specifies the responsibilities of the operator in that respect. In particular he shall involve
workers in the optimisation of safety. Arrangements should be made to facilitate consultation and
cooperation with workers, through their representatives where appropriate, on all measures to
achieve effective application of these Regulations.
Article 20 specifies the responsibilities of the workers aiming at enhancing safety.
Articles 21 and 22 require the operator to classify work areas as controlled areas or as supervised
areas, depending on the likelihood and magnitude of exposure and the risk of contamination. The
radiation symbol [ISO Standard 361, 1975] shall be displayed at the entrance of each controlled
area (Appendix VI).
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Article 23 requires the operator to minimize the need to rely on administrative controls and personal
equipment for protection. It also addresses the need to establish local rules and procedures and to
make them known to the workers.
Article 24 requires the operator to establish, to maintain and to keep under review a programme for
the monitoring of the workplace.
Article 25 requires the operator to make arrangements for the assessment of occupational exposure.
He shall notify the regulatory body immediately of any event in which a dose limit is exceeded.
Article 26 requires the operator to maintain records of occupational exposure and to provide
workers with access to records of their own occupational exposure.
Article 27 deals with the health protection of workers and includes provisions for the situations in
which workers are to be engaged in work where they could be exposed to radiation from a source
that is not under the control of the operator.
Article 28 deals with the responsibilities of the operator with respect to information, instruction and
training of workers.
Article 29 specifies special arrangements for female workers and for workers younger than 18
years. The notification of a suspected pregnancy or of breast-feeding is a requirement for a female
worker in these regulations. It is important that all female workers understand the importance of
making such notifications so that their working conditions may be modified accordingly.
Section 6 of Part II (Articles 30 to 32):
Section 6 of Part II (Articles 30 to 32) deals with control of public exposure. The information
provided in these Model Regulations are complementary to additional Model Regulations that are
being developed on control of public exposure.
Article 30 deals with the responsibilities of the operator with respect to the limitation of public
exposure.
Article 31 requires the operator to control the access of visitors.
Article 32 requires the operator to establish and to implement a monitoring programme to assess
public exposure. Records must be kept and made available on request or published on a regular
basis. The duration for which records should be maintained by the operation is to be specified in the
regulations.
Section 7 of Part II (Articles 33 to 39):
Section 7 of Part II (Articles 33 to 39) deals with radioactive waste management and is based on the
IAEA Requirements for predisposal management of radioactive waste [IAEA GSR Part 5, 2009].
Article 33 deals with the responsibilities of the operator with respect to radioactive waste
management. In particular, he/she is responsible for the implementation of a waste management
policy and strategy developed by the regulatory body, taking into account the interdependences
among all steps in radioactive waste management (treatment, conditioning, transport, and disposal),
the available options and the national radioactive waste management policy and strategy. He/she
shall therefore avoid conflicting demands that might compromise safety or that might impose
significant constraints on the subsequent steps or foreclose viable options. He/she also has to keep
the generation of radioactive waste to the minimum practicable and to characterise the waste in
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terms of its physical, mechanical, chemical, radiological and biological properties. The
characterization is of utmost importance to facilitate further management of the waste. The operator
is also required to transfer the waste to the next management step as soon as practicable.
Article 34 stipulates that the operator of a licensed facility shall appoint a radioactive waste
management officer, who is technically competent to provide assistance in the development and
implementation of the policy and strategy for the management of the radioactive waste generated in
the facility, including discharges and clearance. This requirement is not needed for radioactive
waste management facilities, whose primary objective is to treat, condition, store or dispose of
radioactive waste.
Article 35 requires the operator to develop and maintain a suitable and comprehensive recording
system for the radioactive waste management activities under their responsibility. That system shall
include characterization records and must allow for traceability of radioactive waste from the point
of its collection through to its long term storage and its disposal. It must also facilitate the future
management steps, including when the waste is transferred to another facility. The operator is
required to provide annual reports on its radioactive waste management activities, including
discharges and clearance, to the regulatory body. The regulatory body will have to provide guidance
on the contents of such annual reports.
Article 36 specifically deals with the storage of radioactive waste. It is important that storage
capacity is available from the beginning of operation of a facility and that this capacity is reviewed
at regular intervals and maintained, with account taken of the predicted waste arisings, both from
normal operation and from possible incidents, of the expected lifetime of the storage installation
and of the availability of disposal options. Radioactive waste is to be stored in a manner that ensures
proper segregation, and protection of the workers, the public and the environment, and enables its
subsequent inspection, monitoring, retrieval and preservation in a condition suitable for further
management. Full traceability of the waste packages by means of record keeping and adequate
labelling shall be maintained during storage.
Article 37 deals with clearance of material from regulatory control. Generic clearance levels for
solid materials are given in Appendix IV. They are taken from IAEA GSR Part 3 [IAEA, 2014].
Specific clearance levels (e.g. for the incineration of organic liquids, for recycling of metals, for
rubble from buildings, waste for disposal in landfills) may be derived on the basis of the criteria set
in Appendix III (taken from GSR Part 3 [IAEA, 2014]). The regulatory body will have to provide
guidance on the application for an authorization for such specific clearance.
Article 38 requires the operator to provide for possible reuse and recycling of materials as part of
the radioactive waste management programme, whenever feasible. Specific clearance could be
considered.
Discharges of radioactive materials to the environment are subject of Article 39. They must be kept
as far below the limits (set in the licence) as is reasonably achievable. Monitoring must also be
provided for. This article also contains provisions for reporting to the regulatory body.
Section 8 of Part II (Articles 40 to 43):
Section 8 of Part II (Articles 40 to 43) addresses the decommissioning of facilities.
Section 8 starts with Article 40 on the establishment of an initial decommissioning plan as support
of the initial licence application, its review and update during operation, and the submission for
approval by the regulatory body of the final decommissioning plan. The main elements of the
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decommissioning plan are specified, but the regulatory body will have to give guidance on the
detailed contents of it.
Article 41 requires the operator to notify the regulatory body of his intention to temporarily suspend
or terminate activities. He has to submit the final decommissioning plan to the regulatory body for
approval.
Article 42 requires the operator to draft a decommissioning report on completion of the
decommissioning activities. It must be submitted to the regulatory body for review.
Article 43 stipulates that following the review and depending on the status following
decommissioning, the licence is to be amended as appropriate, or to be withdrawn (in the case there
are no radiological risks remaining).
Section 9 of Part II (Article 44):
Section 9 of Part II (Article 44) addresses transport.
Article 44 requires transport of NORM to be performed in compliance with all the applicable
provisions of the IAEA Transport Regulations [SSR-6, 2012].
Section 10 of Part II (Articles 45 to 47):
Section 10 of Part II (Articles 45 to 47) deals with emergency preparedness and response.
Article 45 requires the operator to prepare an emergency plan for the protection of people and the
environment.
Article 46 details the contents of such emergency plan.
Article 47 requires that protective or remedial actions be justified and that form, scale and duration
of interventions be optimised. It also requires the operator to notify the regulatory body of
accidental situations requiring intervention.
Section 11 of Part II (Articles 48 and 49):
Section 11 of Part II (Articles 48 and 49) addresses the interfaces with physical protection, security
and safeguards and essentially states that physical protection, security and safeguards measures
shall not compromise safety.

4.1.1.3.Part III of Regulations (Additional Specific Requirements)
Section 9 of Part II (Article 44):
Part III of these regulations provides for additional specific requirements that are applicable to
specific practices.
Section 1 of Part III:
Section 1 of Part III could include specific requirements for facilities listed in Appendix I.
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Section 2 of Part III:
Section 2 of Part III specifies the reference level for radon in facilities listed in Appendix II. This
reference level is set at 600 Bq/m³ for the annual average activity concentration due to 222Rn15.
The operator has to establish an action plan to be implemented in case this reference level is
exceeded. This action plan is to provide for a reduction of the activity concentration of 222Rn and
consequent exposures to levels at which safety is optimized, giving priority to actions which are
likely to be most effective.
If, after implementation of the action plan, the annual average activity concentration due to 222Rn is
still higher than the reference level, the doses to the workers shall be considered to be occupational
exposure, in which case the provisions of Section 5 of Part II of these Regulations apply.

4.1.1.4.Part IV of Regulations (Final Provisions)
Part IV of these regulations contains final provisions, dealing with inspection and enforcement,
entry into force and transitional arrangements.

4.1.1.5.Appendices of Regulations
Appendices I to VI are an integral part of the Regulations.
Appendix I lists the types of NORM facilities and activities that are within the scope of the present
regulations (referred to in Articles 1, 4 and 5).
Appendix II lists the types of facilities where exposure to radon and its progeny may be not
negligible (referred to in Articles 1 and 5).
Appendix III specifies the generic clearance levels, referred to in Articles 2, 37 and 39.
Appendix IV specifies the criteria for specific clearance, referred to in Articles 2 and 37.
Appendix V sets the dose limits for occupational exposure of workers and for public exposure,
referred to in Articles 13, 14, 19 and 30.
Appendix VI shows the basic ionizing radiation symbol, referred to in Article 21.

15

On the assumption of an equilibrium factor for 222Rn of 0.4 and an annual occupancy of 7000 h, a value of 300 Bq/m³
corresponds to an annual effective dose of the order of 10 mSv [IAEA GSR Part 3, 2014]. Additional consideration may
be required for 220Rn in the facilities where thorium ores and minerals are used and processed.
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5. MODEL REGULATIONS

Preamble
{Regulatory body to add the legal basis and justification for establishment of the regulations, which
are country-specific}
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Part I – Introductory provisions

Article 1 - Scope of application
1.1 These Regulations apply to facilities and activities involving radioactive ores and other naturally
occurring radioactive material (NORM) where the activity concentration in that material of any
radionuclide in the uranium, thorium and actinium decay series is greater than 1 Bq/g or the activity
concentration of 40K is greater than 10 Bq/g, as listed in Appendix I.
1.2 These Regulations apply to facilities where naturally occurring radioactive material is not
intentionally held or processed, but where radon build up and exposure to radon and its progeny is
likely to occur, as listed in Appendix II.
1.3 These regulations do not apply to the distribution and use of consumer products, in which
natural radionuclides are incorporated, following their manufacturing and storage.

Article 2 – Definitions
For the purpose of the present regulations, the following definitions apply:
activity: amount of radionuclide in a given energy state at a given time, defined as the expectation
value of the number of spontaneous nuclear transformations from the given energy state in a time
interval. The unit for activity is reciprocal second (s-1), termed the becquerel (Bq);
clearance: the removal of regulatory control from radioactive material or radioactive objects within
authorized practices;
commissioning: the process by means of which systems and components of facilities having been
constructed, are made operational and verified to be in accordance with the design and to have met
the required performance criteria;
contamination: the presence of radionuclides on surfaces, or within solids, liquids or gases
(including the human body), where their presence is unintended or undesirable;
controlled area: a defined area in which specific protection measures and safety provisions are or
could be required for controlling exposures or preventing the spread of contamination in normal
working conditions, and preventing or limiting the extent of potential exposures;
decommissioning: administrative and technical actions taken to allow the removal of some or all of
the regulatory controls from a facility other than a waste disposal facility;
decontamination: the complete or partial removal of contamination by a deliberate physical,
chemical or biological process;
disposal: the emplacement of waste in an appropriate facility without the intention of retrieval;
discharge: planned and controlled release of radioactive effluents (liquid and gaseous) to the
environment;
dose: a measure of the energy deposited by radiation in a target;
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absorbed dose: the mean energy imparted by ionizing radiation to matter in a volume element
divided by the mass of the volume element. The unit for absorbed dose is joule per kg (J/kg), termed
the gray (Gy);
annual dose: the dose from external exposure in a year plus the committed dose from intakes of
radionuclides in that year;
committed dose: the lifetime dose expected to result from an intake (50 years for intakes by adults
and the time to age 70 for intake by children);
effective dose: summation of the tissue or organ equivalent doses, each multiplied by the appropriate
tissue weighting factor. The unit for effective dose is joule per kg (J/kg), termed the Sievert (Sv);
equivalent dose: the absorbed dose delivered by a type of radiation averaged over a tissue or organ
multiplied by the appropriate radiation weighting factor for the type of radiation;

dose constraint: a prospective and source related value of individual dose that is used as a parameter
for the optimization of safety for the source, and that serves as a boundary in defining the range of
options in optimization;
dose limit: the value of the effective dose or the equivalent dose to individuals that is not to be
exceeded;
emergency: a non-routine situation that necessitates prompt action, primarily to mitigate a hazard or
adverse consequences for human health and safety, quality of life, property or the environment;
exposure: the state or condition of being subject to irradiation;







external exposure: exposure to radiation from a source outside the body;
internal exposure: exposure to radiation from a source within the body;
potential exposure: prospectively considered exposure that is not expected to be delivered with
certainty but may result from an anticipated operational occurrence or accident at a source or owing
to an event or sequence of events of a probabilistic nature, including equipment failures and
operating errors;
occupational exposure: exposure of workers incurred in the course of their work;
public exposure: exposure incurred by members of the public, excluding any occupational or
medical exposure;

facility: complex comprising one or more installations where one or more activities are performed,
which are located in a restricted and well-defined geographical area, under the responsibility of a
single operator;
installation: collection of objects, equipment, devices and/or buildings which constitute a technical
unit within a facility and where one or more activities are performed;
intervention: any action intended to reduce or avert exposure or the likelihood of exposure to
sources which are not part of a controlled practice or which are out of control as a consequence of
an accident;
investigation level: the value of a quantity such as effective dose, intake or contamination per unit
area or volume at or above which an investigation would be conducted;
licence: a legal document issued by the regulatory body granting authorization to perform specified
activities related to a facility or activity;
management system: a set of interrelated or interacting elements for establishing policies and
objectives and enabling the objectives to be achieved in an efficient and effective manner;
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member of the public: any individual in the population except when subject to occupational
exposure or medical exposure;
monitoring: the measurement of dose, dose rate, activity and other parameters for reasons relating to
the assessment or control of exposure to radiation;
naturally occurring radioactive material (NORM): radioactive material containing no significant
amounts of radionuclides other than natural radionuclides;
natural radionuclides: 40K, 235U and its decay products (actinium series), 238U and its decay products
(uranium series), 232Th and its decay products (thorium series);
operator: the person responsible for a facility or activity that gives rise to radiation risks;
person: physical person (individual) or legal person (organization);
practice: any human activity that introduces additional sources of exposure or additional pathways,
or modifies the network of exposure pathways from existing sources, so as to increase the exposure
or the likelihood of exposure of people or the number of people exposed;
radiation protection officer: a person technically competent in radiation protection matters relevant
for a given type of practice who is designated by the operator to oversee the application of
regulatory requirements;
radiation source: anything that may cause radiation exposure and can be treated as a single entity for
purposes of safety;
radioactive material: material that contains radionuclides and that is subject to regulatory control;
radioactive residues: {FOR DISCUSSION}
radioactive waste: material for which no further use is foreseen that contains, or is contaminated
with, radionuclides at activity concentrations greater than the generic clearance levels established in
Appendix III or the specific clearance levels derived using the criteria in Appendix IV;
radon: any combination of the isotopes 220Rn and 222Rn;
representative person: an individual receiving a dose that is representative of the doses to the more
highly exposed individuals in the population;
safety: the protection of people and the environment against radiation risks, and the safety of
facilities and activities that give rise to radiation risks. The term includes the safety of nuclear
facilities, radiation safety, the safety of radioactive waste management and safety in the transport of
radioactive material. It does not include non-radiation related aspects of safety;
storage: the holding of material in a facility that provides for its containment, with the intention of
retrieval;
supervised area: a defined area not designated as a controlled area but for which occupational
exposure conditions are kept under review, even though specific protection measures or safety
provisions are not normally needed.
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Article 3 – Applicability of other regulations and resolution of conflicts
3.1. The requirements of these Regulations are in addition to, and not in place of, other applicable
laws and regulations. If a conflict exists between requirements contained herein and other laws or
regulations, the regulatory body shall be notified of such conflict in order to initiate steps towards
resolution.
3.2. Nothing in these Regulations shall be construed as restricting any actions that may otherwise be
necessary for safety.

Part II – General Provisions

Section 1 – Authorization
Article 4 – General provisions
No person shall engage in activities, which involve practices as specified in Article 1 of these
Regulations, unless they have been declared to and authorized by the regulatory body. The
authorization shall take the form of a licence for the facilities and activities under items 1, 2 and 3 in
Appendix I, as well as for the facilities and activities under the other items in Appendix I in case
the activity concentration level is more than 100 times the level specified in article 1.1. It takes the
form of a registration for the other facilities and activities within the scope of these Regulations.

Article 5 – Authorization of facilities
5.1 – Declaration
The operator of a facility shall declare {his/her} activities to the regulatory body.
The declaration for the facilities listed in Appendix I shall comprise the following information, as
applicable:
(a)
(b)
(c)
(d)
(e)
(f)
(g)
(h)
(i)
(j)
(k)
(l)
(m)
(n)

name and address of the applicant (future operator); identity of the manager of the facility;
location (site) of the planned facility;
purpose of the facility (planned activities);
design of the facility and installations, including drawings;
naturally occurring radioactive material involved (nature and activity concentration, including
changes in activity concentrations during processing);
organisation and staffing (number, qualification);
description of the management system;
proposed measures for radiation protection of the workers (radiation protection programme), the
general public and the environment, including the monitoring programmes;
management of radioactive residues and wastes: strategy, volume and activity of the waste
generated, volume and activity of liquid and gaseous effluents, points of discharge;
proposed operational limits and conditions;
foreseeable incidents and arrangements for emergency preparedness and response;
construction and commissioning programme;
decommissioning plan;
report on the safety assessment, as specified in Section 4 of Part II of these regulations;
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(o) environmental impact assessment report, if required by other regulations;
(p) financial guarantee to cover the cost of decommissioning and the cost of management of the
radioactive waste, dismantling waste included.

The declaration for the facilities listed in Appendix II shall comprise the following information:
(a)
(b)
(c)
(d)
(e)
(f)
(g)

name and address of the applicant (future operator); identity of the manager of the facility;
location (site) of the planned facility;
purpose of the facility (planned activities);
naturally occurring radioactive material involved (nature and activity concentration);
organisation and staffing (number, qualification);
description of the management system;
proposed measures for radiation protection of the workers (radiation protection programme), the
general public and the environment, including access control and monitoring programmes;
(h) report on the safety assessment, as specified in Section 4 of Part II of these regulations.

The regulatory body shall acknowledge receipt of the application within a week following the
receipt.
5.2 – Review of the declaration
The regulatory body shall review the declaration and may request additional information from the
applicant, specifying the timeframe for response by the applicant.

5.3 – Registration
When the regulatory body considers the declaration complete, the facility and activities not subject
to licensing shall be registered and shall be attributed an identification mark. The regulatory body
shall notify the operator of the registration and the associated identification mark. This notification
gives the operator permission to construct and operate the facility.
Upon receipt of the notification of registration, the operator shall display a copy of it at the
entrance(s) of the site where the facility is to be constructed and operated.
The regulatory body shall provide a copy of the notification of registration to the local authorities
(municipalities).

5.4 – Construction and operation licence
5.4.1 When the regulatory body considers the declaration of facilities and activities, which are
subject to licensing, the following parties shall be consulted:
{list of advisory bodies and interested parties, as applicable, to be defined by the regulatory
body, e.g. local authorities (municipalities, provinces), national authorities which are
competent for environmental protection, mining, mineral resources… and in general, the
authorities which are responsible for the implementation of other regulations the operator will
have to comply with}
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The regulatory body shall send a copy of the declaration to the parties listed above and request them
to give their opinion, together with the motives for it, within a period of three months. If the opinion
is not given within that period, the opinion shall be considered favourable.
The regulatory body shall consider the opinions received in its review of the declaration.
5.4.2 When, following the review of the declaration, the regulatory body is of the opinion that the
facility can be operated in a safe manner, the licence is granted. Granting the licence gives the
permission to the operator to start the construction of the facility, and to proceed to commissioning
following the programme specified in the declaration.
The licence shall have an identification mark and identify the legal basis and the issuing authority or
authorities.
The licence shall further contain, as applicable:
(a) the identification of the operator legally responsible for the licensed facility;
(b) a sufficiently detailed description of the installation, its location and its activities, including a clear
depiction and description of the site boundaries, and other drawings, as appropriate;
(c) the maximum allowable inventories of radioactive material;
(d) facility specific limits and conditions, if needed, in addition to the requirements set in the
regulations: operational limits and conditions, safety measures, discharge limits, environmental
monitoring, emergency preparedness and response, reporting;
(e) the list of provisions of the regulations that need not to be complied with, as appropriate;
(f) reference to documents in support of the application and documents used by the regulatory body
in the review and assessment process;
(g) date of issue and period of validity.

Upon receipt of the licence, the operator shall display a copy of it at the entrance(s) of the site
where the facility is to be constructed.
The regulatory body shall provide a copy of the licence to the local authorities (municipalities) and
to the parties that have been consulted during the review of the application.
5.4.3 Following the construction, the operator shall verify that the facility has been constructed
according to the design that was approved by granting the licence. The results of this verification
shall be documented in a commissioning report that is sent to the regulatory body for approval.
5.4.4 The commissioning report shall be reviewed by the regulatory body. Following this review
the regulatory body shall decide on the permission to operate the facility.
When the regulatory body is of the opinion that the facility can be operated in a safe manner and in
accordance with the terms of the licence, the regulatory body shall confirm the licence and amend it
if deemed necessary.
Upon receipt of the confirmation of the licence, the operator shall display a copy of it at the
entrance(s) of the site where the facility is to be operated.
The regulatory body shall provide a copy of the confirmation of the licence to the local authorities
(municipalities) and to the persons consulted during the review of the application or during the
review of the commissioning report.
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5.4.5 At least six months before the expiration date of the licence, the operator shall notify the
regulatory body of {his/her} intention to continue operation and shall apply for an extension of the
period of validity.
The application for an extension of the period of validity shall be accompanied by a review/revision
of the original safety assessment and the original environmental impact assessment.
When, following the review of the application, the regulatory body is of the opinion that the
operation of the facility can be continued in a safe manner, the licence shall be extended and
amended as appropriate.
5.4.6 The regulatory body may, at its own initiative, proceed to a review of the licence and to its
amendment, in case:
(a) the licence conditions are not complied with by the operator;
(b) experience relevant to safety has been gained at the facility, at similar facilities and at other
relevant installations;
(c) information from relevant tests and from research and development programmes, and new
knowledge of technical matters have become available;
(d) changes in the regulatory framework, regulations and guides have occurred;
(e) changes in the site conditions have occurred.

5.5 – Modifications of the authorized facility
The operator shall notify the regulatory body of any intention to introduce modifications to any
practice for which {he/she} is authorized whenever the modifications could have implications for
safety. The operator shall not carry out any such modification unless specifically authorized by the
regulatory body by amendment of the registration or the licence, as applicable.
5.6 – Appeal against a decision of the regulatory body
The operator, interested parties and members of the public may appeal against a decision of the
regulatory body. The appeal shall be introduced with {name of organization, institution, etc.} within
a period of {as specified by the regulatory body, e.g., 30 days} following the decision of the
regulatory body.
The appeal does not suspend the decision of the regulatory body.
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Section 2 – General responsibilities of the operator

Article 6 – Safety
6.1. The operator shall have the prime responsibility for safety, which {he/she} cannot delegate.
6.2. The operator shall establish safety objectives in conformity with the relevant requirements of
these Regulations.
6.3. The operator shall develop, implement and document a safety programme commensurate with
the potential radiological risks to workers and the public, and environmental impacts associated
with the practices under {his/her} responsibility sufficient to ensure compliance with the
requirements of these Regulations. This programme shall include the following actions:
(a) determine and keep continually under review the measures needed to achieve the safety objectives,
to ensure that the resources needed for their implementation are provided and regularly verify that
the safety objectives are being achieved;
(b) identify and prevent, or promptly correct, any failures or shortcomings in the safety measures;
(c) facilitate consultation and co-operation among all relevant parties with respect to safety;
(d) keep appropriate records regarding the discharge of {his/her} responsibilities.

6.4 The operator shall establish and implement the technical and organizational measures that are
needed for ensuring safety for the practices for which {he/she} is authorized and for compliance
with all applicable provisions of these Regulations. {He/she} may designate suitably qualified
persons to carry out actions and tasks related to these responsibilities, but {he/she} shall retain the
prime responsibility for safety. {He/she} shall document the names and responsibilities of persons
designated.
6.5 The operator shall ensure that a multilevel (defence in depth) system of sequential, independent
provisions for safety that is commensurate with the likelihood and the magnitude of the potential
exposures is applied to practices for which {he/she} is authorized. {He/she} shall ensure that if one
level of protection were to fail, the subsequent independent level of protection would be available.
Such defence in depth shall be applied for the purpose of:
(a)
(b)
(c)

preventing accidents;
mitigating the consequences of any accidents that do occur;
restoring the facilities to safe conditions after any such accidents.

6.6 The operator shall ensure that structures, systems and components, including software, that are
related to safety for facilities and activities are designed, constructed, commissioned, operated and
maintained so as to prevent accidents as far as reasonably practicable.
6.7 The operator shall make suitable arrangements:
(a)
(b)
(c)
(d)

to prevent reasonably foreseeable accidents in the facility or the activity;
to mitigate the consequences of those accidents that do occur;
to provide workers with the information, instruction, training and equipment necessary to
restrict potential exposures, commensurate with the radiological risk;
to ensure that there are adequate procedures for the control of the facility and for the
management of any reasonably foreseeable accidents;
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(e)

(f)
(g)

(h)

to ensure that safety significant structures, systems and components, including software, and
other equipment can be inspected and tested regularly for any degradation that could lead to
abnormal conditions or inadequate performance;
to ensure that maintenance, inspection and testing appropriate to the preservation of the
provisions for safety can be carried out without undue occupational exposure;
to ensure that abnormal operating conditions that could significantly affect safety are detected
by systems that respond quickly enough to allow for corrective actions to be taken in a timely
manner;
to ensure that all relevant safety documentation is available in the appropriate languages.

6.8. In the event of a breach of any applicable requirement of these Regulations, the operator shall,
as appropriate:
(a) investigate the breach and its causes, circumstances and consequences;
(b) take appropriate action to remedy the circumstances and to prevent a recurrence of similar
situations;
(c) report timely to the regulatory body on the breach, its causes, circumstances and consequences,
and on the corrective or preventive actions taken or to be taken; reporting shall be immediate
whenever an emergency has developed or is developing;
(d) take whatever other actions are necessary as required by these Regulations.

Article 7 – Investigations and feedback of operating experience
7.1 The operator shall ensure that information on normal operation performance as well as
abnormal conditions and events significant to radiation safety is disseminated or made available, as
appropriate, to the regulatory body and other relevant parties, including other operators.
7.2 The operator shall conduct an investigation as specified by the regulatory body in the event that:
(a) a quantity or operating parameter relating to safety exceeds an investigation level or is outside
the stipulated range of operating conditions; or
(b) any equipment failure, accident, error, mishap or other unusual event or condition occurs that
has the potential for causing a quantity to exceed any relevant limit or operating restriction.

7.3 The operator shall conduct an investigation as soon as possible after an event and shall prepare a
written record of its causes, or suspected causes, including a verification or determination of any
doses received or committed and of any impact on the environment; and recommendations for
preventing the recurrence of the event and the occurrence of similar events.
7.4 The operator shall communicate to the regulatory body and to any other relevant parties, as
appropriate, a written report of any formal investigation relating to events.

Article 8 – Management system
8.1 The operator shall ensure that safety is effectively integrated into the overall management
system of the facility.
8.2 The operator shall demonstrate commitment to safety at the highest levels within the
organization for which {he/she} is responsible.
8.3 The operator shall establish a management system that is commensurate with the size and nature
of the activity, and that ensures that:
42

(a) policies and procedures are established that identify safety as being of the highest priority, and are
subject to periodic review and updating;
(b) problems affecting safety are promptly identified and corrected in a manner commensurate with
their importance;
(c) the responsibilities of each individual for safety are clearly identified and each individual is
suitably trained and qualified, so that {he/she} understands {his/hers} responsibilities and can
perform {his/her} duties competently, with appropriate judgement and in accordance with
procedures;
(d) clear lines of authority for decisions on safety are defined;
(e) organizational arrangements and lines of communications are established that result in an
appropriate flow of information on safety at and between the various levels in the entire
organization of the operator.

8.4 The operator shall ensure that the management system is designed and implemented to enhance
safety by:
(a) applying the requirements for safety coherently with other requirements including requirements for
operational performance, and coherently with guidelines for security;
(b) describing the planned and systematic actions necessary to provide adequate confidence that the
requirements for safety are fulfilled;
(c) ensuring that safety is not compromised by other requirements;
(d) providing for the regular assessment of performance for safety and the application of lessons
learned from experience, including incidents and accidents;
(e) promoting safety culture.

8.5 The operator shall ensure that the safety elements of the management system are commensurate with the
complexity of and the radiation risks associated with the activity.
8.6 The operator shall ensure that the management system for information is commensurate with the size and
nature of the activity, and ensure that:

(a) the confidentiality of information that {he/she} receives in confidence from another party
is protected;
(b) information received in confidence from another party is only provided to a third party
with the consent of the first party.
Article 9 – Safety Culture
The operator shall promote and maintain a safety culture by:
(a) promoting individual and collective commitment to safety at all levels of the organization;
(b) ensuring a common understanding of the key aspects of safety culture within the organization;
(c) providing the means by which the organization supports individuals and teams in carrying out their
tasks safely and successfully, with account taken of the interactions between individuals,
technology and the organization;
(d) encouraging the participation of workers and their representatives and other relevant persons in the
development and implementation of policies, rules and procedures dealing with safety;
(e) ensuring accountability of the organization and of individuals at all levels for safety;
(f) encouraging open communication with regard to safety within the organization and with relevant
parties, as appropriate;
(g) encouraging a questioning and learning attitude and discouraging complacency with regard to
safety;
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(h) providing means by which the organization continually seeks to develop and strengthen its safety
culture.

Article 10 – Human factors
10.1 The operator shall take into account human factors and shall support good performance and good
practices to prevent human and organizational failures, by ensuring that:
(a) sound ergonomic principles are followed in the design of equipment and the development of
operating procedures, so as to facilitate the safe operation and use of equipment, to minimize the
possibility that operator errors will lead to accidents, and to reduce the possibility that indications of
normal conditions and abnormal conditions will be misinterpreted;
(b) appropriate equipment, safety systems and procedural requirements are provided and other necessary
provisions are made:
(i)

to reduce, as far as practicable, the possibility that human error or inadvertent action
could give rise to accidents or other incidents leading to the exposure of any person or to
a significant environmental impact;

(ii) to provide means for detecting human errors and for correcting them or compensating
for them;
(iii) to facilitate protective actions and corrective actions in the event of failures of safety
systems or failures of protective measures.

10.2 All employees shall be informed at least annually of the importance of effective safety
measures and be trained in their implementation as appropriate.
10.3 Training programmes shall be evaluated at least every {as specified by the regulatory body,
e.g. two years}, or if significant changes are made to the programme or within the practice, and
updated as necessary.

Section 3 – Radiation protection
Article 11 – Justification of practices
No practice involving NORM shall be authorized unless it is likely to produce sufficient benefit to
the exposed individuals or to society to offset the radiation harm that it might cause, taking into
account social, economic and other relevant factors. If requested by the regulatory body, the
applicant for a licence shall provide sufficient information and evidence on the benefits and the
harm to support the justification of the practice. The regulatory body may deny the licence on the
basis that the practice is not justified.

Article 12 – Optimisation of safety
12.1 The operator shall ensure that safety is optimized.
12.2 For occupational exposure and public exposure, the operator shall ensure that all relevant
factors are taken into account in a coherent way in the optimization of safety to contribute to
achieving the following objectives:
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(a) to determine measures for safety that are optimized for the prevailing circumstances, with
account taken of the available options for safety as well as the nature, likelihood and
magnitude of exposures;
(b) to establish criteria, on the basis of the results of the optimization, for the restriction of the
likelihood and magnitudes of exposures by means of measures for preventing accidents
and for mitigating the consequences of those that do occur.
Article 13 – Dose constraints
13.1 For occupational exposure and public exposure, the operator shall ensure that dose constraints
are used in the optimization of safety.
13.2 For public exposure, the dose constraints shall be established so that the prospective annual
doses to members of the public, including people distant from the location of the practice and
people of future generations, summed over all exposure pathways, including contributions by other
practices and sources, are unlikely to exceed the dose limits specified in Appendix V.

Article 14 – Dose limits
The operator shall ensure that the exposures of individuals due to the practices {he/she} is
responsible for are restricted so that neither the effective dose nor the equivalent dose to tissues or
organs exceeds any relevant dose limit specified in Appendix V.

Article 15 – Radiation Protection Officers
15.1 The operator shall arrange for Radiation Protection Officers to oversee the application of the
radiation protection requirements. The radiation protection officer shall be technically competent in
radiation protection matters relevant to the activities in the facility. The regulatory body shall detail
the qualification requirements for radiation protection officers.
15.2 The number of Radiation Protection Officers must be adequate and commensurate with the
size of the facility, the complexity of the activity and the risk involved.
15.3 The Radiation Protection Officers will have a direct reporting line to the manager of the
facility, and will have authority to stop work where necessary to protect people and the
environment.

Section 4 – Verification of safety
Article 16 – Safety assessment
16.1 A safety assessment is intended to:
(a) identify the ways in which exposures could be incurred, account being taken of the effects of
external events;
(b) determine the expected magnitudes and likelihood of exposures in normal operation and, to the
extent reasonable and practicable, make an assessment of potential exposures;
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(c) assess the adequacy of the provisions for safety.

16.2 The safety assessment shall include, as appropriate, a systematic critical review of:
(a) the operational limits and conditions for the operation of a facility;
(b) the ways in which structures, systems and components, including software, and procedures
relating to safety might fail, singly or in combination, or might otherwise give rise to exposures,
and the consequences of such events;
(c) the ways in which external factors could affect safety;
(d) the ways in which operating procedures relating to safety might be erroneous, and the
consequences of such errors;
(e) the implications for safety of any modifications;
(f) the implications for safety of security measures or of any modifications to security measures;
(g) any uncertainties or assumptions and their implications for safety.

16.3 In the safety assessment, account shall be taken of:
(a) factors that could give rise to releases of radioactive material, exceeding the limits set in the
licence and the measures available to prevent or to control such a release, and the maximum
activity of radioactive material that, in the event of a major failure of the containment, could be
released to the environment;
(b) factors that could precipitate a smaller but continuing release of radioactive material, and the
measures available to detect and to prevent or to control such a release;
(c) the extent to which the use of redundant and diverse safety features, which are independent of
each other so that failure of one does not result in failure of any other, is appropriate to restrict the
likelihood and the magnitude of potential exposure.

16.4 The safety assessment shall be documented and, where appropriate, independently reviewed
under the management system.
16.5 The safety of the facility shall be reviewed as necessary, to ensure that the technical
specifications or conditions of use continue to be met, in particular when:
(a) changes are envisaged to the facility or to its operating procedures or maintenance procedures;
(b) changes occur on the site that could affect the safety of the facility or of activities on the site;
(c) information on operating experience, or information about accidents and other incidents that could
result in exposures, indicates that the current assessment might be invalid;
(d) any significant changes in activities are envisaged;
(e) any relevant changes in guidelines or standards are envisaged or have been made.

16.6 The results of a safety review shall be transmitted to the regulatory body for approval and
amendment of the licence if necessary. Modifications of the facility shall not be performed before
approval by the regulatory body.
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Article 17 – Monitoring, testing and verification of compliance
The operator shall ensure that:
(a) monitoring is performed as necessary for verification of compliance with the requirements of
regulations and licence conditions;
(b) suitable equipment is provided and verification procedures are implemented;
(c) equipment is properly maintained, tested and calibrated at appropriate intervals with reference to
standards traceable to national or international standards;
(d) records are maintained of the results of monitoring and verification of compliance, including
records of the tests and calibrations carried out in accordance with the present regulations and the
licence conditions;
(e) the results of monitoring and verification of compliance are available to the regulatory body.

Article 18 – Record keeping
The operator shall establish, maintain and be able to retrieve records relating to:
(a) doses from occupational exposures (see Article 26);
(b) operational activities of the facilities, as defined in the licence;
(c) maintenance of equipment;
(d) inventory of radioactive waste (see Article 35);
(e) events, including non-routine release of radioactive material to the environment;
(f) the calibration and testing of instruments;
(g) the records of routine discharges to the environment (see Article 39);
(h) the testing of safety systems.

Section 5 – Occupational exposure
Article 19 – Responsibilities of the operator with respect to occupational exposure
19.1 The operator shall be responsible for the protection of workers against occupational exposure
to ionizing radiation.
19.2 The operator shall ensure, for all workers engaged in activities in which they are or could be
subject to occupational exposure, that:
(a) occupational exposure is controlled so that the relevant dose limits for occupational exposure
specified in Appendix V are not exceeded;
(b) safety is optimized in accordance with Articles 12 and 13;
(c) decisions with regard to measures for safety are recorded and made available to the workers,
through their representatives where appropriate;
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(d) policies, procedures and organizational arrangements for occupational safety are established to
implement the relevant requirements of these Regulations, with priority given to design measures
and technical measures for controlling occupational exposure;
(e) suitable and adequate facilities, equipment and services for safety are provided, the type and extent
of which are commensurate with the expected likelihood and magnitude of the occupational
exposure;
(f) necessary health surveillance and health services for workers are provided;
(g) appropriate monitoring equipment and personal protective equipment are provided and
arrangements are made for its proper use, calibration, testing and maintenance;
(h) suitable and adequate human resources and appropriate training in safety are provided, as well as
periodic retraining as required to ensure the necessary level of competence;
(i) necessary conditions for promoting a safety culture are provided.

19.3 The operator shall involve workers, through safety representatives where appropriate, in
optimization of safety.
19.4 The operator shall ensure that workers exposed to ionizing radiation within a practice that are
not required by or directly related to their work have the same level of protection against such
exposure as members of the public.
19.5 The operator shall take such administrative actions as are necessary to ensure that workers are
informed that ensuring safety is an integral part of a general occupational health and safety
programme in which they have specific obligations and responsibilities for their own protection and
the protection of others against radiation exposure and for the safety of sources. {He/she} shall also
facilitate compliance by workers with the requirements of these regulations.
19.6 The operator shall record any report received from a worker that identifies any circumstances that could
affect safety conditions or compliance with the requirements of these Regulations, and shall evaluate and
take remedial actions, if necessary.

Article 20 – Responsibilities of workers
20.1 Workers shall:
(a) follow any applicable rules and procedures for safety as specified by the operator;
(b) use properly the monitoring equipment and personal protective equipment provided;
(c) cooperate with the operator with regard to safety, and programmes for workers’ health
surveillance and programmes for dose assessment;
(d) provide to the operator such information on their past and present work that is relevant for
ensuring effective and comprehensive safety for themselves and others;
(e) abstain from any wilful action that could put themselves or others in situations that would not be
in accordance with the provisions of these Regulations;
(f) accept such information, instruction and training in safety as will enable them to conduct their
work in accordance with the provisions of these Regulations.

20.2 A worker who identifies circumstances that could adversely affect safety shall report such
circumstances to the radiation protection officer.
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Article 21 – Controlled areas
The operator shall designate as a controlled area any area in which specific measures for safety are
or could be required for controlling exposures or preventing the spread of contamination in normal
operations and/or for preventing or limiting the likelihood and magnitude of exposures in
anticipated operational occurrences and accident conditions.
The operator shall:
(a) determine the boundaries of any controlled area on the basis of the magnitude and likelihood of
expected exposures and the type and extent of the procedures required for safety;
(b) delineate controlled areas by physical means or, where this is not reasonably practicable, by some
other suitable means;
(c) display the radiation warning symbol, specified in Appendix VI, and display instructions at access
points to and at appropriate locations within controlled areas;
(d) establish measures for occupational safety, including, as appropriate, physical measures to control
the spread of contamination and local rules and procedures for controlled areas;
(e) restrict access to controlled areas by means of administrative procedures, such as the use of work
permits, and by physical barriers, which could include locks or interlocks; the degree of restriction
being commensurate with the magnitude and likelihood of exposures;
(f) provide, as appropriate, at entrances to controlled areas:
(i) personal protective equipment;
(ii) equipment for individual monitoring and workplace monitoring;
(iii) suitable storage for personal clothing;
(g) provide, as appropriate, at exits from controlled areas:
(iv) equipment for monitoring for contamination of skin and clothing;
(v) equipment for monitoring for contamination of any objects or material being removed
from the area;
(vi) washing or showering facilities and other personal decontamination facilities;
(vii) suitable storage for contaminated personal protective equipment;
(h) periodically review conditions to assess whether there is any need to modify the measures for
safety or the boundaries of controlled areas;
(i)

provide appropriate information, instruction and training, such that persons working in controlled
areas are adequately informed and qualified.

Article 22 – Supervised areas
The operator shall designate as a supervised area any area not already designated as a controlled
area, but where occupational exposure conditions need to be kept under review even though specific
protection measures and safety provisions are not normally needed.
{He/she} shall, taking into account the nature, likelihood and magnitude of exposures or
contamination in the supervised areas:
(a) delineate the supervised areas by appropriate means;
(b) display approved signs, as appropriate, at access points to supervised areas;
(c) periodically review conditions to assess whether there is any need for further measures for safety
or any need for changes to the boundaries of supervised areas.
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Article 23 – Local rules and procedures and personal protective equipment
23.1 The operator shall minimize the need to rely on administrative controls and personal protective
equipment for safety by providing well engineered controls and satisfactory working conditions, in
accordance with the following hierarchy of preventive measures:
(a) engineered controls;
(b) administrative controls;
(c) personal protective equipment.

23.2 The operator shall, in consultation with workers, through their safety representatives, in a
language appropriate to the audience:
(a) establish in writing local rules and procedures that are necessary for safety for workers and other
persons;
(b) include in the local rules and procedures any relevant investigation level or authorized level, and
the procedures to be followed in the event that any such level is exceeded;
(c) make the local rules and procedures and the measures for safety known to those workers to whom
they apply and to other persons who may be affected by them;
(d) ensure that any work in which workers are or could be subject to occupational exposure is
adequately supervised and take all reasonable steps to ensure that the rules, procedures, protective
measures and safety provisions are observed;
(e) designate, as appropriate, a radiation protection officer.

23.3 The operator shall ensure that:
(a) if necessary, workers are provided with suitable and adequate personal protective equipment that
meets relevant standards or specifications, including as appropriate:
(i) protective clothing;
(ii) respiratory protective equipment, the characteristics of which are known to the users;
(iii) protective aprons, protective gloves, and safety glasses;
(b) where appropriate, workers receive adequate instruction in the proper use of respiratory protective
equipment, including testing for good fit;
(c) tasks requiring the use of certain personal protective equipment are assigned only to workers who
on the basis of medical advice are capable of safely sustaining the extra effort necessary;
(d) all personal protective equipment, including equipment for use in an emergency, is maintained in
proper condition and, if appropriate, is tested at regular intervals;
(e) if the use of personal protective equipment is considered for any given task, account is taken of:
(i) any additional exposure that could result due to any additional time taken; and
(ii) any non-radiological risks that might be associated with the use of personal protective
equipment while performing the task.

Article 24 – Monitoring of the workplace
24.1 The operator shall establish, maintain and keep under review a programme for the monitoring
at the workplace under the supervision of a radiation protection officer, commensurate with the
graded approach.
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24.2 The type and frequency of monitoring of workplaces shall:
(a) be sufficient to enable:
(i) evaluation of the radiological conditions in all workplaces;
(ii) assessment of the exposure of workers in controlled areas and supervised areas;
(iii) review of the classification of controlled and supervised areas;
(b) be based on dose rate, activity concentration in air and water, and surface contamination,
and their expected fluctuations, and on the likelihood and magnitude of exposures in
anticipated operational occurrences and accident conditions.
24.3 The operator shall maintain records of the findings of the workplace monitoring programme.
The findings of the workplace monitoring programme shall be made available to the workers.
24.4 The programmes for monitoring of the workplace shall specify:
(a)
(b)
(c)
(d)

the quantities to be measured;
where and when the measurements are to be made and at what frequency;
the most appropriate measurement methods and procedures;
investigation levels and the actions to be taken if they are exceeded.

Article 25 – Occupational exposure assessment
25.1 The operator shall be responsible for making arrangements for the assessment of the
occupational exposure of workers, on the basis of individual monitoring where appropriate, and
shall ensure that arrangements are made with authorized or recognized dosimetry service providers
that operate under a quality management system.
25.2 For any worker who usually works in a controlled area, or who occasionally works in a
controlled area and may receive a significant dose from occupational exposure, individual
monitoring shall be undertaken where appropriate, adequate and feasible. In cases where individual
monitoring of the worker is inappropriate, inadequate or not feasible, the occupational exposure
shall be assessed on the basis of the results of workplace monitoring and information on the
locations and duration of exposure of the worker.
25.3 For any worker who regularly works in a supervised area or who enters a controlled area only
occasionally, the occupational exposure shall be assessed on the basis of the results of workplace
monitoring or of individual monitoring, as appropriate.
25.4 The operator shall ensure that workers who could be subject to exposure due to contamination
are identified, including workers who use respiratory protective equipment. {He/she} shall arrange
for appropriate monitoring to the extent necessary to demonstrate the effectiveness of the measures
for safety and to assess intakes of radionuclides and the committed effective doses.
25.5 The operator shall notify the regulatory body by {telephone or other method e.g. facsimile, email, etc. as determined by the regulatory body} immediately of any event in which a dose limit is
exceeded.
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Article 26 – Records of occupational exposure
26.1 The operator shall maintain records of occupational exposure for each worker for whom
assessment of occupational exposure is required under Article 25. Such records of occupational
exposure shall include:
(a) information on the general nature of the work in which the worker was subject to occupational
exposure;
(b) information on dose assessments, exposures and intakes at or above the relevant recording levels
and the data upon which the dose assessments were based;
(c) when a worker is or has been exposed while in the employ of more than one operator, information
on the dates of employment with each operator and on the doses, exposures and intakes in each
such employment;
(d) records of any assessment of doses, exposures and intakes due to actions taken in an emergency or
due to accidents or other incidents, which shall be distinguished from doses, exposures and intakes
due to normal conditions of work and which shall include references to reports of any relevant
investigations.

26.2 The operator shall:
(a) provide workers with access to records of their own occupational exposure;
(b) provide the supervisor of the programme for workers’ health surveillance, and the regulatory body
with access to workers’ records of occupational exposure;
(c) provide copies of workers’ exposure records to new employers when workers change employment
or work at multiple nuclear facilities;
(d) make arrangments for the retention of exposure records for former workers;
(e) in complying with (a)–(d) above, maintains the confidentiality of records.

26.3 If the operator ceases to conduct activities in which workers are subject to occupational
exposure, {he/she} shall make arrangements for the retention of workers’ records of occupational
exposure by the regulatory body {or other designated organization}.
26.4 Records of occupational exposure for each worker shall be maintained during and after the
worker’s working life, at least until the worker attains or would have attained the age of 75 years,
and for not less than 30 years after cessation of the work in which the worker was subject to
occupational exposure.

Article 27 – Health surveillance of workers
27.1 The operator shall make arrangements for appropriate workers’ health surveillance based on
the general principles of occupational health and designed to assess the initial fitness and continuing
fitness of workers for their intended tasks.
27.2 If one or more workers are to be engaged in work in which they are or could be exposed to
radiation from a source that is not under the control of the operator of the facility, the person
responsible for the source shall, as a precondition for the engagement of such workers, make any
special arrangements for workers’ health surveillance with the operator that are needed to comply
with the rules established by the regulatory body or other relevant authority.
27.3 The operator shall have systems in place for workers to inform them of their radiation
exposure history from other facilities or activities.
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Article 28 – Information, instruction and training
The operator shall:
(a) provide all workers with adequate information on health risks due to their occupational exposure
in normal operation, anticipated operational occurrences and accident conditions, adequate
instruction and training and periodic retraining in safety, and adequate information on the
significance of their actions for safety;
(b) provide those workers who could be involved in or affected by the response to an emergency with
appropriate information, and adequate instruction and training and periodic retraining, for safety;
(c) maintain records of the training provided to individual workers.

Article 29 – Special arrangements for female workers and non-adult workers
29.1 The operator shall provide female workers who are liable to enter controlled areas or
supervised areas or who may undertake emergency duties with appropriate information on:
(a) the risk to the embryo or foetus due to exposure of a pregnant woman;
(b) the importance for a female worker of notifying her employer as soon as possible if she suspects
that she is pregnant or if she is breast-feeding;
(c) the risk of health effects for a breast-fed infant due to ingestion of radioactive substances.

29.2 Notification of the operator by a female worker if she suspects that she is pregnant or if she is
breast-feeding shall not be considered a reason to exclude a female worker from work. The
operator, who has been notified of the suspected pregnancy or that she is breast-feeding, shall adapt
the working conditions in respect of occupational exposure so as to ensure that the embryo or foetus
or the infant is afforded the same broad level of protection as is required for members of the public.
29.3 The operator shall ensure that no person under the age of 16 years is or could be subject to
occupational exposure.
29.4 The operator shall ensure that persons under the age of 18 years are allowed access to a
controlled area only under supervision and only for the purpose of training for employment in
which they are or could be subject to occupational exposure or for the purpose of studies in which
sources are used.

Section 6 – Public exposure
Article 30 – Responsibilities of the operator with respect to public exposure
30.1 In applying the principle of optimization of safety in the design, planning, operation and
decommissioning of a facility, the operator shall take into account:
(a) possible changes in any conditions that could affect exposure of members of the public, such as
changes in the characteristics and use of the radioactive sources, changes in environmental
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dispersion conditions, changes in exposure pathways or changes in values of parameters used for
the determination of the representative person;
(b) good practice in the operation of similar sources or the conduct of similar practices;
(c) possible buildup and accumulation in the environment of radioactive substances from discharges
during the lifetime of the facility;
(d) uncertainties in the assessment of doses, especially uncertainties in contributions to doses if the
source and the representative person are separated in space or in time.

30.2 The operator shall establish, implement and maintain:
(a) policies, strategies, procedures and organizational arrangements for safety in relation to public
exposure, in accordance with the provisions of these Regulations;
(b) measures for ensuring:
(i) optimization of safety, in accordance with Articles 12 and 13;
(ii) limitation of exposure of members of the public, in order that the total exposure is not
higher than the dose limits for members of the public as specified in Appendix V;
(c) measures for ensuring the safety of radiation sources in the facilty {he/she} is responsible for;
(d) provision for suitable and adequate resources (including facilities, equipment and services) for the
safety of members of the public, commensurate with the magnitude and likelihood of the
exposures;
(e) programmes for appropriate training of personnel having functions relevant to the safety of the
public, as well as periodic retraining as required, to ensure the necessary level of competence;
(f) provision for appropriate monitoring equipment, surveillance programmes and methods for
assessing public exposure;
(g) emergency plans, emergency procedures and emergency response arrangements, in accordance
with the nature and magnitude of the radiation risks associated with the sources;
(h) adequate records of surveillance and monitoring.

Article 31 – Control of visitors
The operator shall:
(a) ensure that visitors are accompanied in any controlled area by a person who knows the measures
for safety for this area;
(b) provide adequate information and instructions to visitors before they enter a controlled area or a
supervised area so as to provide safety for visitors and other individuals who could be affected by
their actions;
(c) ensure that adequate control is maintained over the entry of visitors to a controlled area or a
supervised area, including the use of signs for such areas;
(d) keep records of all visitors to a controlled area, including exposure data.

Article 32 – Monitoring of public exposure
The operator shall:
(a) establish and implement monitoring programmes to ensure that public exposure due to sources
under {his/her} responsibility is adequately assessed and that the assessment is sufficient to verify
and demonstrate compliance with the licence;
(b) maintain, for at least 50 years, appropriate records of the results of the monitoring programmes
and estimated doses to members of the public;
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(c) report the results of the monitoring programme to the regulatory body annually or at other
intervals, as specified in the licence, including, as applicable, the levels and composition of
discharges, dose rates at the site boundary and in premises open to members of the public, results
of environmental monitoring and retrospective assessments of doses to the representative person;
(d) report {within the time-frame specified by the regulatory body} to the regulatory body any levels
exceeding the operational limits and conditions relating to public exposure, including discharge
limits;
(e) report{within the time-frame specified by the regulatory body} to the regulatory body any
significant increase in dose rate or concentrations of radionuclides in the environment that could
be attributed to the authorized practice;
(f) establish and maintain a capability to carry out monitoring in an emergency, in the event of
unexpected increases in radiation levels or concentrations of radionuclides in the environment due
to accidents or other unusual events attributed to the authorized source or facility;
(g) verify the adequacy of the assumptions made for the assessment of public exposure and
radiological environmental impacts;
(h) publish/make available on request results from source monitoring and environmental monitoring
programmes and assessments of public exposure.
{the regulatory body has to make a choice: make the results available or not, and how and when}

Section 7 – Radioactive waste management
Article 33 – Responsibilities of the operator with respect to radioactive waste management
33.1 The operator shall establish and implement the strategy for the management of the radioactive
waste that is generated and for the provision of financial securities. The operator shall take account
of the interdependences among all steps in radioactive waste management, the available options,
and the national radioactive waste management policy and strategy. The operator shall avoid
conflicting demands that might compromise safety or that impose significant constraints on the
subsequent steps or foreclose viable options.
33.2 The operator shall keep the generation of radioactive waste to the minimum practicable, in
terms of volume and in terms of activity. The operator shall characterise the waste in terms of its
physical, mechanical, chemical, radiological and biological properties.
33.3 The operator shall ensure that waste is collected and segregated at the point of origin in
accordance with the waste acceptance criteria defined for the next step in the waste management
process. The operator shall ensure that waste is transferred to the next management step as soon as
practicable.

Article 34 – Appointment of radioactive waste management officer
Except for radioactive waste management facilities, the operator of facilities that require a licence
shall appoint a radioactive waste management officer, who is technically competent to provide
assistance in the development and implementation of the policy and strategy for the management of
the radioactive waste generated in the facility, including discharges and clearance.
Article 35 – Radioactive waste records and reports
The operator shall develop a suitable and comprehensive recording system for the radioactive waste
management activities under its responsibility. That system shall include characterization records
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and discharge records and shall allow for traceability of radioactive waste from the point of its
collection through to its long term storage and its disposal.
All records related to radioactive waste inventory and radioactive waste management activities shall
be:
(a)

maintained up-to-date (including changes to waste characteristics during processing);

(b)

retained in such a way as to ensure that relevant information is accessible in the future, as
necessary.

When waste is being transferred to another facility, associated records shall be provided to the
operator of the subsequent step.
The operator shall provide annual reports on its radioactive waste management activities, including
discharges and clearance, to the regulatory body. The regulatory body shall provide guidance on the
contents of such annual reports.

Article 36 – Storage of radioactive waste
Prior to generating radioactive waste, the operator shall ensure the availability of an appropriate
storage installation within {his/her} own facility, or in another authorized facility.
The operator shall have arrangements in place to verify that the radioactive waste, collected or
received in the storage installation, meets the acceptance criteria derived in the safety assessment
report. In case the waste to be stored does not meet the acceptance criteria, {he/she} shall establish
provisions which compensate for the non-compliance.
Radioactive waste shall be stored in a manner that ensures proper segregation, and protection of the
workers, the public and the environment, and enables its subsequent inspection, monitoring,
retrieval and preservation in a condition suitable for movement, handling, transport or disposal. Full
traceability of the waste by means of record keeping and adequate labelling and marking shall be
maintained during storage.
The operator shall ensure that the integrity of waste packages in storage is maintained until it is
retrieved for further treatment, conditioning or disposal.
The adequacy of the storage capacity has to be periodically reviewed, with account taken of the
predicted waste arisings, both from normal operation and from possible incidents, of the expected
lifetime of the storage installation and of the availability of disposal options.

Article 37 – Clearance
Solid materials can be removed from regulatory control if the activity concentration does not exceed
the values specified in Appendix III of these regulations.
Clearance may be granted by the regulatory body for specific situations and materials, on the basis
of the criteria specified in Appendix IV of these regulations, with account taken of the physical or
chemical form of the radioactive material, and its use or the means of its disposal. The regulatory
body shall provide guidance on the application of an authorization for specific clearance.
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Deliberate dilution of material, other than the dilution that takes place in normal operations, shall
not be carried out.
Any radiation markings will be removed from any material or object to which regulatory controls
no longer apply.
Information on material that has been removed from regulatory control shall be recorded, retained
within the management system and reported to the regulatory body on an annual basis. The
regulatory body shall provide guidance on the establishment and the submission of such annual
reports.
Any releases of radioactive material to the environment above the clearance levels set in Appendix
III of these regulations shall be reported {within a period as specified by the regulatory body}.

Article 38 – Recycling and reuse
The operator shall provide for possible reuse and recycling of materials as part of the radioactive
waste management programme, whenever feasible. Article 37, second paragraph, of the present
regulations applies when the materials are candidate for clearance.

Article 39 – Discharge of radioactive effluents to the environment
The operator shall ensure that radioactive effluents are not discharged to the environment unless
such discharges are within the limits and conditions specified in the authorization.
In addition, the operator shall:
(a) keep all radioactive discharges as far below the authorized limits as is reasonably achievable;
(b) monitor and record the discharges of radionuclides with sufficient detail and accuracy to
demonstrate compliance with the authorized discharge limits and to permit estimation of the
exposure of the representative person;
(c) maintain an appropriate management system for the activities related to effluent or environmental
monitoring;
(d) report discharges to the regulatory body at intervals as specified in the licence; and, {within a
period as specified by the regulatory body}, when any discharges will exceed the limits set in the
licence;

The operator shall review operating experience of discharges and adjust the discharge control
measures to ensure optimization of safety.

Section 8 – Decommissioning
Article 40 – Decommissioning plan
The operator shall prepare and maintain a decommissioning plan throughout the lifetime of the
facility, in order to show that the decommissioning can be accomplished safely to meet the defined
end state. The initial decommissioning plan shall be prepared in support of the licence application
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for the construction/operation of the facility, as stipulated in Article 5. The decommissioning plan
shall be reviewed and updated during operation of the facility, as prescribed in the licence.
The decommissioning plan contains information on the proposed decommissioning of the facility,
and in particular on:
(a) the end state after decommissioning;
(b) the strategy for decommissioning and the management of the waste generated during
decommissioning;
(c) the choice of decontamination and dismantling techniques;
(d) the assessment of safety and environmental protection;
(e) the management system, including human and financial resources, knowledge management,
record keeping.
The regulatory body shall provide guidance on the detailed contents of the final decommissioning
plan.

Article 41 – Authorisation for decommissioning
The operator shall notify the regulatory body of {his/her} intention to terminate activities and to
shutdown the facility permanently at least six months before {he/she} intends terminating activities.
The operator shall submit the final decommissioning plan to the regulatory body for approval. The
operator shall ensure that the facility is maintained in a safe configuration and {he/she} shall not
start technical decommissioning activities until approval of the final decommissioning plan.
The operational plan for a facility should include contingency plans to cover the cases of early
shutdown or temporary suspension of operations. These contingency plans should address the
continuation of all measures required to safeguard the integrity of the facility.

Article 42 – Decommissioning report
On completion of decommissioning, the operator shall establish a decommissioning report in which
it is demonstrated that the end state, as defined in the decommissioning plan, has been reached and
that the waste generated during decommissioning has been properly managed. The operator shall
submit the report to the regulatory body for review.

Article 43 – Status following decommissioning
Following review of the decommissioning report, the regulatory body shall decide whether the
licence shall be continued and amended as appropriate or whether the licence shall be withdrawn.
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Section 9 – Transport

Article 44 – General provision
44.1 Transport of NORM, either domestically or internationally, shall be performed in compliance
with all applicable requirements of the IAEA Regulations for the Safe Transport of Radioactive
Material.
44.2 For the application of the IAEA Regulations for the Safe Transport of Radioactive Material,
the competent authority is {name of the competent authority}.

Section 10 - Emergency preparedness and response
Article 45 – Emergency preparedness
45.1 The operator shall prepare an emergency plan for the protection of people and the
environment. As part of this emergency plan, the operator shall include arrangements for the prompt
identification of an emergency, and for determining the appropriate level of the emergency
response. In relation to the arrangements for the emergency response at the scene by the operator,
the emergency plan shall include, in particular:
(a) provision for individual monitoring and area monitoring and arrangements for medical treatment;
(b) arrangements for assessing and mitigating any consequences of an emergency.

45.2 The operator shall be responsible for the implementation of {his/her} emergency plan and shall
be prepared to take any necessary action for effective response (onsite and offsite) as specified in
the licence. To prevent the occurrence of conditions that could lead to a loss of control over a
radiation source or to the escalation of such conditions the operator shall, as appropriate:
(a) develop, maintain and implement procedures to provide the means for preventing loss of control
over the radiation source and for regaining control over the source as necessary;
(b) make available equipment, instrumentation and diagnostic aids that may be needed;
(c) train and periodically retrain personnel in the procedures to be followed and exercise the
procedures.

Article 46 – Emergency plan
46.1 The emergency plan shall describe the objectives, policy and concept of operations for the
response to an emergency and of the structure, authorities and responsibilities for a systematic,
coordinated and effective response.
46.2 The regulatory body shall, in consultation with the relevant emergency response organizations,
detail the content of the emergency plan that is to be elaborated by the operator.
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Article 47 – Implementation of the emergency plan
47.1 The operator shall ensure that the protective actions or remedial actions aimed at reducing or
averting accidental exposures are only undertaken when they are justified, taking into account
health, social and economic factors.
47.2 The operator shall promptly notify the regulatory body when an accidental situation requiring
intervention has arisen or is expected to arise and shall keep the regulatory body informed of:
(a) the current situation and its expected evolution;
(b) the measures taken to terminate the accident and to protect workers and members of the
public;
(c) the exposures that have been incurred and that are expected to be incurred.
47.3 The form, scale and duration of any justified intervention shall be optimized so as to produce
the maximum net benefit under the prevailing social and economic circumstances.

Section 11 – Interface with physical protection, security and safeguards
Article 48 – Physical protection and security
The operator shall consider physical protection and security requirements in the design and the
operation of {his/her} facility. These requirements shall be implemented in such a way as not to
compromise the safety of the facility.

Article 49 – Nuclear safeguards
In case nuclear safeguards apply, the operator shall consider nuclear safeguards requirements in the
design and the operation of {his/her} facility. These requirements shall be implemented in such a
way as not to compromise the safety of the facility.

Part III – Additional provisions for specific facilities and activities
Section 1 – NORM Facilities and activities
{Additional provisions for specific practices, if needed.}

Section 2 – Facilities and activities involving exposure to radon
The operator shall establish an action plan to be implemented in case the annual average activity
concentration due to 222Rn of 600 Bq/m³ is exceeded.
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This action plan shall provide for reducing the activity concentration of 222Rn and consequent
exposures to levels at which safety is optimized, giving priority to actions to reduce activity
concentrations of 222Rn in those situations for which such actions are likely to be most effective.

If, after implementation of the action plan, the annual average activity concentration due to 222Rn is
still higher than 600 Bq/m³, the doses to the workers shall be considered to be occupational
exposure, in which case the provisions of Section 5 of Part II of these Regulations apply.

Part IV – Final provisions
Article 50 – Inspection
The operator shall permit access by authorized representatives of the regulatory body to carry out
inspections of {his/her} facilities and activities and of {his/her} safety records, and shall cooperate
in the conduct of inspections.
Article 51 – Entry into force
These regulations enter into force the first day of the month following publication in the Official
Gazette.

Article 52 – Transitional arrangements
52.1 The operator of a facility in operation at the date of entry into force of these regulations shall
apply for a licence in accordance with Article 5 within a period of {as specified by the regulatory
body} following the entry into force of these regulations.
52.2 {He/she} shall take the appropriate measures to comply with the other provisions of these
regulations within a period of {as specified by the regulatory body} following the entry into force of
these regulations.
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APPENDIX I.
FACILITIES AND ACTIVITIES RELATED TO RADIOACTIVE ORES AND OTHER NORM

The facilities and activities involving naturally occurring radioactive materials listed below are
within the scope of the present regulations.
1) Mining and processing of uranium ore;
2) Mining and processing of thorium ore;
3) Extraction of rare earth elements;
4) Production and use of thorium and its compounds;
5) Production of niobium and ferro-niobium;
6) Mining of ores other than uranium ore;
7) Production of oil and gas;
8) Manufacture of titanium dioxide pigments;
9) The phosphate industry;
10) The zircon and zirconia industries;
11) Production of tin, copper, aluminum, zinc, lead, and iron and steel;
12) Combustion of coal;
13) Water treatment;
14) Geothermal energy production; and
15) Scrap metal dealers, smelters, refurbishment of NORM-contaminated equipment..
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APPENDIX II.
FACILITIES INVOLVING EXPOSURE TO RADON

Facilities where exposure to radon is likely to occur:
(a)
(b)
(c)
(d)
(e)

(f)
(g)
(h)
(i)

work premises above ground located in risk areas defined by the regulatory body;
underground work premises and caves which are open to visitors, in areas defined by the
regulatory body;
closed mines that are used for purposes other than extraction of minerals,
Mineral, residue and waste storage facilities (sheds, silos, etc),
Used processing equipment storage facilities (valves, pipes, vessels from oil and gas industry,
filter cloth from presses in titanium pigment and rare earth processing, etc – stored in enclosed
areas and confined spaces),
Other enclosed processing facilities where radon-emanation may occur,
Hulls of the ships transporting minerals in bulk,
Containers used to store/transport minerals
Mineral laboratories.
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APPENDIX III.
GENERIC CLEARANCE LEVELS

The generic clearance levels for natural radionuclides are:
(a)
(b)

10 Bq/g for 40K;
1 Bq/g for each radionuclide in the actinium decay chain (235U), the uranium decay chain (238U)
or the thorium decay chain (232Th).
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APPENDIX IV.
CRITERIA FOR THE DERIVATION OF SPECIFIC CLEARANCE LEVELS

IV.1. GENERAL CRITERIA
(a) Radiation risks arising from the cleared material are sufficiently low as not to warrant regulatory
control, and there is no appreciable likelihood of occurrence for scenarios that could lead to a failure
to meet that criterion.

(b) Continued regulatory control of the material would yield no net benefit, in that no reasonable control
measures would achieve a worthwhile return in terms of reduction of individual doses or reduction
of health risks.

IV.2. DOSE CRITERION
For natural radionuclides that might be recycled into construction materials, or the disposal of
which is liable to cause the contamination of drinking water supplies, the activity concentration
in the residues does not exceed specific values derived so as to meet a dose of the order of 1
mSv in a year, which is commensurate with typical doses due to natural background levels of
radiation.
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APPENDIX V.
DOSE LIMITS

The effective dose limits specified in this Appendix apply to the relevant doses from external
exposure in the specified period and the relevant committed doses from intakes in the same period.
The period for calculating the committed dose shall be 50 years for intake by adults and shall be up
to the age of 70 years for intakes by children.
V.1. OCCUPATIONAL EXPOSURE
For occupational exposure of workers over the age of 18 years, the dose limits are:
(a) an effective dose of 20 mSv per year16;
(b) an equivalent dose to the lens of the eye of 20 mSv per year;
(c) an equivalent dose to the extremities (hands and feet) or the skin17 of 500 mSv in a year.

For occupational exposure of apprentices of 16 to 18 years of age who are trained for employment
involving exposure to radiation and for students of age 16 to 18 who use sources in the course of
their studies, the dose limits are:
(a) an effective dose of 6 mSv in a year;
(b) an equivalent dose to the lens of the eye of 20 mSv in a year;
(c) an equivalent dose to the extremities (hands and feet) or the skin of 150 mSv in a year.

V.2. PUBLIC EXPOSURE
For public exposure, the dose limits are:
(a) an effective dose of 1 mSv in a year;
(b) an equivalent dose to the lens of the eye of 15 mSv in a year;
(c) an equivalent dose to the skin of 50 mSv in a year.

16

The start of the period of a year shall be coincident with the first day of the year following the entry into force of
these regulations.
17
The equivalent dose limits for the skin apply to the average dose over 1 cm² of the most highly irradiated area of the
skin. The dose to the skin also contributes to the effective dose, this contribution being the average dose to the entire
skin multiplied by the tissue weighting factor for the skin.
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APPENDIX VI.
FACILITIES AND ACTIVITIES RELATED TO RADIOACTIVE ORES AND
OTHER NORM
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ANNEX I.
ESTABLISHMENT OF A BASELINE FOR PLANNED FACILITIES AND ACTIVITIES
I-1. GENERAL CONSIDERATIONS
Naturally occurring radionuclides are ubiquitous in the natural environment and are an important
component of natural background radiation exposure. Mining of minerals containing NORM and
their processing activities could result in the release of radionuclides into the environment and,
therefore, in additional exposure of the public to ionising radiation. Occupationally exposed persons
will also receive radiation exposures due to the NORM present in the workplace.
The public dose limit from operations involving radioactive materials is 1 mSv per year above the
background radiation levels and facility-specific dose constraints can be as low as 0.1-0.3 mSv per
year. These limits and constraints can be significantly lower than the natural background radiation
levels. Baseline surveys are, therefore, required in order to discriminate between natural
background radiation and the radiation due to the operation of a NORM facility.
I-2. PURPOSE OF BASELINE STUDIES
Baseline information is required to characterize the physicochemical, radiological, and social
environment around a planned NORM facility. Baseline data collection is undertaken in order to
adequately document the environmental conditions that exist at a site prior to commencing activities
that may alter the existing environment.
Mining and minerals processing operations, as well as other activities involving NORM, are likely
to result in the release of radioactive materials into the environment. In order to adequately assess
the future radiological impact of the planned NORM operation, it is important to assess the
dominant background exposure pathways and their natural variability prior to commissioning and
operation of the facility.
During the lifetime of a NORM facility, the contamination of areas on and near the site is likely to
occur, resulting in increased radiation levels above natural background. During the closure phase,
these contaminated areas will require remediation. The baseline background radiation levels before
the commencement of operations are, therefore, required to evaluate the effectiveness of future
remediation works.
Accurate and comprehensive baseline data will enable the operator to reliably quantify the
environmental and social impacts, and to describe the performance of the operation. Comprehensive
baseline data will assist in the early detection of deviations from expected or predicted operational
performance.
Baseline background radiation surveys are conducted for the following purposes:






To collect, document and interpret data on conditions prior to site development and operation;
To provide an accurate quantification of the radiation levels prior to the commencement of
operations;
To assess the dominant background exposure pathways and their natural variability prior to facility
commissioning and operation;
To collect samples of environmental media for archival purposes;
To provide input data for exploration and development safety assessments;
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To assist in the characterization of potential pathways of the dispersion and transport of
radionuclides from a proposed waste disposal facility or other facilities (e.g., in which NORM will
be used or stored) into the environment;
To assist in the design of the operational monitoring programme;
To assist in identifying the radiological impact of the facility operations;
To assist in the early detection of deviations from expected or predicted operational performance;
and
To provide a pre-operational benchmark for remediation activities.

The results of the baseline survey can be compared to later measurements taken when the facility is
operational, in order to:







Identify the radiological impacts arising from the operations;
Compare the operational impacts with natural background levels of radiation;
Ensure that any increases in environmental radiation levels during the life of the facility and prior to
its closure are within regulatory limits;
Provide a natural background radiation benchmark for remediation and facility closure (e.g. gamma
dose rate, radon levels, soil and water radionuclide levels);
Provide information on the background subtractions to use when assessing worker and public doses;
and
Provide information on the background subtractions to use when assessing radionuclide
concentrations in operational effluent and environmental samples.

The value of collecting good quality baseline data prior to project development cannot be
overstated.
I-3. ELEMENTS OF THE BASELINE STUDY
I-3.1. Timing of the baseline study
Since the baseline radiation study requires at least one year and possibly, multiple years, of seasonal
data, it should commence well before the facility construction. A full baseline study is required in
those cases where it is known that concentrations of radionuclides will be sufficiently high to
warrant the establishment of comprehensive occupational and environmental monitoring
programmes during the operation of the facility.
I-3.2.

Duration of the baseline study

The baseline background radiation survey requires considering seasonal variations and could be
carried out over a 1-2 year period. After completion of the baseline study, the data should be
reviewed, revised and modified into the ongoing environmental monitoring programme for the
operating facility.
I-3.3.

Scope of the baseline study

Baseline studies are always site specific, as is the time-frame over which they are carried out.
Whilst the basic subject areas are common to most projects, the extent of the investigations will be
heavily influenced by site-specific factors such as:



The type of operation;
The projected lifespan of the facility;
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Concentrations of radionuclides;
Local population density;
Climate;
Topography; and
Geology.

Baseline studies include both quantitative and qualitative data and assessments. It is a good practice
to define the scope of the study well in advance of any field surveys. It is also a good practice to
carry out a scoping survey to assist in defining the overall contents of the full baseline survey.
Baseline information is collected using:





Field studies and measurements;
Literature reviews of existing documentation;
Database searches; and
Conducting interviews within local communities.

The proposed scope of baseline surveys must be documented by the operator and agreed with the
regulator prior to initiating the surveys.
I-3.4.

Seasonal variations

There may be significant seasonal and annual variations in some components of the baseline
radiation survey (e.g. radon gas levels in air, radionuclides in ground and surface waters). A
quarterly sampling programme for these components will provide a good basis to identify any
seasonal variations.
I-3.5.

Extent of the study area

The extent of the area to be included in the baseline radiation survey will be site- and facilityspecific and could range from a several hectares to tens of square kilometres.
Areas and locations outside of the operational areas also need to be evaluated during the baseline
survey. Depending on the size and type of operation, these locations may be up to 5-20 km from the
area of the operations.
Where there are local populations in the area around a proposed facility, these populations and their
dwellings, water sources and locally grown agricultural produce should be included in the baseline
survey.
I-3.6.

Notification of the public

Prior to the commencement of a baseline survey, it is important to inform the local population of the
purpose of the survey and the nature of the radiation measurement devices that may be left in the
field for extended periods.
The cooperation of the public is essential, since the survey may require access to: homes and
dwellings; local knowledge of potential sampling locations and other relevant information; and
information on local water and food gathering activities.

72

I-3.7.

Non-radiological components

A wide variety of non-radiological components should be considered in the overall baseline study.
Important aspects to consider include the following:




Socio-economic characterization:
o Current and historic land uses;
o Archaeological and heritage surveys;
o Identification of all interested parties;
o Identification of beneficial uses of land and water; and
o Documentation of the regulatory regime under which the facility will operate.
Environmental characterisation:
o Hydrological and hydrogeological conditions;
o Geological and geochemical characterization;
o Flora and fauna surveys;
o Climate data; and
o Soil surveys.

I-4. DESIGN OF THE BASELINE MONITORING PROGRAMME
There are four typical steps in the development of the baseline radiation monitoring programme:
1. The identification of “radionuclides of interest” (or “radiological contaminants of potential
concern”);
2. The identification of potential pathways of public exposure;
3. The identification of potentially most exposed members of the general public (representative
persons) and, where applicable, reference animals and plants;
4. Design of initial environmental monitoring programme.

I-4.1.

The identification of “radionuclides of interest”

The first step involves the determination of radionuclides that need to be monitored, for example:





If the material to be processed contains only thorium, there is no need to consider radionuclides from
the 238U decay chain;
If material to be processed contains only uranium, there is no need to consider radionuclides from
232
Th decay chain;
Analysis for radionuclides of the 235U decay chain is usually not required for NORM operations;
Several specific cases that need to be considered including, for example:
o Determination of activity concentrations of 40K for a facility for the production of potassium
fertilizers;
o Determination of activity concentrations of 210Pb for a facility for the production of the
natural gas;
o Determination of activity concentrations of 147Sm for a facility for the production of rare
earth concentrates.

The activity concentrations of the following radionuclides are typically assessed:



Uranium chain: 238U, 230Th, 226Ra, 210Pb
Thorium chain: 232Th, 228Ra, 228Th (sometimes 212Pb)

Assistance may be required from specialists, such as a chemical engineer, hydrogeologist, biologist,
environmental scientist, and others, to identify possible behaviours of radionuclides at a particular
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operation, their distribution in the environment, their physical form, and the likely changes that may
occur when the NORM facility will be operational.
It is essential that all possible anomalies in activity concentrations of radionuclides and/or in their
distribution be identified in the process of the baseline surveys.
If such anomaly is not identified during the pre-operational stage, it may be mistakenly attributed to
the future facility operations and a costly remediation programme may subsequently be required.
Examples of such anomalies include:





I-4.2.

Naturally elevated radon activity concentrations in homes of the the representative person (formerly
called “critical group of members of the public”);
Naturally elevated activity concentrations due to the presence of radionuclides of natural origin18, for
example, in an area being considered for mining;
Disequilibrium between radionuclides from uranium and thorium decay chains in local soil and in
the minerals to be mined;
Naturally elevated concentrations of 226Ra and/or 228Ra in local groundwater and associated elevated
radium, polonium or lead concentrations in native vegetation and in locally grown agricultural
produce.

The identification of potential pathways of public exposure

The assessment of potential environmental impacts and development of the baseline environmental
monitoring programme is very complex due to the variety of possible pathways of radiation
exposure, both for humans and for the environment. The selection of the representative person may
also present some challenges.
Typical pathways of exposure that need to be studied, include:





Exposure to external gamma radiation.
Internal radiation exposure (inhalation):
o 222Rn – radon and progeny,
o Long-lived alpha (dust),
o 220Rn – thoron and progeny (where applicable).
Internal radiation exposure (ingestion):
o Water – drinking/washing,
o Surface contamination – dust resuspension,
o Local produce, milk, meat, and locally caught aquatic organisms (e.g. fish, mussels,
shellfish).

There are several additional considerations for remote areas and indigenous people that should be
taken into account.
Indigenous people may be at a higher risk of radiation exposure at and around NORM facilities due
18

Radionuclides of natural origin are “radionuclides that occur naturally on Earth in significant quantities.
The term is usually used to refer to the primordial radionuclides potassium-40, uranium235, uranium-238, thorium-232 and
their radioactive decay products.
Contrasted with radionuclides of artificial origin, anthropogenic radionuclides and human made radionuclides (which all
mean the same), and also with artificial radionuclides (which exclude radionuclides of artificial origin that are also naturally
occurring).
Radionuclides of artificial origin may include radionuclides that are also naturally occurring but may not include
radionuclides of natural origin” [IAEA Safety Glossary, 2016].
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to, for example:








Travelling on dusty roads in open vehicles;
Sitting on the ground, living and sleeping in temporary structures with earth floors;
Absence of adequate washing facilities;
Consuming local plants and animals;
Consuming soil for medicinal purposes (e.g., by pregnant women);
Cooking in the ground; and
Recreational activities, especially by children, and possibly pregnant women in some countries.

Therefore, additional pathways that may need to be considered include:




I-4.3.

Ingestion of contaminated flora (both surface and aquatic);
Ingestion of contaminated fauna (both surface, air and aquatic), and
Incidental ingestion of dust and soil (particularly for children).

Identification of potentially most exposed members of the general public
(representative person) and, where applicable, reference animals and plants

In some circumstances, identification of the representative person may not be possible due to the
location of the proposed facility being too far for any person to receive any measurable radiation
dose. However, there still exists a need for the operator to demonstrate that the impacts of the
operation on the local environment are minimal or negligible. In these cases, reference animals and
plants may be selected for the study.
The pathways of the radiation impact on the environment may include:









Flora (plants):
o External gamma-radiation;
o Surface contamination (absorption of dust settling on leaves and branches and radon);
o Waterborne radioactivity (uptake of radionuclides via the root system).
Fauna (animals and insects):
o External gamma-radiation;
o Airborne radioactivity (inhalation of dust and radon);
o Waterborne radioactivity (ingestion of radionuclides);
o Surface contamination (on direct contact with a contaminated material);
o Ingestion of contaminated flora.
Ground/soil/groundwater (subterranean organisms):
o External gamma-radiation;
o Waterborne radioactivity (ingestion of radionuclides).
Surface water – aquatic organisms (flora):
o Immersion – exposure to external gamma-radiation;
o Uptake of radioactivity from both sediments (via roots) and water itself.
Surface water – aquatic organisms (fauna):
o Immersion – exposure to external gamma-radiation;
o Ingestion of aquatic flora.
Atmosphere (fauna):
o Airborne radioactivity (inhalation of dust and radon);
o Ingestion of contaminated flora and fauna.
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I-4.4.

Design of initial environmental monitoring programme

All theoretically applicable pathways to humans and to the environment need to be considered.
Possible exposure pathways may be split into “likely” and “unlikely” and the programme designed
accordingly:



“Unlikely” pathways – a screening assessment (10-12 samples);
“Likely” pathways – more complex programme to account for possible changes in the concentrations
of radionuclides through time and space, and in their distribution in the environment (representative
sampling over a minimum of 12 months, to account for seasonal variations).

I-5. SAMPLING METHODOLOGIES AND INTERPRETATION OF RESULTS
I-5.1.

Elements of sampling programme

The following elements need to be considered when designing the sampling programme:






The total number and location of sampling sites;
The frequency of sampling;
The method of sampling;
Sample preservation techniques;
Identify representative persons and sensitive areas of the environment.

A proper sampling methodology is critical to the success of a monitoring program:



Too few samples – the impact may not be detected or interpreted incorrectly.
Too many samples and the resource requirements – can overwhelm the benefits gained from the
extra monitoring, and in extreme cases, can also cause detriment to the people and the environment
that are to be protected. For example, collection of large numbers of samples (that would then need
to be processed and analyzed) without clear justification can dilute efforts and divert resources from
higher priority samples and data interpretation that may reveal issues that require resolution in a
timely manner. In addition, the collection of the samples themselves can impact the environment, for
example, through depletion of wildlife being collected for monitoring purposes, modification of
habitat in localized areas, etc. Such impacts need to be weighed out relative to the benefits gained by
doing the sampling.

The monitoring should be designed to give a representative picture of the medium being sampled
and sampling methodology should not significantly change the medium being monitored. A wellconsidered and justified monitoring programme will return higher quality data than a large sampling
network, which did not consider the data requirements.
I-5.2.





Sampling techniques
Surface water and liquid discharges:
o Grab sampling (sometimes combined to make a composite sample)
o Proportional flow sampling
o In flow analysers
Rain water:
o Grab sample
o Continuous sampling
Groundwater:
o Grab sample
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o Depth measurements
o Purge and inflow of bore
o In bore analysis
Radon emanation:
o Charcoal cups
o Track etch devices
o Drum emanation
o In-situ radon monitors
Radon:
o Grab samples (Lucas cells)
o Time delayed progeny counting
o Integrating devices (charcoal cups, track etch devices, charge coupled devices)
o Direct radon monitors
Radon/thoron progeny:
o Grab samples (Role, Borak)
o Use radon and a assumed or measured equilibrium factor
o Continuous monitors
o Unattached vs. attached radon progeny monitors (different dose conversions)
Gamma:
o Environmental gamma meter (grab or continuous sampling)
o Thermo-luminescence dosimeters (TLD’s)
o Airborne gamma survey
Soil:
o Grab sampling
o Composite sampling
o Sampling at different depths
Biota:
o Grab sampling
o Composite foodstuff sampling

Analysis techniques

A large range of analysis techniques is available for the determination of radiological impacts. The
analysis techniques vary with respect to the following:







Sensitivity
Usefulness
Application
Complexity
Resource requirements
Cost

Selection of the right technique needs to consider all of these factors, for example, through a
process of optimization, and should be guided by the impact that is to be detected. It is of no benefit
to have an analysis technique capable of detection down to µBq/g when the information required is
whether the concentration is simply below an established Bq/g level (and vice versa).
Care should also be taken to ensure that the analysis does not change the result (e.g. high
temperature “ashing” will alter the 210Po concentration due to volatilization).
The use of automated systems may need to be balanced against the increased complexity (and risk
of equipment failure), and the throughput required for the monitoring programme.
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I-5.4.

Interpretation of the results

Interpretation of monitoring results is the key to achieving maximal benefits from a monitoring
program:



Trends in results should be examined to determine if some unanticipated or undetected impact is
indicated or may become important, especially in the process of analysis of seasonal variations.
Inter-comparison between different types of monitoring may provide information on potential
impacts or separation from background levels (e.g., non-radiological measurements, such as metal
“signatures”, may allow better determination of radiological impacts).

I-6. REPORTS AND DATA STORAGE
It is essential that all baseline data are analysed and preserved for future use in the operational and
remediation monitoring programmes.
The survey and sampling methods, as well as the results, must be documented and submitted to the
regulator for review, together with all relevant documentation regarding the equipment calibration
and the certificates of analyses from laboratories.
The baseline study reports would normally include interim (quarterly and annual) and final reports.
The discussion, conclusions and recommendations of the reports should focus on the following
areas:






Provide estimates of the natural background radiation levels, and compare these levels to the typical
regional and global values, as applicable;
Provide estimates of the projected annual doses to the public from the major background exposure
pathways;
Identify anomalous results and problem areas encountered during the surveys and sample analysis;
Identify the need for ongoing background radiation surveys and assessments during facility
construction, commissioning and operation; and
Identify the need for any additional assessments of background radiation levels.

I-7. REGULATORY CONSIDERATIONS
I-7.1.

Regulatory checklist

The regulatory checklist for the assessment of baseline studies includes:









The baseline survey provides an adequate characterisation of the environment on and around the
proposed project area;
The baseline survey was carried out at an early stage of the project prior to operation of the facility;
The baseline survey comprises both radiological and non-radiological components;
The scope and extent of baseline surveys are site-specific;
The proposed scope of the baseline survey was documented by the operator and agreed with the
regulator prior to the commencement of the surveys;
Baseline survey data and reports were submitted to the regulator for review in a timely manner;
Baseline data and reports will be preserved by the operator and the regulator for future reference;
and
Possible cumulative impacts in areas where multiple facilities are present were taken into account.
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I-7.2.

Modelling for future facility

Modelling involves the estimation of the effects based on calculation of expected impacts based on
parameters, such as the source discharge rates and knowledge of the transport pathways. The
technique can be used with airborne, groundwater or aquatic models.
It is essential that the regulatory body carefully evaluates the models used in the prediction of
occupational and public exposures due to the operation of a planned NORM facility. Modelling
generally has significant uncertainties and a conservative approach is often taken, such that impacts
are significantly overestimated. Therefore, in the review of the submissions, it is essential to
consider the degree of realism that was selected in choosing the parameters of the model being
used.
Particular care needs to be taken when dealing with models designed for artificial radionuclides
(137Cs, 90Sr) and the degree of their applicability to naturally occurring radionuclides.
I-7.2.1.

Dose constraints

It is essential that the regulatory body assess each planned NORM facility taking into account the
possibility of other facilities present in the vicinity.
In areas where multiple NORM facilities are present, possible cumulative impacts should be taken
into account to ensure that an overall public dose limit of 1 mSv/year is not exceeded.

Dose constraint definition – IAEA Basic Safety Standards, GSR Part 3 [IAEA, 2014]:
A prospective and source related value of individual dose (dose constraint) or of individual risk (risk constraint) that is
used in planned exposure situations as a parameter for the optimization of protection and safety for the source, and that
serves as a boundary in defining the range of options in optimization.




For occupational exposure, a constraint on individual dose to workers established and used by registrants and
licensees to set the range of options in optimizing protection and safety for the source.
For public exposure, the dose constraint is a source related value established or approved by the government or
the regulatory body, with account taken of the doses from planned operations of all sources under control.
The dose constraint for each particular source is intended, among other things, to ensure that the sum of doses
from planned operations for all sources under control remains within the dose limit.

Dose constraints are applied to occupational exposure and to public exposure in planned exposure
situations.
Dose constraints are set separately for each source (facility) under control and they serve as
boundary conditions in defining the range of options for the purposes of optimization of protection
and safety. Dose constraints are not dose limits; exceeding a dose constraint does not represent noncompliance with regulatory requirements, but it could result in follow-up actions.
While the objectives of the use of dose constraints for controlling occupational exposure and public
exposure are similar, the dose constraints are applied in different ways.
For occupational exposure, the dose constraint is a tool to be established and used in the
optimisation of protection and safety by the person or organisation responsible for a facility or an
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activity.
For public exposure in planned exposure situations, the regulatory body ensures the establishment
or approval of dose constraints, taking into account the characteristics of the site and of the facility
or activity, the scenarios for exposure and the views of interested parties.
The setting of the dose constraint needs to be considered in conjunction with other health and safety
provisions and the technology available.
A regulatory body may select a value of a dose constraint for the representative person as a fraction
of the annual exposure limit of 1 mSv/year. The setting of a dose constraint should take into account
all potential sources of radiation exposure a representative person may be exposed to, such as
hospitals, radiochemical laboratories, NORM facilities, and others.
In practice, this value can vary significantly, for example:



From 0.5 mSv/year in areas where only one ‘radiological’ facility is present and another – planned,
To 0.1 mSv/year in the areas where several ‘radiological’ facilities are located in a close vicinity to
each other and to the habitation of the local population.

The facilities do not need to be located close to each other when the establishment of a dose
constraint is considered – therefore, the regulatory body should have full understanding of potential
regional and national impacts from each facility.
For example, radionuclides released via authorised discharge from a hospital, a radiochemical
laboratory, or a mineral processing site may travel considerable distances along waterways and
accumulate in the biota some tens of kilometres away from the site. Radon emanated from NORM
residue/waste storage facility could also be carried by wind for several kilometres from the facility
site.
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ANNEX II.
RE-USE AND RECYCLE OF NORM RESIDUES

II-1.

GENERAL CONSIDERATIONS

IAEA Fundamental Safety Principles, No. SF-1, 2006, Principle 7 [IAEA, 2006]:

Radioactive waste must be managed in such a way as to avoid imposing an undue burden on future
generations; that is, the generations that produce the waste have to seek and apply safe, practicable and
environmentally acceptable solutions for its long term management. The generation of radioactive waste
must be kept to the minimum practicable level by means of appropriate design measures and procedures,
such as the recycling and reuse of material.

All NORM facilities generate some form of residues that may or may not be classified as
“radioactive waste”:



NORM waste: Naturally occurring radioactive material (NORM) for which no further use is
foreseen.
NORM residue: Material that remains from a process and comprises or is contaminated by naturally
occurring radioactive material (NORM), which can be re-used and/or recycled.

II-1.1.
II-1.2.

General aspects concerning NORM residues management
Policy and strategy

The Member State should have a national policy within which NORM residues will be managed;
and a strategy for the implementation of this policy should also be in place, including the provision
of necessary resources. An appropriate national legal and organisational framework within which
NORM residue management activities can be planned and carried out safely should also be in place.
The residues from processing of NORM commonly contain non-radioactive constituents that may
be hazardous and the involvement of other relevant regulatory agencies in the Member State in the
management of these residues will be required. The national policy and strategy should ensure that
the management system for NORM residues is consistent with management systems and
requirements for other industrial process residues.
The national policy should also ensure that the management (including decontamination), storage
and disposal of contaminated items are taken into account.
The introduction of improved process technologies and waste minimization techniques such as
reuse and recycling of residues for new purposes should be pursued with the knowledge that such
activities are in accordance with the IAEA Safety Fundamentals.
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The amount of material to be disposed as a waste should be minimised.
It is important to note that IAEA TECDOC-1712 on Management of NORM residues
[IAEA, 2013], states that: “Dilution as a means of increasing the amounts of NORM
residues that can be used as by-products should not only be permitted in terms of the
national approach, but should actually be encouraged”.
In addition, it is possible to gain regulatory authorization for the discharge of radioactive
substances, such as liquids, if no significant impacts to the public or the environment are
expected to occur.

II-1.3. Management framework
A Member State should determine which industries within its jurisdiction are concerned
with the production and processing of NORM, including a national inventory of legacy
sites, i.e., sites containing NORM residues from discontinued and past practices.
The regulatory body should have a good understanding of the technical and financial
circumstances of the operator of each facility.
The operators must have sufficient financial and human resources to enable not only the
safe and efficient management of NORM residues, but also a capability to manage all
decommissioning and remediation activities.
A national inventory allows for the compiled data to be categorised in order to prioritise
the degree of radiological concern and to assist in determining the need for, and extent of,
regulation, so as to produce a national overview of operations processing NORM that are:



Subject to regulations,
Exempted from the requirements of the regulations.

II-1.4. Types of residues
There are two ways in which NORM residues are typically generated in a facility:
1. Large quantities of raw materials with low radioactivity are directly transformed into very
small quantities of residues (mass transfer), an example, coal combustion;
2. Small amounts of radioactivity are selectively transferred from large quantities of raw
materials into residues (activity transfer), an example, precipitation

Residues can range from dry solids through slurries to liquids containing dissolved
material. Natural processes can change the form of the residues (e.g., evaporation can
change liquors into a fine powder containing the residual salts).
Residue management must consider the possibilities for reuse and recycling to minimize
the amount of waste requiring disposal.
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Table II-1. Major industrial processes that generate NORM residues:
Industry

Products

Form of residue

NORM residues

Mining and processing

Minerals

Liquids and solids

Tailings, process water

Mineral processing

Metal

Scales, sludges, gases

Tailings

Phosphate industry

Fertiliser,
phosphoric acid

Liquids and solids

Phosphogypsum, scales

Power generation (fossil
fuels)

Electricity

Solids and gases

Ash, scales

Oil and gas production

Oil, gas

Liquids and solids

Scales,
water

Water treatment

Potable water

Liquids and solids

Sludges, bio-solids, scales

II-1.5.

sludges,

process

Non-radiological contaminants

In many cases, the impacts of non-radiological contaminants are more important than radiological
impacts. Non-radiological parameters may also be necessary to understand the environmental
processes in the dispersion of radioactive contaminations (e.g., pH, groundwater gradient, etc.).
Other chemical constituents within the material may include heavy metals, inorganic elements (e.g.
arsenic, cadmium, lead) and various organic compounds. The potential for such non-radiological
substances to cause detriment needs to be considered in planning the management of NORM
residues.
Non-radioactive parameters may also be used as analogues for radioactive contaminants (e.g.
natural lead for 210Pb where there is a direct relationship).

II-1.6.

Residue types and re-use options

The opportunities for recycling NORM residues or using them as by-products depend on a variety
of factors, including the type of residue, the rate at which it is generated, the location of the facility
and, in the case of by-product use, local market conditions.
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Consequently, the approach to NORM residue management, especially the degree to which
NORM residues are recycled or used as by-products, needs to be tailored to the particular
industrial activity and its location. Nevertheless, there is an overall trend worldwide
towards greater recycling of NORM residues and their use as by-products.
The main types of NORM residues and potential options for their re-use are summarised in
Tables II-2 and II-3.

Table II-2. NORM residues and options for their re-use.
NORM residues

Products and/or reuse options

Small amounts of metals with
high activity concentration

Metal recycling

Phosphogypsum

Soil improvement, Fertilizer, Building materials, Landfill cover,
Water purification, Road construction

Slag

Road construction

Liquid residues

Reuse, closed-circuit process

Tailings

Underground backfill

Fly ash, Bottom ash

Road construction, Cement industry, Fertilizer and soil conditioner,
Inclusion in clinker or concrete blocks, or concrete.

Decommissioned construction
materials (concrete, soil, bricks,
etc.)

Gravel

Rock

Cover material for tailing ponds

Mineralized rock

Metal extraction

Solid residues from titanium
pigment production

Backfill into remediated sites

Red mud from bauxite
processing

Backfill into remediated sites
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Table II-3. NORM residue types with no clear current re-use options
NORM residues

Products and/or reuse options

Plastic

-

Rubber

-

Zinc-rich filter cake

-

Filter masses from water treatment

-

Scales, sludge

-

II-1.7.
II-1.7.1.

Residue types and re-use examples
Phosphogypsum

Phosphogypsum (calcium sulphate) is a naturally occurring part of the process of production of
phosphoric acid, an essential component of many modern fertilisers. For every ton of phosphoric
acid produced, from the reaction of phosphate rock with sulphuric acid, some four to five tons of
phosphogypsum are generated.
Use in agriculture:
Alkaline soils may either have a high content of soluble salts, or they may be alkali. These soils
are generally characterized by poor drainage resulting in surface crusts and blocked soil pores.
The treatment of either saline, alkali or saline-alkali combination soils to improve drainage is
called reclamation and the “amendment” most often employed is gypsum. Following gypsum
application and tilling the soil may be leached to remove the salt released.
Initial application of gypsum provides sufficient treatment and will reduce the soil pH, and no
annual application of gypsum will be required.
Use in road construction:
Phosphogypsum when subjected to compaction can be transformed into a solid of valuable
strength. It can be used very effectively as a binder to stabilise on-site soil and to replace clay in
secondary road and parking lot construction.
II-1.7.2.

Fly ash

Fly ash is the product of the combustion of coal in large power plants and is one of the most
commonly used NORM residues. A major use for fly ash is in the production of high quality
structural concrete with additional strength and increased durability.
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Concrete for parking structures, highway structures or any other structures is likely to
be subject to the impact by chlorides from general industrial pollution. Fly ash is
especially effective in the effort to restrict chloride ion penetration.
Fly ash concrete mixes also exhibit lower permeability and greater density enabling
them to better resist freeze/thaw cycles.

II-1.8. Further information
Detailed technical and other information is presented in the IAEA Technical Document,
IAEA TECDOC-1712, Management of NORM residues [IAEA, 2013]:
1.
2.
3.
4.
5.

Introduction
Industrial activities involving NORM and the generation of NORM residues
The Safety Standards and their application to NORM
Recycling of NORM residues and their use as by-products
Management of NORM residues as waste
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ANNEX III.
TRANSPORT OF NORM

III-1. REGULATORY OVERSIGHT IN TRANSPORT OF NORM
PART 15: REQUIREMENTS FOR TRANSPORT OF RADIOACTIVE MATERIAL
Article 98: Transport Requirements
1.

Licensees transporting NORM, either domestically or internationally shall do so in
compliance with all applicable transport requirements of the IAEA Regulations for the
Safe Transport of Radioactive Material [IAEA, 2012].
NOTE on Point 1:
Industries transporting NORM may be sub-divided into three categories, based on
potential impacts:




NORM Mining and Milling (Uranium, Thorium, Rare Earths)
Oil and Gas
Other NORM industries:
o Production of niobium and ferro-niobium;
o Manufacture of titanium dioxide pigments;
o The phosphate industry;
o The zircon and zirconia industries;
o Production of tin, copper, aluminium, zinc, lead, and iron and steel;
o Combustion of coal;
o Water treatment;
o Geothermal production;
o Cement production; and
o Related industries, such as scrap metal dealers, smelters, milling
operations, refurbishers of contaminated equipment.

The requirements for the transport of NORM are not industry specific. However the
material which is required to be transported is industry specific and in this regard the
exact transport requirements per NORM industry would be defined by the material to
be transported. These exact industry-specific requirements would be composed of the
requirements given below.
III-1.1. Legal Infrastructure to address NORM transport
2.

The Member State shall have in place a national infrastructure enabling the
government to discharge its responsibilities for transport safety;

3.

Essential parts of a transport safety national infrastructure are legislation and
regulations;
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4.

There shall be in place an authority or a system of authorities designated by the
government of a State as having legal authority for conducting the regulatory process,
including issuing authorizations, and thereby regulating nuclear, radiation, radioactive
waste and transport safety;

5.

A competent authority, as required by SSR-6, empowered to authorize and inspect
regulated activities and to enforce the legislation and regulations shall be assigned in
legislation;

6.

There shall be sufficient financial resources; and adequate numbers of trained
personnel to address transport.

III-1.2. Pre-Requisites for carrying out Transport Activities
7.

The consignor shall be in possession of an appropriate authorisation to deal with the
radioactive material transport.

8.

Unless the material being transported has either been excluded, exempted or cleared
from regulatory control, the consignee shall be in possession of an appropriate
authorisation to deal with the radioactive material transport.

9.

In countries where national legislation requires, the carrier shall be in possession of an
appropriate authorisation to deal with the radioactive material transport, unless such
material has been excluded, exempted or cleared from regulatory control.

10.

In countries where the carrier is not required to be authorised there shall be clear legal
requirements defining where the liability and responsibility for transport lies, unless
the material transported has been excluded, exempted or cleared from regulatory
control.

11.

The Regulations shall carry clear responsibilities for;
 Consignors
 Carriers
 Consignees

III-1.3. Exemption Criteria
12.

The Regulatory body shall determine the radioactivity concentration above which it
intends to regulate NORM as a practice (see Section 5 of main document).

13.

For transport purposes, radioactive material shall mean any material containing
radionuclides where both the activity concentration and the total activity in the
consignment exceed the values specified in paras 402–407 of SSR-6.
NOTE on Point 13:
Radioactive material, for transport purpose, is defined in paragraph 236 of SSR-6 as
follows:
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236.Radioactive material shall mean any material containing radionuclides where
both the activity concentration and the total activity in the consignment exceed the
values specified in paras 402–407.
The key phrase in paragraph 236 of SSR-6 is:
BOTH the activity concentration AND the total activity in the consignment
If the material to be shipped does not meet the definition of “radioactive material”
then it is exempt from compliance with the transport regulations.
Hence, to be exempt from the Transport Regulations it is not necessary that the
shipment fails on BOTH the activity concentration limit AND the total activity limit. As
long as one of these limits is not exceeded the material is exempt from the Transport
Regulations.
14.

The Transport Regulations do not apply to:
Radioactive material moved within an establishment which is subject to appropriate
safety regulations in force in the establishment and where the movement does not
involve public roads or railways;

15.

The Regulations do not apply to;
Natural material and ores containing naturally occurring radionuclides, which may have
been processed, provided the activity concentration of the material does not exceed 10
times the values specified in Table 2 of SSR-6, or calculated in accordance with paras
403(a) and 404–407 of SSR-6.
NOTE on Point 15:
It is important to note that the factor of “x10” applies ONLY to the “activity
concentration” and NOT to the total activity in the consignment. However, by virtue of
the NOTE above (note on Point 13), a shipment of NORM material may be exempted,
from the need to comply with the transport requirements, at an activity concentration of
10 Bq/g or less uranium, irrespective of the total Becquerels within the load (size of the
load).

III-1.4. Determination of activity concentration and exemptions
16.

Any declaration of exemption from the Transport Regulations, made by the consignor,
shall be motivated by a suitable calculation of NORM exemption status.

17.

For natural materials and ores containing naturally occurring radionuclides that are not
in secular equilibrium, the calculation of the activity concentration shall be performed
in accordance with para. 405 or paragraph 430 of SSR-6;
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NOTE on Point 17:
In any exemption calculation, based on either paragraph 405 or paragraph 430 of
SSR-6, it is preferable that all nuclides in the 235U, 238U and 232Th decay chains are
measured and included in the calculation. However, this can be an expensive and
often unnecessary exercise.
On this point, the regulator should be chiefly focussed on safety; however, this must be
tempered with the realisation that regulations should not be so restrictive to the point
where they hamper trade, especially for low activity NORM where the radiological
risk is equally low.
Hence it is considered reasonable to exclude from the analysis:
i. Radionuclides having half-lives less than 10 days;
ii. All beta emitters;
iii. Radon-222; and
iv. The entire U-235 chain.
On the basis of the above assumptions, the following radionuclides should be included
in the calculation for exemption:
U-238

Pb-210

Th-230

Ra-226

Th-232

Pb-212

Th-238

Ra-228

If the above nuclides are the only nuclides measured, then in the exemption
calculation the nuclides, following the above in the respective decay chains and not
measured, should be assumed to have the same value as the above measured nuclide
in that chain and this should be included in the calculation for exemption.
18.

Deliberate dilution of material, as opposed to the dilution that takes place in normal
operations when radioactivity is not a consideration, to meet the values of activity
concentration for exemption should not be permitted without the prior approval of the
regulatory body.
NOTE on Point 18:
Although this paragraph carries a prohibition on dilution of NORM material prior to
determining the exemption status, in practice this should not prove problematic. The
reason being that dilution usually involves adding non-radioactive material to the bulk
material matrix. This will lower the gross activity of the bulk material matrix but will
not affect the nuclide-specific activity concentration of the bulk material. Exemption
calculations are based upon the nuclide specific activity levels.
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III-1.5. Determination of the categorisation, classification, packaging and labelling
requirements of the material for Transport
Transport Index (TI)
NORM Categorisation for Transport
19.

NORM presented for transport shall be categorised as low specific activity (LSA)
material if it meets the definition of LSA material as contained in SSR-619.
NOTE on Point 19:
By paragraph 409 (a) (i) of SSR-6 NORM is categorised as LSA 1 material.
409. LSA material shall be in one of three groups:
(a) LSA-I
(i) Uranium and thorium ores and concentrates of such ores, and other ores
containing naturally occurring radionuclides.

20.

NORM presented for transport shall be categorised as a surface contaminated object
(SCO) if it meets the definition of a SCO, as contained in SSR-620.
NOTE on Point 20:
Looking at paragraph 413 (a) of SSR-6;
SCO-I: A solid object on which:
(i) The non-fixed contamination on the accessible surface averaged over 300 cm2 (or
the area of the surface if less than 300 cm2) does not exceed 4 Bq/cm2 for beta and
gamma emitters and low toxicity alpha emitters, or 0.4 Bq/cm2 for all other alpha
emitters.
It is very unlikely that any NORM surface contaminated object will be surface
contaminated above the limits for SCO-1. In any case should the surface
contamination be found to exceed the SCO-1 limits such items must be decontaminated
on the authorised facility so as to at least comply with the SCO-1 limits. Such
decontamination is seen as an onsite waste management activity rather than as a
transport activity.

19

“Low specific activity (LSA) material shall mean radioactive material that by its nature has limited specific
activity, or radioactive material for which limits of estimated average specific activity apply. External shielding
materials surrounding the LSA material shall not be considered in determining the estimated average specific
activity” [IAEA, SSR-6, 2012].
20
“Surface contaminated object (SCO) shall mean a solid object that is not itself radioactive but which has
radioactive material distributed on its surface” [IAEA, SSR-6, 2012].

91

III-1.6. Transport Index (TI)
21.

In preparation for the determination of the Load category and labelling requirements,
for any NORM shipment, the Transport Index (TI) of each item or group of items shall
be determined as will the TI of the prepared shipment on the conveyance.
NOTE on Point 21:
The TI is determined by measuring radiation levels at a distance of 1 metre from the
consignment.

22.

The total TI of the prepared shipment on the conveyance shall comply with the limits
on TI as given in paragraph 526 of SSR-6.

III-1.7. Load Category
23.

The load category is determined by the transport index and the radiation level on the
external surface.
NOTE on Point 23:
The radiation level is measured on the external surface and used in conjunction with
the TI to determine the label category.

24.

If the transport index is 0 and the surface radiation level is < 5 µSv/hour, the load
Category shall be Category I WHITE;

25.

If the transport index is more than 0 but less than 1, and the surface radiation level is
more than 5 µSv/hour, but less than 500 µSv/hour, the load Category shall be
Category II YELLOW;

26.

If the transport index is more than 1 but less than 10, and the surface radiation level is
more than 500 µSv/hour, but less than 2000 µSv/hour, the load Category shall be
Category III YELLOW.

III-1.8. Transport of Exploration Samples
27.

The transport of exploration samples shall be carried out in accordance with the
transport regulations.
NOTE on Point 27:
If the determined activity level of the material to be transported exceeds the limit of 10
Bq/g only by a low margin there is the possibility that the load may be transported as
an Excepted Package. The main criterion here is paragraph 516 of SSR-6;
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III-1.9. Packaging Requirements
Excepted package
28.

If the shipment of exploration samples is in small quantities and meets the
requirements for an excepted package then such shipment may be transported as an
excepted package.

29.

NORM material, transported as LSA-1 may be transported either unpackaged, with a
cover, OR in a Type IP-1 container.

30.

NORM material, transported as SCO-1 may be transported unpackaged, with a cover.

31.

The Conveyance Activity Limits for LSA-1 Material and SCO-1 Material,
unpackaged or in Industrial Packages, shall be as per Table 6 of SSR-6.

III-1.10. Quality Assurance, Radiation Protection, Training and Emergency Response
for the Transport of Radioactive Material
32. The consignor shall ensure that –
•
•
•
•
•

An adequate quality assurance programme is established, implemented and
reviewed,
A radiation protection programme, commensurate with the level of hazard
presented, is established, implemented and reviewed,
An emergency response programme, commensurate with the level of hazard
presented, is established, implemented and reviewed,
Workers are suitably trained commensurate with their duties related to transport.
Applicable approval certificates are obtained from Competent Authorities.

III-1.11. Noncompliance with regulatory requirements
33.

In the event of any known non-compliance with any limit or requirement of the
Transport Regulations by the authorisee, such non-compliance should be reported to
the regulator in accordance with approved reporting mechanisms.

III-1.12. Conveyances under 'exclusive use'
34.

Exclusive use shall mean the sole use, by a single consignor, of a conveyance or of a
large freight container, in respect of which all initial, intermediate and final loading
and unloading is carried out in accordance with the directions of the consignor or
consignee
NOTE on Point 34:
Most NORM in mining and mineral processing industry is transported unpackaged. In
this case, material is typically transported in the conveyance under exclusive use.
The special features of an ‘exclusive use’ shipment are, by definition that it involves
“the sole use by a single consignor of a conveyance or of a large freight container in
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respect of which all initial, intermediate and final loading and unloading and
shipment are carried out in accordance with the directions of the consignor or
consignee, where so required by these Regulations” [SSR-6, IAEA, 2012].

III-1.13. Surface contamination
35.

.
36.

Contamination shall mean the presence of a radioactive substance on a surface in
quantities in excess of 0.4 Bq/cm2 for beta and gamma emitters and low toxicity alpha
emitters, or 0.04 Bq/cm2 for all other alpha emitters.
All unpackaged material other than ores containing only naturally occurring
radionuclides shall be transported in such a manner that under routine conditions of
transport there will be no escape of the radioactive contents from the conveyance nor
will there be any loss of shielding;

37.

For SCO-I where it is suspected that non-fixed contamination exists on inaccessible
surfaces in excess of the values specified in para. 241(a)(i)(SSR-6), measures shall be
taken to ensure that the radioactive material is not released into the conveyance.

38.

Surface contamination is above 0.4 Bq/cm2 but less than 4.0 Bq/cm2 an object will fall
into an SCO-I category.
NOTE on Point 38:
It is highly unlikely that materials processed by the minerals industry will contain
alpha emitters that will not be classified as 'low toxicity'. The following limits are
therefore applicable to any item transported from a mineral mining/processing site on
a public road:

39.

Surface contamination is above 4 Bq/cm2 (but not more than 400 Bq/cm2) an object
will fall into an SCO-II category.

40.

Tanks and intermediate bulk containers used for the transport of radioactive material
shall not be used for the storage or transport of other goods unless decontaminated
below the level of 0.4 Bq/cm2 for beta and gamma emitters and low toxicity alpha
emitters and 0.04 Bq/cm2 for all other alpha emitters.

III-1.14. Security issues
41.

For the transport of radioactive material, safety and security approaches of the
consignor, carrier, consignee and concerned authorities must be in compliance with
domestic and international requirements.

42.

A graded approach applying defence in depth is recommended based on
Categorization of the material, (activity level, attractiveness).

43.

For the transport of NORM radioactive material, the considerations for security.
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Are the Basic Security Provisions as defined in reference [IAEA Nuclear Security Series No.
9, 2008] and should include:
•
•
•
•
•
•
•
•
•
•
•

The responsibility of the State;
Legislative and regulatory frameworks;
The need to establish or designate a competent authority;
Responsibilities of those involved in transport (e.g. consignors, carriers and consignees);
Security culture;
Threat evaluation;
Use of a graded approach;
The concept of defence in depth;
Management systems;
Contingency/emergency plans;
Confidentiality.

DEFINITIONS
The following definitions shall apply for the purposes of these Regulations:
Carrier
Carrier shall mean any person, organization or government undertaking the carriage of
radioactive material by any means of transport. The term includes both carriers for hire or
reward (known as common or contract carriers in some countries) and carriers on own
account (known as private carriers in some countries).
Competent authority
Competent authority shall mean any body or authority designated or otherwise recognized as
such for any purpose in connection with these Regulations.
Compliance assurance
Compliance assurance shall mean a systematic programme of measures applied by a
competent authority that is aimed at ensuring that the provisions of these Regulations are met
in practice.
Consignee
Consignee shall mean any person, organization or government that is entitled to take delivery
of a consignment.
Consignment
Consignment shall mean any package or packages, or load of radioactive material, presented
by a consignor for transport.
Consignor
Consignor shall mean any person, organization or government that prepares a consignment for
transport.
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Contamination
Contamination shall mean the presence of a radioactive substance on a surface in quantities in
excess of 0.4 Bq/cm2 for beta and gamma emitters and low toxicity alpha emitters, or 0.04
Bq/cm2 for all other alpha emitters.
Non-fixed contamination shall mean contamination that can be removed from a surface
during routine conditions of transport.
Fixed contamination shall mean contamination other than non-fixed contamination.
Conveyance
Conveyance shall mean:
(a)
(b)
(c)

For transport by road or rail: any vehicle;
For transport by water: any vessel, or any hold, compartment, or defined deck area
of a vessel;
For transport by air: any aircraft.

Exclusive use
Exclusive use shall mean the sole use, by a single consignor, of a conveyance or of a large
freight container, in respect of which all initial, intermediate and final loading and unloading
and shipment are carried out in accordance with the directions of the consignor or consignee,
where so required by these Regulations.
Freight container - small, large
Freight container shall mean an article of transport equipment that is of a permanent character
and accordingly strong enough to be suitable for repeated use; specially designed to facilitate
the transport of goods, by one or other modes of transport, without intermediate reloading,
designed to be secured and/or readily handled, having fittings for these purposes. The term
"freight container" does not include the vehicle.
A small freight container shall mean a freight container that has an internal volume of not
more than 3 m3. A large freight container shall mean a freight container that has an internal
volume of more than 3 m3.
Intermediate bulk container
Intermediate bulk container (IBC) shall mean a portable packaging that:
(a)
(b)
(c)

Has a capacity of not more than 3 m3;
Is designed for mechanical handling;
Is resistant to the stresses produced in handling and transport, as determined by
tests.
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Low specific activity material
Low specific activity (LSA) material shall mean radioactive material that by its nature has a
limited specific activity, or radioactive material for which limits of estimated average specific
activity apply. External shielding materials surrounding the LSA material shall not be
considered in determining the estimated average specific activity.
Low toxicity alpha emitters
Low toxicity alpha emitters are: natural uranium, depleted uranium, natural thorium, 235U or
238
U, 232Th, 228Th and 230Th when contained in ores or physical and chemical concentrates; or
alpha emitters with a half-life of less than 10 days.
Package
Package shall mean the complete product of the packing operation, consisting of the
packaging and its contents prepared for transport. The types of package covered by these
Regulations that are subject to the activity limits and material restrictions of Section IV and
meet the corresponding requirements are:
(a)
(b)
(c)
(d)
(e)

Excepted package;
Industrial package Type 1 (Type IP-1);
Industrial package Type 2 (Type IP-2);
Industrial package Type 3 (Type IP-3);
Type A package;

Package labels for transporting radioactive material are depicted in Appendix III-1 (below).
Packaging
Packaging shall mean one or more receptacles and any other components or materials
necessary for the receptacles to perform the containment and other safety functions.
Radiation level
Radiation level shall mean the corresponding dose rate expressed in millisieverts per hour or
microsieverts per hour.
Radiation protection programme
Radiation protection programme shall mean systematic arrangements that are aimed at
providing adequate consideration of radiation protection measures.
Radioactive contents
Radioactive contents shall mean the radioactive material together with any contaminated or
activated solids, liquids and gases within the packaging.
Radioactive material
Radioactive material shall mean any material containing radionuclides where both the activity
concentration and the total activity in the consignment exceed the values specified in paras 402–407.
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Shipment
Shipment shall mean the specific movement of a consignment from origin to destination.
Specific activity
Specific activity of a radionuclide shall mean the activity per unit mass of that nuclide. The
specific activity of a material shall mean the activity per unit mass of the material in which the
radionuclides are essentially uniformly distributed.
Surface contaminated object
Surface contaminated object (SCO) shall mean a solid object that is not itself radioactive but
which has radioactive material distributed on its surface.
Tank
Tank shall mean a portable tank (including a tank container), a road tank vehicle, a rail tank
wagon or a receptacle that contains solids, liquids, or gases, having a capacity of not less than
450 L when used for the transport of gases.
Transport index
Transport index (TI) assigned to a package, overpack or freight container, or to unpackaged
LSA-I or SCO-I, shall mean a number that is used to provide control over radiation exposure.
Unirradiated thorium
Unirradiated thorium shall mean thorium containing not more than 10-7 g of uranium-233 per
gram of thorium-232.
Uranium — natural, depleted, enriched
Natural uranium shall mean uranium (which may be chemically separated) containing the
naturally occurring distribution of uranium isotopes (approximately 99.28% uranium-238 and
0.72% uranium-235, by mass). Depleted uranium shall mean uranium containing a lesser
mass percentage of uranium-235 than natural uranium. Enriched uranium shall mean uranium
containing a greater mass percentage of uranium-235 than 0.72%. In all cases, a very small
mass percentage of uranium-234 is present.
Vehicle
Vehicle shall mean a road vehicle (including an articulated vehicle, i.e. a tractor and semitrailer combination), railroad car or railway wagon. Each trailer shall be considered as a
separate vehicle.
Vehicle labels for transporting radioactive material are depicted in Appendix III-1 (below).
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APPENDIX III-1: Vehicle and Package Labels for Transporting Radioactive Material
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III-2. IMPLEMENTATION OF NORM TRANSPORT REGULATIONS
III-2.1. General considerations
The transport of radioactive material, irrespective of its origin (naturally-occurring or
artificial) should be carried out in accordance with the IAEA Regulations for the Safe
Transport of Radioactive Material, No.SSR-6 [IAEA, 2012].
These Regulations [SSR-6, IAEA, 2012] are reviewed regularly but it is not envisaged that
any significant amendments that may affect the transport of naturally occurring radioactive
material will occur in the near future.
Table 2 of Section IV of the Transport Regulations [SSR-6, IAEA, 2012] provides “Basic
radionuclide values”, specifically:



Activity concentration limit for exempt material (Bq/g), and
Activity limit for an exempt consignment (Bq).

All important naturally occurring radionuclides are listed in the Table 2 of the Transpor
Regulations [SSR-6, IAEA, 2012], including natural thorium and natural uranium.
III-2.2. Applicability of the regulations to NORM
Exemption values applicable to the transport of NORM are defined in paragraph 107(f) of
IAEA SSR-6 [IAEA, 2012]:
“Natural material and ores containing naturally occurring radionuclides, which may have
been processed, provided the activity concentration of the material does not exceed 10 times
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the values specified in Table 2, or calculated in accordance with paras 403(a) and 404–407.
For natural materials and ores containing naturally occurring radionuclides that are not in
secular equilibrium the calculation of the activity concentration shall be performed in
accordance with para. 405.”
Further explanation of the exemption values for NORM defined in paragraph 107(f) is
provided in the Safety Guide SSG-26 [IAEA, 2014], paragraph 107.4:
“…there are ores in nature where the activity concentration is much higher than the
exemption values. The regular transport of these ores may require consideration of radiation
protection measures. Hence, a factor of 10 times the exemption value for activity
concentration was chosen as providing an appropriate balance between the radiological
protection concerns and the practical inconvenience of regulating large quantities of material
with low activity concentrations of naturally occurring radionuclides.”
Additionally, paragraph 236 of SSR-6 [IAEA, 2012] states that:
“Radioactive material shall mean any material containing radionuclides where both the
activity concentration and the total activity in the consignment exceed the values specified in
paras 402–407.”
Therefore, as long as both activity concentration limit and the total activity limit are not
exceeded the material is exempt from the Transport Regulations.
SSG-26 [IAEA, 2014] provides additional details in regards to the assessment of the
applicability of the Transport Regulations to NORM:
“For ores and other natural or processed materials containing natural occurring
radionuclides of the uranium–radium and/or thorium decay chain, the basic nuclide values
for exempt activity concentration as given in Table 2 for U(nat) and Th(nat) can only be used
if the radionuclides are in secular equilibrium.
If this is not the case, this means that owing to processing activities such as chemical leaching
or thermal treatment, the natural radioactive equilibrium state does not exist and the formula
for mixtures of radionuclides according to Paragraph 405 has to be applied to calculate the
exempt activity concentration.”
The complete data on the possible disruption of the secular equilibrium in 238U and 232Th
decay chains during processing of mineral concentrates is not available in many cases, and it
is prudent to assume that this may occur in case of:





Any chemical processing of the material, such as leaching or adding flotation agents to the
process;
Any thermal processing of the material. Due to the variety of materials in the industry it is
impossible to establish a universal cut-off point for the temperature at which some
radionuclides (such as 210Pb, 210Po, and 212Pb) could volatilise and disrupt the equilibrium;
however, the value of 250-300oC is suggested as a general guide at which additional analysis
of the material may be required;
Any combination of chemical and thermal treatment of ores and minerals.
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For example, in the heavy mineral sands industry (mining and processing of titanium and
zirconium minerals):






The mineral concentrates (separated using gravimetric methods) and individual minerals
(separated using electrostatic and electromagnetic methods) are analysed for 232Th and 238U
only, as the separation process does not disrupt the secular equilibrium in 232Th and 238U decay
chains.
The minerals that have undergone:
(a) chemical treatment (such as washing zircon sand grains with acid solution);
(b) thermal treatment (such as heating titanium mineral ilmenite to remove excessive iron
in the production of synthetic rutile); and
(c) the combination of chemical and thermal treatment (further treatment of synthetic
rutile to remove other impurities) – should be analysed for other radionuclides in 232Th
and 238U decay chains, prior to the decision on the applicability of Transport
Regulations to these materials.
All materials in the downstream processing of heavy mineral sands (e.g. in the production of
titanium dioxide pigment and fused zirconia) should also be analysed for other radionuclides
in 232Th and 238U decay chains.

Where the analysis of the material for individual isotopes in both 232Th and 238U chains is
carried out, the simplified method, based on half-lives of different isotopes (reflected in the
footnote (b) to the Table 2 of the SSR-6 [IAEA, 2012]) may be used:



For thorium chain, the data is required for 232Th, 228Ra, and 228Th, and
For uranium chain, the data is required for 238U, 230Th, 226Ra, and 210Pb.

If only the above nuclides are measured, then in the exemption calculation the nuclides
following the above in the respective decay chains (and not measured) should be assumed to
have the same value as the above measured nuclide in that chain and this should be included
in the calculation for exemption.
The calculation must be carried out in accordance with the equation provided in the paragraph
405 of SSR-6 [IAEA, 2012].

III-2.3. Research of NORM transport
Several practical cases of the transport of NORM are described in the IAEA TECDOC-1728
[IAEA, 2013]. Experts from nine countries participated in the Coordinated Research Project
(CRP): Brazil, Canada, France, Germany, the Islamic Republic of Iran, Israel, Romania, the
United Kingdom and the United States of America. Australia produced a report, which was
made available to the participants of the CRP, but did not take part.
A wide range of materials from NORM industries were reviewed in the studies, including
tantalite and tin slag, phosphate, potash, zirconium (zircon sands) and other materials for the
ceramics industries, scales from oil and gas extraction industries, coal and coal ash, residues
from waterworks, wastes from rare earths extraction, ore and waste material from uranium
mines. For each of these materials, experts characterized the radionuclides, their activity
concentrations, the volumes transported as the typical loading of packages containing NORM
and the types of packages used to transport NORM.
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One of the conclusions of the research project was that “an activity concentration of 1 Bq/g is
appropriate as the basic exemption value for U(nat) and Th(nat), and the provision for the
activity concentrations of NORM not to exceed 10 times the values specified in Table 2 of the
[Transport Regulations] … was both appropriate and necessary”.
III-2.4. Practical cases of the transport of NORM
The notes in this part are practical observations of different aspects of the transport of NORM
that may not be fully clear to the personnel both in regulatory bodies and in the individual
companies involved in this activity. Each example presents a situation that has been
encountered in diffe rent countries in the process of the transport of NORM and the solution
found to solve a relevant problem.
III-2.5. Transport of mineral exploration samples
Where mineral exploration is carried out for radioactive minerals, an exploration company
will not have the data on the concentrations of radionuclides in exploration samples that are
typically shipped from an exploration site to a laboratory for analysis. The application of the
SSR-6 to the transport of exploration samples is, in some cases, not well understood.
In these cases the samples may be transported as an “excepted package”, in accordance with
paragraph 516 of the SSR-6: The radiation level at any point on the external surface of an
excepted package shall not exceed 5 μSv/h.
The following method could be used:
a. Determine if the package can be classified as excepted (the gamma dose rate on all surfaces
of the package does not exceed 5 μSv/h). In this case the paragraphs 422-424 of the SSR-6
need to be followed.
b. If the level anywhere on the surface of the package exceeds 5 μSv/h, the requirements
outlined paragraph 407 of the SSR-6 need to be followed, after the consultation with the
regulatory body on the application of values provided in the Table 3 of the SSR-6 to the
materials for which relevant data is not available.

III-2.6. Correct calculation of activities of Th(nat) and U(nat)
At many mining and mineral processing sites the personnel responsible for the transport of
NORM receives the data on the concentrations of thorium and uranium from an on-site
laboratory. A very common mistake in calculations of activity concentrations of thorium and
uranium is associated with the fact that a typical laboratory located on the mining/processing
site provides the data in parts per million (ppm – μg/kg) for ThO2 and U3O8, but the
calculations of activity concentrations need to be carried out for Th and U, and not for their
oxides.
Where the laboratory data is provided for thorium and uranium oxides, the following
relationships need to be taken into account:


1 ppm of ThO2 is equivalent to 0.879 ppm of Th,
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1 ppm of U3O8 is equivalent to 0.848 ppm of U.

Then the following equation is used to calculate the activity concentration of the material, in
Becquerel per gram:

Th(g /g)  4.09 10  U(g /g) 1.236 10 
3



2

(III-1)

III-2.7. Detection of radioactivity from NORM at border crossings
This note is relevant to the transport of all NORM, whether it is exempted from the Transport
Regulations or not.
Even if a material is exempt from the requirements and the associated sign posting, the
concentrations of radionuclides may cause gamma radiation levels outside the packages (e.g.
sea containers) that are easily detectable by the equipment that is commonly used at border
crossings and in ports worldwide.
The majority of actual alarms at borders will be “innocent” ones, resulting from the presence
of medical radionuclides administered to patients, NORM, and legal shipments of radioactive
materials. Such alarms cause significant operational issues, as all portal alarms should be fully
investigated. After a shipment of NORM caused an alarm the identification of relevant
radionuclides, interviews with the personnel involved, and an examination of all relevant
documentation are the complementary activities that will be part of the investigation.
Therefore, the transport documentation for a particular material needs to contain detailed
information about the concentrations of naturally occurring radionuclides in this material,
irrespective of its classification.
As the requirements for this documentation differ from country to country, all necessary
information may be provided in the document that is typically accompanying every material
shipment – Material Safety Data Sheet (MSDS). It is suggested MSDS contains not only
detailed information on concentrations of naturally occurring radionuclides but also an
example of gamma-spectra for a particular material, in the form of either table or a chart – an
example of the gamma-spectra for the concentrate of a rare earth mineral monazite attached to
the MSDS by one of the producing companies is presented on Figure III-1. Whilst not
absolutely necessary, this information would assist in the process of clearing a particular
NORM through the radiation detection equipment at international border crossings.
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FIG. III-1. Gamma-spectrum of monazite concentrate – an attachment to the MSDS

III-2.8. Build-up of radon concentrations in containers and hulls of ships
This note is relevant to the transport of all NORM, whether it is exempted from the Transport
Regulations or not.
Even if a material is exempt from the requirements and the associated sign posting, the
concentrations of radionuclides may cause significant concentrations of 222Rn inside the
sealed shipping containers and hulls of ships used to transport minerals in bulk.
Where such an occurrence is discovered, the typical approach is to instruct workers opening
containers and ship hulls at the destination to stay away from the material for a certain time
(typically one hour) to allow for radon concentrations to decrease through natural ventilation.
An example of the build-up of 222Rn concentrations in a container where the mineral
concentrate that is exempt from the requirements of Transport Regulations was stored in
double-layered 2-tonne bulka-bags is presented on Figure III-2.
Measurements taken using SARAD-1688-2 radon/thoron monitor over 48 hours, in 30-minute
intervals, last four readings show rapid decrease after the doors of the container are opened.
•
•

Thoron (220Rn, decay product of 232Th) was not detected, as it could not penetrate the plastic
bag in which the concentrate is packed.
At the highest measured level (222Rn ~ 8000 Bq/m3) a worker would exceed the public
exposure limit (1 mSv/year) in just over 22 hours and a “radiation worker limit” (20
mSv/year) in ~450 hours.

105

FIG. III-2. Build-up of 222Rn in the container, material – 6 Bq/g 232Th, 1 Bq/g 238U

III.4.5. Applicability of regulations to NORM in transit situations
In some jurisdictions specific provisions have been made for the material that is located at a
transit depot.
The main reason for such provision is the fact that, typically, mining companies transport
their products not directly to the port – but to a transit location, where a sufficient number of
containers would be accumulated prior to the their transport to the nearby port.
Thus, a certain volume of material is almost always present at a transit location.
This results in the situation where:
•
•

From one side, the material could be considered to be “in transport”, but
From the other side, the almost permanent storage of material in a certain location may
need to be regulated.

In order to address this situation different arrangements could be made, an example of the
solution adopted in Western Australia is described below.
When the material is “in transport” (on the truck, in the railway carriage, being loaded onto
the ship, on the ship), the ’10-times’ exemption described in part III.2 applies to it.
However, there is a provision (Regulation 28A) in the Western Australian Radiation Safety
Regulations that puts a 24-hour limit for exemption from registration for the material in
transport:
28A. Exemption from registration of premises for temporary storage while in transit:
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1. The owner of premises used for the storage of radioactive substances is exempt from the
requirements of section 28 if —
a. radioactive substances are stored at the premises only while they are being
transported between 2 other premises;
b. each package containing a radioactive substance is stored on the premises for 24
hours or less; and
c. packages containing radioactive substances are, at all times while they are on the
premises, kept —
i. under the control of a person who holds a licence for the storage or transport
of radioactive substances; and
ii. in a part of the premises to which the public does not have access.
2. This regulation does not affect the application or operation of the Radiation Safety (Transport
of Radioactive Substances) Regulations 2013.

Therefore, if NORM containing U(nat) and Th(nat) in concentrations between 1 Bq/g (Table
2 of SSR-6) and 10 Bq/g (’10-times’ exemption for NORM, paragraph 107(f) of SSR-6) is
stored at any transit location for more than 24 hours, the regulation 28 of the Radiation Safety
Regulations (conditions on registration of premises) applies and the transit location should be
registered for storage of radioactive substances with the appropriate authority (The
Radiological Council of Western Australia).

I.4.6. Specifics of the applicability of surface contamination limits to NORM
SSR-6 provides the definition for ‘surface contamination’ and ‘low toxicity alpha emitters:
“214. Contamination shall mean the presence of a radioactive substance on a surface in
quantities in excess of 0.4 Bq/cm2 for beta and gamma emitters and low toxicity alpha
emitters, or 0.04 Bq/cm2 for all other alpha emitters.”
SSR-6: 227. Low toxicity alpha emitters are: natural uranium, depleted uranium, natural
thorium, 235U, 238U, 232Th, 228Th and 230Th when contained in ores or physical and chemical
concentrates; or alpha emitters with a half-life of less than 10 days.
Typically, objects that may have surface contamination due to NORM will only have only
‘low toxicity’ alpha-emitters – with a notable exception of 226Ra.
Ra-226 is not classified as a ‘low toxicity’ alpha emitter and whilst the limit of 0.4 Bq/cm2
generally applies to all NORM, in a specific situation (e.g. when transporting contaminated
items from oil and gas industry, from the plants for the production of titanium dioxide
pigment, etc.) – the limit of 0.04 Bq/cm2 will be applicable for the classification of surface
contaminated objects.
I.4.7. Transporting NORM in bulk shipments
NORM mineral concentrates are typically transported in bulk and relatively often the vehicles
(especially trucks with trailers) are not signposted appropriately and the Transport Index is not
adjusted accordingly.
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The definition of the vehicle, provided in SSR-6 should be taken into account prior to
arranging the bulk transport of minerals by road and rail:
248. Vehicle shall mean a road vehicle (including an articulated vehicle, i.e. a tractor and
semi-trailer combination), railroad car or railway wagon. Each trailer shall be considered as a
separate vehicle.
The sign posting requirements are also detailed in SSR-6:
571. Rail and road vehicles carrying packages, overpacks or freight containers labelled with
any of the labels shown in Figs 2–5, or carrying consignments under exclusive use, shall
display the placard shown in Fig. 6 on each of:
a. The two external lateral walls in the case of a rail vehicle;
b. The two external lateral walls and the external rear wall in the case of a road vehicle.

The sign posting will depend significantly on the transport mode and the size of the
conveyance:
•
•
•

A road train (a truck with a semi-trailer) will need to have four signs: one each – at the front
and at the back, and two on each side;
A longer road train (for example, a truck with two trailers) will require six signs (two more
on the second trailer);
In the case of transporting radioactive material by rail in several carriages an additional
advice from the regulatory authority on the quantity and location of placards should be
sought prior to transport.

Additionally, Table 7 of SSR-6 [IAEA, 2012] provides multiplication factors for tanks,
freight containers and unpackaged LSA-I and SCO-I, for the “largest cross sectional area of
the load being measured”, that ranges from less than 1 m2 to more than 20 m2.
For example, if measured radiation level from the NORM material is 3 μSv/hour (0.003
millisieverts per hour) the transport index will be 0.3. For a single truck a different value will
apply (associated with the size of the load more than 5 m2, but less than 20 m2), and the
Transport Index will be 0.9 ~1.
In case where a large road train (cross section over 20 m2) is used to transport NORM, the
Transport Index will be 3.
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I.4.8. Specific cases where only part of a decay chain is present in NORM
In some cases only parts of 232Th and 238U decay chains are present in NORM to be
transported and individual values for separate natural radionuclides need to be compared to
corresponding values in the Table 2 of SSR-6 [IAEA, 2012].
Case 1 – 210Po dust:
The dust collected by electrostatic precipitators at different smeters (iron, nickel, copper), may
contain significant concentrations of 210Po, with 210Pb concentrated elsewhere in the process.
In this case the limits in Table 2 of SSR-6 specific for 210Po are:
•
•

10 Bq/g for activity concentration, and
10,000 Bq for total activity in the consignment.

In cases where this dust does not contain other toxic contaminants and radioactivity
concentration of 210Po is the only limiting factor for the disposal of this material at the
industrial landfill, the “delay and decay” approach is typically taken, as illustrated on Figure
III-3 below.
The dust containing 300 Bq/g of 210Po will be exempt from the Transport Regulations in 8
months, will contain less than 10 Bq/g of 210Po in 22 months, and will be exempt from
radiation safety regulations in accordance with the Table I.3 of the IAEA Basic Safety
Standards [IAEA GSR Part 3, 2014] (less than 1 Bq/g) in just over three years.

FIG. III-3. Decay of 210Po with activity concentration of 300 Bq/g.
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Case 2 – Waste containing 228Ra
The similar “delay and decay” approach was taken by one of the minerals companies,
generating waste stream with activity concentration of 228Ra of 7 Bq/g. This waste could be
disposed onto an industrial landfill when the concentration of 228Ra is below 1 Bq/g, in
accordance with Table I.3 of GSR Part 3 [IAEA, 2014].
The approach taken is illustrated on Figure I.4 below: the original 228Ra activity
concentration of 7 Bq/g falls under the BSS activity concentration limit of 1 Bq/g after 17
years.
As the material contains less than 10 Bq/g of 228Ra it is exempt from the requirements of
SSR-6, but has to be kept on site prior to the disposal, for which different limiting value (1
Bq/g) applies.

FIG. III-4. Decay of 228Ra with activity concentration of 7 Bq/g
Case 3 – 226Ra scale and sludge from oil and gas exploration and production
Relatively often the scale from equipment contaminated with 226Ra is transported for disposal
as waste and the common mistake is made when the assessment of the applicability of the
Transport Regulations [IAEA, 2012] is made on the basis of only 226Ra concentration. The
radiation protection officer responsible for the transport of NORM should take into account
the “age” of the scale and/or sludge and calculate the “ingrowth” of other radionuclides in the
238
U decay chain that follow 226Ra. For conservative purposes, it is often assumed that the
decay chain is in secular equilibrium between 226Ra and 210Po.
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Case 4 – 210Pb films in gas production industry
Most of the natural gas contains 222Rn, sometimes in significant concentrations, and one of its
decay products (210Pb, with the half-life of 22 years) is typically deposited in the form of films
inside gas production equipment. When this equipment is cleaned in the course of routine
maintenance, the 210Pb films may become detached from the inside surfaces and could
concentrate in a waste stream that may need to be transported in accordance with Transport
Regulations and disposed of in accordance with GSR Part 3 [IAEA, 2014]. Similarly to the
Case 3 (above), a common mistake is not to estimate the concentrations of 210Po, which is the
decay product of 210Pb. As the half-life of 210Po (140 days) is much shorter than the half-life
of 210Pb, it is recommended to assume that 210Po concentration is equal to the concentration of
210
Pb.

References:
IAEA, 2012. Regulations for the Safe Transport of Radioactive Material, 2012 Edition,
Specific Safety Requirements, No. SSR-6.
IAEA, 2014. Advisory Material for the IAEA Regulations for the Safe Transport of
Radioactive Material (2012 Edition), Specific Safety Guide, No. SSG-26
IAEA, 2013. Regulatory Control for the Safe Transport of Naturally Occurring Radioactive
Material (NORM), Report of a Coordinated Research Project, 2007–2010, TECDOC-1728.
IAEA, 2014. Radiation Protection and Safety of Radiation Sources: International Basic Safety
Standards, General Safety Requirements Part 3, No. GSR Part 3.

111

ANNEX IV.
IMPLEMENTATION OF NORM REGULATIONS

IV-1. AUSTRALIA
The following approach has been taken to the development and implementation of NORM
regulations and guidelines in Australia. It should be noted that it has taken over five years
from the commencement of initial investigations to the publication of the relevant Safety
Guide.

1. Development of the NORM Safety Guide

Step 1:
In 2003, Australian Radiation Protection and Nuclear Safety Agency (ARPANSA) has
engaged a consultant to identify and examine options for dealing with issues involving
naturally occurring radioactive material (NORM) in Australia. The report to the CEO of
ARPANSA entitled “Naturally Occurring Radioactive Materials (NORM) in Australian
Industries – Review of Current Inventories and Future Generation” was produced in
December 2003.
Step 2:
The consultant’s report has been amended and published by the Radiation Health and Safety
Advisory Council in June 2004, as “Naturally-Occurring Radioactive Material (NORM) in
Australia: Issues for Discussion”, with five months consultation period. After consultation,
including at the National Conference on Radiation Protection and Radioactive Waste
Management in Mining and Mineral Processing in April 2005, Council forwarded advice on
NORM to the CEO of ARPANSA.
Step 3:
Following Council’s advice, ARPANSA commenced a process of review and assessment of
NORM management in various industries. This Safety Guide to be developed was to provide
national guidance on the management of NORM and a methodology for assessment of the
need for a regulatory approach in specific situations involving NORM.
Step 4:
A working group, including industry, regulator and ARPANSA representatives, developed a
draft of the Safety Guide, which was released for public comment for one month in May
2008. Public submissions received were reviewed and amendments to the draft were made
where necessary. The Radiation Health Committee approved the final draft in July 2008. The
Radiation Health and Safety Advisory Council advised the CEO of ARPANSA to adopt the
guide August 2008 and it was published shortly after.
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2.

Application of the Safety Guide

The Safety Guide only applies to the facilities that are regulated by ARPANSA, all NORM
facilities in Australian States and Territories are regulated in accordance with the relevant
State/Territory legislation.
For the purposes of standardisation of regulations throughout Australia it is intended that
relevant ARPANSA documents are to be incorporated into the State/Territory legislation “as
soon as practicable”, but the exact time frame for this process was not agreed upon. At the
current time the Safety Guide on NORM has been incorporated into the regulatory framework
of only several Australian jurisdictions.

3.

Contents of the Safety Guide

The Safety Guide takes account of recently developed international guidance on NORM
management. It recognises that regulation will not always be the appropriate approach for
dealing with NORM, and describes a graded approach to regulation for those cases where a
regulatory approach is assessed as being necessary. It includes three detailed Annexes for the
oil and gas, bauxite and phosphate industries. It is intended to prepare Annexes on other
NORM-related industries in future.
The general content of the Safety Guide includes:
1. Introduction
1.1 Citation
1.2 Background
1.3 Purpose
1.4 Scope
1.5 Structure
1.6 Relationship to other radiation protection series publications
2. Some industries where radiation protection issues may arise in dealing with NORM
2.1 Oil and gas industry
2.2 Bauxite/aluminium industry
2.3 Phosphate industry
2.4 Metal extraction and processing
2.5 Coal extraction and electricity generation
2.6 Iron and steel production
2.7 Mineral sands and rare earths

113

2.8 Downstream processing of mineral sands
2.9 Scrap metal recycling
2.10 Water treatment
2.11 The building industry
2.12 Underground mining and tunnelling
2.13 Geothermal energy generation
3. Radiological Issues in NORM Management
3.1 General
3.2 Exposure pathways
3.3 Mineral extraction
3.4 Mineral and downstream processing
3.5 Transport of bulk commodities, residues and wastes
3.6 Use of products
3.7 Management of residues
3.8 Management of wastes
3.9 Public perception
3.10 Summary
4. Regulatory Issues in NORM Management
4.1 International developments in NORM management
4.2 Current regulatory frameworks in Australia
4.3 Assessing the need to regulate NORM
4.4 Graded approach to regulation
4.5 Dose and impact assessment
4.6 Management of NORM wastes and residues
4.7 Transport
4.8 Site remediation and closeout requirements
4.9 Assessing the impact of regulatory proposals
5. Operational issues – the NORM Management Plan
5.1 Introduction
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5.2 Identification of potential sources of health impact on workers, members of the public and
the environment
5.3 Management of the health impact on workers, members of the public and the environment
5.4 Remediation and closeout requirements for operational sites
5.5 Non-radiological issues
6. Remediation of legacy sites
7. Summary
References,
Bibliography,
Glossary
Annex 1 Management of NORM in the Oil & Gas Production Industry
Annex 2 Management of NORM in the Bauxite/Aluminium Industry
Annex 3 Management of NORM in the Phosphate Industry

The typical management process for NORM management is illustrated in Figure IV-1.
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FIG. IV-1. Basic NORM management process

4.

Western Australia guidelines

In Western Australia in late 1980s, it was established that one of the heavy mineral sands
(monazite) that have been mined and processed at several sites contains approximately 7%
thorium and is radioactive. Several investigations were carried out and, as a result, the
Department of Mines and Energy of Western Australia has issued several guidelines for the
mineral sands industry in the period from 1988 to 1992.
These guidelines were reviewed in 2008 and updated in 2010 and form a basis of NORM
regulatory framework in the State of Western Australia. The guidelines are not a substitute for
regulations and compliance with it is not mandatory. However, to the extent practicable,
industry is encouraged to follow them to ensure uniformity in radiation safety management.
The current suite of guidelines is comprised of:














NORM-1. Applying the system of radiation protection to mining operations
NORM-2.1. Preparation of a Radiation Management Plan – exploration
NORM-2.2. Preparation of a radiation management plan – mining and processing
NORM-3.1. Monitoring NORM – Pre-operational monitoring requirements
NORM-3.2. Monitoring NORM – Operational monitoring requirements
NORM-3.3. Monitoring NORM – Air monitoring strategies
NORM-3.4. Monitoring NORM – Airborne radioactivity sampling
NORM-3.5. Monitoring NORM – Measurement of particle size
NORM-4.1. Controlling NORM – Dust control strategies
NORM-4.2. Controlling NORM – Management of radioactive waste
NORM-4.3. Controlling NORM – Transport of NORM
NORM-5. Dose assessment
NORM-6. Reporting requirements
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IV-2. JAPAN
1. Assessment process

The values of 1 Bq/g from IAEA BSS and 0.5 Bq/g from European RadPro-122 were used as
criteria in the survey of minerals and products. The surveys were carried out and the
following issues were considered: raw materials/ores, consumer goods, ash, scale, waste from
past activities, etc.
Steps that are to be followed were identified:
1.
2.
3.
4.
5.
6.

The conceptual understanding is essential for a solution of NORM problems
Fact finding of NORM based on scientific data
Measurement of radioactivity levels and concentrations
Characterisation of different NORM and classification into levels
Identification of countermeasures and setting regulations where needed
Application of regulation in practice

A comprehensive database for NORM developed by the National Institute for Radiological
Sciences (NIRS) and is available on the Internet:
http://www.nirs.go.jp/db/anzendb/NORMDB/ENG/index.php [Iwaoka et al., 2012].
The following steps that need to be taken were identified in 2005:
1.
2.
3.
4.
5.
6.

The conceptual understanding is essential for a stable solution of NORM/TENORM problem,
Fact finding of NORM/TENORM based on scientific data,
Measurement of radioactivity and radiation,
Characterisation of NORM/TENORM and categorisation of levels,
Indication of countermeasures and setting regulation if necessary,
Application to the real scene.

In June 2009, the Ministry of Education, Culture, Sports, Science and Technology (MEXT)
has issued the “Guideline for Ensuring Safety of Raw Materials and Products Containing
Uranium or Thorium”, which contents are as follows:
Chapter 1 Introduction
Chapter 2 Position and outline of guidelines
Chapter 3 Definition of terms and commentary
Chapter 4 Manufacturers and importers subject to guidelines
Chapter 5 Measurement of radiation dose rates at production establishments, evaluation of
exposure doses and measures for improvement
Chapter 6 Measurement of radiation dose rates at the time of use of consumer goods,
evaluation of exposure doses and measures for improvement
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Appendix 1 Method of measurement of radiation dose rates
Appendix 2 Evaluation method of exposure doses
Commentary 1 Background of guideline preparation
Commentary 2 Concept of radiation exposure of the general public
Commentary 3 Regarding the standards for radioactivity concentrations
Commentary 4 Regarding the standards for quantity of radioactivity of consumer goods
Commentary 5 Handling of refined uranium or thorium
Commentary 6 Evaluation of dose exposure from wastes
Commentary 7 Conditions of use of specified raw materials
Reference Material: Daily Life and Radiation

In the guideline, monazite, bastnaesite, zircon, tantalite, phosphorus ore, titanium ore, coal,
purified uranium, and purified thorium are designated as materials requiring regulation.
Concentration of uranium or thorium exceeding 1 Bq/g is covered in these guidelines, which
are to be revised on an ongoing basis according to the actual implementation of safety
measures implemented at each factory.
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ANNEX V.
IAEA NORM BIBLIOGRAPHY

This appendix lists the documents published by the IAEA that are relevant to the
implementation and application of NORM regulations in Member States, as well as the
documents addressing different technical aspects of NORM industries.

V-1. SAFETY FUNDAMENTALS


SF-1: Fundamental Safety Principles, 2006

V-2. SAFETY REQUIREMENTS







GSR Part 1: Governmental, Legal and Regulatory Framework for Safety, 2010
GSR Part 3: Radiation Protection and Safety of Radiation Sources: International Basic Safety
Standards, 2014
GSR Part 4: Safety Assessment for Facilities and Activities, 2009
GSR Part 5: Predisposal Management of Radioactive Waste, 2009
GSR Part 6: Decommissioning of Facilities, 2014
SSR-6: Regulations for the Safe Transport of Radioactive Material, 2012

V-3. SAFETY GUIDES
















GS-G-1: Classification of Radioactive Waste, 2009
GS-G-3: The Safety Case and Safety Assessment for the Predisposal Management of
Radioactive Waste, 2013
GS-G-4: Use of External Experts by the Regulatory Body, 2014
RS-G-1.1: Occupational Radiation Protection, 1999
RS-G-1.2: Assessment of Occupational Exposure Due to Intakes of Radionuclides, 1999
RS-G-1.3: Assessment of Occupational Exposure Due to External Sources of Radiation, 1999
RS-G-1.4: Building Competence in Radiation Protection and the Safe Use of Radiation
Sources, 2001
RS-G-1.6: Occupational Radiation Protection in the Mining and Processing of Raw Materials,
2004
RS-G-1.7: Application of the Concepts of Exclusion, Exemption and Clearance, 2004
RS-G-1.8: Environmental and Source Monitoring for Purposes of Radiation Protection, 2005
SS-G-23: The Safety Case and Safety Assessment for the Disposal of Radioactive Waste,
2012
SS-G-29: Near Surface Disposal Facilities for Radioactive Waste, 2014
SS-G-31: Monitoring and Surveillance of Radioactive Waste Disposal Facilities, 2014
SS-G-32: Protection of the Public against Exposure Indoors due to Radon and Other Natural
Sources of Radiation, 2015
SS-G-26: Advisory Material for the IAEA Regulations for the Safe Transport of Radioactive
Material (2012 Edition), 2015
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TS-G-1.2: Planning and Preparing for Emergency Response to Transport Accidents Involving
Radioactive Material, 2002
TS-G-1.3: Radiation Protection Programmes for the Transport of Radioactive Material, 2007
TS-G-1.4: The Management System for the Safe Transport of Radioactive Material, 2008
TS-G-1.5: Compliance Assurance for the Safe Transport of Radioactive Material, 2009
WS-G-1.1: Safety Assessment for Near Surface Disposal of Radioactive Waste, 1999
WS-G-1.2: Management of Radioactive Waste from the Mining and Milling of Ores, 2002
WS-G-2.3: Regulatory Control of Radioactive Discharges to the Environment, 2000
WS-G-3.1: Remediation Process for Past Activities and Accidents, 2007
WS-G-5.1: Release of Sites from Regulatory Control on Termination of Practices, 2006
NW-G-3.1: Policy and Strategies for Environmental Remediation, 2015

V-4. SAFETY REPORTS






















No.19: Generic Models for Use in Assessing the Impact of Discharges of Radioactive
Substances to the Environment, 2001
No.20: Training in Radiation Protection and the Safe Use of Radiation Sources, 2001
No.21: Optimization of Radiation Protection in the Control of Occupational Exposure, 2002
No.27: Monitoring and Surveillance of Residues from the Mining and Milling of Uranium and
Thorium, 2002
No.33: Radiation Protection against Radon in Workplaces other than Mines, 2003
No.34: Radiation Protection and the Management of Radioactive Waste in the Oil and Gas
Industry, 2003
No.35: Surveillance and Monitoring of Near Surface Disposal Facilities for Radioactive
Waste, 2004
No.36: Safety Considerations in the Transition from Operation to Decommissioning of
Nuclear Facilities, 2004
No.37: Methods for Assessing Occupational Radiation Doses Due to Intake of Radionuclides,
2004
No.44: Derivation of Activity Concentration Values for Exclusion, Exemption and Clearance,
2005
No.45: Standard Format and Content for Safety Related Decommissioning Documents, 2005
No.49: Assessing the Need for Radiation Protection Measures in Work Involving Minerals
and Raw Materials, 2006
No.50: Standard Format and Content for Safety Related Decommissioning Documents, 2007
No.51: Radiation Protection and NORM Residue Management in the Zircon and Zirconia
Industries, 2007
No.64: Programmes and Systems for Source and Environmental Radiation Monitoring, 2010
No.67: Monitoring for Compliance with Exemption and Clearance Levels, 2012
No.68: Radiation Protection and NORM Residue Management in the Production of Rare
Earths from Thorium Containing Minerals, 2011
No.72: Monitoring for Compliance with Remediation Criteria for Sites, 2012
No.76: Radiation Protection and NORM Residue Management in the Titanium Dioxide and
Related Industries, 2012
No.77: Safety Assessment for Decommissioning, 2013
No.78: Radiation Protection and NORM Residue Management in the Phosphate Industry,
2013
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V-5. TECHNICAL REPORTS













No.419: Extent of Environmental Contamination by Naturally Occurring Radioactive Material
(NORM) and Technological Options for Mitigation, 2003
No.424: Remediation of Sites with Dispersed Radioactive Contamination, 2004
No.442: Remediation of Sites with Mixed Contamination of Radioactive and Other Hazardous
Substances, 2006
No.445: Applicability of Monitored Natural Attenuation at Radioactively Contaminated Sites,
2006
No.450: Management of Long Term Radiological Liabilities: Stewardship Challenges, 2006
No.467: Long Term Preservation of Information for Decommissioning Projects, 2008
No.474: Measurement and Calculation of Radon Releases from NORM Residues, 2013
No.475: Guidelines for Remediation Strategies to Reduce the Radiological Consequences of
Environmental Contamination, 2012
No.476: The Environmental Behaviour of Radium: Revised Edition, 2014
NW-T-2.5: An Overview of Stakeholder Involvement in Decommissioning, 2009
NW-T-3.4: Overcoming Barriers in the Implementation of Environmental Remediation
Projects, 2013
NW-T-3.5: Communication and Stakeholder Involvement in Environmental Remediation
Projects, 2014

V-6. TECHNICAL DOCUMENTS


















No.1017: Characterization of radioactively contaminated sites for remediation purposes, 1998
No.1032: Factors for formulating strategies for environmental restoration, 1998
No.1076: Communications on nuclear, radiation, transport and waste safety: a practical
handbook, 1999
No.1118: Compliance monitoring for remediated sites, 1999
No.1279: Non-technical factors impacting on the decision making processes in environmental
remediation, 2002
No.1363: Guidelines for radioelement mapping using gamma ray spectrometry data, 2003
No.1415: Soil sampling for environmental contaminants, 2004
No.1464: Natural activity concentrations and fluxes as indicators for the safety assessment of
radioactive waste disposal, 2005
No.1484: Regulatory and management approaches for the control of environmental residues
containing naturally occurring radioactive material (NORM), 2006
No.1616: Quantification of Radionuclide Transfer in Terrestrial and Freshwater Environments
for Radiological Assessments, 2009
No.1638: Setting Authorized Limits for Radioactive Discharges: Practical Issues to Consider,
2010
No.1660: Exposure of the Public from Large Deposits of Mineral Residues, 2011
No.1678: Environmental Modelling for Radiation Safety (EMRAS) — A Summary Report of
the Results of the EMRAS Programme, 2012
No.1712: Management of NORM Residues, 2013
No.1728: Regulatory Control for the Safe Transport of Naturally Occurring Radioactive
Material (NORM), 2013
No.1740: Use of a Graded Approach in the Application of the Management System
Requirements for Facilities and Activities, 2014
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V-7. OTHER DOCUMENTS























Management of Radioactive Wastes from Non-Power Applications − Sharing the Experience,
International Conference held in Malta, 5–9 November 2001, 2002
TECDOC-1271: Technologically enhanced natural radiation (TENR II), Proceedings of an
International Symposium held in Rio de Janeiro, Brazil, 12–17 September 1999, 2002
TECDOC-1472: Naturally occurring radioactive materials (NORM IV), Proceedings of an
international conference held in Szczyrk, Poland, 17–21 May 2004, 2005
Naturally Occurring Radioactive Material (NORM V), Proceedings of an international
symposium, Seville, Spain, 19–22 March 2007, 2008
Naturally Occurring Radioactive Material (NORM VI), Proceedings of an International
Symposium, Marrakesh, Morocco, 22–26 March 2010, 2011
Naturally Occurring Radioactive Material (NORM VII), Proceedings of an International
Symposium, Beijing, China, 22–26 April 2013, 2015
INSAG-17.Independence in regulatory decision making (2003)
INSAG-20.Stakeholder involvement in nuclear issues (2006)
IAEA-AQ-12. A Procedure for the Determination of Po-210 in Water Samples by Alpha
Spectrometry, 2009
IAEA-AQ-15: Almera Proficiency Test: Determination of Naturally Occurring Radionuclides
in Phosphogypsum and Water, 2010
IAEA-AQ-17: Reference Material IAEA 434: Naturally Occurring Radionuclides in
Phosphogypsum, 2010
IAEA-AQ-18: Worldwide Open Proficiency Test: Determination of Naturally Occurring
Radionuclides in Phosphogypsum and Water, 2010
IAEA-AQ-19: Analytical Methodology for the Determination of Radium Isotopes in
Environmental Samples, 2010
IAEA-AQ-21: Certified Reference Materials for Radioactivity Measurements in
Environmental Samples of Soil and Water: IAEA-444 and IAEA-445, 2011
IAEA-AQ-22: World Wide Proficiency Test: Determination of Natural and Artificial
Radionuclides in Moss-Soil and Water, 2012
IAEA-AQ-30: Certified Reference Material IAEA-448: Soil from Oil Field Contaminated
with Technically Enhanced Radium-226, 2013
IAEA-AQ-32: ALMERA Proficiency Test: Determination of Natural and Artificial
Radionuclides in Soil and Water, 2013
IAEA-AQ-33: National and Regional Surveys of Radon Concentration in Dwellings
Review of Methodology and Measurement Techniques, 2013
IAEA-AQ-34: Determination of Radionuclides in Phosphogypsum Liquid Scintillation
Counting and Alpha Spectrometry for 210Po, 210Pb, 226Ra, Th and U Radioisotopes, 2014
IAEA-AQ-39: A Procedure for the Rapid Determination of 226Ra and 228Ra in Drinking Water
by Liquid Scintillation Counting, 2014
Training Course Series No.40: Radiation Protection and the Management of Radioactive
Waste in the Oil and Gas Industry, 2010
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