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FOREWORD

by Mohamed ElBaradei
Director General

The TAEA’s Statute authorizes the Agency to establish safety standards
to protect health and minimize danger to life and property — standards which
the IAEA must use in its own operations, and which a State can apply by means
of its regulatory provisions for nuclear and radiation safety. A comprehensive
body of safety standards under regular review, together with the IAEA’s
assistance in their application, has become a key element in a global safety
regime.

In the mid-1990s, a major overhaul of the TAEA’s safety standards
programme was initiated, with a revised oversight committee structure and a
systematic approach to updating the entire corpus of standards. The new
standards that have resulted are of a high calibre and reflect best practices in
Member States. With the assistance of the Commission on Safety Standards,
the TAEA is working to promote the global acceptance and use of its safety
standards.

Safety standards are only effective, however, if they are properly applied
in practice. The TAEA’s safety services — which range in scope from
engineering safety, operational safety, and radiation, transport and waste safety
to regulatory matters and safety culture in organizations — assist Member
States in applying the standards and appraise their effectiveness. These safety
services enable valuable insights to be shared and I continue to urge all
Member States to make use of them.

Regulating nuclear and radiation safety is a national responsibility, and
many Member States have decided to adopt the IAEA’s safety standards for
use in their national regulations. For the Contracting Parties to the various
international safety conventions, IAEA standards provide a consistent, reliable
means of ensuring the effective fulfilment of obligations under the conventions.
The standards are also applied by designers, manufacturers and operators
around the world to enhance nuclear and radiation safety in power generation,
medicine, industry, agriculture, research and education.

The TAEA takes seriously the enduring challenge for users and regulators
everywhere: that of ensuring a high level of safety in the use of nuclear
materials and radiation sources around the world. Their continuing utilization
for the benefit of humankind must be managed in a safe manner, and the
TAEA safety standards are designed to facilitate the achievement of that goal.
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1. INTRODUCTION

BACKGROUND

1.1. The IAEA has been publishing since 1961 regulations covering the safe
transport of radioactive material. These regulations have been adopted by, or
are used as the basis for national regulations in, many States, and are the basis
for the requirements in respect of radioactive material in regulatory documents
issued by the United Nations Committee of Experts for all dangerous goods,
and by the various international modal regulatory bodies, including the
International Civil Aviation Organization (ICAO) and the International
Maritime Organization (IMO). Compliance with these regulations has proved
to be effective in minimizing the risks associated with the transport of
radioactive material.

1.2. The IAEA Transport Regulations provide a regulatory framework for all
categories of radioactive material, ranging from very low activity to very high
activity material such as uranium and thorium ores, spent nuclear fuel and high
level waste. They cover all facets of safe transport by means of a set of technical
and administrative safety requirements and controls, including the actions
required by the consignor and carrier. Packaging and package requirements are
specified on the basis of the hazard associated with the contents, and range
from normal commercial packaging (for low hazard contents) to strict package
design and performance requirements (for higher hazard contents). Specific
requirements are also established for the marking and labelling of packages
and overpacks and the placarding of vehicles and freight containers,
documentation, external radiation limits, operational controls, emergency
arrangements, management systems, and notification and approval of certain
shipments and package types. In order to provide specific guidance, outline
examples of radiation protection programmes (RPPs) are given in
Annexes I-V. A method of evaluation of an RPP is given in Annex VI.

1.3. The TIAEA Transport Regulations have undergone periodic
comprehensive revision, including in 1973, 1985 and 1996. The 1996 edition was
the result of a ten year review process and was published as Regulations for the
Safe Transport of Radioactive Material, 1996 Edition', and was reissued with

TINTERNATIONAL ATOMIC ENERGY AGENCY, Regulations for the Safe
Transport of Radioactive Material, 1996 Edition, Safety Standards Series No. ST-1,
IAEA, Vienna (1996).



minor corrections in 2000 as TS-R-1 (ST-1, Revised)?, and again as the 1996
Edition (As Amended 2003)°. The current edition is the 2005 Edition [1].
Excerpts from the Transport Regulations that are relevant to this Safety Guide
are provided in Annex VIL

1.4. Several IAEA Safety Guides that provide guidance on meeting the
requirements of the Transport Regulations have been issued, and others are in
various stages of preparation. The existing Safety Guides cover advisory
material [2] and emergency response [3]. Those in preparation cover
management systems for the packaging and transport of radioactive material
[4] and management systems for competent authorities regulating the transport
of radioactive material [5].

1.5. One major topic considered in the revision process with relevance to
radiation protection is achieving consistency with the International Basic
Safety Standards for Protection against Ionizing Radiation and for the Safety
of Radiation Sources (the Basic Safety Standards, BSS) [6]. The BSS reflect
Publication 60 of the International Commission on Radiological Protection
(ICRP), issued in 1990 [7], and are intended to provide an appropriate standard
of protection against ionizing radiation without unduly limiting beneficial
practices giving rise to radiation exposure. The Transport Regulations in turn
reflect the requirements of the BSS.

1.6. Guidance on meeting the requirements of the BSS for occupational
protection is provided in three related Safety Guides. One gives general
guidance on the development of occupational RPPs [8]. Another gives
guidance on the assessment of occupational exposure due to intakes of
radionuclides [9]. A third gives guidance on assessment of occupational
exposure due to external sources of radiation [10]. These Safety Guides
together constitute internationally recommended good practices in
occupational radiation protection.

1.7. The BSS establish requirements for radiation protection for practices that
may give rise to radiation exposure, on the basis of the 1990 Recommendations
of the ICRP, in particular the requirements for the following:

2 INTERNATIONAL ATOMIC ENERGY AGENCY, Regulations for the Safe
Transport of Radioactive Material, Safety Standards Series No. TS-R-1 (ST-1, Revised),
IAEA, Vienna (2000).

3 INTERNATIONAL ATOMIC ENERGY AGENCY, Regulations for the Safe
Transport of Radioactive Material, Safety Standards Series No. TS-R-1, 1996 Edition
(As Amended 2003), IAEA, Vienna (2004).



(a) Justification of a practice: no practice shall be adopted unless it produces
a net benefit.

(b) Limitation of dose and risk to individuals: exposure of individuals shall be
subject to dose limits and risk limits.

(c) Optimization of radiation protection and safety: all exposures shall be
kept as low as reasonably achievable, economic and social factors being
taken into account.

1.8. ICRP Publication 75 (Ref. [11], para. 92) states that:

“Much can be achieved in optimization of protection, particularly in
everyday operational control, through the use of professional judgement
by suitably qualified, experienced and competent persons. The following
are suggested to help judge if an action is reasonable:

(a) Common sense; this reflects experience, knowledge and the exercise
of professional judgement. For example, a very low cost yet practical
change which reduces dose probably should be done even if doses are
already low.

(b) Good practice; this compares what has been or is expected to be
achieved with what has been achieved for similar or related facilities
or practices. Care must be taken to ensure that reasonableness is
maintained and that unwarranted expenditures do not become the
norm.”

1.9. Radiation protection is only one element of the protection and safety of
people and the environment in the transport of radioactive material by all
shipping modes. RPPs are generally established and managed in conjunction
with other health and safety disciplines such as industrial hygiene, industrial
safety and fire safety, by means of management systems for the packaging and
transport of radioactive material. An RPP should refer to these systems when
appropriate.

OBIJECTIVE

1.10. This Safety Guide provides guidance on meeting the requirements for the
establishment of RPPs for the transport of radioactive material, to optimize
radiation protection in order to meet the requirements for radiation protection
that underlie the Transport Regulations (see Ref. [1], paras 301-302, and
Annex VII of this Safety Guide).



SCOPE

1.11. This Safety Guide covers general aspects of meeting the requirements for
radiation protection. It does not cover criticality safety, which may be necessary
for packages containing fissile material, or other possible hazardous properties
of radioactive material. Additional considerations that are beyond the scope of
this Safety Guide apply for packages containing fissile material.

STRUCTURE

1.12. This Safety Guide consists of 11 sections. Section 2 provides an overview
of RPPs. Section 4 discusses the basic elements of an RPP as a function of
assessed occupational doses. Sections 3 and 5-11 provide recommendations on
the basic elements of an RPP, namely the scope, the associated roles and
responsibilities, dose assessment and optimization, control of surface
contamination, segregation and other protective measures, emergency
response, training and the management system.

1.13. Eleven annexes are included in this Safety Guide. They include examples
of RPPs, relevant excerpts from the Transport Regulations [1], examples of
total dose per transport index (TI) handled, a checklist for road transport,
specific segregation distances and emergency instructions for vehicle operators.

2. RADIATION PROTECTION PROGRAMMES

OBJECTIVES OF RADIATION PROTECTION PROGRAMMES

2.1. RPPs are intended to establish and document in a systematic and
structured way the framework of controls applied by a transport organization
(i.e. any organization involved in transport, including the consignor, the carrier,
the port operator and the consignee) to satisfy the radiation protection
requirements and provisions established in the Transport Regulations (i.e. to
limit both normal and potential exposures of workers and members of the
public). RPPs thus define the radiation protection objectives of a transport
organization and describe the operator’s contribution to meeting these
objectives.



2.2. The objectives of an RPP for the transport of radioactive material are:

(a) To provide for adequate consideration of radiation protection measures;

(b) To ensure that the system of radiological protection is adequately applied;

(c) To enhance the safety culture;

(d) To provide practical measures for meeting the radiation protection
objectives.

2.3. An RPP, as defined in para. 234 of the Transport Regulations [1], is
required to cover the requirements of paras 302-305, 311-314 and 563 of the
Transport Regulations (see Annex VII). The RPP may be documented in one
or several documents and may be a separate programme or may be a part of
the operator’s general programme for quality assurance (see para. 306 of the
Transport Regulations [1]) within its overall management system for the
transport of radioactive material. Guidance on management systems for the
safe transport of radioactive material is given in Ref. [4].

OPERATIONAL RADIATION PROTECTION

2.4. The operational radiation protection provisions and controls
incorporated in an RPP may be diverse in nature and may reflect, for example,
regulatory, managerial or operational requirements and criteria concerning
radiation protection in transport. The nature and extent of control measures to
be employed in an RPP should be related to the magnitude and likelihood of
radiation exposures (i.e. the control measures employed are expected to be
commensurate with the level of hazards arising from the transport of
radioactive material in a graded approach). Operations involving only a small
number of package shipments of lower potential radiological hazard would
warrant a small programme, while more significant operations (e.g. involving
diverse types of radioactive material and packages being handled and shipped
in the public domain) would warrant a comprehensive programme. In both
cases, the workforce should be appropriately trained and the programme
should be properly managed. RPPs cover all aspects of transport and the
associated conditions, including (a) routine transport conditions and (b)
transport and handling incidents, including accidents.

2.5. An RPP covers all aspects of transport, but the main emphasis should be
put on the stages of transport operations that give rise to exposure to radiation
(e.g. packing, preparation, loading, handling, storage in transit and movement of
packages of radioactive material, and inspection and maintenance of packaging).



3. REQUIREMENT FOR AND SCOPE OF A RADIATION
PROTECTION PROGRAMME IN TRANSPORT

GENERAL

3.1. Asstated in Section 2, an RPP is required to cover all areas of transport,
but the main emphasis should be on the stages of transport operations that give
rise to radiation exposure (e.g. packing, preparation, loading, handling, storage
in transit and movement of packages of radioactive material, and inspection
and maintenance of packaging).

3.2. RPPs define and document a systematic and structured way for the
framework of controls to be applied by a transport organization, with the
primary aim of optimizing protection and safety in the transport of radioactive
material. It is generally recognized that optimization of the protection and
safety of workers and the public is most effectively addressed at the early stage
of transport related activities such as the design, manufacture, scheduling and
preparation of the radioactive material packages. The implementation of this
approach is only the first, but a necessary, step. In particular, for more complex
shipping conditions that may involve numerous organizational and transport
related activities, there will be transport related operations and related
radiation protection considerations that are outside the scope of the radiation
protection controls provided for by the designer of a package or manufacturer
of a packaging. An example would be a possible lack of safety culture on the
part of the carrier or consignor. Even if radiation protection and safety have
been optimized at the pre-operational stage of the shipment of radioactive
material and priority is given to the package design and technical measures for
controlling exposure to radiation, there will generally still be a need for the
optimization of radiation protection arrangements at the various stages of
transport operations.

3.3. For the operational stages of preparation, carriage, in-transit storage,
intermodal transfer, unloading and delivery of radioactive material packages at
the final destination and maintenance of empty packages (if contaminated or
containing residual radioactive material), the General Provision on Radiation
Protection embodied in the Transport Regulations [1] calls for the
establishment and application of an RPP for transport. An RPP is therefore
mainly concerned with the loading, carriage, handling, delivery and unloading
procedures involved with the operations on packaged or unpackaged
radioactive material by the consignor, carrier, in-transit storage and transfer



point operator and consignee. In other words, the focus of an RPP for the
transport of radioactive material is generally limited to transport and handling
operations that have the potential to result in radiation exposures or
contamination of people, property and the environment. Related activities with
overpacks, freight containers and tanks as well as vehicles should be taken into
account in the RPP. However, transport related operations that do not involve
occupational or public exposure (e.g. administrative or clerical work) may be
excluded from the requirement for the establishment of an RPP for transport.

MEETING SAFETY REQUIREMENTS

3.4. The radiation protection measures employed in an RPP may encompass a
broad set of regulatory or technical safety requirements, but should be
commensurate with the magnitude and likelihood of the radiation exposures
(i.e. the controls should be reasonably related to the hazards arising from
radioactive material transport), and consequently a graded approach is
adopted, as shown in Table 1. The RPP could be brief or detailed, depending on
the nature and quantity of the radioactive consignments handled by the
operator.

3.5. An RPP should cover all areas of transport and the possible associated
conditions of transport, including normal and accident conditions of transport.
The regulatory requirements for the establishment of an RPP in the transport
of radioactive material should be based on practical considerations.

3.6. According to the Transport Regulations [1] (para. 107(b)), 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”. This situation is found in association with transport within, for
example, a nuclear power plant, an isotope production facility or a hospital
nuclear medicine department, where staff members of the plant or facility may
be involved in transport related operations such as the packing, loading,
preparation, consigning or receipt of a radioactive material shipment.
However, these organizations generally are governed by or operated under a
technical and organizational framework for radiation protection that is similar
to that of the standards of safety embodied in the Transport Regulations. There
are cases of a dedicated carrier or shipper organization being contracted solely
for transport operations of a specific consignor or consignee, with the consignor
or consignee having a properly developed RPP in place that may cover the



TABLE 1. RADIATION PROTECTION PROGRAMME ELEMENTS
AND OCCUPATIONAL DOSES

Occupational doses”

More than 1 mSv in
RPP element?® Not more than More than 6 mSv
ayear but not more

1 mSvin a year than 6 mSvin a year in a year
Scope of the RPP Should consider each of the three dose ranges
Roles and responsibilities Should be specified for each dose range
Dose assessment Occasional Workplace or Individual
workplace individual monitoring
monitoring monitoring mandatory
required
Dose limits, constraints, Yes, but basic Yes
optimization optimization
Surface contamination Must be considered
Segregation® and other Only applicable to II-YELLOW, III-YELLOW,
protective measures ITII-YELLOW under exclusive use (and packages containing
fissile material)
Emergency response® Must be considered
Training® Must be considered
Management systems® Must be considered

#  Listed under para. 3.9 of this Safety Guide.

® A graded approach should be used as appropriate for each RPP element.

Not only an RPP element; there may be broader considerations. An RPP can,
however, refer to elements existing elsewhere.

C

carrier’s or shipper’s operations. In such circumstances the competent authority
may not require the carrier or shipper to have a separate RPP solely for
transport if the relevant consignor or consignee organization accounts for
meeting all relevant radiation protection requirements.

3.7. The first step is to define the scope of the RPP. A description of the type,
nature and volume of radioactive material being shipped, the magnitude and
likelihood of radiation exposures arising from these transport operations,
the possible number of workers involved and the duration of the operations
and the distance between workers and the radioactive material are essential
elements of the programme documentation that will allow the operator to
define the scope of the RPP.



3.8. The description of the transport programme should include the measures
that are needed to meet the requirements of the Transport Regulations for
radiation protection, including monitoring provisions.

ELEMENTS OF A RADIATION PROTECTION PROGRAMME

3.9. The principal radiation protection consideration to be accounted for in an
RPP should cover the following basic elements contributing to protection and
safety, consistent with the programme structure outlined in Table 1. Each
element should be documented with an appropriate level of detail:

(a) Scope of the programme;

(b) Roles and responsibilities for the implementation of the programme;
(¢) Dose assessment;

(d) Dose limits, constraints and optimization;

(e) Surface contamination;

(f) Segregation and other protective measures;

(g) Emergency response arrangements;

(h) Training;

(i) Management systems for the safe transport of radioactive material.

Examples of RPPs are provided in Annexes I-V.

4. BASIC ELEMENTS OF A RADIATION PROTECTION
PROGRAMME AS A FUNCTION OF ASSESSED
OCCUPATIONAL DOSES

OCCUPATIONAL DOSES

4.1. The basic elements of an RPP are defined in the Safety Guide on
Advisory Material for the IAEA Regulations for the Safe Transport of
Radioactive Material [2]. These elements are shown in the first column of
Table 1 as RPP elements for different occupational doses. Sections 3 and 5-11
of this Safety Guide cover each of these basic elements in more detail. In
situations in which occupational dose is likely to be less than 1 mSv in a year,



confirmatory monitoring should be conducted. The RPP, in general, should
include provisions for emergency dosimetry.

4.2. Various factors determine the importance of each of these basic
elements of an RPP, such as the dose rate, the radioactive contents and activity,
the number of packages transported annually and public access to packages.

4.3. Low occupational doses or only occasional transport of radioactive
material does not mean that no RPP is required; for example, transport of
radioactive material with high activity in heavily shielded packages generally
gives rise to only low doses, but nevertheless requires thorough consideration
of other basic elements such as emergency response and training.

GRADED APPROACH

44. Depending on the assessed effective doses due to occupational
exposures arising from transport activities, a graded approach to applying the
requirements of RPP elements is possible. Where it is assessed that the
effective dose:

(a) Is most unlikely to exceed 1 mSv in a year, very little action needs to be
taken for evaluating and controlling occupational doses;

(b) Is likely to be between 1 and 6 mSv in a year, a dose assessment
programme using workplace monitoring or individual monitoring is
mandatory;

(c) Islikely to exceed 6 mSv in a year, individual monitoring of the personnel
involved in transport is mandatory.

4.5. High external dose rates do not necessarily result in high doses.

Operational procedures and other protective measures, including segregation,
should be used in such circumstances.

10



5. ASSIGNMENT OF ROLES AND RESPONSIBILITIES
FOR THE ESTABLISHMENT OF A RADIATION
PROTECTION PROGRAMME

RESPONSIBILITY FOR ESTABLISHING
A RADIATION PROTECTION PROGRAMME

5.1. The regulatory framework governing the transport of radioactive
material assigns specific roles and responsibilities to the transport
organizations (operator) and competent authorities for compliance with
certain objectives, requirements and procedures relevant to safety. These duties
and responsibilities are outlined below.

OPERATOR’S RESPONSIBILITIES

5.2. It is the principal responsibility of the transport organization (e.g. the
consignor, carrier, port operator or consignee) to identify and document the
safety and performance objectives, and to provide the necessary organizational
infrastructure and resources to ensure that the objectives of the RPP are
achieved in compliance with all relevant regulatory and managerial
requirements in an effective manner.

5.3. The safety objectives (or policy) and the management’s commitment to
optimizing protection and safety for the establishment and application of the
RPP should be clearly stated in the documentation of the RPP.

5.4. The radiation protection objectives pursued in the implementation and
application of the RPP are best established with the cooperation of the parties
engaged in transport operations. In more complex transport operations this
may be difficult to achieve; for example, a transboundary shipment of
radioactive material by road, rail and sea may involve many independent
transport organizations. Such shipments could include road carriers, seaport
operators, sea carriers and railway organizations where essentially each party
undertakes work in its own right and under its own responsibility. Each of these
transport organizations can, however, be held responsible for radiation
protection arrangements only to the extent that they have direct
responsibilities for compliance with prescribed legislative, regulatory,
managerial or operational requirements concerning radiation protection. It
would be considered unreasonable and impractical to assign the duty of the
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establishment and application of an RPP for transport operations to an
organization or party (e.g. the consignor of radioactive material) in cases in
which the organization or party has no direct bearing on, nor any direct
responsibility for, operational radiation protection considerations.

5.5. The RPP should include, in its scope, the interfaces among the operators;
for example, the consignee should develop an appropriate RPP that would
require that the consignee’s representatives who collect the packages from the
cargo office be appropriately trained and familiar with the procedure for
handling packages if they are received in a damaged condition and the
preparations that they need to make when they go to the cargo office to collect
their packages.

5.6. The responsibility for the implementation of an RPP therefore rests on
each operating transport organization involved in the shipment of radioactive
material. Carriers, consignors and consignees should cooperate. Advantage
may be taken of safety provisions provided under a regulatory regime other
than that for transport, thereby ensuring a commensurate standard of
protection and safety. This approach also prevents the duplication of efforts
and helps to avoid overlap of responsibilities.

5.7. Tt should be noted, however, that the competent authority may require an
alternative system to be implemented and applied on a national basis; for
example, by requiring the consignor to examine and evaluate the adequacy and
effectiveness of the RPP of the subcontractors involved in transport activities
of its own radioactive material shipments. Consignors may also decide to assist
subcontractors voluntarily in the development of their RPPs.

5.8. Workers should contribute to protection and safety for themselves and
others at work (see Ref. [8], paras 2.36-2.39). Workers should be made
responsible for following all relevant safety procedures and for providing
feedback to management.

5.9. The nationally relevant legislative and regulatory framework for the safe
transport of radioactive material generally assigns specific responsibilities for
compliance with certain objectives, duties, requirements and procedures
relevant to safety to the parties (operators) involved in the transport of
radioactive material. Some of these duties and procedures may be developed
by the transport organizations; regulatory or advisory bodies require others.
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5.10. Management should be responsible for ensuring that doses are limited,
that protection and safety are optimized, and that appropriate RPPs are
established and implemented (Ref. [8], para. 2.35).

5.11. It should therefore be the principal responsibility of the management of
the transport organization (operator) that the safety objectives (goal setting)
are documented and that the safety related duties and responsibilities,
including the requirement for the optimization of protection, are properly
fulfilled. This can be achieved through the adoption of adequate management
systems, policies and organizational arrangements that are commensurate with
the anticipated transport operations and the nature and extent of the
associated hazards.

5.12. The management system should reflect the management’s commitment
to safety by means of written policy statements and by clear support for those
with direct responsibility for protection and safety in the workplace and the
public domain. The organizational arrangements should include specifying and
documenting the roles and responsibilities of the individuals involved and the
functions to be performed by them. They should also ensure that an adequate
infrastructure and resources are available, providing, where relevant, facilities,
suitably qualified staff, equipment, training, feedback mechanisms and the
authority to perform the activities in compliance with all relevant legislative,
regulatory and managerial requirements and operational procedures in an
effective manner. The individuals responsible for managing the RPP should be
clearly designated and should be given the necessary authority to implement
the programme.

5.13. Preparation of the administrative and operational functions, including the
establishment and application of an RPP, may be performed by a suitably
qualified expert (e.g. a radiation protection officer) or an expert organization
with the necessary authority to carry out actions and tasks related to safety.
However, the final responsibility for ensuring compliance with all relevant
regulations, decrees, directives, ordinances and standards rests with the
management of the transport organization. Further recommendations are
provided in Ref. [8].

RESPONSIBILITIES OF THE COMPETENT AUTHORITY

5.14. Certain requirements for protection and safety are so important that
compliance with them should be independently verified. It is the principal role
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and responsibility of the competent authority to enforce compliance with all
relevant requirements and standards, including those for the optimization of
protection and safety in transport, by means of independent verification.

5.15. The elements addressed by the competent authority in reviewing an RPP
may include the following. It should be checked that:

(a)
(b)

(©)
(d)
(e)

The RPP is documented and implemented and is commensurate with the
hazards of the transport programme of the organization and/or operator;
Optimization of protection and safety is adequate and is effectively
implemented (i.e. all reasonable and practical steps have been taken to
keep normal and potential exposures as low as reasonably achievable,
economic and social factors being taken into account, for workers and
members of the public);

Adequate training and information for workers is being provided;
Mechanisms for the feedback of experience are in place;

Formal arrangements for periodic reviews of radiation protection issues
are in place.

5.16. In addition, the competent authority, in line with para. 308 of the
Transport Regulations [1], is required to arrange for periodic assessment of
the radiation doses to persons due to the transport of radioactive material.

5.17. The programme documents should be available on request for inspection
by the relevant competent authority.

6. DOSE ASSESSMENT AND OPTIMIZATION

DOSE ASSESSMENT PRINCIPLES

6.1.

Dose assessment and evaluation is a key issue in RPPs and relates to two

fundamental considerations for radiation protection:

()
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A priori dose assessment and evaluation for workers and, when required,
for the public is necessary to establish an RPP. It should be ensured that
due account has been taken of all applicable radiation protection
measures. A graded approach should be used for this dose assessment.



The purpose of the assessment is to describe, as precisely as necessary,

the possible radiological consequences of transport operations involving

radioactive material shipments. It may cover the following in particular,

as appropriate:

(i) Identification of the causes of exposures and doses from routine and
normal conditions of transport;

(i) Provision, where required, of reasonably accurate estimates of the
expected doses to persons and the likelihood of exposures.

(b) Radiation monitoring and dose assessment to demonstrate compliance
with all relevant standards and criteria during transport, thereby
establishing confidence in and continuation of good practice.

6.2. For the assessment and evaluation of transport related radiation doses,
the package type, the package category, the exposure time, the dose rate, the
frequency of operation, the transport volume, the use of overpacks or freight
containers, the necessity of in-transit storage, the use of different modes of
transport or conveyances and stowing within the conveyance should all be
considered. Specific handling procedures (e.g. for small packages or packages
that are remotely handled) should be taken into account.

MONITORING
Monitoring packages and conveyances

6.3. Routine monitoring made at the surface of and at a certain distance from
the packages and conveyances should be detailed in the RPP to ensure both
that the current authorized limits for radiation levels and surface
contamination are met and that the scope of the RPP has been well defined.
The nature and frequency of the monitoring, which will depend on the scope of
the RPP, should be specified. The equipment to be used should be suitable for
the types of radiation encountered and should be calibrated to meet the
appropriate performance standards. The consignor has the primary
responsibility for ensuring that dose rates and contamination levels of packages
are in accordance with the regulatory requirements. However, consignors,
carriers and consignees will all have some responsibilities in respect of package,
conveyance, workplace and individual monitoring, depending on their
individual circumstances.
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Workplace monitoring

6.4. Routine monitoring in the workplace environment may be associated
with continuing operations, both to demonstrate that the work conditions
remain satisfactory and to meet regulatory requirements. Additionally, the
results of the monitoring may be used for the purposes of dose assessment. The
measurements can be performed in the storage buildings as well as in the
conveyances. They comprise monitoring for external radiation and for surface
contamination. The nature and frequency of the workplace monitoring should
be determined in accordance with the prior radiological evaluation.

6.5. The equipment to be used should be suitable for the types of radiation
encountered and should be calibrated to meet the appropriate performance
standards. The best location for workplace monitoring should be selected.

Individual monitoring

6.6. Where necessary, an individual monitoring programme should be a part
of the RPP. Individual monitoring allows a value to be assigned to the external
dose (or to rare internal dose) to an individual. The monitoring is based on
equipment worn by individual workers, such as dosimeters for external
exposure or personal air samplers for the rare cases in which internal exposure
is a concern.

6.7. Individual monitoring is useful in ensuring compliance with the radiation
protection principles of limitation and optimization of doses.

6.8. The equipment to be used should be suitable for the types of radiation
encountered and should be calibrated to meet the appropriate performance
standards.

Recording and reporting exposures

6.9. Records of dose assessment enable a verification that monitoring has
been carried out correctly and at the required frequency, and should be
routinely provided where required. Annual doses should be recorded and
retained. Records should also include information about the method of
assessment. Further information is provided in Ref. [8], paras 5.75-5.91.
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METHODS OF EXTERNAL DOSE ASSESSMENT
6.10. The radiation doses received by workers depend on:

(a) The package, overpack, freight container or conveyance dose rate;

(b) The period of exposure;

(c) The distance from the package, overpack, freight container or
conveyance;

(d) Any additional shielding used.

6.11. Packages and conveyances may have radiation levels on the external
surface up to the maximum values. The dose rate and TI limits are shown in
Table 2 for different package categories. Several methods of dose assessment
are available, and the method to be used should be determined in accordance
with the scope of the RPP.

Dose assessment data in the literature

6.12. Publications are available that give the results of monitoring of and dose
assessment for workers for exposure during the transport and handling of
packages containing radioactive material, for example Refs [12-14]. Exposure
data for workers and the public for nuclear fuel cycle material, including fresh
fuel, spent fuel and high level waste, and for various modes of transport, are
summarized in Ref. [15]. Data on occupational exposure arising from the
transport and handling of large volumes of packages for medical and industrial
use are provided in Ref. [16]. Data from dose assessments and evaluations may
also be available from calculations made for safety analysis reports.

6.13. All these sources of information can be useful in prior dose assessment
and evaluation, but care should be taken to ensure that the results are
applicable within the scope of any particular RPP. Special attention should be
given to whether handling activities are comparable.

Assessment of exposure based on the transport index

6.14. Several investigations have been made to do the following:

(a) To establish a relationship between the total number of TI of packages

transported by a company and the doses received during handling and
transport;
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TABLE 2. MAXIMUM DOSE RATES AND TRANSPORT INDICES FOR
PACKAGES

Type of package Maximum surface dose rate Maximum TI
or package category (mSv/h)
Excepted package Not more than 0.005
Category I-WHITE Not more than 0.005 0
Category II-YELLOW More than 0.005 More than 0
but not more than 0.5 but not more than 1
Category III-YELLOW More than 0.5 More than 1
but not more than 2 but not more than 10
Category III-YELLOW plus More than 2 More than 10
under exclusive use® but not more than 10

# Although the package radiation levels may be above the category III-YELLOW
levels when transported under exclusive use, the limits that apply to radiation levels
outside vehicles will still apply (see, for example, para. 573 of the Transport
Regulations [1]).

(b) To determine the dose per unit TI on the basis of good practices in a
specific operation;

(¢) To define a threshold value for the total number of TI handled in a year
below which the dose to workers in specific circumstances was below
the level of 1 mSV/a.

6.15. In those cases for which a reproducible correlation between TI and
specific transport related activities can be demonstrated, that correlation can
be used to establish a situation or site specific TI level below which monitoring
would not be required for those activities. When the characteristics of these
activities change in a way that might result in an increase in the total dose to
a worker, a reassessment should be made.

6.16. Where a transport operator is involved in the regular shipment of similar
consignments from year to year, it is possible to estimate the doses due to
exposures arising from normal transport operations by means of the
examination of prior exposure data. The same types of transport operations
undertaken under similar conditions are likely to result in similar exposures
arising from normal transport. Such data are available to most major transport
organizations. Some studies of transport operations involving radio-
pharmaceuticals and other packages have shown a correlation between
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the occupational dose and the TT for particular operations; for example, a study
[13] in the United Kingdom found that, for the transport of industrial and
medical radionuclides by road, a total effective dose of 1 mSv/a would be
unlikely to be exceeded for transport workers handling less than 300 TI
annually (i.e. a total dose to TI ratio of 3 uSv/TI). Such carriers would therefore
not require detailed monitoring, dose assessment programmes or the keeping
of individual records (see the Transport Regulations [1], para. 303). A similar
study in the USA [14] found numbers for the total dose per unit TI of
0.6-2.3 uSv/TI. Annex VIII provides further details concerning these studies.
The external radiation levels of excepted and category I-WHITE packages are
so low, however, that they are generally considered to be safe to handle without
any major operational restrictions, and an explicit dose assessment may
therefore not be required for operations involving exclusively low level
radiation packages (see Table 3 for further information). With proper
justification, such data could be part of a dose evaluation. However, the
operator should demonstrate that its operations and radiation exposures are in
accordance with best practices.

6.17. For other categories of shipments of radioactive material (e.g. for nuclear
fuel cycle material), however, comparable empirical data on the ratio of
collective dose to TI are not at present available in any widely distributed form,
but they may be used if such information is available and its use is justified.

6.18. In using the TT method, allowance should be made for unforeseen events
in which the dose uptake will be more than was envisaged. In such a case, the
exposure should be calculated to ensure that the employee would not receive
an excessive dose by transporting the number of packages shown in Table 3.

6.19. By taking into account the dose rate limits of the different package
categories, it is possible to calculate, as an example, the number of packages
that will lead to a dose of less than 1 mSv/a for workers, account being taken of
external exposure only. Table 3 provides estimates of the number of packages
of each category that can be handled annually before a worker would receive a
dose of 1 mSv due to external exposure. The numbers are based on the
maximum dose rate expected from a package in each category. This table may
be used to show how many packages could be handled before a worker could
potentially reach a dose of 1 mSv. In all cases, operational procedures should be
reviewed to ensure that they are in accordance with good practices.
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TABLE 3. NUMBER OF PACKAGES HANDLED ANNUALLY RESULT-
ING IN A DOSE OF 1 mSv/a, BY CATEGORY OF PACKAGES

Maximum number of packages handled annually resulting
in an individual occupational dose not exceeding 1 mSv/a

Category of packages Scenario: for each Scenario: for each package,
package, workeris ~ worker is located at contact for
located at 1 m for 30 min 5 min and at 1 m for 25 min

Category -WHITE 4000 1600
Category II-YELLOW 200 40%
Category III-YELLOW 20 6°
Category III + exclusive use 0 0

# Forty packages with an average dose rate of 0.25 mSv/h at contact and TI = 1.
" Six packages with an average dose rate of 1.25 mSv/h at contact and TI = 10.

Analysis by computer code

6.20. In some cases it may be necessary or practical to use computer codes such
as RADTRAN 4 [17], INTERTRAN 2 [18], RISKIND [19] or
MICROSHIELD [20] to perform dose assessments.

INTERNAL DOSE ASSESSMENT METHODS

6.21. Where necessary, data on airborne radioactive material and surface
contamination should be considered for assessment of possible internal doses.
Moreover, internal exposure of a worker can be measured on the basis of
quantities of radioactive material in the body, such as in whole body monitoring
or biological analysis. The approaches and models involved in the assessment
for possible internal doses are, however, generally more complex than those for
external exposure. For further details see Ref. [9].

DOSE LIMITS, DOSE CONSTRAINTS AND OPTIMIZATION

6.22. The requirements for radiation protection established in the BSS [6],
which underlie the Transport Regulations, set a limit on the effective dose for
members of the public of 1 mSv/a and for workers of 20 mSv/a averaged over
five consecutive years. This is to ensure that no individual is committed to an
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unacceptable risk due to radiation exposure. Additionally, dose limits in terms
of equivalent dose for the lens of the eye, extremities (hands and feet) and skin
are specified in the BSS.

6.23. Dose constraints are an important feature of the optimization procedure.
Operations related values of individual dose restrict the range of handling and
shipping options and the arrangements principally available for the movement
of radioactive material from the origin of the shipment to the final destination.
Dose constraints may be established to represent some fraction of the dose
limit. It has been suggested that an acceptable choice of a suitable level of
individual dose may be made on the basis of the transport related doses likely
to be incurred in well managed transport operations. Dose constraints relate to
projected doses or risks to individuals. Dose constraints are intended to reflect
what should be achievable by the application of good practices. Dose
constraints may be established or agreed to by the competent authority. In
setting values, the cumulative doses from exposures due to other sources
should be taken into account. Dose constraints can be developed for specified
tasks. However, dose constraints need not be established where operations
already result in insignificant doses.

6.24. Operational limits prescribed by regulatory bodies and restrictions
applied by the management to specific operations as part of the day to day
control of exposures should not be confused with the dose constraints in the
sense defined above. Nevertheless, operational limits may prove to be efficient
in controlling radiation exposures of personnel for conditions of routine
transport operations.

6.25. To provide a high level of protection against radiation exposure, the
Transport Regulations [1] are based on the provisions of the BSS [6]. They
adopt the safety principle that, in practices giving rise to exposures, radiation
protection should be optimized to keep doses as low as reasonably achievable,
economic and social factors being taken into account.

6.26. The principal arrangements for radiation protection in the use, handling,
carriage and delivery of packages containing radioactive material may be
diverse in nature but may, for example, include the following elements:

(a) Review of individual and collective dose profiles and comparison with
predicted dose profiles with a view to identifying any problem areas;

(b) Application of suitable segregation distances;

(c) Adequate shielding arrangements;
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(d) Specific stowing, loading, unloading and tie-down instructions for high T1I
packages;

(e) Awvailability and application of operational dose limits;

(f)  Access restrictions for areas of high background radiation levels;

(g) Application of dose minimizing work schedules for personnel (e.g. job
rotation provisions depending on the occupational dose incurred);

(h) Routine use of auxiliary equipment for movement and lifting of packages;

(i) Driving and routing restrictions depending on the road and weather
conditions (for the minimization of potential exposures).

6.27. Reference [21] gives further guidance on the optimization of radiation
protection. Transport organizations or programmes resulting in low
occupational exposures may require only basic implementation of the
optimization principle.

6.28. Collection of relevant information combining transport operations,
radiation measurements and dose assessments may be achieved in a structured
document, analysis of which will be useful for the purposes of optimization.
Reviews of accident conditions and the means used to prevent the recurrence
of accidents are necessary in addition to reviews of routine and normal
conditions. Analysis of feedback may involve investigation levels of dose,
intake or surface contamination above which a review of the protection
arrangements should be initiated to consider the cause of the exposure in
excess of the prescribed levels and the corrective actions to be taken.

7. SURFACE CONTAMINATION

MEETING REQUIREMENTS IN RESPECT OF CONTAMINATION

7.1. It is a requirement of the Transport Regulations that contamination be
carefully controlled for transport packages, their conveyances and other
associated equipment. Many radioactive packages are completely free from
contamination of the outer surface, whereas others require additional
decontamination to ensure that strict ‘safe’ limits are achieved prior to
dispatch. Strategies for contamination management may include prevention,
decontamination and ‘minimization through design’.
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7.2. For example, pond loaded transport casks for spent nuclear fuel are
known to be more prone to the presence of radioactive contaminants on
surfaces than packages containing sealed radioactive sources. Consequently,
more intensive monitoring for surface contamination is needed for spent
nuclear fuel casks than is needed for the handling and shipment of the majority
of other radioactive material packages.

7.3. There is an excellent record of absence of surface contamination for
packages transported for medical and general industrial use. Routine
monitoring of these types of package for surface contamination by the carrier is
therefore not normally necessary.

7.4. To prevent the spread of radioactive contaminants, and to ensure that
surface contamination is as low as reasonably achievable under routine
transport conditions and is below the contamination limits, routine or periodic
monitoring for contamination on surfaces of packages, overpacks, freight
containers, components, equipment, conveyances and personnel should be
conducted in some cases. Monitoring programmes for surface contamination
can assist in detecting failure of containment or deviations from good operating
procedures, and in providing information for monitoring programmes for
possible internal exposures. The frequency of monitoring should be
commensurate with the potential for surface contamination in transport
operations.

CONTROL OF CONTAMINATION

7.5. The applicable criteria for controlling (fixed and non-fixed) surface
contamination in work areas and on packages, conveyances and equipment
within a transport organization should be identified in the RPP, and an outline
of the type and extent of the contamination monitoring programme should be
provided. The conventional approach to routine monitoring for surface
contamination is to monitor a representative fraction of surfaces in an area or
on packages at a frequency determined by experience (further guidance is
provided in Ref. [8], paras 539-548). However, routine monitoring of
conveyances and equipment for surface contamination is not normally
necessary where radioactive material in special form or in welded sealed
sources meeting ISO 2919 standards (or similar) is transported.
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7.6. Details of the monitoring techniques depend strongly on the type of
radioactive material concerned (whether fission products or isotopes, etc.), and
monitoring equipment should therefore be selected appropriately.

8. SEGREGATION AND OTHER
PROTECTIVE MEASURES

SEGREGATION

8.1. External dose rates from packages of radioactive material can be high,
but exposures of workers and members of the public can be limited by the
adequate segregation of such packages from persons or by the use of other
protective measures.

8.2. For many years the modal Transport Regulations have included
segregation requirements. The dose limit of 5 mSv in a year for occupationally
exposed workers and 1 mSv in a year for the critical group for members of the
public are specified values to be used for the purposes of calculating
segregation distances or dose rates for regularly occupied areas. The distances
and dose rates are often for convenience presented in segregation tables. The
values of 1 mSv in a year and 5 mSv in a year for effective dose, as given in
para. 563 of the Transport Regulations [1], are for segregation distances or
calculation purposes only and should be used together with conservative model
parameters to obtain appropriate segregation distances. Using the given values
provides reasonable assurance that the actual doses arising from the transport
of radioactive material will be below the appropriate average annual dose
limits. These values, together with simple, robust modelling, have been used for
a number of years to derive segregation tables for different modes of transport.
Continued use of segregation tables is acceptable, on the basis of surveys of
exposures occurring during air transport and sea transport, which have shown
that the use of such segregation distances has resulted in doses to the public
well below the relevant annual dose limits and that doses to workers not
involved in direct handling are less than 1 mSv in a year [14]. The use of
segregation distances does not in itself remove the requirement for
undertaking the optimization evaluation required in para. 301 of the Transport
Regulations [1].
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8.3. The Transport Regulations establish the requirements for radiation
protection that are to be fulfilled in the determination of segregation distances
(i.e. minimum distances between radioactive material packages and regularly
occupied areas of a conveyance) and of dose rates in regularly occupied areas.
For practical purposes it may be helpful to provide this information in the form
of segregation tables.

8.4. Paragraph 563 of the Transport Regulations [1] and appendix III of
Ref. [2] address segregation distances. The International Maritime
Organization (IMO) has established two methods for satisfying segregation
requirements, as illustrated in Annex IX, which is taken from the International
Maritime Dangerous Goods (IMDG) Code [22].

LIMITATION OF EXPOSURE TIMES

8.5. Periodic assessments of work procedures should be made to look for
possible changes to implement in the procedures in order to reduce the amount
of time for which the worker is in the vicinity of the packages, so as to reduce
his or her radiation dose. Examples of such measures are: preparing shipping
papers in a low background area instead of near the package; performing TI
measurements and measurements of the package surface dose rate by
automated means; using mechanical means such as dollies or carts to transport
packages to and from a conveyance instead of carrying individual packages
against the body; and planning the work process so that a conveyance can be
loaded or unloaded in the minimum amount of time.

USE OF SHIELDING AND SHIELDING TECHNIQUES

8.6. In some instances it may be reasonable to lower the dose to the driver of
a conveyance by installing shielding material between the driver and the cargo
areas, or to lower the dose to the employees of the consignor or the consignee
in fixed facilities by installing shielding between work areas and package
storage or loading or unloading areas.

8.7. Where possible, accumulation of packages should be arranged, both in
storage areas and in conveyances, so that the packages giving rise to higher
dose rates are farthest from employees; in this manner not only will the dose
rate to the employees be lower because of the increased distance, but in
addition the packages giving rise to lower dose rates serve to shield the
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employees partially from the radiation emitted by the packages giving rise to
higher dose rates.

CONTROLLED AND SUPERVISED AREAS

8.8. The BSS [6] and the Safety Guide on Occupational Radiation Protection
[8] state that a controlled area is an area in which specific protective measures
or safety provisions are or could be required for controlling normal exposure or
for preventing the spread of contamination under normal working conditions,
and for preventing or limiting potential exposures. The BSS and Ref. [8] also
state the necessary physical controls and equipment to be used.

8.9. This concept of a controlled area is applied to fixed installations, but
other systems of control may be appropriate for the transport of radioactive
material; for example, a moving conveyance is not a controlled area as defined
in the BSS [6], but areas within a conveyance might be so designated. For
storage in transit, controlled and supervised areas are common. However, for
scheduled and non-scheduled stops and overnight stops during road transport,
some protective measures may be required.

8.10. Transport safety concerns workers and members of the public. The
Transport Regulations set restrictions for conveyances with respect to the
exposure rate (e.g. 0.1 mSv/h at any point at 2 m distance). In certain former
editions of the Regulations for the Safe Transport of Radioactive Material (e.g.
IAEA Safety Series No. 6 of 1985 (As Amended 1990)), the exposure rate in
the driver’s section was limited to 20 uSv/h. In some States a maximum dose
rate limit for drivers is still prescribed.

8.11. Transport safety covers the design, manufacture and preparation of the
package as well as other operations and conditions as stated in para. 106 of the
Transport Regulations [1]. The package itself forms the primary containment,
and areas outside the package are subject to many controls for both the
package and the conveyance.

8.12. Packages or overpacks of category II-YELLOW or III-YELLOW are not
allowed to be carried in compartments occupied by passengers, except those
compartments reserved exclusively for couriers specially authorized to
accompany such packages or overpacks (see the Transport Regulations [1],
para. 564).
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9. EMERGENCY RESPONSE

GENERAL

9.1. The requirements of the Transport Regulations provide for a high degree
of radiological protection before, during and after an incident or accident. The
transport of radioactive material has an excellent safety record. However, in
spite of all measures taken to ensure the safe transport of radioactive material,
there is a definite, although small, probability that accidents involving
radioactive material may take place in the public domain.

9.2. Operators are generally responsible for preparing emergency plans.
However, there will be other events that need broader arrangements; for
example, packages may be lost, incorrectly delivered, unclaimed or
unexpectedly found. The methods of, and arrangements for, emergency
response to incidents during the transport of radioactive material may differ
from State to State, depending on the established institutional arrangements
and the resources available.

9.3. The objective of emergency response is to minimize the risk associated
with transport incidents by providing a rapid and adequate response. An
adequate response may be defined as one in which potential or actual damage
to persons, property and the environment is mitigated to the extent possible.
Such a response includes: the emergency dosimetry of persons, where so
recommended by a radiation protection expert; the provision of adequate
medical and radiological care for any injured or contaminated persons; the
proper disposition of radioactive material and cleanup of any radioactive
material dispersed as a result of the accident; and the remediation of the
accident site to return it as far as possible to its normal condition and function.
In some cases some actions may require an extended time; in such cases the
initial response should at least ensure adequate medical care for any injured
persons and the mitigation of any damage to property or harm to the
environment.

EMERGENCY PLAN
9.4. Planning and advance preparation are generally necessary to ensure that

emergency response is timely and adequate when needed. The emergency
response plan should address immediate actions that would be taken in the
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event of a transport emergency. The consignor may assist the various carriers
with the procedures to be followed, or with access to appropriate
arrangements. A mechanism or procedure should be established to ensure that
the carrier or responding officials (such as traffic police or fire-fighters, for
highway or railway accidents) would be able to recognize whether radioactive
material is involved and whether other dangerous substances may be present,
and will immediately notify the consignor and any appropriate authorities of
the accident. Emergency instruction to the carrier’s employees should be kept
simple, clear and limited.

EMERGENCY PREPAREDNESS

9.5. The appropriate authorities, the carrier and the consignor should be
prepared to react rapidly to an emergency in the transport of radioactive
material. The potential consequences of such events should be taken into
account in the plan, and the plan should include provisions to follow all
relevant modal and other regulatory and reporting requirements.

9.6. The plan should also contain a mechanism to contact immediately a
person knowledgeable and professionally trained in radiation protection
procedures, to assess the state of the radioactive material involved, and to
determine how it should be dealt with (e.g. by authorizing the continued
transport of undamaged packages, by controlling and cleaning up spills, by
properly disposing of spilled material or damaged packages and by ensuring
that doses to all persons involved are minimized during these activities).

9.7. Unless the lives of rescue personnel would be endangered by doing so,
persons who are or may be seriously injured should be given immediate
medical attention, irrespective of the presence or otherwise of spilled
radioactive material.

9.8. The plan should provide for a post-incident analysis of both the incident
and the response to it, to determine the measures that may be taken to
minimize the possibility of the occurrence of a similar incident in the future and
to improve the response to any such incident.

9.9. Further guidance on meeting the requirements for planning and
preparedness for emergency response is given in Ref. [3].
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10. TRAINING

NEED FOR TRAINING

10.1. Awareness of matters relating to radiation protection is maintained
through the effective training of personnel. To improve safety and radiation
protection in a work environment that includes the transport of radioactive
material, it should be a prime aim to make everyone involved ‘safety conscious’
and committed to good radiation protection practices. The provision of training
and information is therefore an important part of the system of radiological
protection, the principal goal being to keep doses as low as reasonably
achievable.

10.2. Training should be provided at three basic levels:

(a) General awareness training;
(b) Function specific training;
(c) Safety training, including emergency response training.

10.3. Training should relate to specific jobs and duties and to specific protective
measures to be undertaken while fulfilling normal job functions in the event of
an accident or in relation to the use of specific items of equipment. It should
include information relating to the nature of radiation risks and knowledge of
the nature of ionizing radiation, its effects and its measurement, as appropriate.
Training should be seen as a continuous commitment throughout employment,
and should involve initial training and refresher courses at appropriate
intervals. The effectiveness of the training should be periodically evaluated.
Records should be kept of relevant training.

10.4. Some workers involved in the transport of radioactive material may have
received training and qualification in radiological protection for reasons other
than the transport of radioactive material (e.g. as nuclear plant workers or
isotope laboratory staff). In such cases some of this training may be deemed to
satisfy a portion of the training requirements of the RPP for workers involved
in the transport of radioactive material.
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SPECIFIC TRAINING AND GRADED APPROACH

10.5. Carriers will usually be required to provide specific training in
accordance with the requirements of the pertinent modal organization.

10.6. The specific work situations vary greatly from one employer to another,
or even within the same consignor or carrier entity, and therefore the training
of workers for the transport of radioactive material should be oriented towards
his or her specific or potential job functions and work environment. That is, a
graded approach should be adopted, in which the amount, type and complexity
of training is commensurate with the nature and degree of the hazards and the
type and complexity of the duties in the transport of radioactive material.

11. MANAGEMENT SYSTEMS FOR THE SAFE
TRANSPORT OF RADIOACTIVE MATERIAL

GENERAL

11.1. Any operational RPP should be subject to review and detailed appraisal
at regular intervals to achieve and maintain an optimized standard of
protection. The RPP should therefore be considered in the scope of the
management systems that are required to be developed for the packaging and
transport of radioactive material (the Transport Regulations [1], para. 306).
The aim of management systems is to provide evidence that the standard of
safety prescribed in the regulations is achieved in practice. A management
system is a set of inter-related or interacting elements that establish policies
and objectives and that enable these objectives to be achieved in an efficient
and effective way. The system comprises elements of control and inspection
during all phases of transport.

MANAGEMENT SYSTEMS

11.2. A management system that is consistent with relevant standards for all
planned and routine activities and acceptable to the competent authority
should be developed. The system should be fully documented. The principal
goal for the management system is to describe the planned and systematic
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actions necessary to provide confidence that all safety requirements can be
satisfied. The degree and level of detail in the system will generally depend on
the phase and type of transport operations.

11.3. The essential elements of such a management system are identified in a
number of publications, including Refs [4, 23], and are presented in a less
extensive form as appendix IV of Ref. [2].

11.4. An adequate management system for the safe transport of radioactive
material should encompass a wider range of transport operations than those
normally dealt with in an RPP for the transport of radioactive material.

REFERENCES

[1] INTERNATIONAL ATOMIC ENERGY AGENCY, Regulations for the Safe
Transport of Radioactive Material, 2005 Edition, IAEA Safety Standards Series
No. TS-R-1, TAEA, Vienna (2005).

[2] INTERNATIONAL ATOMIC ENERGY AGENCY, Advisory Material for the
TAEA Regulations for the Safe Transport of Radioactive Material, IAEA Safety
Standards Series No. TS-G-1.1 (ST-2), IAEA, Vienna (2002).

[3] INTERNATIONAL ATOMIC ENERGY AGENCY, Planning and Preparing for
Emergency Response to Transport Accidents Involving Radioactive Material,
IAEA Safety Standards Series No. TS-G-1.2 (ST-3), IAEA, Vienna (2002).

[4] INTERNATIONAL ATOMIC ENERGY AGENCY, The Management System
for the Safe Transport of Radioactive Material (in preparation).

[5] INTERNATIONAL ATOMIC ENERGY AGENCY, Compliance Assurance for
the Safe Transport of Radioactive Material (in preparation).

[6] FOOD AND AGRICULTURE ORGANIZATION OF THE UNITED
NATIONS, INTERNATIONAL  ATOMIC ENERGY  AGENCY,
INTERNATIONAL LABOUR ORGANISATION, OECD NUCLEAR
ENERGY AGENCY, PAN AMERICAN HEALTH ORGANIZATION,
WORLD HEALTH ORGANIZATION, International Basic Safety Standards
for Protection against Ionizing Radiation and for the Safety of Radiation Sources,
Safety Series No. 115, IAEA, Vienna (1996).

[7] INTERNATIONAL COMMISSION ON RADIOLOGICAL PROTECTION,
1990 Recommendations of the International Commission on Radiological
Protection, Publication 60, Pergamon Press, Oxford and New York (1991).

[8] INTERNATIONAL ATOMIC ENERGY AGENCY, INTERNATIONAL
LABOUR OFFICE, Occupational Radiation Protection, ITAEA Safety Standards
Series No. RS-G-1.1, TAEA, Vienna (1999).

31



9]

(10]

(11]

(12]

(13]

(14]

[15]

[16]

(17]

(18]

(19]

[20]

[21]

32

INTERNATIONAL ATOMIC ENERGY AGENCY, INTERNATIONAL
LABOUR OFFICE, Assessment of Occupational Exposure Due to Intakes of
Radionuclides, IAEA Safety Standards Series No. RS-G-1.2, IAEA, Vienna
(1999).

INTERNATIONAL ATOMIC ENERGY AGENCY, INTERNATIONAL
LABOUR OFFICE, Assessment of Occupational Exposure Due to External
Sources of Radiation, IAEA Safety Standards Series No. RS-G-1.3, IAEA,
Vienna (1999).

INTERNATIONAL COMMISSION ON RADIOLOGICAL PROTECTION,
General Principles for the Radiation Protection of Workers, Publication 75,
Pergamon Press, Oxford and New York (1997).

WARNER JONES, SM., SHAW, K.B., HUGHES, JS., Survey into the
Radiological Impact of the Normal Transport of Radioactive Material by Adir,
Rep. NRPB-W39, National Radiological Protection Board, Chilton, UK (2003).
WATSON, S.J., OATWAY, W.B., JONES, A.L., HUGHES, J.S,, Survey into the
Radiological Impact of the Normal Transport of Radioactive Material in the UK
by Road and Rail, Rep. NRPB-W66, National Radiological Protection Board,
Chilton, UK (2005).

SHAPIRO, J., Exposure of Airport Workers to Radiation from Shipments of
Radioactive Materials: A Review of Studies Conducted at Six Major Airports,
Rep. NUREG-0154, United States Nuclear Regulatory Commission, Washington,
DC (1977).

WORLD NUCLEAR TRANSPORT INSTITUTE, Radiation Dose Assessment
for the Transport of Nuclear Fuel Cycle Materials, WNTI Review Series No. 2,
WNTI, London (2001).

SCHWARZ, G., FETT, H.J., LANGE, F.,, “Occupational and public exposures
arising from the normal transport of radioactive material: Experience in
Germany”, Safety of Transport of Radioactive Material (Proc. Int. Conf. Vienna,
2003), Vienna, IAEA (2004).

NEUHAUSER, K.S.,, KANIPE, FL., RADTRAN 4: A Computer Code for
Transportation Risk Analysis, Rep. SAND-89-2370, TTC-0943, Sandia Natl Lab.,
NM (1992).

ERICSSON, A.M., JAERNRY, C., INTERTRAN 2: Transportation Risk
Assessment Package, http://www.amckonsult.se/

YUAN, Y.C., CHEN, SY., LEPOIRE, D.J, ROTHMAN, R., RISKIND: A
Computer Program for Calculating Radiological Consequences and Health Risks
from Transportation of Spent Nuclear Fuel, Rep. ANL/EAIS-6, Argonne Natl
Lab., IL (1993).

NEGIN, C.A., MICROSHIELD: A microcomputer program for analyzing dose
rate and gamma shielding, Trans. Am. Nucl. Soc. 53 (1986) 421-422.
INTERNATIONAL ATOMIC ENERGY AGENCY, Optimization of Radiation
Protection in the Control of Occupational Exposure, Safety Reports Series
No. 21, IAEA, Vienna (2002).



(22]

(23]

[24]

INTERNATIONAL MARITIME ORGANIZATION, International Maritime
Dangerous Goods Code, 2000 Edition, Including Amendments 30-00, IMO,
London (2004).

INTERNATIONAL ATOMIC ENERGY AGENCY, Quality Assurance for the
Safe Transport of Radioactive Material, Safety Series No. 113, IAEA, Vienna
(1994).

INTERNATIONAL CIVIL AVIATION ORGANIZATION, Technical
Instructions for the Safe Transport of Dangerous Goods by Air, 2001-2002
Edition, Doc. 9284-AN/905, ICAO, Montreal (2001).

33






Annex I

GENERIC EXAMPLE OF
A RADIATION PROTECTION PROGRAMME

I-1. This annex presents practical examples of the contents of an RPP. These
examples are relevant mainly to small and medium sized operators carrying
radiopharmaceuticals, industrial radiography sources and nucleonic gauges.
However, the examples can be adapted to a range of transport operations. The
following examples of outline RPPs are intended to show what needs to be
addressed within an RPP for specific types of transport operations. They are not
comprehensive but they are illustrative and can go beyond regulatory
requirements. A suggested checklist is provided at the end of this annex that can
be used by the competent authority for determining the acceptability of the RPP.

GENERIC EXAMPLE OF A RADIATION PROTECTION
PROGRAMME (ACCEPTANCE BY THE APPROPRIATE COMPETENT
AUTHORITY IS REQUIRED)

Scope

I-2.  The general scope of the work covered by the RPP would be included;
for example: “The scope of this RPP covers the transport and storage of all
radioactive material, but does not include criticality aspects.” The scope may
also include a brief description of the operations, such as: “This RPP covers the
transport of radiographic sources.” Further details on the scope of the transport
operations could be included as appropriate.

Roles and responsibilities

I-3.  The roles and responsibilities in the organization may, for example, be
specified as follows:

“The RPP shall be managed by a suitably qualified person.
“The person having overall responsibility for the RPP must ensure that
all of the requirements of the RPP are in place, including:

(a) Training of workers and implementation of proper working procedures;

(b) Assessment of worker exposures, if necessary by individual
monitoring or area monitoring;
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(c) Emergency procedures.

“The person(s) appointed for the role of managing the RPP is/are:

“Specific roles

“Specific roles may be delegated by the appointed persons to fulfil the
following duties:

“Verification of/for compliance:

(a) Description of the material in the shipment;

(b) Types of package to be shipped;

(c) Activity, isotopes;

(d) Shipper’s declaration;

(e) Labels on packages, containing all the required information;

(f) Markings on the package;

(g) Certificate of conformance with the contamination limits;

(h) Information on action to be taken in an emergency;

(i) Conditions for storage, loading and securing of the packages on to
the conveyance;

(j) Placarding of the conveyance;

(k) Measurements of dose rates around the loaded conveyance.

[There may be other supplementary requirements in addition to the
above: a checklist similar to the example in Annex X may be used.]
“The following persons have responsibility for the above duties:

“(e.g. driver, loaders, acceptance staff)”

Dose assessment and optimization

I-4.

Dose assessment is necessary to determine the level of individual

potential exposure and to determine monitoring requirements, if any. Worked
examples are given below. Initial assessments should be made on the basis of:

(a)
(b)
(©)
(d)
(e)
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The number and type of packages;

The category of packages and the TI moved;
The radionuclides being shipped;

The frequency of shipment;

The duration of storage and transport.



I-5. The information presented in Section 6, for example in Table 3, may give
some initial guidance on these assessments. It may be necessary to monitor
packages, conveyances, workplaces and workers to verify these assessments.
For workers who receive very low doses or who work in areas subject to
workplace monitoring, individual monitoring may not be necessary. For
workers performing other tasks, individual monitoring may be necessary, and it
may be necessary to keep dose records. Depending on the doses received,
appropriate health surveillance for workers may also be necessary.

Optimization

I-6. In some organizations, full assessments of dose optimization may be
appropriate. For small to medium sized operators, there may be a number of
ways to minimize exposures, and, depending on the work circumstances,
practical measures can be specified in the RPP:

“The dose is to be kept as low as reasonably achievable by increasing
segregation distances beyond the minimum requirements, where
possible.”

“A trolley must be used to take the packages from the storeroom to the
loading area.”

“In the storeroom, packages must be kept in the shielded bays until as
late as possible before loading.”

Example 1

I-7.  The company will transport approximately three category III-YELLOW
packages per week, with an average TI of 3 per package. The weekly number of
packages may vary, but the annual volume of shipment is expected to be about
150 packages. In this company the tasks of the driver and the handler who loads
the vehicle are separate.

Handler

[-8. Table 3, column 4, indicates that annual doses below 1 mSv may be
expected if six packages each with a TI of 10 are handled annually. For
packages with a T1 of 3, an annual dose of about 1 mSv would correspond to an
annual number of about 20 packages. The expected number of packages to be
shipped is some eight times greater, and therefore individual monitoring is
indicated for the handler.
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Driver

[-9. The driver is expected to make one 4 h journey each week to take the
three packages to the consignee, giving an annual driving time of about 200 h.
The packages will be 3 m from the driver, and there is no significant shielding in
the truck. The dose rate at the driver’s position is therefore approximately:

3 x 30/3? uSv/h ~ 10 pSv/h

For an exposure time of 200 h, the driver is therefore expected to receive about
2 mSv annually, and either individual monitoring or area monitoring would be
necessary. The former would be preferable, owing to the expected variability in
exposure conditions.

Example 2

[-10. A driver will transport an industrial gauge to the company’s sites for it to
be used by technicians at those sites. All loading and unloading operations are
carried out by technicians. The annual driving time is expected to be about
200 h. The gauge is carried within a category II-YELLOW package with a TI
of 0.1 and is located in the vehicle 2 m from the driver. The dose rate at the
driver is therefore:

~1/22 uSv/h ~ 0.25 pSv/h

I-11. The driver’s annual dose is therefore expected to be about 0.05 mSv, and
therefore no monitoring will be required. However, individual monitoring is
recommended for a limited period to confirm this assessment.

Surface contamination
[-12. This section may include, for example:

“The radioactive material to be transported is either special form sources
or non-special form sources, carried in intact packages. Situations may
arise involving damage to packages, and in these situations the person
responsible for managing the RPP will make checks for contamination by
taking swabs of the package surface and surrounding areas using an
appropriate instrument and following appropriate procedures. Periodic
checks for contamination are made of the work area and conveyances.”
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I-13. Other conditions may be specified, depending on the organization’s
procedures:

“When required, the company’s radiation specialist will be called in to
perform contamination checks.”

“Conveyances (or areas of conveyances) that have been used for the
transport of radioactive material must be checked for contamination
before being used for other purposes.”

The results of the periodic checks need to be recorded and retained.
Segregation and other protective measures

I-14. The relevance of package segregation will depend on the type of
operations carried out. If category II-YELLOW or III-YELLOW packages are
stored or loaded on a conveyance, or if the consignment is under exclusive use,
specific or special procedures for storage, loading, unloading, tie-down, etc.,
could be used. These instructions or procedures would be issued under the
responsibility of a qualified person.

I-15. For example, in the case of a single radiography container or gauge:

“The container is to be kept in the store when not in use. During
transport, the container is to be placed in the rear of the goods
compartment of the vehicle.”

I-16. Package segregation is normally only relevant for operations involving
the transport and in-transit storage of many packages containing medical
radiopharmaceuticals, especially Mo/ ™Tc, Rb/Kr generators or 1.

I-17. A number of factors need to be taken into account in determining the
segregation of packages from occupied areas, and it may be necessary to
consult a radiation protection specialist. As an example, the RPP could set out
the arrangements for an in-transit storage area as follows:

“The storage area is 10 m from the office where office workers normally
work full time. The company regards these workers as members of the
public in the context of radiation protection. The packages are stored for
a maximum of 1 h per day, and the maximum number of TI in the
storeroom is limited to 10. With this maximum TI, and without
considering the effect of shielding by the walls, the dose rate at 10 m
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would be 1 uSv/h, giving 1 pSv per day and an annual dose of about
250 uSv (0.25 mSv). However, the concrete storeroom walls, which are 40
cm thick, provide a dose rate reduction factor of over 100, and therefore
annual doses are anticipated to be of the order of 2 uSv. The office walls
provide some extra shielding, and the average TI stored will not normally
be at the maximum; this will therefore be an upper estimate of the doses
received by the office workers.”

I-18. Another situation in which segregation from package handling
operations is appropriate is in the receipt and dispatch of medical radioisotopes
at an air cargo shed:

“A consignment of packages containing radiopharmaceuticals is received
at a cargo shed from a large consignor on four working days each week.
The packages are unloaded from the truck in an area of the shed well
away from the nearest area normally occupied by other workers. The
packages are sorted and placed on pallets according to their respective
destinations. The prepared pallets are immediately moved into a shielded
storeroom from which they are taken out when required to be loaded on
to a cargo aircraft. The cargo handling staff who carry out this work are
subject to individual monitoring and typically receive annual doses in the
range of 2-3 mSv. The typical daily TI handled is about 20, and the sorting
procedure takes some 15 minutes. At 3 m from the consignment of
packages the dose rate is about 20 uSv/h. Occupancy at that distance for
15 minutes would give a dose of 5 puSv daily and around 1 mSv annually.
Although no other persons are normally present in the vicinity, warning
signs and a tape barrier would be placed at about this distance to
demarcate the limit of the supervised area, for the duration of the work.”

I-19. Consideration also has to be given to other methods of dose reduction;
for example, for road transport:

“Where possible, all packages, especially the high TI packages, are to be
placed at the rear of the goods compartment. Shielding of about 3 mm of
lead is provided in the vehicle behind the driver’s cabin.”

1-20. This will minimize the exposure of the driver. As an additional method
of dose constraint, this RPP may specify a maximum dose rate for the driver’s
cabin, although this is not a requirement of the Transport Regulations [I-1].
The conveyance would be provided with lead shielding of thickness 3 mm
behind the driver’s cabin.
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[-21. This following will reduce the dose to the loaders:

“The high TI packages are to be kept in the storeroom as long as
practicable, and would be the last to be loaded.”

[-22. Although it is not part of a general RPP, if criticality safety is an issue,
then segregation in storage and limitation of the criticality safety index on
conveyances will need to be considered for the purpose of criticality control.

Emergency response

[-23. A procedure or instruction for emergency response is required, and such
a procedure or instruction has to take into account any instructions given by
the consignor. For accidents involving radioactive material in storage areas, or
carried by road or rail, the procedures to be followed are often specified in
national legislation, and they may vary slightly from State to State. Similarly,
for accidents involving packages being handled at air cargo centres, procedures
may be specified in national legislation. These procedures have to be reflected
in the RPP. The requirements of emergency response procedures are similar,
despite national variations. An example of emergency response procedures for
road transport is given below:

“In the event of an accident during the road transport of radioactive
material, the driver of the vehicle must:

(a) Take care of people in danger (first aid, emergency medical help);

(b) Assess the risk of, or occurrence of, fire and use the fire extinguisher
if appropriate;

(c) Call the police;

(d) Call the fire service and an ambulance if appropriate;

(e) Inform the ‘responsible person’ at the main (carrier’s) office;

(f) Keep communication lines (telephone, radio) open.

“These instructions are included on the information card in all the
vehicles. However, the driver could be injured or not in a condition to act,
and vehicles carrying radioactive material are therefore provided with
a fireproof notice in the cab to alert the police that there may be
radioactive material on the vehicle.”

[-24. A card with pictogrammes, such as that shown in Annex XI, to facilitate
communication with people having different language skills may be helpful.
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An example of supplementary instructions provided in different languages is
also shown in Annex XI.

[-25. Following notification of an emergency to the main office:

“The responsible person must inform the consignor/consignee and
competent authority of the accident.”

[-26. Subsequent procedures may be included regarding recovery and
cleanup, but these will vary from State to State. An example may be:

“The responsible person must arrange, with the consignor and competent
authority, for recovery of any damaged packages, decontamination and
disposal of any waste or debris.”

[-27. In practice, further, more specific, details would normally be included,
for example details of names, 24 h telephone numbers and exact procedures for
dealing with decontamination and waste disposal. Similar procedures can be
specified for storage areas and for other modes of transport.

Training

[-28. The training of the relevant workers has to be specified, and normally a
graded approach is necessary to cover the range of tasks involved. Normally
there will be tasks at a managerial/supervisory level (responsible officers) and
other training for workers carrying out particular tasks; for example:

“The following responsible persons have received training and have
gained the appropriate certificates for fulfilling their duties:

[-29. An example of a consignor’s RPP may include:

“The following persons have received job specific training:

“This training verified that they are able to carry out the following duties:
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(a) Completion of transport documents;

(b) Preparation of packages;

(c) Measurements of dose rates and T1;

(d) Completion and application of package labels;
(e) Loading of packages on to the vehicle;

(f)  [Include further tasks as appropriate].”

The RPP can include a statement on the revalidation of certificates that are
subject to the requirements of the competent authority and to the employer’s
policies.

Management system for procedures and practices

[-30. The RPP is part of the employer’s system of documents on the
management system, and is subject to all the requirements of the management
system for procedures and practices, such as those for document and version
control, document review, issuing and review of instructions and procedures,
and follow-up of non-conformances. The RPP has to be approved by a suitable
person, and in some cases by the competent authority; for example:

(I-1]

“This RPP,
Version No. ............ is approved.
Signature................... , Date: .......

(Name and designation)”

REFERENCE TO ANNEX 1

INTERNATIONAL ATOMIC ENERGY AGENCY, Regulations for the Safe
Transport of Radioactive Material, 2005 Edition, IAEA Safety Standards Series
No. TS-R-1, TAEA, Vienna (2005).
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Annex II

SPECIFIC EXAMPLE OF A RADIATION PROTECTION
PROGRAMME FOR THE TRANSPORT OF
RADIOPHARMACEUTICALS

II-1. This is an operating manual on the radiation protection programme of
ABC Radiopharmaceuticals. The institution undertakes to implement the
provisions of this manual.

Scope

II-2. The scope of this RPP covers the transport and storage of
radiopharmaceuticals incorporating radioiodines and technetium generators.
ABC Radiopharmaceuticals supplies typically 50 000 packages per year to
users all over the world. The packages used are, with the exception of a few
excepted packages, all of Type A. About 10% of the packages are category I1I-
YELLOW, 30% of the packages are category II-YELLOW, 55% of the
packages are category I-WHITE and 5% are excepted packages. The
maximum TI encountered is 3.5, and the packages with this TT would be a small
fraction of those of category III-YELLOW. ABC Radiopharmaceuticals has a
delivery van to transport the packages to the carrier.

Roles and responsibilities

I1-3. The RPP would be managed by Mr./Ms. X, who is trained in radiation
protection. Mr./Ms. X must ensure that all of the requirements of the RPP are
met, including:

(a) Training of workers and implementation of proper work procedures;

(b) Assessment of worker exposures, if necessary by individual monitoring or
area monitoring;

(¢) Emergency procedures.

II-4. The specific role of the dispatch staff is to verify the following for
compliance in respect of each package/shipment:

(a) The description of the material in the shipment (e.g. *'1/”Mo);
(b) The type of packages to be shipped (e.g. Type A);

(c) The activity and isotopes (e.g. *'I: 3.7 GBq);

(d) The shipper’s declaration;
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(e) Labels on packages providing all required information (TI and category);

(f) The markings on the package;

(g) The certificate of conformance with contamination limits;

(h) Information on action to be taken in the event of an emergency;

(i) Conditions for storage, loading and securing of the packages on to the
conveyance.

II-5. The specific role of the driver of the delivery van is to obtain
information on the following:

(a) Information on action to be taken in the event of an emergency;

(b) Conditions for storage, loading and securing of the packages on to the
conveyance;

(¢) The placarding of the conveyance;

(d) Measurements of dose rates around the loaded conveyance.

Dose assessment and optimization

[I-6. In order to identify the level of individual potential exposure and to
determine the monitoring requirements, ABC Radiopharmaceuticals deployed
the services of the firm’s radiation specialist (Mr./Ms. Y). The assessment was
made on the basis of:

(a) The number and type of packages handled by the firm;
(b) The category of packages and the TI moved;

(¢) The radionuclides being shipped;

(d) The frequency of shipment;

(e) The duration of storage prior to transport.

I1-7. The study showed that the maximum radiation dose that a cargo handler
of ABC Radiopharmaceuticals would receive would be about 3 mSv in a year
on the basis of the present work load, while the figure for the driver was 2 mSv
and for the acceptance staff 1 mSv. Workplace monitoring would be conducted
as determined by the radiation specialist. Dose records would be maintained.

II-8. The area monitors and the contamination monitors recommended by
the radiation specialist have been procured and are available to ABC
Radiopharmaceuticals for regular use. These monitors are calibrated as
recommended by the radiation specialist. Packages, conveyances and the
workplace are monitored by Mr./Ms. X to verify the continued validity of the
results of the initial dose assessment.
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I1-9. The dose is kept as low as reasonably achievable by:

(a) Increasing the segregation distances beyond the minimum requirements,
where possible;

(b) Minimizing the presence of workers in the vicinity of the packages (i.e.
within a distance of 5 m);

(¢) Using a trolley to take the packages from the storeroom to the loading
area;

(d) Keeping the packages in the shielded bays in the storeroom until as late
as possible before loading.

Surface contamination

I1-10. The radioactive material to be transported is not in a special form and is
carried in appropriate packages in good condition. If damage to packages is
suspected, checks for contamination will be made by Mr./Ms. X by taking swabs
of the package surface and surrounding areas using the contamination
monitors available to ABC Radiopharmaceuticals. Periodic (weekly) checks
for contamination are made of the work area and conveyances. Conveyances
(or areas of conveyances) that have been used for the transport of radioactive
material are checked for contamination before being used for other purposes.
The results of the contamination checks would be recorded and retained.

Segregation and other protective measures

II-11. The storage area is 10 m from the office. The office workers are regarded
by ABC Radiopharmaceuticals as members of the public. The packages are
stored for a maximum of 1 h per day. Therefore, the maximum TI number at
this distance would be limited to 10, corresponding to an annual dose of 1 mSv.
This is the maximum TI anticipated for present operations. However, the
concrete storeroom walls, which are 25 cm thick, provide a dose rate reduction
factor of 100, and therefore annual doses are anticipated to be of the order of
10 uSv.

I1-12. Where possible all packages, especially the high TT packages, are placed
at the rear of the goods compartment when loading the packages on to the

vehicle. This will minimize the exposure of the driver.

I1-13. The high TI packages would be kept in the storeroom for as long as
practicable and would be the last to be loaded. This would reduce the dose to
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the loaders. Lead shielding of 3 mm thickness is provided behind the driver’s
cabin of the delivery van.

Emergency response

I1-14. In the event of an accident (falling, crushing or fire) during storage or
loading of the radioactive consignment on to the vehicle, Mr./Ms. X would
implement the following measures:

()
(b)

(©)
(d)
(e)
()

(2)
(h)

(i)

Take care of people in danger (first aid, emergency medical help);

Assess the risk of, or occurrence of, fire and use the fire extinguisher
if appropriate;

Call the radiation specialist for help;

Keep communication lines (telephone lines) open;

With the help of and under the direction of the radiation specialist, clean
up the affected area and collect the damaged packages and radioactive
waste, if any;

Obtain a certificate from the radiation specialist to confirm that the
affected area is safe for normal use again;

Resume operations as normal;

Arrange for the safe disposal of any radioactive waste, as recommended
by the radiation specialist;

Inform the competent authority of the incident.

I1-15. These instructions are displayed prominently in the storage bay, the
vehicle loading area and the vehicle so that, in the absence of Mr./Ms. X, any
other responsible person would be able to take these measures.

I1-16. Emergency contact details:

Telephone numbers

Person Office Residence

Mr./Ms. X AR HH A
Radiation specialist HHEHHHEHHEHE A
Others AR A
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Training

I1-17. The persons listed below, being employees of ABC Radiopharmaceu-
ticals engaged in the preparation of packages containing radiopharmaceuticals
for transport, have received the appropriate training:

Mr. oo (Driver/handler)
[1-18. They can fulfil the duties assigned in this RPP, namely:

(a) Completion of transport documents;

(b) Preparation of the packages;

(c) Measurements of dose rates and TI;

(d) Completion and application of package labels;
(e) Loading of packages on to the vehicle;

(f)  Segregation of packages;

(g) Emergency procedures.

I1-19. The training that they have received fulfils the applicable requirements
of the competent authority and the policies of ABC Radiopharmaceuticals.
They will be subject to retraining every two years.

Management system for procedures and practices

I1-20. The RPP is part of the system of management system documents of
ABC Radiopharmaceuticals and is subject to all the requirements of the
management system for procedures and practices, such as document and
version control, document review, issuing and review of instructions and
procedures, and follow-up of non-conformances.

I1-21. This RPP,

Version No. ............ is approved.

Signature................... , Date: .......

(Name and designation)
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Annex IIT

SPECIFIC EXAMPLE OF A RADIATION PROTECTION
PROGRAMME FOR AN AIR CARGO CARRIER

III-1. This is an operating manual on the RPP of XYZ Cargo Carriers. The
institution undertakes to implement the provisions of this manual.

Scope

III-2. The scope of this RPP covers the transport and storage of packages
containing radioactive material. XYZ Cargo Carriers move typically
5000 packages containing Class 7 goods per year to consignees (users) all over
the world. The packages carried are of all types, namely excepted packages,
Type A and Type B(U)/(M). About 10% of the packages are category
III-YELLOW, 30% of the packages are category II-YELLOW, 55% of the
packages are category I-WHITE and 5% are excepted packages. The
maximum TI encountered is 3.0, and these packages are a small fraction of
those of category III-YELLOW. Consignors deliver the packages to the airport
cargo office of XYZ Cargo Carriers. This RPP is applicable to all the cargo
offices of XYZ Cargo Carriers.

Roles and responsibilities

ITI-3. The RPP would be managed by Mr./Ms. A, who is trained in radiation
protection. Mr./Ms. A must ensure that all of the requirements of the RPP are
met, including:

(a) Training of workers and implementation of proper work procedures;

(b) Assessment of worker exposures, if necessary by individual monitoring or
area monitoring;

(¢) Emergency procedures.

IT11-4. The specific role of the acceptance staff is to verify the following for
compliance in respect of each package/shipment:

(a) The description of the material in the shipment (e.g. *'I/”Mo);

(b) The type of packages to be shipped (e.g. Type A);

(c) The activity and isotopes (e.g. *'I: 3.7 GBq);

(d) The shipper’s declaration;

(e) Labels on packages providing all required information (TI and category);
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(f) The markings on the package;

(g) The certificate of conformance with contamination limits;

(h) Information on action to be taken in the event of an emergency;

(i) Conditions for storage, loading and securing of the packages on to the
conveyance.

ITI-5. The specific role of the cargo handlers and the driver is to obtain
information on the following:

(a) Information on action to be taken in the event of an emergency;
(b) Conditions for storage, loading and securing of the packages on to the
conveyance.

Dose assessment and optimization

I1I-6. To identify the level of individual potential exposure and to determine
monitoring requirements, XYZ Cargo Carriers employed the services of the
firm’s radiation specialist (Mr./Ms. B). The assessment was made on the basis
of:

(a) The number and type of packages handled by the firm;
(b) The category of packages and the TI moved;

(c) The radionuclides being shipped;

(d) The frequency of shipment;

(e) The duration of storage prior to transport.

ITI-7. The study revealed that the maximum radiation dose that any individual
employee of XYZ Cargo Carriers would receive would be less than 1 mSv in a
year at the present workload. The radiation specialist recommended neither
individual monitoring nor workplace monitoring. The dose records would be
maintained. Area monitors and contamination monitors were recommended
by the radiation specialist for routine verification of dose rates and emergency
response. The area monitors and the contamination monitors recommended by
the radiation specialist have been procured and are available to XYZ Cargo
Carriers for regular use. These monitors are calibrated as recommended by the
radiation specialist. Packages, conveyances and the workplace are monitored
by Mr./Ms. A to verify the continued validity of the results of the initial dose
assessment.

IT1-8. The doses are kept as low as reasonably achievable by:
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(a) Using a trolley to take the packages from the cargo office to the storage
area and the loading area;

(b) Keeping the packages in the storeroom in the shielded bays until as late
as possible before loading;

(¢) Increasing segregation distances beyond the minimum requirements,
where possible;

(d) Minimizing the presence of workers in the vicinity of (within a distance of
5 m from) the packages.

Surface contamination

I1I-9. The radioactive material to be transported is carried in appropriate
packages in good condition. If damage to packages is suspected, checks for
contamination will be made by Mr./Ms. A by taking swabs of the package
surface and surrounding areas using the contamination monitors available to
XYZ Cargo Carriers.

III-10. Periodic (weekly) checks for contamination are made of the work area
and the cargo hold, forklift trucks and other loading equipment. The results of
the contamination checks would be recorded and retained.

Segregation and other protective measures

III-11. The storage area is 10 m from the office. The office workers are
regarded by XYZ Cargo Carriers as members of the public. The packages are
stored for a maximum of 3 h per day. The maximum TI number at this distance
would be limited to 10, corresponding to an annual dose of 1 mSv. This is the
maximum TI anticipated for present operations. However, the concrete
storeroom walls, which are 40 cm thick, provide a dose rate reduction factor of
100, and therefore annual doses are anticipated to be of the order of 10 uSv.

ITI-12. The high TI packages would be kept in the storeroom until as late as
practicable and would be the last to be loaded. This would reduce the dose to
the loaders. Shielding of 3 mm of lead would be provided in the vehicle behind
the driver’s cabin.

Emergency response

I11-13. In the event of an accident (falling, crushing or fire) during storage or
loading of the radioactive consignment on to the aircraft, or upon receipt of
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information about an accident during taxiing, takeoff, flight or landing, Mr./Ms.
A would take the following measures:

(a)
(b)

(c)
(d)
(e)
(f)
(2)

(h)
(i)

()

Take care of people in danger (first aid, emergency medical help);

Assess the risk of, or occurrence of, fire and use the fire extinguisher if
appropriate;

Call the radiation specialist for help;

Inform the concerned airport authority and/or relevant public official;
Keep communication lines (telephone lines) open;

With the help of and under the direction of the radiation specialist, clean
up the affected area and collect the damaged packages and radioactive
waste, if any;

Obtain a certificate from the radiation specialist to confirm that the
affected area is safe for normal use again;

Resume operations as normal;

Arrange for the safe disposal of any radioactive waste, as recommended
by the radiation specialist;

Inform the competent authority of the incident.

I11-14. These instructions are displayed prominently in the storage bay, the
vehicle loading area and the vehicle so that, in the absence of Mr./Ms. A, any
other responsible person would be able to implement these measures.

III-15. Emergency contact details:

Telephone numbers

Person Office Residence
Mr./Ms. A HHHHHRAA A
Radiation specialist A IR
Others A A
Training

I11-16. The persons listed below, being employees of XYZ Cargo Carriers
engaged in the preparation of packages containing radioactive material for
transport, have received the appropriate training:

Ms.
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They can fulfil the duties assigned in this RPP, namely:

(a) Checking particulars about the packages before acceptance;

(b) Labelling and marking requirements as per ICAO/International Air
Transport Association regulations;

(c) Completion of transport documents;

(d) Measurements of dose rates and TI,;

(e) Loading of packages on to the vehicle;

(f)  Segregation of packages;

(g) Emergency procedures.

III-17. The training that they have received fulfils the applicable requirements
of the competent authority and the policies of XYZ Cargo Carriers. They will
be subject to retraining every two years.

Management system for procedures and practices

I1I-18. The RPP is part of the system of management system documents of
XYZ Cargo Carriers, and is subject to all the requirements of the management
system for procedures and practices, such as document/version control,
document review, issuing and review of instructions and procedures, follow-up
of non-conformances, etc.

I1I-19. This RPP,

Version No. ............ is approved.

Signature................... , Date: .......

(Name and designation)
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Annex IV

SPECIFIC EXAMPLE OF A RADIATION PROTECTION
PROGRAMME FOR AN INDUSTRIAL RADIOGRAPHY
INSTITUTION

IV-1. This is an operating manual on the RPP of LMN Industrial Gamma
Radiographers. The institution undertakes to implement the provisions of this
manual.

Scope

IV-2. The scope of this RPP covers the transport and storage of gamma
radiography sources duly housed in their approved shielded containers/devices.
LMN Industrial Gamma Radiographers transports its own gamma radiography
devices once a month. The packages used are all of Type B(U) and are
currently approved by the competent authority. A complete list of the gamma
radiography devices in the possession of LMN Gamma Radiographers will be
provided by the firm to the competent authority as and when required. Almost
all the packages transported by the firm are category III-YELLOW. The
maximum TT encountered is 1.0. LMN Industrial Gamma Radiographers has
a delivery van that transports the packages to the carrier or to the radiography
sites.

Roles and responsibilities

IV-3. The RPP would be managed by Mr./Ms. X, who is trained in radiation
protection. Mr./Ms. X must ensure that all of the requirements of the RPP are
met, including:

(a) Training of workers and implementation of proper work procedures;

(b) Assessment of worker exposures, if necessary by individual monitoring or
area monitoring;

(c) Emergency procedures.

IV-4. The specific role of the radiographer is to verify the following for
compliance in respect of each package/shipment:

(a) That the radiography source is duly housed in the appropriate shielded

container prior to despatch;
(b) The description of the material in the shipment (e.g. '**Ir);
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(c) The type of packages to be shipped (e.g. Type B(U));

(d) The activity and isotopes (e.g. 1*’I: 1.8 TBq);

(e) The shipper’s declaration;

(f) Labels on packages providing all required information (TI and category);

(g) The markings on the package;

(h) Information on action to be taken in the event of an emergency;

(i) Conditions for storage, loading and securing of the packages on to the
conveyance.

IV-5. The specific role of the driver of the delivery van is to obtain
information on the following:

(a) Action to be taken in the event of an emergency;

(b) Conditions for storage, loading and securing of the packages on to the
conveyance;

(c) Placarding of the conveyance;

(d) Measurements of dose rates around the loaded conveyance.

IV-6. Frequently, loading the device on to the vehicle and also driving the
vehicle are the responsibilities of the radiographer.

Dose assessment and optimization

IV-7. To identify the level of individual potential exposure and to determine
monitoring requirements, LMN Industrial Gamma Radiographers deployed
the services of the firm’s radiation specialist (Mr./Ms. Y). The assessment was
made on the basis of:

(a) The number and type of packages handled by the firm;
(b) The category of packages and the TI moved;

(¢) The radionuclides being shipped;

(d) The frequency of shipment;

(e) The duration of storage prior to transport.

IV-8. The study showed that, since the radiographer would often act as the
cargo handler, the maximum individual radiation dose that he or she would
receive would be at least 6 mSv in a year at the present work load. Individual
monitoring would be conducted as determined by the radiation specialist. Dose
records would be maintained.
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IV-9. The area monitors and the individual dosimeters recommended by the
radiation specialist have been procured and are regularly used. The area
monitors are calibrated as recommended by the radiation specialist. Packages,
conveyances and the workplace are monitored by Mr./Ms. X to verify the
continued validity of the results of the initial dose assessment.

IV-10. The dose is kept as low as reasonably achievable by:

(a) Using a trolley to take the packages from the storeroom to the loading
area;

(b) Keeping the packages in the storeroom in the shielded bays until as late
as possible before loading;

(¢) Increasing segregation distances beyond the minimum requirements,
where possible;

(d) Minimizing the presence of workers in the vicinity of (within a distance of
5 m from) the packages.

Surface contamination

IV-11. The radioactive material to be transported is in special form and carried
in appropriate packages in good condition. If damage to packages is suspected,
checks for shielding integrity will be made by Mr./Ms. X. Periodic (weekly)
radiation protection surveys are made of the work area and conveyances. The
results of the radiation checks would be recorded and retained.

Segregation and other protective measures

IV-12. The storage area is 10 m from the office. The office workers are
regarded by LMN Industrial Gamma Radiographers as members of the public.
The packages are stored for a maximum of 8 h per day. Not more than five
packages would be stored in this area. The storage is always in an underground
pit provided with sufficient shielding to ensure that the radiation level outside
the pit is no more than 0.1 uSv/h. The occupancy in the immediate vicinity of
the pit would be occasional.

IV-13. Where possible, all packages, especially the high TI packages, are placed
at the rear of the goods compartment when loading the packages on to the
vehicle. This will minimize the exposure of the driver.

IV-14.The packages would be kept in the storeroom for as long as practicable

and would be the last to be loaded. This would reduce the dose to the loader.
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Lead shielding of 3 mm thickness is provided behind the driver’s cabin of the
delivery van.

Emergency response

IV-15. In the event of an accident (falling, crushing or fire) during storage or
loading of the radioactive consignment on to the vehicle, Mr./Ms. X would take
the following measures:

()
(b)

(©)
(d)
(e)
()

(2)
(h)

(i)

Take care of people in danger (first aid, emergency medical help);

Assess the risk of, or occurrence of, fire and use the fire extinguisher
if appropriate;

Call the radiation specialist for help;

Keep communication lines (telephone lines) open;

With the help of and under the direction of the radiation specialist, clean
up the affected area and collect the damaged packages and radioactive
waste, if any;

Obtain a certificate from the radiation specialist to confirm that the
affected area is safe for normal use again;

Resume operations as normal;

Arrange for the safe disposal of any radioactive waste, as recommended
by the radiation specialist;

Inform the competent authority of the incident.

IV-16. These instructions are displayed prominently in the storage bay, the
vehicle loading area and the vehicle so that, in the absence of Mr./Ms. X, any
other responsible person would be able to take these measures.

IV-17. Emergency contact details:

Telephone numbers

Person Office Residence

Mr./Ms. X T g
Radiation specialist HHHHEHEH HEHHHHEHE
Others SR A
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Training

IV-18. The persons listed below, being employees of LMN Industrial Gamma
Radiographers engaged in the preparation of packages containing
radiopharmaceuticals for transport, have received the appropriate training:

Ms. o
M. (Radiographer)
Mr. oo (Driver/handler)

They can fulfil the duties assigned in this RPP, namely:

(a) Completion of transport documents;

(b) Preparation of the packages;

(c) Measurements of dose rates and TI;

(d) Completion and application of package labels;
(e) Loading of packages on to the vehicle;

(f)  Segregation of packages;

(g) Emergency procedures.

IV-19. The training that they have received fulfils the applicable requirements
of the competent authority and the policies of LMN Industrial Gamma
Radiographers. They will be subject to retraining every two years.
Management system for procedures and practices

IV-20. The RPP is part of the system of management system documents of
LMN Industrial Gamma Radiographers and is subject to all the requirements
of the management system for procedures and practices, such as document/
version control, document review, issuing and review of instructions and
procedures, follow-up of non-conformances, etc.

IV-21. This RPP,

Version No. ............ is approved.

Signature.................. , Date: .......

(Name and designation)
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Annex V

SPECIFIC EXAMPLE OF A RADIATION PROTECTION
PROGRAMME FOR PUBLIC AUTHORITIES

V-1. This example of an RPP is applicable to the following public authorities:

(a) Airport authorities;

(b) Harbour/port authorities;

(c) Customs authorities;

(d) Modal authorities (civil aviation, rail, road and sea transport).

Scope

V-2. Package: All packages containing radioactive material; namely
industrial packages, Type IP-1, 2 and 3, Type A and Type B(U) and B(M)
packages.

Roles and responsibilities

V-3. The authority hereby designates Mr./Ms. X as the person who will
monitor the implementation of:

(a) Requirements for ensuring the smooth carriage of radioactive cargo;

(b) Requirements for training of personnel;

(¢) Dose assessment;

(d) Emergency response.

Facilitating the carriage of radioactive cargo

V-4. Mr./Ms. X will ensure that the handling of radioactive cargo is
facilitated, provided that such cargo has been forwarded in compliance with the
applicable regulations for the safe transport of radioactive material.

Training of personnel

V-5. Mr./Ms. X:

(a) Has received the basic training relating to dangerous goods, including

radioactive cargo;
(b) Is aware of the rudiments of regulatory requirements;
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(c) Is capable of recognizing labels for different types of dangerous cargo,
reporting incidents and acting as directed by experts in the event of
an emergency.

Dose assessment

V-6. Dose assessment of employees of the public authority by monitoring is
not required because doses to workers and the public are limited by pre-
established segregation and the limitation of access to the radioactive cargo.

Emergency response

V-7. Mr./Ms. X will ensure that emergency preparedness is in compliance
with the relevant international or national emergency response requirements.

Documentation

V-8. Documents to be maintained by Mr./Ms. X include particulars relating
to (a) the consignee/licensee, if the cargo is off-loaded; (b) the radioactive
cargo permitted to be off-loaded and to remain on board in transit; (c)
instances of denial of permission for carriage or transit of radioactive cargo;
and (d) reasons for such denial.

Management system for procedures and practices

V-9. A management system that is capable of evaluating the implementation
of the procedures and practices is established. The RPP is part of the system of
management system documents of this organization and is subject to all the
requirements of the management system for procedures and practices, such as
document/version control, document review, issuing and review of instructions
and procedures, follow-up of non-conformances, etc.

V-10. This RPP,

Version No. ............ is approved.

Signature.................. , Date: .......

(Name and designation)
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Annex VI
EVALUATION OF RADIATION PROTECTION PROGRAMMES

PART 1: DETAILED CHECKLIST FOR EVALUATING
A RADIATION PROTECTION PROGRAMME

3. EXPITy date...o.oeieieii e

4. The scope of the RPP covers the following procedures:
Packaging...... Transport...... Storage...... Other (specity)......
(Tick as appropriate)

5. Is there a brief description of the operations?
YES...... NO......

6. Who is the person assigned by the company having overall responsibility
for the RPP?

7 Are his/her qualifications indicated (described)?
YES...... NO......

8 Is he/she accepted as a suitably qualified person?
YES...... NO......

0. Is he/she responsible for ensuring the following?
9.1 Training of workers
YES...... NO......

9.2 Implementation of proper work procedures

9.3 Assessment of workers’ exposures
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If NO, who is responsible?.........co.ouiuiiiiiiiiiii e
9.4 Emergency procedures

If NO, who is responsible?............coooiiiiiiiiiiii
10.  Are other workers appointed to fulfil duties relevant to the RPP?

If YES, provide the necessary information in the following table:

NAME ACTIVITIES TRAINING COMMENTS

11. Have dose assessments been carried out:

12.  Indicate the assumptions used for the dose assessment described in
the RPP:

13.  Workers’ categories (e.g. drivers, cargo handlers, etc.):

14.  Dose assessment of each category (mSv in a year, uSv in a year):

Toi, 2, B, i Seiiiiii

Accepted:.......... More work needed:............ Not accepted:.........

Recommendations:.. .. .....vuuiuiniininii e
15.  Indicate number of workers individually monitored:.........................

16.  Are there any workplaces subject to area monitoring?
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Are dose records relating to items 15 and 16 kept?
YES...... NO...... Not required...........

Are appropriate separation distances used between packages and areas
regularly occupied by members of the public?

Are appropriate separation distances used between packages and areas
regularly occupied by workers?

How are the packages transferred from the conveyance to the final
destination?

DESCIIDE . . et
Accepted:.......... More work needed:............ Not accepted:............
Recommendations:............ooiiiiiiiiiiii
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27.  Are other protective measures used for dose reduction for workers:
YES...... NO...... Describe:.................
28.  Are emergency procedures in place?
YES...... NO......
Accepted:.......... More work needed:............ Not accepted:.........
Recommendations:..........oviuiiiiiii e
29.  Isthe necessary emergency information in place on the conveyance?
YES...... NO...... Describe:.................
30.  Is the necessary emergency information in place in the storage area?
YES...... NO...... Describe:.................
31.  Isthe necessary emergency information in place in the packaging area?
YES...... NO...... Describe:.................
32.  Tick the worker categories (as identified in item 13) that have been
trained:
Tooiis 2, B, i Seviiiiiin
33. Who performed the training for the above mentioned worker
categories?
Tooiiinn, 2, B, boiiiiiiinin S
34. Is the training programme approved by the appropriate competent
authority (if applicable)?
YES...... NO....... Describe:.................
35.  Specify the frequency of training revalidation: ..............c.c.ccoooeiien...
Conclusions/Temarks:. ... ..ottt
Company representative............... Competent authority inspector.............
....................................... Date and place: .......cocveiiiiiiiiiiiiiii,
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PART 2: QUESTIONNAIRE FOR EVALUATING THE EFFECTIVENESS
OF THE RADIATION PROTECTION PROGRAMME

— How does the RPP fit within the general management system?

— Does the scope of the RPP reflect completely and accurately what the
RPP should cover?

— Is the management commitment sufficiently demonstrated?

— Are the resources (human and technical) available to fulfil the
objectives of the RPP?

— Are the roles and responsibilities of all workers concerned adequately
described and fully outlined?

— Has the dose assessment of the workers in different workplaces been
carried out correctly? And is it still valid?

— Has this assessment been validated and/or verified through, for example,
periodic checks or workplace dose verification?

— Are the personnel involved in the different actions sufficiently and
correctly trained and familiar with equipment and instruments (including
those that are not routinely used)?

— Is the training correctly documented (certificates, expiry dates, etc.)?

— If applicable (e.g. to consignors): Are the decisions on classification (UN
number, proper shipping name), package requirements (using the correct
and optimized package design), labelling, etc., taken by sufficiently
skilled personnel, verified and properly documented and recorded?

— Are the necessary approvals and certificates in place and valid?

— Are there working instructions and procedures in place (and
implemented by the workers) that give clear and adequate guidance to
ensure the maximum efficiency and to minimize doses?

— Are these instructions and procedures up to date and consistent with
the objectives of the RPP?
— Do they cover all aspects, including emergency procedures?

—Is the measuring equipment (for dose rate, contamination and air
monitoring if required) adequate for the measurements to be taken?

— Are calibration certificates in place and valid for the task to be done?
— Are the proper user instructions followed?
— Are the results of measurements recorded?
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Annex VII

EXCERPTS FROM THE IAEA REGULATIONS
FOR THE SAFE TRANSPORT OF RADIOACTIVE MATERIAL,
2005 EDITION, IAEA SAFETY STANDARDS SERIES No. TS-R-1

DEFINITIONS

“Radiation Protection Programme

“234. Radiation Protection Programme shall mean systematic
arrangements which are aimed at providing adequate consideration of
radiation protection measures.”

GENERAL PROVISIONS

66

“RADIATION PROTECTION

“301. Doses to persons shall be below the relevant dose limits. Protection
and safety shall be optimized in order that the magnitude of individual
doses, the number of persons exposed, and the likelihood of incurring
exposure shall be kept as low as reasonably achievable, economic and
social factors being taken into account, within the restriction that the
doses to individuals be subject to dose constraints. A structured and
systematic approach shall be adopted and shall include consideration of
the interfaces between transport and other activities.

“302. A Radiation Protection Programme shall be established for the
transport of radioactive material. The nature and extent of the measures
to be employed in the programme shall be related to the magnitude and
likelihood of radiation exposures. The programme shall incorporate the
requirements of paras 301, 303-305, 311 [and 563]. Programme
documents shall be available, on request, for inspection by the relevant
competent authority.

“303. For occupational exposures arising from transport activities, where
it is assessed that the effective dose:

(a) is likely to be between 1 and 6 mSv in a year, a dose assessment
programme via workplace monitoring or individual monitoring shall
be conducted;



(b) is likely to exceed 6 mSv in a year, individual monitoring shall be
conducted.

When individual monitoring or workplace monitoring is conducted,
appropriate records shall be kept.”

“COMPLIANCE ASSURANCE

“308. The competent authority shall arrange for periodic assessments of
the radiation doses to persons due to the transport of radioactive material,
to ensure that the system of protection and safety complies with the Basic
Safety Standards...”

“TRANSPORT AND STORAGE IN TRANSIT
“Segregation during transport and storage in transit

“563. Packages, overpacks and freight containers containing radioactive
material and unpackaged radioactive material shall be segregated during
transport and during storage in transit:

(a) from workers in regularly occupied work areas by distances
calculated using a dose criterion of 5 mSv in a year and conservative
model parameters;

(b) from members of the critical group of the public, in areas where the
public has regular access, by distances calculated using a dose
criterion of 1 mSv in a year and conservative model parameters;

(c) from undeveloped photographic film by distances calculated using a
radiation exposure criterion for undeveloped photographic film due
to the transport of radioactive material of 0.1 mSv per consignment of
such film; and

(d) from other dangerous goods in accordance with para. 506.”

“TRAINING

“311. Workers shall receive appropriate training concerning radiation
protection including the precautions to be observed in order to restrict

67



68

their occupational exposure and the exposure of other persons who might
be affected by their actions.

“312. Persons engaged in the transport of radioactive material shall
receive training in the contents of these Regulations commensurate with
their responsibilities.

“313. Individuals such as those who classify radioactive material; pack
radioactive material; mark and label radioactive material, prepare
transport documents for radioactive material; offer or accept radioactive
material for transport; carry or handle radioactive material in transport;
mark or placard or load or unload packages of radioactive material into or
from transport vehicles, bulk packagings or freight containers; or are
otherwise directly involved in the transport of radioactive material as
determined by the competent authority; shall receive the following
training:

“(a) General awareness/familiarization training:

(i) Each person shall receive training designed to provide
familiarity with the general provisions of these Regulations;

(ii) Such training shall include a description of the categories of
radioactive material; labelling, marking, placarding and
packaging and segregation requirements; a description of the
purpose and content of the radioactive material transport
document; and a description of available emergency response
documents;

(b) Function specific training: Each person shall receive detailed
training concerning specific radioactive material transport
requirements which are applicable to the function that person
performs;

(c) Safety training: Commensurate with the risk of exposure in the
event of a release and the functions performed, each person shall
receive training on:

(i) Methods and procedures for accident avoidance, such as
proper use of package handling equipment and appropriate
methods of stowage of radioactive material,

(i) Available emergency response information and how to use it;

(iii) General dangers presented by the various categories of
radioactive material and how to prevent exposure to those
hazards, including if appropriate the use of personal protective
clothing and equipment; and

(iv) Immediate procedures to be followed in the event of an
unintentional release of radioactive material, including any



emergency response procedures for which the person is
responsible and personal protection procedures to be
followed.”
“314. The training required in para. 313 shall be provided or verified
upon employment in a position involving radioactive material transport
and shall be periodically supplemented with retraining as deemed
appropriate by the competent authority.”

“EMERGENCY RESPONSE

“304. In the event of accidents or incidents during the transport of
radioactive material, emergency provisions, as established by relevant
national and/or international organizations, shall be observed to protect
persons, property and the environment. Appropriate guidelines for such
provisions are contained in Ref. [4'].

“305. Emergency procedures shall take into account the formation of
other dangerous substances that may result from the reaction between
the contents of a consignment and the environment in the event of an
accident.”

! Note that Ref. [4] of the Transport Regulations is INTERNATIONAL
ATOMIC ENERGY AGENCY, Planning and Preparing for Emergency Response to
Transport Accidents Involving Radioactive Material, IAEA Safety Standards Series
No. TS-G-1.2 (ST-3), IAEA, Vienna (2002).
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Annex VIII

EXAMPLES OF TOTAL DOSE PER TRANSPORT INDEX

TABLE VIII-1. EXAMPLES OF TOTAL DOSE PER TRANSPORT
INDEX

Number of Total T1 Total dose Total dose/TI

Type of transport workers  handled receisved (uSV/TT) Ref.

(mSv)

UK transport Road 350 70 000 220 3.1 [VIII-1]
USA transport of Road 6 11750 3.0 1.1 [VIII-2]
radiopharmaceuticals

Road 6 12 430 182 1.5

Road 6 12 766 19.8 1.5

Road 6 12 621 19.3 1.5

Road 6 12 418 22.5 1.8

Road 6 15 049 20.4 14

Air 371 49174 115 2.3

Road 134 80 000 149 1.9

Road 133 80 000 158 2.0

Road 128 80 000 145 1.8

Road 120 80 000 145 1.8

Road 9 2612 1.65 0.6

Road 10 2 696 1.95 0.7

Road 16 3453 6.95 2.0
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[VIII-1]

[VIII-2]

REFERENCES TO ANNEX VIII

WATSON, S.J., OATWAY, W.B., JONES, A.L., HUGHES, J.S., Survey into
the Radiological Impact of the Normal Transport of Radioactive Material in
the UK by Road and Rail, Rep. NRPB-W66, National Radiological
Protection Board, Chilton, UK (2005).

SHAPIRO, J., Exposure of Airport Workers to Radiation from Shipments of
Radioactive Materials: A Review of Studies Conducted at Six Major Airports,
Rep. NUREG-0154, United States Nuclear Regulatory Commission,
Washington, DC (1977).
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Annex IX

SEGREGATION REQUIREMENTS FOR MARITIME TRANSPORT
RADIATION PROTECTION!

7.2.9 Segregation for goods of class 7

7.2.9.1 Radioactive material should be segregated sufficiently from crew and
passengers. The following values for dose should be used for the purpose of
calculating segregation distances or radiation levels:

(a) for crew in regularly occupied working areas, a dose of 5 mSv in a
year;

(b) for passengers, in areas where the passengers have regular access, a
dose of 1 mSv in a year to the critical group.

7.2.9.3 Category II-YELLOW or III-YELLOW packages or overpacks should
not be transported in spaces occupied by passengers, except those exclusively
reserved for couriers specially authorized to accompany such packages or
overpacks.

7.2.9.6 Any departure from the segregation provisions should be approved by
the competent authority of the flag State of the ship and, when requested, by
the competent authority at each port of call.

7.2.9.7 The segregation requirements specified in 7.2.9.1. may be established
in one of the following two ways:

— By following the segregation tables (I and III hereafter) in respect of
living quarters or spaces regularly occupied by persons. Table III
includes comprehensive provisions which are of general applicability.
Table I provides simplified information which is applicable to certain
ship sizes, or

—By demonstration that, for the following indicated exposure times,
the direct measurement of the radiation level in regularly occupied
spaces and living quarters is less thanfor the crew:

0.0070 mSv/h up to 700 hours in a year, or

!'Taken from INTERNATIONAL MARITIME ORGANIZATION,
International Maritime Dangerous Goods Code, 2000 Edition, Including Amendments
30-00, IMO, London (2004).
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0.0018 mSv/h up to 2750 hours in a year; and

for the passengers:

0.0018 mSv/h up to 550 hours in a year,

taking into account any relocation of cargo during the voyage. In all cases,
the measurements of radiation /eve/ must be made and documented by a
suitably qualified person.

TABLE I. CLASS 7 — RADIOACTIVE MATERIAL
(simplified segregation table for persons)

Segregation distance of radioactive material
from passengers and crew

Sum of transport —
General cargo ship

indices (TI) : 5 Offshore support
Break-bulk Containers Ferry, etc. vessel 3
(m) (TEUs) ¢
Upto 10 6 1 Stow at bow or stern  Stow at stern or at

furthest from living  platform midpoint
quarters and regularly
occupied work areas

More than 10 but 8 1 As above As above

not more than 20

More than 20 but 13 2 As above Not applicable
not more than 50

More than 50 but 18 3 As above Not applicable
not more than 100

More than 100 but 26 4 As above Not applicable
not more than 200

More than 200 but 36 6 As above Not applicable

not more than 400

General cargo, break-bulk or ro-ro container ship of 150 m minimum length.

Ferry or cross-channel, coastal and inter-island ship of 100 m minimum length.
Offshore support vessel of 50 m minimum length. (In this case the practical maximum
sum of TIs carried is 20.)

TEU means 20 ft equivalent unit’ (this is equivalent to a standard freight container
of 6 m nominal length).
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Annex X

EXAMPLE OF CHECKLIST FOR ROAD TRANSPORT!

B = 2480 Dessel

TRANSNUBEL TRANSPORT OF RADIOACTIVE MATERIALS CHECK
Gravenstraat, 73 LIST RADIOPROTECTION SERVICE

File n®

Date, place and hour of departure

Date, place and hour of arrival

TNB agent, responsible for the venfication

Name of the drivers and their employer

1. Verification concerning Radioactive Contents
1.1 Contamination of the vehicle Measured ] Not measured O
1.2 Dose rate (pSv/h) Estimated'mentioned Measured Measunng nstr. n®

in contact with the package

near the vehicle

at 2 m distance from the vehicle

| |
| |
B at | mdistance from the vehicle
| |
n

drivers cabin

1.3. Verification labels on package (or freight WHITE1 YELLOW
container) 11

YELLOW IIT

1.4. Transport index
1,5 Criticality Safety Index

1.6. Information on the labels

Verification of the vehicle (general and ADR)

Licence plate Truck Semi-trailer

Lefi

1
.2 Signs ADR and ADR7 Front Al the back Right
3 Visual verfication vehicle and equipment

Conform Yes

a No

24 Verfication driver's documents 1" driver

27 driver

B driver's licence

B attestation ADR and ADR7

3, Verification of equipment (us required by C.A.)

3.l T'wo portable fire extinguishers

32 Repair kit'chocks

33 I'wo independent blinkers

34.  Locker loading space

3.5, Stowing of the package

4. Verification af the doc ts accompanying the convoy
4.1 Verification of the transported matenial with the information on the transport application form
(CMR or equivalent)

4.2, Certificate of approval for the package

43. Nuclear liability insurance

44 Working instruction n® 69 :

actions 1o be taken in case of incident or accident, telephone list, safety instructions

Date : Name : Signature :

! Based upon a checklist provided by Transnubel, Belgium.
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TRANSNUBEL
Gravenstraat, 73
’ B — 2480 Dessel

TRANSPORT OF RADIOACTIVE MATERIALS
CHECK LIST RADIOPROTECTION SERVICE

Report about an incident, anomaly or supposed default

Ref. Description

Actions taken

Maximum measured values package:

Maximum measured values vehicle

THESE VALUES MAY NOT BE EXCEEDED !

contact
atl m
at2m

in contact

2 mSv/h = 2.000 pSv'h
0.1 mSv/h = 100 uSv/h
100 pSv/h

2 mSv/h = 2.000 pSv/h

DIFFUSION : ORIGINAL = TRANSPORT FILE - I COPY 2 HEAD OF DEPARTMENT
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Annex XI

EXAMPLE OF RADIATION PROTECTION AND EMERGENCY
RESPONSE INSTRUCTIONS FOR A VEHICLE OPERATOR!

XI-1. A card with pictogrammes and supplementary written information in
different languages may be helpful in facilitating radiation protection measures
during the transport of radioactive material, especially in the event of accidents
or unexpected delays. An example of such communication tools is provided
here; these are used by Transnubel of Belgium for road transport in Europe.

f 19_0
> a TNB

3 101 + TNB

! Provided by Transnubel, Belgium.
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NOTE: The following pages present examples that are not intended for direct
use: The content and the language of the different examples reflect the local
regulations and prescriptions at the end of 2000; they should be updated
(e.g. telephone numbers should be verified) before actual use.
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