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FOREWORD

Radioactive waste arises from the generation of nuclear energy and from the production of
radioactive materials and their applications in industry, agriculture, research and medicine. The
importance of safe management of radioactive waste for the protection of human health and the
environment has long been recognized and considerable experience has been gained in this field.
Technical expertise is a prerequisite for safe and cost-effective management of radioactive waste.
A training course is considered an effective tool for providing technical expertise in various
aspects of waste management.

The IAEA, in co-operation with national authorities concerned with radioactive waste
management, has organized and conducted a number of radioactive waste management training
courses. The results of the courses conducted by the IAEA in 1991-1995 have been evaluated
at consultants meetings held in December 1995 and May 1996. This guidance document for use
by Member States in arranging national training courses on the management of low and
intermediate level radioactive waste from nuclear applications has been prepared as the result of
that effort.

The report outlines the various requirements for the organization, conduct and evaluation
of training courses in radioactive waste management and proposes an annotated outline of a
reference training course.

The IAEA wishes to acknowledge the work done by the experts who were involved in the
analysis of the training courses implemented by the IAEA and in drafting the report.
V.S. Tsyplenkov of the Division of Nuclear Power and the Fuel Cycle was the IAEA officer
responsible for the preparation of this report.



EDITORIAL NOTE

In preparing this publication for press, staff of the IAEA have made up the pages from the original
manuscript (s). The views expressed do not necessarily reflect those of the governments of the nominating
Member States or of the nominating organizations.

Throughout the text names of Member States are retained as they were when the text was
compiled.

The use of particular designations of countries or territories does not imply any judgement by the
publisher, the IAEA, as to the legal status of such countries or territories, of their authorities and
institutions or of the delimitation of their boundaries.

The mention of names of specific companies or products (whether or not indicated as registered)
does not imply any intention to infringe proprietary rights, nor should it be construed as an endorsement
or recommendation on the part of the IAEA.
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1. INTRODUCTION

1.1. BACKGROUND

Low and intermediate level radioactive wastes are generated from nuclear fuel cycle
facilities as well as from medical, industrial, agricultural and research applications of sources of
ionizing radiation (Fig. 1). These wastes can present potential risks to health and the environment
if they are managed inadequately. Adequate management of radioactive waste requires its safe
collection, characterization, processing, storage, transportation and ultimately disposal.

Nuclear fuel
cycle facilities

Decommissioning
of facilities

Nuclear
applications

Radioactive
waste

requiring safe
managemen

FIG.l. Sources of radioactive waste.

Management of radioactive waste is an essential part of the International Atomic Energy
Agency (IAEA) programme. A large number of safety and technical reports and conference
proceedings covering various aspects of the subject have been issued by the IAEA. The IAEA
is currently implementing a model project on the strengthening radiation protection and
radioactive waste management infrastructures in developing countries consistent with the extent
of nuclear applications. An important element of that infrastructure is the development and
upgrading of technical expertise in different aspects of radioactive waste management. A training
course on waste management is considered to be an effective tool for accomplishing this
objective.

1.2. OBJECTIVE

This report is based on results of the training courses conducted by the IAEA over the past
five years and aims at standardizing the content and promoting high quality in subsequent
national training programmes on radioactive waste management. The report is expected to assist



a national authority in the preparation, organization and implementation of training course
programmes in the field.

1.3. SCOPE

This report covers the basic requirements for organization and conduct the training courses
on the management of radioactive waste generated from the operation of nuclear research
reactors, particle accelerators, production of radioisotopes and their applications in industry,
agriculture, medicine and research. It does not include a description of topics related to the
management of radioactive wastes from nuclear power plants or nuclear fuel cycle facilities.

1.4. STRUCTURE

This report is divided into six sections.

Section 2 provides essential information on target candidates for training, including a brief
description of the duties and responsibilities relevant to the management of radioactive waste in
their country and the educational background requirements necessary to ensure training to be
effective.

Section 3 proposes typical and specific training programmes on radioactive waste
management that may be implemented by Member States according to national needs and the
needs of the trainee's population.

Section 4 describes the requirements for the organization and management of the training
course including teaching staff, teaching facilities, and facilities for the demonstration of
technology and practice. It also provides the organizer of this training course with methods to
evaluate and follow-up the course.

Section 5 provides a syllabus and an annotated outline of the training course on
"Management of Radioactive Waste from Nuclear Applications" with a brief title description of
the minimum number of topics to be included in the course.

Section 6 outlines a selection of exercises and demonstrations that may be included in the
training course, including the various requirements for planning and organizing such exercises
and demonstrations.

A list of instruction videos in radioactive waste management is presented in Annex I.
Annex II contains an End-of-Training Course Questionnaire for possible use in evaluating the
course content and its applicability.

2. TARGET CANDIDATES FOR TRAINING

The need for education and training in the various disciplines associated with radioactive
waste management has long been recognized by the IAEA, the United Nations Educational,
Scientific and Cultural Organization (UNESCO), and the WHO. A comprehensive training
programme has been conducted by the IAEA since 1991, in collaboration with Member States,
and numerous specialists have been trained in the principles and practices associated with
radioactive waste management.
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Training at the national level is considered to be an important tool for improving the level
of expertise of the personnel involved in radioactive waste management activities, including
generators, regulators, operational staff, administrators and managers (Fig. 2). However, this
emphasis on training should not underestimate the importance of education in general and
specific hands on training of operational personnel. Since the costs of training are high, the
purpose of the training should be carefully identified.

Administrators
and Managers

- Provision of resources
- Programme development

Waste management
operational staff
- facility operation

quality
compliance
with requirements

Waste Generators
- Technical experts
- Control of waste during

generation, processing,
transport and disposal

Regulators
- Independent oversight
- Regulatory development

modification

FIG. 2. The parties involved in waste management.

2.1. CANDIDATE REQUIREMENTS

Selection criteria that include minimal educational requirements in science and/or
engineering should be applied to potential candidates. These criteria help assure that specialized
training in the diverse areas associated with radioactive waste management is offered to persons
having the basic knowledge necessary to assimilate the information therein.

As the need for expertise in radioactive waste management increases, formal education,
in the form of course work at universities, has been developed in some Member States. However,
because the knowledge necessary is interdisciplinary in nature, a training programme that brings
together the applicable expertise is essential to place the subject of radioactive waste
management in perspective. Training in this way allows the students to make connections

11



between the various disciplines with experts present, to answer questions and guide their
understanding.

The experience gained from implementation of the training programme by the IAEA over
the past five years has identified a number of potential candidates for whom the training is
beneficial. These include administrators and managers, regulators, waste generators (technical
staff), and waste management operational staff. If the potential trainees' population in any of
these disciplines is large enough, the course can be tailored specifically to address the needs of
that group. The more usual case is that the course will contain persons with varying job
requirements, and visualizing their needs will be one of the most important first steps in the
course design. A brief summary of these specialties and their associated requirements are
presented below.

2.2. ADMINISTRATORS AND MANAGERS

Government and private administrators and managers have responsibilities which may
include budgeting and programme development, licensing of nuclear facilities, staffing,
inspection, and independent review of activities involving nuclear materials. The educational
background of these individuals usually shows wide variability and may include law, medicine,
science, engineering, or business. These students will focus on information with a broad scope,
and flexibility should be maintained in selecting subjects for instruction.

2.3. REGULATORS

This group is primarily responsible for the development of radioactive waste management
regulations and verification of compliance with them that provide assurance of public and
environmental safety. They are also responsible for carrying out periodic audits/inspections of
nuclear facilities in order to provide an independent review against written regulations and make
formal observations where deficiencies exist. Their understanding of the techniques and
processes should be equal to or exceed that of the technical and operational staff, and they have
the added responsibility for the development of sensitive measures to ascertain compliance.

2.4. WASTE GENERATORS (TECHNOLOGICAL STAFF)

This group comprises the staff of hospitals, industrial enterprises, agriculture and research
and teaching universities who use radioactive materials in the conduct of business and therefore
generate waste. The type and amounts of waste generated by these individuals should determine
the emphasis of the course. Often, as the Radiation Safety Officers (RSO) at their facilities, they
are responsible for packaging and temporary storage of the waste for decay or until a disposal site
is available. They bring the regulations to "life" through the development of programmes and
procedures that govern the receipt of radioactive material and its use, and storage, preparation
for transportation and ultimate disposal of the resulting waste.

2.5. WASTE MANAGEMENT OPERATIONAL STAFF

These professionals are responsible for the design and operation of waste management
facilities in conformance with applicable regulations and operating instructions. This group
includes, but is not limited to, engineers, health physicists, technicians, environmental
professionals, and scientists. Each representative will be well versing in one or more of the
subjects to be presented in the course; therefore, the emphasis should be on integration of the
subjects to be presented. In this way the trainee will gain both understanding and appreciation
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of how the various disciplines work together to achieve a successful radioactive waste
management programme.

3. TRAINING PROGRAMMES

The general objective of the training course is to improve the expertise of the personnel
involved in different waste management activities such as regulators, generators, administrators
and managers and to develop an understanding and appreciation of the various technical
specialties necessary to establish and implement a national successful waste management
system. To realize these objectives, it is necessary that the training programmes cover the broad
spectrum of waste management activities, required facilities, and experience in several areas of
nuclear science and technology. Since the availability of facilities and staff, as well as the degree
of nuclear development, varies from country to country, each country should determine the scope
of training programmes needed.

As waste management is so important to the national and international objectives of
protecting human health and the environment, the scope of training programmes should, at a
minimum, cover the following areas of waste management: a national legislation system, waste
management steps, and waste management technology. Demonstration of different waste
management practices and technologies, with visits to nuclear and waste management facilities,
should also be included. The following sections briefly describe the scope of possible training
courses arranged at the national level.

3.1. NATIONAL WASTE MANAGEMENT SYSTEM

It is important to establish a minimum national system required for the safe management
of radioactive waste in a Member State to be commensurate with the existing nuclear
applications. The national waste management system consists of different components such as
a regulatory framework, organizational frameworks and resources including technical and
financial capabilities (Fig. 3).

The regulatory framework consists of a set of documents which encompass the law,
regulations, guidance and recommendations in the field of radioactive waste management. It also
includes related laws and regulations which have an impact on radioactive waste management
such as radiation protection, environmental protection, transportation and disposal.

The organizational framework associated with the management of radioactive waste has three
primary elements: implementation, control and enforcement. The implementing organization is
responsible for the performance of all activities associated with waste management operations,
including control and monitoring of effluents. The regulatory authority usually serves as both the
controlling and enforcement organization, and as such, controls the implementation of
radioactive waste management activities and verifies whether or not the radioactive waste
management practices meet the relevant regulations. Resources, including technical expertise,
are necessary to support the proper management of radioactive waste. The resources are
sometimes very limited and government assistance is necessary.
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FIG.3. The components of a national waste management system.
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The training course on the national radioactive waste management system should be of a
generic character and may include lectures, video films, demonstrations and technical visits
devoted to various necessary system's elements. One or more workshops on the development of
the waste management national system may be included.

3.2. WASTE MANAGEMENT LEGISLATION

Legislation ensures the safe management of radioactive waste and provides the legal basis
for the further development of necessary regulations. Training on the waste management
legislation is needed for the operators of facilities that generate radioactive waste, the operators
of waste management facilities, and the regulators themselves to upgrade their knowledge and
introduce new developments.

A training course on the waste management legislation can be planned and organized to
emphasize legislative requirements that are included in the national system. The following should
be explained with examples:

- Basic law, which is binding and can either be a general atomic energy law (act) or a basic
radiation protection law. These laws usually: mandate protection of people and the
environment from the harmful effects of ionizing radiation, authorize the establishment of
a regulatory authority and, sometimes, an implementing organization;
Regulations, which are also binding and can include a specific regulation on waste
management depending on the national situation as to waste arisings;

- Guidance documents ("Code of Practice"), which may not be binding but are necessary to
provide guidance on specific aspects of waste management, e.g., management of spent
sealed sources.

The training course may consist of lectures, video films, and a workshop to allow
participants to develop a waste management regulation. The scope of such a workshop may
include the following topics:

A discussion of the existing situation regarding the extent of nuclear applications and legal
basis at the national level;

- A proposed structure/outline of the regulation to include, among others, responsibilities for
compliance and operational activities.

3.3. MANAGEMENT OF RADIOACTIVE WASTE FROM NUCLEAR APPLICATIONS

The training course on the management of radioactive waste from nuclear applications is
mainly directed at waste generators and staff involved in related various waste management
operations. It may consist of lectures on the generation of waste from different nuclear
applications and their characteristics; various stages of radioactive waste management, such as
collection, pretreatment, treatment, conditioning and disposal; and storage and transportation
activities that may be necessary between different waste management stages. It is necessary to
have experiments, demonstrations, practical work on different stages of waste management, as
well as visits to nuclear facilities to gain direct experience in actual waste management practices.

In preparing a list of experiments, exercises and practical demonstrations for the training
course it is important to consider the following:
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- Value of experiments for illustrating the scientific principles enumerated in the lectures and
providing practice in actual techniques;

- The availability of equipment, facilities and experienced staff;
- The cost and quality of the experiments.

3.4. DISPOSAL OF RADIOACTIVE WASTE

Disposal of radioactive waste consists of the emplacement of radioactive waste in a
licensed disposal facility with no intention of retrieval, with minimal reliance on long term
surveillance and maintenance. Safety is achieved by conditioning the waste and its isolation in
a disposal facility. Isolation is attained by placing barriers around the conditioned waste to restrict
the release of radionuclides into the environment. The barrier may either be natural or
engineered, and the isolation system may consist of one or more barriers. The barrier materials
can provide absolute containment of radionuclides for a period of time, such as metals and glass,
or retard the release of radionuclides to the environment, with a backfill material or host rock
having a high sorption capability.

A training programme on the disposal of radioactive waste can be organized to address the
specific need of the country that has decided to establish a disposal facility. The course
programme should include training in the following:

- Regulatory framework for disposal;
Site considerations for disposal facilities;

- Design of disposal facilities;
- Waste acceptance criteria;
- Compliance with waste acceptance criteria;
- Safety and performance assessment of waste disposal facilities;

Transportation of radioactive wastes to the disposal facility.

The lectures can be supplemented by exercises and demonstrations on available computer
aided modelling technologies for safety assessment of waste disposal facilities, as well as
technical visits to actual disposal facilities (if available) or demonstration of video films.

4. ORGANIZATION AND MANAGEMENT

The primary purpose of this section is to provide guidance to responsible officers and
professional staff, including the Course Director, who will be involved in preparing and
implementing the training courses on radioactive waste management. The section prescribes the
minimum requirements for facilities, equipment and teaching staff and provides
recommendations in the overall organization and management of a training course, including its
subsequent evaluation and appropriate feedback leading to improvements in training courses. It
is generally recognized that in Member States where there is a formal training center, such
guidance may be superfluous and perhaps unnecessary but nevertheless is provided to highlight
the importance of some aspects in the organization and management, specifically as they relate
to the training courses on radioactive waste management.

The IAEA recommends [1, 2] the use of the Systematic Approach to Training (SAT) for
the training of nuclear power plant personnel and it is generally assumed that such an approach
can be adopted as far as practicable in the design, development and implementation of training
programmes in radioactive waste management. SAT provides a methodology for continuous
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improvement of any training programme or activity. The SAT methodology is intended to be
used by individuals who are not training specialists or who perform training duties on a part time
basis. The use of SAT provides a logical progression from the identification of competencies
needed to perform specific duties to the development and implementation of training to achieve
these competencies, and subsequent evaluation of this training. Without a Systematic Approach
to Training, there is a risk that important elements of training will be too extensive, with
consequent cost implications and lost of trainee motivation.

There are five interrelated phases in the SAT. These are Analysis, Design, Development,
Implementation, and Evaluation. SAT ensures training is designed, developed, and delivered to
meet the needs of the trainees and the trainees learn the competencies required for performing
their duties.

4.1. COURSE DESIGN

The Course Director is responsible for planning and execution of the technical and
administration programmes of the course, identifying the most suitable persons for lecturing,
conducting demonstrations, giving tutorials and helping with exercises (Fig. 4). The Course
Director provides relevant and pertinent information about the course and trainees to the lecturers
to aid them in their preparation of lecture notes and other course materials. More importantly, the
Course Director should provide the lecturers with an outline and scope of their presentations in
advance to ensure the adequacy of the presentations and to avoid overlapping. The lecturers are
to send their lecture notes to the Course Director prior to the beginning of the course for review
and approval.

The Course Director should have a clear idea of the objective of the course, the number of
participants, where the participants are coming from (e.g., industry, mines, research institutions,
hospitals) and the minimum level of education required for each trainee (see Section 2). This
information, and the specifications of available facilities, should be communicated to the
lecturers. The Course Director should then set up a small committee responsible for:

- Technical programme;
Technical visits, experiments, and demonstrations;

- Boarding and accommodation of participants and lecturers;
- Transportation of participants and lecturers;
- Lecture room and teaching facilities;
- Expense coverage and reimbursement of lecturers and participants;

Medical services; and
- Other duties pertaining to the course scope and location.

In Member States where a general training center is available, the Course Director should
co-ordinate closely with the training center to facilitate some of the items listed above, e.g.,
boarding and accommodation, transportation, lecture rooms and training facilities.

Administratively, the Course Director should control the accomplishment of tasks delegated
to the members of the committee or to the staff of the training center to ensure proper preparation
for the course. Prior to the arrival of the participants, the course director should ensure that
lodging is ready, boarding arrangements are computed and medical services are available
whenever necessary. If financial arrangements are necessary for the participants, the Course
Director should assure that disbursements of funds are made in a timely fashion to avoid
hardship. All local arrangements should be delegated to a responsible person so that the Course
Director can focus on the course content to accomplish its designed objectives.
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FIG.4. Responsibilities of the Course Director.

It is the Course Director's (or a person's designated by him for this purpose) responsibility
to check the lecture notes for consistency, accuracy, completeness, and lack of redundancy;
monitor the progress of the course; initiate discussions; and keep the course on track to successful
completion.

4.2. FACILITIES AND EQUIPMENT

The Course Director should ensure the availability of a lecture room, as well as an
additional room for lecturers, and discussion rooms for group workshops. The Course Director
should also ensure the availability of all necessary teaching equipment, including slide and/or
overhead projectors and screens, writing boards, chalk and/or pens for writing on boards and
transparencies, etc. In Member States with an established training center, such facilities and
equipment are normally provided and the Course Director should book these facilities and
equipment to ensure their availability when required.
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4.3. TEACHING STAFF

The Course Director is responsible for the selection of lecturers/instructors and the content
and quality of their lecture notes and demonstrations. The teaching staff should be made up of
persons qualified in their specific fields (physics, chemistry, engineering, etc.) and more
important, experienced in the subjects to be taught. If a local expert cannot be found, the Course
Director should ask for assistance from the IAEA or a neighboring country. A person from a
country with similar experience to the country where the course is taking place, and facing
similar problems, would be most suitable.

A course lecturer/instructor should be able to communicate with the participants in the
official language of the country. He/she must be able to prepare good lecture notes and other
lecture materials and be knowledgeable in the use of audio-visual aids. Persons responsible for
conducting exercises and demonstrations must have on-job experience, and be able to transfer
their knowledge and experience to the trainees.

FIG. 5. Measuring a dose rate at the tank holding liquid waste in preparation for treatment
(Turkey).
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FIG. 6. Waste cementation on a larger scale (Brazil).

4.4. PREMISES FOR PRACTICAL EXERCISES AND DEMONSTRATIONS

Facilities for practical exercises and demonstrations of waste management practices and
technology must be available on the training site (Fig. 5). The personnel at these facilities should
ensure that equipment and materials are ready for particular exercises. The size of the premises,
compared with the number of participants, should be carefully considered. Where possible,
materials should be prepared for individual or small group work. Protective clothing, radiation
monitoring instruments, and water for decontamination (washing) should be made available as
necessary. Timing of these exercises should be closely monitored to avoid impacting the overall
course schedule.

4.5. DEMONSTRATION OF TECHNOLOGY AND PRACTICES

The list below is provided as a checklist for the Course Director. Depending on the subject
of the course, the director may choose any of the facilities, equipment, tools or material listed
below for the demonstration of a technology or a practice (Fig. 6):
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Radiation monitoring instruments;
Radiation contamination devices;
Containers of varying sizes and volumes;
Evaporator unit;
Chemical precipitation unit;
Ion exchange facility;
In-drum cement mixer;
Cement mixer;
Drums (200 L, 55 L), cement, vermiculite, sand, water, steel rods;
Compactor;
Incinerator;
Equipment for bituminization;
Fork lift truck;
Handling equipment;
Waste form and package testing facilities.

* \

F/G. 7. Technical visit to the Nuclear Research and Training Centre in Turkey.

21



F/G. <S.
(Brazil).

bituminization facility is an excellent site for a technical visit or demonstration

4.6. TECHNICAL VISITS

The objective of technical visits (Figs 7 and 8) is to acquaint the students with radioactive
waste problems and solutions in a real environment, such as hospitals, research institutions,
refineries, paper mills, research centres, nuclear reactors or waste management centres. The visit
will be successful if the persons who will conduct the visits are informed about the participants'
educational backgrounds and what they may wish to see and discuss. There should be ample time
for discussions after the trainees have visited the facilities.

4.7. EXAMINATION, EVALUATION AND FOLLOW-UP OF TRAINING

At the end of the training course the trainee's knowledge in the subjects studied should be
checked by some kind of examination. The participants should also be given the opportunity to
tell the course organizers if the course was useful to them, their personal training objectives are
met, local arrangements were satisfactory and others. The best way to solicit input is to use an
already prepared course evaluation sheet with appropriate questions. Refer to Section 5.9.
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The participants should be encouraged to communicate with the Course Director and/or
lecturers to share their difficulties and successes with them. This follow-up will enable course
planners to improve future training courses.

5. ANNOTATED OUTLINE OF THE REFERENCE TRAINING COURSE

This section presents a detailed, annotated outline for a "reference" training course on the
management of radioactive waste from nuclear applications. The modules have been developed
based on the experience gained by the IAEA from implementing similar courses over the past
five years, as well as the feedback from course participants.

Each module has, as major section headings, key areas that should be covered in the course.
Following the syllabus outline, each section is broken down into a series of topics that should be
addressed under that heading. This approach fosters uniformity in content and, if utilized in
conjunction with the participant selection criteria in Section 2, provides a good match between
the course content and the abilities of the trainees.

An additional point about the trainees should be made. In some cases, the student body will
be highly specialized in one area, such as radiation protection. The instructors and Course
Director are obliged to modify the course accordingly by either omitting that module, or
preferably, devoting that time to highly specialized training in the subject area.

It should be emphasized that although this report is based on valuable experience and
presents important recommendations, it is only a guidance document. The report does not suggest
that high quality training activities could not be developed without the use of this guidance. The
responsibility for the course content and quality rests with the Course Director and the lecturers.

RADIOACTIVE WASTE MANAGEMENT TRAINING COURSE SYLLABUS

Module 1: Introduction to the Course

Module 2: Radiation Protection and Waste Management

2.1. Principles of radiation protection
2.2. International Basic Safety Standards and ICRP recommendations
2.3. Application of radiation protection in waste management
2.4. Potential pathways and impacts of releases
2.5. Basic principles of radioactive waste management
2.6. Exemption and clearance from regulatory control

Module 3: Waste Management System Elements

3.1. Policy and strategy
3.2. Planning waste management capabilities
3.3. Waste management legislation
3.4. Regulator, generator and operator responsibilities
3.5. Social and economic considerations
3.6. Public information and outreach
3.7. Planning for spent sealed radiation sources
3.8. Planning for decommissioning waste
3.9. Closure and post-closure of waste disposal facilities
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Module 4: Radioactive Waste Arisings and Characteristics

4.1. Classification of radioactive waste

4.2. Sources and characteristics of radioactive waste

Module 5: Strategies for Selection of Waste Treatment and Conditioning

5.1. General considerations
5.2. Waste minimization, waste segregation
5.3. Discharge requirements
5.4. Available technologies and associated costs
5.5. Storage and disposal
5.6. Interdependencies

Module 6: Handling, Processing and Storage of Radioactive Waste

6.1. Waste collection, segregation and characterization
6.2. Pretreatment of solid and liquid waste
6.3. Treatment options for liquid low level radioactive waste
6.4. Treatment options for solid low level radioactive waste
6.5. Treatment of organic liquid radioactive waste
6.6. Treatment of biological radioactive waste
6.7. Conditioning of liquid and solid radioactive waste
6.8. Characterization of radioactive waste forms and packages
6.9. Quality assurance and record keeping
6.10. Storage of radioactive waste
6.11. Surface decontamination and release of material
6.12. Safety analysis of treatment, conditioning and storage facilities

Module 7: Transportation of Radioactive Waste

7.1. Transport regulations
7.2. Transportation practices
7.3. Transboundary movement of radioactive wastes

Module 8: Waste Disposal

8.1. Overview of disposal options and concepts
8.2. Waste acceptance criteria
8.3. Siting criteria and site characterization
8.4. Design of near surface facilities
8.5. Safety and performance assessment of the disposal system

Module 9: Course Closure

9.1. Examination
9.2. Course evaluation
9.3. Continuing training and follow-up
9.4. Course certifications/commemorations
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5.1. MODULE 1: INTRODUCTION TO THE COURSE

The overview of the course will be given by the Course Director during the opening
ceremony and may include two parts: general orientation and technical information about the
course.

The general orientation includes a briefing about the training centre/site facilities, and
information for general orientation of participants and lecturers. They will be informed about
boarding, accommodation, transportation and financial issues, as well as photocopying services,
library facilities, travel arrangements and communication services.

The technical information about the course should include details about the following
elements:

- The course objective. The main objective of radioactive waste management is "to deal with
radioactive waste in a manner that protects human health and the environment now and in
the future without imposing undue burdens on future generations". The bases for assuring
proper radioactive waste management are that the practice which generates waste should
be justified, the practice should be optimized in accordance with the ALARA principle, and
dose limits should be observed. The objective of each particular training course is to be
presented there.

- The course topics. (See the following sections which outline a technical programme on a
reference training course.)
Demonstrations and practical exercises: where these will be conducted and facilities are
available, access to the facilities, briefing on safety rules, etc.
Technical visits. Technical visits to available facilities like a reactor, nuclear medicine unit,
non-destructive testing department, gold mine, paper mill, oil refinery, radiotherapy
centre, waste management facilities will be made as part of the practical training. The
suitability of facilities for technical visits should be judged from a waste generation point
of view as well as from a view point of management of generated waste. Half-day visits
after lunch are ideal in terms of length of time and hold the students interest.
Discussions and tutorials. This is a way of getting the trainees to express their views on
issues as well as propose solutions to waste management problems. The trainees may be
asked to share personal experiences with each other.

- Work in groups. If the number of participants exceeds 25 then it may be advisable to divide
the trainees into groups of 6-8. This grouping will apply if the lecture room is too small for
the number of trainees. Sometimes it is simply the best way to do so to ensure everyone's
active participation in the course. But the important thing is that there should be sufficient
equipment, material and staff support to accommodate the needs of the working groups.

5.2. MODULE 2: RADIATION PROTECTION AND WASTE MANAGEMENT

5.2.1. Principles of radiation protection

Ionizing radiation and radioactive substances are natural and permanent features of the
environment, and thus the risks associated with radiation exposure can only be restricted, not
eliminated entirely. The main principle governing the use of radioactive materials is that the
benefits must outweigh the risks. It has also been recognized that exposure to high levels of
radiation can cause clinical damage to the human body. In addition, long term epidemiological
studies of populations exposed to radiation have demonstrated that exposure to radiation also has
a potential for the delayed induction of malignancies. It is therefore essential that activities
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involving radiation exposure, such as the production and use of radiation and radioactive
materials, and the operation of nuclear installations, including the management of radioactive
waste, be subject to certain standards of safety in order to protect those individuals exposed to
radiation. It is therefore important that clear and consistent radiation protection goals are
established and maintained. For activities which could give rise to immediate occupational or
public exposures, such goals are described in the recommendations of the International
Commission on Radiological Protection (ICRP) which are subject to periodic review. The current
set of protection goals that constitute a "system of radiological protection" was published in
1991.

Key areas to be covered include the following, the extent of which should consider the
basic qualification and experience of the participants in the area of radiation protection.

- A discussion of the justification for the use of ionizing radiation. The benefits must exceed
the potential cost. The concepts of detriment (exposure); ALARA (As Low As Reasonably
Achievable); and Effective Dose Equivalent (EDE), which must be established to assure
levels of acceptable risk are not exceeded should be introduced.

- The objectives of radiation protection should be addressed, including prevention of
deterministic health effects through adherence to dose limits limiting the risk of stochastic
effects, and economic and social factors.
Radiation effects, both deterministic and stochastic, should be addressed.

- Radiation protection requirements, including the following, should be addressed:

• Who is affected;
• Units, both traditional and SI; such as: gray, rad, rem, sievert, becquerel, including

an illustration of the effect of the quality factor (QF) on equivalent dose.
• Summaries of important formulas and constants;
• Dose due to natural background radiation, such as are contained in UNSCEAR

publications;
• Concepts of Annual Limit of Intake (ALI), background radiation, and bioassay.
• Individual dose and collective dose:
• Derived air concentration;
• High radiation area;
• Quality factor, reference man, and total effective equivalent dose;

Radiation protection programme elements, including:

• System of notification, registration and licensing;
External radiation exposure limits to the whole body and critical organs;
Plans for internal exposure control/monitoring;
Planned special exposures;
Dosimetry;
Control of exposure to the unborn;
Dose limits to members of the public;
Instruments to be used in radiation protection;
Air monitoring;
Radiological monitoring and contamination control;
Record keeping;
Classification of working areas;
Radiological protection training; and
Entry and exit control programme.

• Administrative controls.
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5.2.2. International Basic Safety Standards and ICRP recommendations

In accordance with the IAEA's Statute to establish standards of safety for the protection of
health and the minimization of danger to life, in consultation with the United Nations and the
specialized agencies concerned, and as a result of international efforts towards harmonization of
radioactive protection and safety, the IAEA has recently published the International Basic Safety
Standards for Protection against Ionizing Radiation and for the Safety of Radiation Sources
(BSS) [3] which are based primarily on the recommendation of the ICRP. The objective of BSS
is to set up the basic requirements for protection against the risks associated with exposure to
ionizing radiation and for the safety of radiation sources that may deliver such exposure.

A special presentation on BSS is needed to convey an understanding of the basic
requirements that have been developed from widely accepted radiation protection and safety
principles. The students should appreciate that these standards complement standards already
developed for large and complex sources of radiation, such as nuclear reactors and radioactive
waste management facilities.

The discussion specific to the ICRP recommendations should highlight the lowering of the
dose limits from ICRP-26 [4] to the present publication, ICRP-60 [5] and the scientific basis for
such reduction in order to provide a better system of radiological protection to both workers and
the population. The following topics should be addressed in the presentation as appropriate:

History of the ICRP;
Objectives of ICRP Publication 60;
How limits were established;

- Why standards are important;
- Focus of the standards;
- Aim and scope of the standards;
- Quantities used in radiation protection;
- Radiation weighing factors;

Tissue weighing factors;
- Units and concepts;
- Biological aspects of radiological protection;
- Framework (philosophy) of radiological protection;
- Control of occupational exposure;
- Control of medical exposure;
- Control of public exposure;
- Potential exposure, safety of sources;

Emergency exposure situations;
- Chronic exposure situations.

5.2.3. Application of radiation protection in waste management

Radioactive waste, as a source of ionizing radiation, has long been recognized as a potential
hazard to human health. National regulations and internationally recommended standards and
guidelines dealing with radiation protection and radioactive waste management have been
developed, based on a substantial body of scientific knowledge. It has been a feature of
radioactive waste management that special attention has been given to the protection of future
generations.
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The system of radiation protection provides a widely accepted and coherent basis for the
operational control of radioactive waste management. It provides the basis for protection of the
workers in nuclear installations that generate and treat radioactive waste, and for protection of
the public from radioactive effluent releases and disposal of solid radioactive wastes. It also
provides an adequate basis for consistent decisions on the decontamination of facilities and land
and their reuse.

This presentation should lead to an adequate understanding of various aspects of radiation
protection in the context of radioactive waste management specifically. The need to proceed to
any treatment process of radioactive wastes must be justified in consideration of the probable
generation of secondary wastes in general, and in accordance with basic radiation protection
philosophies.

The following topics should be discussed as appropriate:

ICRP recommendations on radiation protection in radioactive waste disposal [6];
- General environmental protection objectives;
- Consideration of the well-being of future generations;
- Current practices in protection of people from toxic effects of chemicals in waste;

Contamination control and monitoring;
Waste identification and monitoring;
Radiation protection training for control personnel;

- Material control, chain-of-custody from generation to disposal.

5.2.4. Potential pathways and impacts of releases

In view of the general awareness of the potential hazards for human health and the
environment that could result from improper management or disposal of radioactive waste, this
lecture topic on potential pathways and impacts of releases is highlighted. Releases of
radioactivity into the environment from waste management operations can result in significant
exposures to man via potential pathways (Fig. 9).

In line with the general objective of waste management to protect present and future
generations from the potential hazards of radioactive wastes, the following topics should be
addressed as appropriate and as they apply to the natural situation.

- Critical groups of population;
- Techniques for modelling releases to the environment through air, groundwater, and

surface water;
Regulatory limits on releases to the environment;
Clearance levels, if established;

- Interpretation of modelling results and comparison to standards;
- Comparison of estimated doses to background radiation levels; and
- Estimation of stochastic effects (if any).

5.2.5. Basic principles of radioactive waste management

The international consensus on the basic principles of radioactive waste management has
been accomplished through the IAEA RADWASS programme that embraces the concepts listed
below. The lecturers are encouraged to draw from their personal and national experience in
presenting this material, using the Safety Fundamentals [7] as a guide to the content and scope
of the presentation.
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FIG. 9. Potential pathways of radioactivity releases into the environment.

The basic safety principles for waste management address:

Protection of human health;
Protection of the environment;
Protection beyond national borders;
Protection of future generations;
Burdens on future generations;
National legal framework;
Control of radioactive waste generation;
Radioactive waste generation and management interdependencies, and
Safety of waste management facilities.
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5.2.6. Exemption and clearance from regulatory control

The goal of this lecture is to convey an understanding that some radioactive materials can
be exempted from regulatory control if the individual and collective effective dose equivalents
received from them are so low that such levels are not significant for purposes of radiation
protection. The reference should be made to the two basic radiation protection criteria for
determining when a source or practices may be a candidate for exemption from regulatory
control [8]:

- Individual risks must be sufficiently low as not to warrant regulatory concern;
- Radiation protection, including the cost of regulatory control, must be optimized.

For the purposes of exemption, it was concluded that "an individual dose, regardless of its
origin, is likely to be regarded as trivial if it is of the order of some tens of microsieverts per
year" [8]. To account for the possibility of exposure resulting from several practices that may
have been judged to be exempt, it may be reasonable for national authorities to apportion a
fraction of the total individual dose to each practice. This fraction could lead to individual doses
to the critical group of the order of 10 uSv in a year from each exempt practice. For the purposes
of this analysis, an individual dose of 10 uSv per year is used as a basis. Reference [9] illustrates
a methodology by which practical radiological criteria can be developed for exemption of
radiation sources and practices from regulatory control. This methodology is intended to
demonstrate procedures that national authorities may use in setting appropriate exemption levels.
An example of the process for exemption of practice or source from regulatory control is given
in Fig. 10.

For the first criterion, the limitation of individual risk is applied to radiation doses to the
individuals in a population most likely to receive the highest doses from a practice. For this
group, the concept of 'critical group' is defined to be a group of individuals who are
"representative of individuals receiving the highest levels of dose from a particular practice, and
is defined so that it is reasonably homogeneous with respect to factors that affect the dose
received" [8]. The assessment proceeds in terms of the average individual dose in the critical
group evaluated at the time when the doses are at their maximum value.

In order to satisfy optimization requirements, it must be shown that of all the available
options, exemption is the one that optimizes radiation protection. If, however, a preliminary
analysis shows that the practice gives a collective dose commitment of less than 1 man-Sv per
year of practice, then the total detriment is low enough to permit exemption without more
detailed examination of other options [8].

Actually there are two terms in use for definition of the mechanisms of exemption of
sources and practices from regulatory control: "clearance" and "exemption" itself. For the waste
arising from nuclear applications, the use of a word "clearance" instead of "exemption" is more
appropriate according to the present definitions. "Clearance" means the release of materials that
previously were subject to regulatory control, e.g., radiation sources used in radiotherapy.
Accordingly, clearance levels are the levels below which unconditional clearance of material
from facilities under regulatory control would be permitted. Clearance levels can be expressed
in terms of activity concentration and/or total activities. "Exemption" is used to determine which
materials or practices initially do not require regulation. Exemption levels establish thresholds
below which radiological restriction is dimmed unnecessary.
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FIG. 10. An example process for exemption from regulatory control.

It should be noted that clearance of waste is currently handled in individual Member States
using ad hoc criteria based on existing legislation. In making a case by case authorization, the
regulatory authority assesses the type and quantity of materials to be cleared, the characteristics
of the radionuclides, the end use and the means of achieving it and the potential pathways to man
for the probable scenarios. For many cases a simple safety assessment of the risk to man, based
on pessimistic assumptions is sufficient to satisfy the authorities that the risk is negligible. On
the basis of this assessment maximum total activity or concentration levels are set by the
regulatory authorities.

Different approaches should be presented to trainees on how to obtain clearance levels [10].
According to circumstances it may be appropriate to specify clearance levels in terms of volume
or mass concentration. In other cases, a very low clearance level may be adopted which can be
applied to all circumstances. In the United Kingdom materials below 0.4 Bq/g are cleared from
the major requirements for control of radioactive materials. 0.37 MBq in 0.1 m3 and 37 Bq per
item excluding alpha emitters are acceptable in local non-radioactive disposal sites. The value
applies to all radionuclides, although higher limits are given for other radionuclides in particular
circumstances.
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FIG. 11. Possible flow chart for considering clearance for waste.

According to the nature of the types of waste arising and the availability of disposal routes,
a choice can be made between storage for decay or storage prior to final disposal in a licensed
repository. Decay for clearance might be expected to be carried out at user's establishment.A
flow chart showing various processes leading to waste clearance is given in Fig. 11.

5.3. MODULE 3: WASTE MANAGEMENT SYSTEM ELEMENTS

A fully-integrated waste management system [11] that services the needs of a developing
national nuclear programme contains a number of interrelated elements which may include:

- Regulatory framework;
- Laws, regulations and guides;
- Organizational mechanisms;
- Operational organization, educational system, financial system, and administration;

Technical capabilities and resources; and
Industrial capabilities, transportation system, communication system, etc.

The objective of the interaction of each of these elements is to provide an adequate margin
of safety during design, construction, operation, closure and decommissioning, to promote public
acceptance and confidence in the programme's safety, to accurately plan resource requirements,
and to consider other social and economic factors.
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When developing a national waste management system, the following national data should
be taken into account:

Nature and types of generated waste, including sources and amounts;
- Classification of waste into different categories;
- Safety standards for radioactive waste management, including safety principles and

technical criteria;
- Disposal concepts that are applicable to the national programme;
- An inventory of applicable natural barriers, including those that will contribute to isolation

of waste from the biosphere;
- A discussion of engineered barriers, including waste packages (waste form and containers),

waste disposal cover, and control of environmental factors;
Siting and characterization activities and requirements;

- Disposal site operation and design concepts, including alternatives to the disposal action;
- Waste acceptance criteria;

Performance assessment of the disposal systems, including: identification of all categories
of features, events, and processes that could initiate a release of radionuclides from the
waste matrix and cause their transport to man. Performance assessment elements should
include:

• Identification of plausible and worst case scenarios;
• Estimation of probability of occurrence of these scenarios;
• Model selection, verification, and validation to represent the disposal system and

simulate its behavior;
• Calculation of the consequences of each scenario;
• Estimation of uncertainty; and
• Comparison of results with applicable standards and criteria.

The following sections outline the elements of a national, fully-integrated waste
management system. The lecturer can present this as a single integrated lecture or a series of
lectures, depending on the depth of detail desired. For courses where the participants show a
special interest in a waste management infrastructure, several lectures will likely be required.

5.3.1. Policy and strategy

A national radioactive waste policy defines the manner in which a country will handle all
of its radioactive waste. It will specify the role played by the state, the regulatory authority, the
generators and the organization managing the waste. The policy should form part of the laws
dealing with nuclear issues promulgated by the state. Suppose for instance that:

- No national authority exists; or
- The existing national authority adopted a policy which excluded any radioactive material

production, import, or use in the country; or
- The existing national authority adopted a policy that only radioactive sources can be used

where contractual methods exist to return that source, in its entirety, to the supplier.

Instead, national policy:

- Gives broad authority for the development and use of radioactive materials for the benefit
of research and the citizenry of the country;

- Identifies a regulatory authority responsible for the establishment of a programme that
implements this broad policy guidance;
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- Authorizes the regulatory authority to appropriately fund such activities in this area as are
consistent with national objectives; and
Creates an organization that will manage the radioactive waste, preferably on behalf of the
state.

A strategy is needed to implement the national policy in waste management. Development
of this strategy will depend on national circumstances such as political structures, national
priorities and diversity in types of radioactive waste. These "policy" and "strategy" are not, in
themselves, sufficient to begin a programme. The experience of other nations and the assistance
of the IAEA should be discussed by the instructor at this section of the lecture.

5.3.2. Planning waste management capabilities

There are two fundamental approaches to waste management, namely prescriptive and non-
prescriptive. The prescriptive approach, which may be preferable to developing countries, clearly
defines the methodology and sometimes technology, to be adopted by both the waste generator
and the waste management operator via regulations and guidelines, whereas the non-prescriptive
approach allows both the generator and operator to formulate their own methodologies within
the legal framework in conjunction with the regulator. In both approaches the regulator acts as
the independent adjudicator acting on behalf of the state to ensure the requirements of safety and
health to public and the environment are met.

The lecturer should address both the prescriptive and non-prescriptive approaches and
develop the philosophies in relation to the national situation relevant to radioactive waste
management.

Effective management of radioactive waste considers the basic steps in the radioactive
waste management process as parts of a total system, from generation through disposal. It is
essential to emphasize the importance of taking into account interdependencies among all steps
during planning, design, construction, operation and decommissioning of radioactive waste
management facilities. These would include pretreatment, treatment, conditioning, storage,
transportation and disposal. The waste should be characterized in order to determine its physical,
chemical and radiological properties, and to facilitate record keeping and acceptance of
radioactive waste from one step to another.

The lecturer should consider the following aspects:

Pretreatment of waste is the initial step in waste management that occurs after waste
generation.
Treatment of radioactive waste includes those operations intended to improve safety or
economy by changing the characteristics of radioactive waste.
Conditioning of waste involves those operations that transform radioactive waste into a
form suitable for handling, transportation, storage and disposal.
Disposal is the final step in the radioactive waste management scheme.
Transportation may be necessary between the radioactive waste management steps.
Storage of radioactive waste involves maintaining the radioactive waste in a safe condition.
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5.3.3. Waste management legislation

All waste management strategies of a country should be unambiguously defined in national
legislation where the roles of the regulator and the regulated parties are clearly set out [12]. In
essence the regulator does not define how the waste operator should function but rather ensures
that the operator is working within the framework for which he has been licensed to operate.

The lecturer should emphasize that legislation is a component of the national waste
management system. The following components of a legislative system should be discussed:

- Primary legislation (laws);
- Subordinate legislation (regulations);
- Guidance documents;

Resources to administer the legislation, i.e., organizational, financial, and technical;
Deficiencies at the national level, as appropriate and applicable, and comparisons to an
"ideal" legislative system that is fully matured;

- The concept of a "regulatory authority"; and
Regulation of waste disposal.

The effective implementation of the national waste management policy requires that a
series of regulations be written which act as checklists to ensure that the proper national criteria
are always adhered to. For each national programme the circumstances may be different but
ultimately the final goal is to ensure the protection of health and safety of public and the
environment. National regulations should be based on the recommendations available from the
IAEA (see RADWASS programme) to ensure conformance to the internationally acceptable
norms.

The lecturer should take into account the following aspects when discussing the content and
value of regulations:

The aim of the regulations is to ensure that the waste management activities are performed
in a systematic manner and they comply with relevant international norms;

- Regulations define the requirements needed to be met by waste generators and operators
of waste management facilities in the following activities: site selection and
characterization, waste segregation, treatment, immobilization and interim storage,
handling of pyrophyric and explosive materials, transport of waste packages, their
acceptance by the repository operator and disposal operations themselves.

The legislation of technical subject areas has a significant drawback in the case of the
prescriptive approach: the legal framework cannot keep up with advances in the state of the art,
and best management practice is often ignored in favour of adherence to regulations. Likewise,
the legislation cannot possibly address every significant technical requirement, nor be flexible
enough to address every possible technical contingency. This is where guidance documents play
an important role. Alternatively the non-prescriptive approach will define only the radiological
limits within which operations can function.

The detailed discussion of guidance documents in the case of the prescriptive methodology
should deal with the following points:

The documents supply technical and operational details not possible in legislation due to
length restrictions in the legislation;
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The documents assure "Best Practice";
The documents assure compliance with the letter and spirit of the regulations;

- The documents are issued and/or approved by the regulatory authority;
National legal, technical, and social traditions may dictate the nature and content of the
guidance document;

- Areas which may be covered by guidance documents include licence application, waste
characterization, conditioning of waste, interim storage, transportation, disposal, exempt
waste, sealed sources, etc.; and

- International guidance documents may be adopted by the regulatory authority as official
supplements to the regulations.

5.3.4. Regulator, generator and operator responsibilities

The regulator's responsibility is to ensure that all the safety standards are met whereas the
waste generator, transporter and disposal facility operator function within the safety standards
is defined in the operating licence.

The lecturer should address, as a minimum, the following responsibilities of the regulatory
authority:

Preparation of regulations governing all aspects of radioactive waste generation, treatment,
conditioning, transportation, interim storage, and disposal;

- Verification of compliance with regulations;
- Conduct of inspection;

Development of Waste Acceptance Criteria (WAC) that control the processing of waste,
its transportation and receipt by the repository operator;
Development of requirements for environmental monitoring, reporting, and record keeping;
Development of requirements for protection of personnel, the public, and the environment
from ionizing radiation.

The lecturer should address the following responsibilities of generators and operators:

- Both entities must recognize and understand that their activities are interdependent. Failure
to discharge responsibilities on the part of the generator is likely to result in failure of the
waste management system, or at least greatly increase cost due to the necessity of handling
and processing nonconforming waste packages;
Both entities are required to comply with relevant regulations; and

- Both entities are required to have quality assurance and a compliance assessment
programmes.

5.3.5. Social and economic considerations

Social and economic factors are always interrelated when considering the development and
subsequent operation of waste disposal facilities. Safety and dose effects are uppermost in the
perception of the public and these are tempered or increased by the magnitude and size of the
national waste management programme. Essentially economic factors play a critical role as
ultimately the total costs will have to be sourced from state resources and therefore the balance
between the cost of effective operational safety and the cost of non-compliance must be taken
into consideration.

The lecturer should address the following factors:
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- Radioactive waste management programmes should be matched to the physical needs of
the country;

- Processing, storage and disposal capacities should allow for future industrial growth, but
should not tax the economic system unnecessarily;

- Religious, ethnic, and cultural considerations may be very important; and
- Financial resource requirements should be forecasted as accurately as possible.

5.3.6. Public information and outreach

The introduction of nuclear waste technology within a country generally requires public
participation and final approval. This is because of general unfavourable perceptions mainly with
respect to waste disposal is a result of insufficient knowledge and poor past experience. It is
critical that the nuclear industry informs the public in a clear manner to provide sufficient
relevant information to enable them to make decisions. Informing the public is an ongoing
process as it must never be forgotten that the public have very short memories.

The lecturer is encouraged to make this section as a workshop because the techniques and
needs of the public on a national level may vary so widely from one region to another. Several
principles should be kept in mind:

New programmes, including those associated with the use of nuclear materials are
associated with an initial period of public acceptance and trust referred to as a
"honeymoon";
The "honeymoon" period is often followed by a period of public distrust, which may be
triggered by a totally unrelated event involving the public and the government;

- Public outreach programmes should be undertaken at the earliest possible time during the
development of a new programme. This may not eliminate negative perceptions and
feedback, but it will minimize them and avoid the perception that "something is being
hidden from the public";

The following questions are offered to stimulate course discussion:

- Should there be a legal base for public involvement, and if so, how should it be set up?
- At what point in the process should the public become involved?
- What are the practical means by which the general public can be involved?
- Are there special national groups which should be involved?
- What is the role of the regulatory authority in this process?
- What is the role of the waste operator/generator in this process?
- What are the technical issues?
- How will the technical issues impact on safety, health and the environment?

5.3.7. Planning for spent sealed radiation sources

Sealed sources become surplus when the activities of the sources have decayed to the extent
that they are no longer suitable for their original purpose, the experiment or programme using the
source is completed or discontinued, the source develops a leak or the source apparatus becomes
outdated or difficult to operate. While a source may not be suitable for its original purpose, it still
may be highly radioactive and should be treated as a hazardous material. The hazards associated
with old or spent radiation sources that are not properly managed, include inadvertent radiation
exposure and contamination of unsuspecting members of the public (e.g., Mexico-1983,
Morocco-1984 and Brazil-1987). Due to the high risk involved the management of spent sealed
radiation sources, especially of high activity, should be planned in advance.
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Common practice in the supply of sealed sources by the user without any undertaking by
the manufacturer/suppliers to accept the return of spent sources. In effects, the arrangement
places the responsibility for the management of such sources on the user. From the point of view
of radioactive waste management it is highly desirable to minimize the number of sources to be
conditioned, stored and finally transported and disposed. Therefore, whenever possible a spent
source should be returned to the supplier, recycled or allocated to another user. Possible options
[13] should be planned and special arrangements in the legislation system must be introduced
(e.g., a clause in the regulations or in the licence that requires the return of a spent sealed sources
to the supplier).

Other topics to be addressed by the lecturer should include alternative management options
such as decay storage of sources containing radionuclides with short half-lives, collection and
storage of the source in an interim storage facility until a conditioning facility is available, and
conditioning of the sealed sources and interim storage until a repository is available. It is
suggested that a decision tree for selection of an optimal solution be developed and presented
(see Fig. 12). Each option should be discussed, taking into account the administrative, technical,
safety and economical aspects of its implementation. The practical application of the decision
process can be demonstrated on typical sealed sources representing each of the mentioned
approaches.

It must be stressed that the disposal of long-lived sources like 226Ra, according to current
disposal regulations, is allowed in deep underground disposal facilities only. It should be
explained and understood by trainees that the construction of such a facility for just a few sources
would present a high burden on the economy of the country and thus is very unlikely. An
alternative solution related to proper conditioning of the source and its safe storage until an
international solution is found should be discussed.

5.3.8. Planning for decommissioning waste

Decommissioning radioactive waste arises from the breaking-down or dismantling of
facilities, equipment or items which are no longer required for the specific application and have
either to be safely stored or returned to the public domain after decontamination with due
consideration to safety, health and the environment. Depending on the conditions, each situation
has to be carefully evaluated and planned to ensure that the applicable systems are in place to
solve the problem.

The lecturer should briefly touch on this subject in the context of how the regulatory
authority, working with the operator, should plan for decommissioning during the process of site
selection, design, construction, and operation of the facility [14]. Topics to the addressed include:

- Planning of techniques and facilities for decomissioning;
Significant amount of decommissioning waste; and

- Ease of decommissioning is a major factor in the cost of waste management;

5.3.9. Closure and post-closure of waste disposal facilities

The closure of waste disposal facilities is an action taken at the end of its useful life when
it is retired from service with adequate regard for the safety and health of workers and members
of the public and protection of the environment. In the case of disposal facilities with
radionuclides having half-lives of approximately 30 years institutional post-closure control may
have to remain in place for between 100-300 years.
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FIG. 12. Management options for spent sealed radiation sources (a-short lived radionuclides,
b-long-lived radionuclides).

The lecturer should examine the subject in the light of national policy, the requirements of
the regulating authority and the long-term capabilities of the state which is the ultimate custodian
of the waste. The following aspects should be addressed in order to place philosophical and
technical issues into context:

The national policy should clearly define the role of the state in perpetuity for the
management of radioactive waste because there will be no other organization that will have
the capability of assuming this responsibility;

- The regulator must ensure that the waste facility has the necessary instruments and
mechanisms in place to ensure effective long-term monitoring, if required;
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There should be public participation during both the closure and post-closure phases; and
Radioactive waste shall be disposed of in such a way that will not impose undue burdens
on future generations.

5.4. MODULE 4: RADIOACTIVE WASTE ARISINGS AND CHARACTERISTICS

5.4.1. Classification of radioactive waste

In this module, the lecturer is expected to discuss the general purpose of radioactive waste
classification, underline the various methods of radioactive waste classification (qualitative,
quantitative, health and safety related, process engineering demands, etc.) and compare various
radioactive waste classification systems. Depending on the purpose of a radioactive waste
classification system there exist different approaches to its derivation [11]. One basic method of
classification is a qualitative description of the individual classes. In this case mostly general
characteristics of the radioactive waste are used as criteria for the classification. Nonetheless,
numerical values to characterize broad bands or orders of magnitude may also be helpful for
classification by this approach. The other method is a quantitative approach, i.e. numerical values
are given for the definition of most classes. Radioactive waste may be classified as follows:

- By source (where the waste originates);
- By form (solid, liquid, gas);
- By radioactivity levels

• amounts of long and short-lived nuclides
• nuclide activity
• type of radiation emitted;

- By presence of other hazardous materials or constituents require treatment prior to safe
storage, transport, or disposal of the waste;

- By organic content.

The properties shown in Table I are important for classification of radioactive waste.
Chemical characteristics of the waste which are important when considering treatment and
conditioning alternatives include pH, oxygen demand, toxicity, reactivity, and form of impurities.
Depending on the form of the waste (solid, liquid, or gas), other characteristics may also be
important to consider when determining effective treatment technologies.

The lecturer can discuss the international efforts undertaken in developing waste
classification systems and present the current waste IAEA classification system. The IAEA first
classification system introduced in 1981 has proved to be useful for general purposes, although
there are limitations. First, the classification system lacks a completely clear linkage to safety
aspects in radioactive waste management, especially disposal. In addition, it lacks quantitative
boundaries between classes. Finally, it lacks a threshold above which the wastes are considered
to be radioactive (clearance levels) and recognition of waste such as those from mining and
milling uranium ore, that contain small quantities of natural radionuclides dispersed through very
large volumes of material. To address these limitations and to improve international
communication, a modified classification system was proposed, as presented in Table II [15].
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TABLE I. PROPERTIES OF RADIOACTIVE WASTE IMPORTANT FOR
CLASSIFICATION

Radiological properties

Physical properties

Chemical properties

Biological properties

Half life, activity and concentration of
radionuclides
Heat generation
Criticality
Intensity of penetrating radiation
Surface contamination
Dose factors of relevant radionuclides

Physical state (solid, liquid or gaseous)
Size and weight
Compactability
Dispersability
Volatility
Solubility, miscibility

Potential chemical hazard
Corrosion resistance/corrosiveness
Organic content
Combustibility
Reactivity
Gas generation
Sorption of radionuclides

Biological degradation
Decomposition of organic waste
Infectious waste

A clear distinction has to be made between a classification system and a set of regulatory
limits. The purpose of classification is to simplify language and to help planning, while the
purpose of regulatory limits is to ensure safety. Therefore, the effort in developing precise limits
has to be applied within the regulatory framework of licensing or authorizing specific radioactive
waste management activities. Actual quantity or concentration limits for the classification of
radioactive waste are to be established by the regulatory body of a Member State. While a
radioactive waste classification system may be useful for generic safety considerations, it is not
a substitute for specific safety assessments performed for an actual facility involving well
characterized types of radioactive waste. Following this section, the trainees should be informed
about the waste classification system in the country where the course is being held.

5.4.2. Sources and characteristics of radioactive waste

Compared with the sources and quantities of radioactive wastes generated in developed
countries with extensive nuclear programmes, relatively small volumes of low level waste are
generated at nuclear research centres, universities, medical facilities, industries and research
establishments in countries with limited nuclear programmes.
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TABLE H. TYPICAL CHARACTERISTICS OF WASTE CLASSES

Waste classes

1. Exempt
Waste (EW)

2. Low and
Intermediate
Level Waste

(LILW)

2.1 Short
Lived
Waste
(LILW-SL)

2.2 Long
Lived
Waste
(LILW-LL)

3. High Level
Waste (HLW)

Typical characteristics

Activity levels at or below clearance levels given in
[8], which are based on an annual dose to members of
the public of less than 0.01 mSv.

Activity levels above clearance levels given in [8] and
thermal power below about 2kW/m3.

Restricted long lived radionuclide concentrations
(limitation of long lived alpha emitting radionuclides
to 4000 Bq/g in individual waste packages and to an
average of 400 Bq/g in waste packages).

Long lived radionuclide concentrations above
limitations for short lived waste.

Thermal power above about 2 kW/m3 and long lived
radionuclide concentrations above limitations for
short lived waste.

Disposal options

No radiological
restrictions

Near surface or geological
disposal facility

Geological disposal
facility

Geological disposal
facility

Radioactive materials are used in two different forms. Sealed sources (encapsulated
quantities of certain radionuclides housed in shielded assemblies) are used in a form where the
probability of dispersion is very low. Unsealed sources are dispersible and physically inseparable
from the chemical medium of which they are part. A list of the main radionuclides applied in
medicine, industry and research is presented in Table in. The lecturer is encouraged to use or
modify this table in order to accurately reflect the national situation. Since the trainee population
is from these facilities, their input should be solicited in this part of the training programme.

The lecture should develop the subject of the types of waste arising from such sources as:

Hospitals;
- Industry and agriculture;
- Research and radioisotope production;
- Universities or educational institutions;
- Research reactors and particle accelerators;

Spent fuel from research reactors; and
Waste derived from non-nuclear activities.

This data should be given in terms of activity, half-life, physical, chemical and biological
properties. Table IV shows the examples of untreated waste arising in developing countries and
Table V their volumes, activities and typical radionuclide content. The lecturer, however, is
urged to draw trainees' attention to exempt waste and waste derived from non-nuclear activities,
such as in phosphate mining, oil, gas and paper factories. The lecturer should note, if applicable,
that the waste from non-nuclear activities is underregulated and often ignored, although the
generated waste and dose rates are significant.
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TABLE m. PRINCIPAL NUCLIDES USED IN MEDICINE, CLINICAL
MEASUREMENTS AND BIOLOGICAL RESEARCH

Radionuclide

3H

"C

2 2Na

24Na

32p

"S

36C1

4 5Ca
4 7Ca

s l C r

" C o
58Co

" C o

59Fe

6 7Ga

7SSe

85Sr
"'Sr

90Sr

"Tc

103Pd

"'In

Half-life

12.26 a

5960 a

2.6 a

15 h

14.3 d

87.4 d

S.OlxK^a

164d
4.5 d

27.7 d

271.7d
70.8 d

5.26 a

44.6 d

78.26 h

119.8d

64.8 d
50.5 d

28.5 a

64h

6.02 h

2.8 d

2.8 d

Principal application

Clinical measurements
Biological research
Labelling

Biological research
Labelling

Clinical measurements
Biological research

Clinical measurements

Therapy
Biological research

Clinical measurements
Biological research

Biological research

Biological research
Clinical measurements

Clinical measurements
Biological research

Clinical measurements
Check sources
Biological resedarch
Therapy

Clinical measurements
Biological research

Clinical measurements

Clinical measurements

Clinical measurements
Biological research

Therapy

Therapy

Clinical measurements Biological
research

Therapy

Clinical measurements
Biological research

Typical quantity*
per application

Up to 5 MBq
Up to 50 GBq

Less than 1 GBq
Up to 10 MBq

Up to 50 kBq

Up to 5 GBq

Up to 200 Bq
Up to 400 MBq

Up to 5 GBq

Up to 5 MBq

Up to 100 MBq
Up to 1 GBq

Up to 5 MBq
Up to 100 kBq

Up to 50 kBq

Up to 1000 TBq

Up to 50 MBq

Up to 200 MBq

Up to 11 MBq

Up to 50 MBq
Up to 150 MBq

Up to 1500 MBq

Up to 120 MBq

Up to 600 MBq

Up to 1500 MBq

Up to 500 MBq

Waste types

Solid, liquid Organic
solvents. Gaseous

Solid, liquid,
Organic solvents,
exhaled CO,

Solid, liquid

Liquid

Solid, liquid

Solid, liquid

Gaseous, solid

Mainly solid,
some liquid

Mainly liquid

Solid, liquid

Solid

Mainly liquid

Liquid

Solid, liquid

Solid, liquid

Solid

Solid, liquid

Solid, liquid

Solid, liquid

Solid, liquid
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Radionuclide

123j

,25,

1 3 ' 1

133Xe

I37Cs

201Tl

" 2 l r

197Hg

198Au

241 Am

Half-life

13.2 h
60 d

8.04 d

5.25 d

30.1a

3.02 d

74 d

64.4 h

2.7 d

433 a

Principal application

Clinical measurements
Clinical measurements
Biological research
Therapy
Labelling
Clinical measurements
Therapy
Biological research

Clinical measurements

Therapy

Clinical measurements

Sealed source therapy

Clinical measurements

Clinical therapy

Clinical measurements

Typical quantity'
per application

Up to 800 MBq
Up to 500 MBq
Up to 500 MBq

Up to 500 MBq
Up to lOGBq
Up to 50 MBq

Up to 200 MBq

Up to 500 TBq

Up to 120 MBq

Up to 500 GBq

Up to 50 MBq

Up to 10 GBq

Up to 10 GBq

Waste types

Solid, liquid,
occasionally vapour

Solid, liquid,
occasionally vapour

Gaseous

Solid

Solid, liquid

Solid

Solid, liquid

Liquid

Solid

TABLE IV. THE PRINCIPAL TYPES OF RADIOACTIVE WASTE GENERATED
IN DEVELOPING COUNTRIES

Waste categories

Liquids, aqueous

Liquids, organic

Solids, compactable

Solids, non-compactable

Waste types

Laboratory effluents
Hot cell (isotope production) effluents
Fuel storage pool (research reactor) purges
Decontamination effluents
Soap and rinsing water
Mining and milling raffinates from laboratory and pilot
plant scale extraction with uranium and thorium

Oil from pumps, etc.
Scintillation liquids
Extraction solvent (TBP/kerosene, amine, etc.)

Tissues, swabs, paper, cardboard
Plastics (polyvinylchloride (PVC), polyethylene (PE))
Rubber, gloves, protective clothes
Filters
Excreta
Glassware

Metallic scrap
Brickwork
Sealed sources, radium needles
Ion exchange resins
Carcasses
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TABLE V. AVERAGE WASTE ARISINGS

Waste type

Liquids for treatment

Liquids for direct conditioning

Organics (liquids)

Solids (compactable):
paper, plastics, filters

Solids (non-compactable):
trash, sealed sources, radium
needles, etc.

Carcasses/biological
waste
Ion exchange resins

Total

Volumes,
nrVyear

50-100

0.5

0.1-0.3

20-80

5-10

0.1-0.2

0.5-1

100-200

Activities,
Bq/m3

10" to 4 x 109

approx. 10"

Up to 1010

approx 106

(2 to 4) x 10'

Typical isotopes

Corrosion products
"Fe , 59Fe, 58Co
I34Cs, 137Cs, n2mTe

3H, I4C, 32P, 35S, 51Cr,
59Fe,99mTc, " 'In, 131I

U nat, Th nat, 125I, ^Sr,
9Oy

J H , l 4 C t
1 " I n , 9 9 M o ,

""Tc , 1 2 51,3 5S, 24Na,
32P, 1 3 1 1 , ^ C o , l 3 7Cs,
I92Ir, 226Ra
3H, 1 4C, 32P, 3 5S, 125I

MCo, li4Cs

The lecturer should adjust the scope of this discussion to include waste characteristics and
arisings of local importance to the Member State. In that way, specific questions can be answered
regarding problems encountered by the trainees.

The trainees, with the assistance of the instructor, should then make up the waste inventory
for the country, nuclear research centre or nuclear facility using, see for example, Table VI.

TABLE VI. INVENTORY OF RADIOACTIVE WASTES

Radio-
isotopes

Activity Half-
life

Volume Form

solid liquid organic inorganic toxic gas

Location

5.5. MODULE 5: STRATEGIES FOR SELECTION OF WASTE TREATMENT AND
CONDITIONING

The lecture should incorporate the essential points needed for the selection of an
appropriate waste treatment and conditioning system, starting with the waste arisings and
characterization, and ending with the disposal option for the conditioned waste into a suitable
waste repository.
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5.5.1. General considerations

The first steps in the selection of waste treatment and conditioning systems is the
compilation or estimation of all waste arisings and the characterization of the different waste
streams. This is of great importance as only on the basis of such a waste balance and by
considering the legal regulations regarding health and safety requirements as well as discharge
limits for radioactivity to the environment, an optimum solution for the waste treatment and
conditioning system can be found.

Furthermore, the decision on centralized waste treatment, direct treatment at the production
site or the use of mobile waste processing facilities can also be assisted by these considerations.

5.5.2. Waste minimization, waste segregation

A very important point in the above mentioned compilation of the waste arisings is a
critical review of the waste production practice. It is at this point that great savings in the waste
management cost can be achieved by screening the operational practice and modifying it in view
of a careful waste minimization [16]. At the waste production site appropriate segregation of the
wastes in view of their successive treatment can also be made in a very effective way. This is
practically the first step in the waste management scheme and is very important in view of
minimizing waste handling operation as well.

The lecture should as well underline the necessity of following the above mentioned
principles throughout the whole waste management scheme as this will also be an important
approach to keeping waste arisings, radiation exposures, activity discharges, etc. as low as
reasonably achievable (ALARA).

5.5.3. Discharge requirements

As already mentioned, discharges of radioactivity with gaseous and liquid effluents have
to be within the authorized discharge limits, established by the appropriate regulatory authorities.
This implies that efficient continuous effluent monitoring system is provided. Based on the
decontamination factors achieved in the waste treatment steps, additional effluent purification
systems, like HEPA filters for gaseous effluents, or ion exchange polishing for liquid effluents
might be needed to achieve optimal results in view of following the regulations and the ALARA
principle.

Dealing with discharge limits, the clearance from regulatory control applied to recycle,
reuse or disposal as normal waste has also to be mentioned. Such clearance can either be reached
by appropriate decontamination of contaminated waste materials or by decay storage of waste
contaminated with short lived radioactive isotopes. At residual activity levels that would result
in an individual dose, regardless of its origin, in order of some tens of microsieverts per year, that
are likely to be regarded as trivial, materials can be recycled to unrestricted use or disposed of
like conventional waste. Again efficient radiation measurements and monitoring have to be
provided.

5.5.4. Available technologies and associated costs

Selecting appropriate waste treatment processes and technologies can be made on the basis
of the data collected in the above cited points, considering as well the implications that come
from a potential waste repository into which the conditioned waste will be disposed of. Various
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technologies are available for pretreatment, treatment, conditioning (immobilization and
packaging) of the wastes. Cost benefit evaluations should be carried out in order to select the
optimum technology for the job given. For example, instead of incineration, compaction in drums
may be more appropriate, like in drum cementation would be more appropriate than
bituminization.

5.5.5. Storage and disposal

Conditioned radioactive waste will have to be emplaced into engineered storage facilities
that provide safe storage until the disposing of the waste packages into a final repository. As the
wastes dealt with in this report are mainly low and intermediate level wastes with little or no
alpha-emitters and/or long lived radioisotopes, it is most likely that a shallow land (near surface)
site be selected as a repository. Construction of the storage facilities depends largely on the
characteristics of the conditioned waste and can vary from light shed structures up to concrete
shielded bunkers.

The disposal of waste into a final repository as well as emplacing conditioned waste into
interim storage facilities is connected with appropriately transporting the waste packages. This
point should be also referred to by the lecturer.

5.5.6. Interdependencies

It is a fact that there are more or less strong interdependencies among all steps in
radioactive waste management (from waste generation till conditioned waste disposal) that have
to be appropriately taken into account. Main management steps depending on the type and
characteristics of the radioactive waste are segregation, pretreatment, treatment, conditioning,
storage, and disposal. The interdependencies among and between the steps may foreclose
alternatives for, or otherwise affect, a subsequent step, once a decision is taken for a particular
process step. Therefore a careful assessment of all consequences has to be provided when
selecting a waste treatment scheme.

Similar interdependencies exist also for waste management steps and nuclear or other
operations applying radionuclides that generate radioactive waste or materials that could be
recycled or reused after appropriate decontamination or decay storage.

It is desirable that the lecturer points out that those responsible for a particular waste
management step or operation generating waste recognize interactions and relationships so that
overall safety and effectiveness of radioactive waste management are balanced. Conflicting
requirements that could compromise operational and long term safety have to be avoided.

Since some decisions have to be taken before all radioactive waste management steps are
established, proper adaptation to the existing waste management scheme has to be provided. In
the case of waste disposal, that is in most cases decided upon after the rest of the scheme is
operable, it may turn out that the acceptance criteria of the repository are not met for the already
conditioned waste packages, waiting for disposal in the interim storage facility. As acceptance
criteria are mainly based on containment efficiency, an appropriate improvement of the waste
packages in question can be achieved by adding additional containment barriers through a
suitable overpack in which they are emplaced.

Another interdependency that can have an extremely severe impact on the waste
management scheme is public acceptance. To avoid unexpected strict opposition, open public
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information should be initiated from the start of the project, to give the public the feeling of no
risks being hidden in the waste management project to be set up.

5.6. MODULE 6: HANDLING, PROCESSING AND STORAGE OF RADIOACTIVE
WASTE

5.6.1. Waste collection, segregation and characterization

Collection of waste at the point of generation is the first step in a practical waste
management scheme and belongs principally to the pretreatment operations. It should be
organized in a way to improve the successive waste treatment steps. In particular, waste
collection should be carried out in a way including segregation of the raw waste, according to its
physical, chemical, biological and radioactive characteristics (Fig. 13).

5.6.1.1. Raw waste collection

Raw waste shall be collected in a way that facilitates segregation while minimizing
handling. The lecturer should provide:

- Examples of technological equipment for handling, transportation and storage capacities
at the point of generation;

- Examples of containers for solid and liquid waste;
- Explanation of arrangements for collecting biological and medical radioactive waste;
- Provision for collecting spent radiation sources;

Demonstration of the manifesting of container contents and unique labelling; and
- Importance of full traceability of the waste package.

5.6.1.2. Waste segregation

Waste should be segregated upon collection at the point of generation according to its
characteristics as for instance its physical, chemical, biological and radiological properties in
order to facilitate treatment and conditioning and minimize both the handling and the volume of
waste destined for subsequent storage and disposal [16]. The lecturer should provide
examples of:

- Separation and segregation of active and non/active materials;
- Separation with respect to physical state (liquid, solid, gaseous);
- Segregation of spent sealed sources from other solid wastes;
- Segregation of waste contaminated by short lived and long lived nuclides;

Segregation with respect to activity level according to national standards;
- Segregation of waste with similar chemical composition (inorganic, organic, major

chemical compounds, flammable and explosive materials, etc.) in view of common
treatment; and

- Segregation of combustible/non-combustible and compressible/non-compressible waste.

5.6.1.3. Waste characterization

Characterization of the raw waste by its radioactive, chemical, biological and physical
properties is the basis for an appropriate segregation of the raw waste at its point of generation.
This provides not only an essential assistance to the following waste processing steps but also
to the proper description of the conditioned and packaged waste for the storage and disposal
documentation.
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FIG. 13. A waste management scheme.

The following items should be treated by the lecturer:

Properties related to radioactivity;
- Chemical compositions;
- Physical characteristics;

Biological properties;
- Amounts or volumes; and

Unique identification.

Waste characterization needs to be systematically described by the lecturer using different
national approaches and the IAEA international guidance reports on the subject [17]. The
important properties for categorization of radioactive waste should be listed with methods of
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categorization emphasized. An overview of analytical and measuring techniques for
quantification of characterized properties should be provided, along with an explanation of where
verification would be required.

5.6.2. Pretreatment of solid and liquid waste

The purpose of waste pretreatment may be the conversion into a form required by
subsequent treatment step [18]. From a technical viewpoint, the same technique may be applied
as a treatment or a pretreatment step. Typically, shredding could be considered as treatment when
applied for volume reduction of waste before packaging, and as pretreatment when applied before
incineration. In another example, low pressure compaction may be applied as a treatment method
for low level compactable solid waste, but it becomes a pretreatment when used before
supercompaction as a precompaction step. Selection of waste pretreatment is an integral part of
the overall waste management system design.

The lecturer should cover the following topics regarding waste pretreatment:

Chemical adjustment and/or mixing different waste streams to prevent undesirable
chemical reactions;

- pH adjustment to prevent corrosion processes during collection, transportation and storage
of liquids or sludges;

- Sedimentation to separate solid substances from liquids;
- Decontamination of solid waste;
- Size reduction of solid waste to facilitate handling and transportation;
- Sterilization and disinfection of biological waste; and
- Desiccation or evaporation to remove liquids from the solid waste.

Examples for each of the listed methods should be provided, with emphasis on their
application to local or national waste management issues.

5.6.3. Treatment options for liquid low level radioactive waste

Treatment of low level liquid waste essentially aim at an efficient decontamination of the
liquid waste to discharge limits allowing its release to the environment [19]. The resulting waste
concentrate containing the bulk activity together with the inactive chemical compounds can be
solidified by cementation after appropriate chemical adjustment with or without insolubilization
of the contained radionuclides.

Goals for treatment of liquid LLW shall thus be clearly specified as follows:

- Volume reduction;
Elimination of hazardous properties such as corrosivity, flammability, or reactivity;
Separation, concentration and possibly insolubilization of the radionuclides;

- Alteration to a solid form more suitable for conditioning;
Solidification of the resulting concentrates.

Working groups, or the class as a whole, should develop a list of available treatment
methods suitable to liquid waste streams they may generate, as for instance, laundry waste,
decontamination solution, etc. The following represent a suggested list of data to gather on those
waste streams. Elements of the liquid waste treatment option include:
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- Principle or method;
- Equipment used;
- Options for use of non-radioactive alternatives;
- Instrumentation if and when required;

Characteristics of input and output streams;
- Method effectiveness, i.e., decontamination factor (DF) and volume reduction factor

(VRF); and
- Examples, practical experience and usefulness of method.

The list of treatment options to be discussed should include as a minimum:

- Evaporation;
- Chemical treatment (e.g., precipitation, co-precipitation, pH adjustment) (Fig. 14);
- Ion exchange and sorption;
- Physical separation (e.g., electrodialysis, osmosis, reverse osmosis, membrane processes,

centrifugation);
Electroflocculation/electroflotation;

- Biotechnological processes; and
- Solvent extraction.

Table VII may be considered as a guideline for the comparison of different treatment
techniques. A combination of different treatment methods is frequently necessary to achieve the
best overall decontamination factor for total alpha and/or beta-gamma activity of the liquid waste
[20]. Combination of processes can be used as a multistage batch process or as a continuous
process and will produce one or several sludges for further immobilization and disposal.

5.6.4. Treatment options for solid low level radioactive waste

Aim of the solid low level waste treatment is either to decontaminate it to residual
contamination levels that allow recycle or reuse of the material or to effectively reduce the
volume of the waste in view of interim storage, transportation and final disposal [21].

The trainees should suggest suitable methods for solid low level waste treatment and
confirm their applicability to local waste streams. Necessary elements include:

- Principle or method;
- Technological equipment (options should be compared and evaluated in terms of any

significant advantages and disadvantages);
- Instrumentation;
- Characteristics of input and output streams;

Method effectiveness, DFs, VRFs; and
Examples, practical experience and usefulness of method.

The list of treatment options should contain, as a minimum:

- Mechanical treatment (fragmentation, compaction) (Fig. 15);
- Thermal treatment (incineration, thermal destruction);
- Melting and sintering processes;
- Decontamination for recycle and reuse; and

Chemical, biochemical and photo oxidation decomposition.
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TABLE VH. COMPARISON OF DIFFERENT TREATMENT TECHNIQUES

Treatment
processes

Chemical
precipitation

Organic ion
exchange

Inorganic ion
exchange

Evaporation

Reverse osmosis

Ultrafiltration

Microfiltration

Electrochemical

Solvent extraction

Advantages

1. Suitable for large volumes and high
salt content wastes
2. Easy industrial operations
3. Not expensive

1. DF good on low salt content (~ 102)
2. Good mechanical strength
3. Regenerable

1. Chemical, thermal and radiation
stability better than organic ion
exchangers
2. Relatively easy immobilization
3. Large choice of products ensuring
high selectivity
4. DF>10 to 104

l .DF10 4 to l0 6

2. Well established technology
3. High volume reduction factor

1. Removes dissolved salts
2. DF 102-103

3. Economical
4. Established for large scale
operations

1. Separation of dissolved salts from
particulate and colloidal materials
2. Good chemical and radiation
stability for inorganic membranes
3. Pressure high ~ 1 MPa

1. Low pressure operation (100-150
kPa)
2. High recovery (99%)
3. Excellent pretreatment stage
4. Low fouling when air backwash
employed

1. Low energy consumption
2. Enhances the effectiveness of
reactions

1. Selectivity enables removal,
recovery or recycle of actinides

Disadvantages

1. Generally lower DF than other
processes (10<DF<102 (p\y), 103(a))
2. Efficiency depends on solid-liquid
separation step

1. Limited radiation, thermal and chem-
ical stability
2. Resins cost important
3. Immobilization difficulty

1. Affected by high salt content
2. Blockage problems
3. Possible high cost
4. Regeneration and recycling often
difficult

1. Process limitations (scaling, foaming,
corrosion)
2. High operation costs
3. High capital costs

1. High pressure system, limited by
osmotic pressure
2. Non-backwashable, subject to fouling

1. Fouling-need for chemical cleaning
and backflushing
2. Organic membranes subject to
radiation damage

1. Backwash frequency can be high;
depends on solid content of waste stream

1. Sensitive to impurities in waste stream
2. Ionic strength of waste stream can
effect performance
3. Fouling is a problem above 10 g/L
total solids

1. Organic material present in aqueous
raffinate
2. Generates aqueous and organic
secondary waste
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FIG. 15. A schematic option for compaction of solid low level waste.

5.6.5. Treatment of organic liquid radioactive waste

Organic liquid wastes, like contaminated oil, solvents, scintillation liquids, etc. require for
different treatment methods that lead to elimination of organic hazards and effective volume
reduction and production of an active concentrate that has to be conditioned into a waste form
suitable for interim storage and disposal [22, 23].

The lecture should thus focus on the special nature of the organic liquids and their
treatment, emphasizing the three main objectives of.

Volume reduction;
Conversion to an inorganic form; and

- Prevention of uncontrolled destruction of organic matter.

A list of available methods that meet these objectives can be discussed, including
information about their usability and relative significance for different waste streams, e.g.:

Principle or method;
Technological equipment (options should be compared and evaluated);
Instrumentation;
Characteristics of input and output waste streams;
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- Method feasibility and effectiveness; and

- Examples, or practical experience in performing these methods.

The list of treatment options available for discussion includes:

- Decontamination by distillation for recycle and reuse;

- Fractionation by distillation for reuse and recycle
- Incineration (Fig. 16);
- Absorption and incorporation into a matrix material;
- Phase separation; and
- Alkaline hydrolysis.
5.6.6. Treatment of biological radioactive waste

Biological waste (including biological tissue samples, carcasses, and excreta), if left
untreated, will decompose and liquefy, therefore increasing the possibility of entry of contained
radionuclides into the biosphere [24]. The lecturer should discuss the goals for treatment of
biological waste, which include:

- Volume reduction;
- Biologic detoxication;
- Prevention of uncontrolled biological degradation, through chemical and/or the usual

treatment; and
- Incineration (cremation) (Fig. 16).

The class could suggest a list of available methods for accomplishing the objectives. For
each method, the following data should be listed:

- Principle or method;
- Technological equipment needed;
- Instrumentation required;
- Characteristics of input and output waste streams;
- Method feasibility and effectiveness (VRF, DF); and
- Practical experience, if applicable.

The list of treatment options shall contain at least:

- Incineration;
- Thermal degradation;
- Maceration/pulverization;

Chemical degradation.

5.6.7. Conditioning of liquid and solid radioactive waste

Conditioning of radioactive waste, aims at incorporating the radioactivity together with its
inactive bulk material into a matrix material that is best suited to meet the acceptance criteria
defined for safe interim storage and disposal [25]. The incorporated product is filled in an
appropriate container that also has to meet the acceptance criteria.

The multibarrier principle of safe disposal of radioactive waste requires conversion of
radioactive waste streams into a form that provides the following features:
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FIG. 16. An incinerator for treatment of both organic and biological radioactive waste.

Low mobility of radionuclides;
- High chemical and biological stability;
- Mechanical strength;
- Radiation resistance;
- Low sensitivity to temperature changes and thermal load; and
- Compatibility with other engineered and geological barriers.

The available conditioning methods shall be listed and characterized, taking into account
the following data for each method:

- Principle or method;
- Equipment needed;
- Instrumentation;

Applicability to different waste categories;
- Characteristics of input waste streams and waste container flexibility; and

Examples of practical use of a methods.
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Waste categories considered for conditioning may include:

- Aqueous concentrates;
- Ion exchange resins;
- Dewatered sludges;
- Organic liquids;
- Solid waste;
- Spent sealed sources;

Incinerator ash; and
Organic tissues and carcasses.

The list of waste conditioning processes should include the following methods:

- Cementation and cement embedding processes [26];
- Bituminization [27];
- Incorporation into polymers [28];
- Containment in high integrity containers.

A special attention should be paid to the conditioning of radium sources because of non-
availability of deep underground disposal facilities long term storage of this type of waste is
required. The radioactive characteristics of 226Ra and its daughters, particularly the gas222 Rn,
necessitate special precautions in selecting a conditioning method. The solution chosen for
conditioning should take into account that acceptance criteria concerning waste packages for
geological disposal have not yet been established. Consequently, techniques developed for re-
encapsulation of radium sources must avoid causing difficulties for later management. The topic
of conditioning and interim storage spent radium sources is addressed in details in the recent
IAEA publication IAEA-TECDOC-886 [29]. The IAEA has recommended the conditioning of
spent radium sources for interim storage to include stages for over-encapsulation and shielding.
The main idea is to encapsulate the radium sources in a stainless steel capsule which is then
sealed by Tungsten Inert Gas welding (TIG-welding) and placed in the center of a concrete-filled
200 L drum. It should be emphasized that this kind of conditioning (sources kept retrievable) is
intended for interim storage under controlled and safe conditions as described in the relevant
IAEA publications on radioactive waste management.

It is advisable to describe a central waste processing and storage facility as an example of
an integrated approach to waste treatment, conditioning and storage. Using the example of this
facility, the link between different waste management stages can be emphasized.

5.6.8. Characterization of radioactive waste forms and packages

Waste characterization of forms and packages is performed for the purpose of safety
assessment of treatment, conditioning, and interim storage facilities, transportation, and waste
package design. Waste characterization is also needed to qualify the treatment/conditioning
methods and to perform quality control of waste forms and packages during conditioning.
Ultimately, the organization responsible for the disposal of waste must use characterization data
as a basis for acceptance of the radioactive waste package for placement in the disposal facility.

The lecturer should address the following issues relevant to waste form and package
characterization:
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Use in demonstrating the safe operation of the repository in the closure and post closure
phases;
Predicting the long term behavior of the waste package;

- Modelling waste movement in the "near" and "far " field;
- Demonstrating that the movement of radionuclides and/or hazardous waste constituents to

the accessible environment will be ALARA during the post closure period specified in the
repository licence.

This task is also termed "performance assessment". This assessment relies heavily on waste
characterization of forms and packages for input data. The lecturer should address the waste
form, container, and waste package properties which are important to waste characterization:

Waste form:

- Treatment to reduce toxicity, mobility, and volume;
Immobilization to obtain a stable and durable waste form, including the use of glass,
ceramic, cement, polymers, and bitumen.

Waste container:

- Composition;
- Mechanical strength;
- Compatibility with a waste form;

Waste package:

- Limitations of activity content, fissile mass, surface dose rate and contamination;
- Protection against direct radiation, inhalation and ingestion hazards from radionuclides

released during and accident caused be mechanical stress on the package;
- Protection against hazards from fire or any other credible release scenario which challenges

the thermal and chemical stability of the waste form.

5.6.9. Quality assurance and record keeping

Radioactive waste management, like any other industrial activity, requires planned and
systematic actions to provide adequate confidence that the entire system, the processes involved
and the products produced, will satisfy a priori requirements for quality [30]. This is the general
objective of quality assurance. When applied to waste management, quality assurance can
provide the regulatory authority, the public, and the facility operator with confidence that the
relevant specifications, for example those set forth in the licence, have been met. The lecture
should note, as part of the introduction, that early quality assurance efforts have concentrated on
the first steps in the waste management scheme, i.e., waste treatment and conditioning. Now, to
achieve the overall safety goals set by the regulatory authority, quality assurance activities must
take place in every phase of waste management from the development of a concept to final
closure of a disposal facility. In particular, quality assurance should cover the development,
design and production of radioactive waste packages. In order to assure safety, waste packages
must comply with specifications and acceptance criteria of regulatory authorities or the operators
of waste disposal facilities for the protection of human health and the environment from the
hazards associated with radioactive waste. Figure 17 shows how waste acceptance criteria are
used to guide quality assurance efforts at every stage of the process.
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FIG. 17. Waste acceptance criteria and waste package specification relationship to the waste
management process. The waste package specification for individual facilities (WPSJ includes
internal processing requirements of the accepting facility, applicable waste acceptance criteria
of the transport package (WAC,r) and applicable waste acceptance of the disposal facility
(WACJ.

In practice, quality assurance (QA) as applied to the management of radioactive waste is
divided into five principles of equal importance. They are General Principles of Quality
Assurance in Radioactive Waste Management, Quality Assurance Programme Considerations,
Management, Performance, and Assessment. Consideration of these general QA principles
provides assurance that each step in the process reflects health, safety, and environmental
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concerns, considers special needs or requirements of the national system, and adequately
anticipates system need where uncertainties exist.

Licensing considerations require formalization of the QA programme to assure that waste
management facilities are designed, constructed, and operated safely in accordance with specified
requirements, that waste acceptance requirements for transportation, interim storage and disposal
are met; and that all regulations and conditions of the licence are satisfied.

The QA management responsibility acknowledges that all work is a process that can be
planned, performed, assessed and improved. While acknowledging that the individual performing
the work is responsible for quality, management, by providing planning, organization, direction,
and control of the work, removes barriers to success and promotes a cycle of continuous
improvement in work products and processes.

QA performance includes such elements as design control and verification, peer review,
data collection and software control, waste package specifications, and control of procured goods
and services. QA for performance also assesses:

Personnel performance and qualification, and acceptance of items and services;
Control of work processes, including the interfaces which exist between generation,
processing, treatment, storage, recovery, and disposal of waste;
Storage, handling, and shipping, including the assessment of all controls placed on the
handling, dispatch, decontamination, storage, packaging and transportation in order to
prevent accidents, prevent container deterioration, and ensure the validity of analytical
operations;
Control of waste and operational status, including failed waste packages, substandard
operational equipment, and other items important to safety are identified and corrected;
Identification and control of items important to safety, including acceptance inspection and
testing;
Inspection hold points, surveillance and process monitoring;
Identification of critical areas for inspection; and
Test control, and control of measuring and test equipment.

Finally, QA assessment, as applied to the storage stage, includes activities by management
for product verification, self assessment, and independent verification. However, QA applies to
all elements of the waste management system, and can measure their interface and its
effectiveness. Years of experience have shown that any management system left to itself will
degrade over time. QA assessment therefore becomes the most important part of the QA
programme, because it provides for measurement of programme effectiveness before, during, and
after the storage stage of waste management, and for continuous quality improvement of the
entire process.

The above principles and role of quality assurance should be explained in general terms
with practical examples and practices used wherever possible. Also note that quality assurance
must be commensurate with the size of the nuclear programme and amounts and characteristics
of radioactive waste arising from its implementation. The following topics are suggested for the
lecture on quality assurance in radioactive waste management:

Systematic approach to development of QA documents (programme, manual);
Organization and delegation of responsibilities;
Management of activities;
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- Formal document control;
- Training and qualification;

Procedure control;
- Recording of activities;
- Non-conformance and corrective action;

Performance of activities;
- Development of acceptance criteria, along with their hierarchy;

Design control;
- Procurement control;
- Material control;
- Control of processes;
- Inspection and testing;
- Assessment of activities;
- Self-assessment;
- Product verification;

Independent assessments.

While addressing all of these areas, the lecturer should emphasize that a graded approach
(Fig. 18) can be taken to quality assurance, that is the selective application of quality assurance
based on importance to safety. This means applying the greatest resources to the assurance of
quality of the items that are most important to safety and lesser resources to those items which
are less important to safety. An example of how this approach can be applied to a specific waste
management problem should be provided. It is advisable to demonstrate, using such an example,
how quality assurance principles can be applied and what documents and procedures should
result.

(1)
Identification ol the QA grade

associated with each
QA requirement/level area

Classification

• For safety and
operational importance

• By maturity
• By complexity

Selection ot QA
levels tor
each area

(4)

Correlation

(3)
Other inputs Adaptation

(if necessary)

(5)

(6)

(7)

QA specifications (6)

FIG. 18. Graded approach in quality assurance as applied in radioactive waste management.
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The lecturer should emphasize the importance of record keeping throughout all steps in the
waste management scheme. Ultimately, after the waste is emplaced in the disposal facility, the
record of that waste is the only reviewable evidence of the package, its contents, any treatment
or conditioning received, and its location in the disposal facility. The lecturer should give
examples to typical quality records that are generated during the waste management process,
including, but not limited to:

- "Running manifest" of waste as it enters the container;
- Treatment and conditioning records;
- Dose rate and radionuclide content measurements;

Waste certification papers and package labels;
- Bills of loading or other transport document;

Documents accompanying the transfer of waste from generator via shipper to disposal
facility;

- Other records specific to the Member State.

5.6.10. Storage of radioactive waste

Storage is an integral part of the waste management process. While the storage of
conditioned waste is normally described as interim storage, for some Member States this will
probably be fairly long term even to the point of de facto disposal. Somewhere between ten and
fifty years will most likely be required for storage until a repository can be constructed and
licensed, or until radioactivity has decayed to a sufficiently low level for disposal as exempt
waste.

The main functions of a storage facility for conditioned radioactive waste are to provide
safe custody of the waste packages and to protect both operators and the general public from any
radiological hazards associated with radioactive waste. The design of storage facilities will have
to meet the national regulatory standards and basic safety principles, as described in Ref. [3]. The
design proposed should follow these general principles and aim to reduce the probability of
accidents to a as low as practicable level. In this context, the facility should be capable of
maintaining the "as-received" integrity of the waste package until it is retrieved for disposal. The
storage facility must protect the waste from environmental conditions, including extremes of
humidity, heat and cold, or any other environmental condition which would degrade the waste
form or container. Local climatic conditions may result in the need for cooling or dehumidifying.

Storage requirements mandate external dose rate and contamination limits for waste
packages to be accepted by the facility in order tp protect the personnel. A maximum allowable
dose rate at the surface of each package should be defined for specific interim storage facilities
or parts of facilities. In other respects the storage facility usually adheres to the waste acceptance
requirements of the disposal facility. The storage facility should minimize radiation exposure to
on-site personnel through appropriate siting and shielding.

In the design of storage facilities for conditioned radioactive waste, consideration shall also
be given to [31]:

- Waste package handling;
- Clear identification of stored waste packages and record keeping;
- Provision for inspection and monitoring of stored waste;

Provision to prevent possible degradation of waste packages during storage;
- Provision for adequate environmental conditions (heating, cooling, humidity control) to

ensure proper conservation of waste packages during their storage in the facility;
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- Provision for fire protection where combustible waste is present;
- Provision for gas dissipation if gas generation is anticipated;
- Provision for prevention of unauthorized access;
- Retrieval of the waste for further treatment, immobilization or disposal or in the event of

an accident which requires relocation of the waste; and
- Maintenance.

Storage of conditioned waste can be demonstrated through a description of a central spent
sealed source facility or other waste storage facility (Fig. 19). The lecture may include the
following topics:

- Safety principles of interim storage;
- Design criteria;
- Actual facility design;
- Description of operations performed in the facility (handling, emplacement, retrieval);
- Description of handling and monitoring equipment;
- Control of storage conditions;
- Safety considerations for storage of conditioned spent sealed sources;
- Facility staffing;
- QA requirements; and
- Surveillance measures for waste packages.

Special efforts should be devoted to the description of manifesting and tracking waste, as
well as collection, transportation and storage prior to and after conditioning and certification for
disposal. A technical visit to a storage facility should be made if one is available.

v - * '< I. "™ " * "L ' - *"'

FIG. 19. A central waste storage facility.
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5.6.11. Surface decontamination and release of material

Radioactive contamination results basically from the contact between radioactive materials
with any surface and occurs whenever radionuclides are handled. Decontamination is described
as any process which eliminates, or reduces the level of, the radioactivity on the surface of a
contaminated material and allows the release of equipment and materials for unconditional reuse,
or disposal as non-radioactive waste, or allows a radioactive waste package to meet the
acceptance requirements of a disposal facility [32]. On the other hand, neutron activated material
cannot generally be decontaminated because the induced activity is part of the material itself. It
is sometimes possible and necessary to remove some part of the material itself, e.g. a surface
layer, in order to decrease the level of activity. Types of surface regularly affected include any
industrial material used in nuclear and radioactive facilities. The contamination of system and
component surfaces should be minimized by adequate selection of materials and good
management of the plant operation. Good housekeeping and strict procedural control can
minimize the production of contaminated waste during maintenance and repair work.

The choice of a decontamination method is determined by the following major
considerations:

The nature of the radionuclides to be removed: type, physical and chemical forms;
- The nature of the material to be decontaminated;
- The level of decontamination to be reached;
- The fate of the decontamination material:

declassification,
recycling and reusing,
disposal as waste;

The location of the decontamination operation;
- The nature, quantity and treatment of secondary wastes;
- The safety of the operators;
- The economic balance of the operation.

Decontamination operations of nuclear facilities necessarily result in the generation of
airborne, liquid and solid radioactive waste. Obviously, it is desirable to use processes that
produce the smallest volumes of additional waste and wastes that are most amenable to volume
reduction and conditioning.

Selection of the decontamination technique should consider existing waste treatment
facilities and waste conditioning procedures. This is not only true for volume arisings but also
for the chemical nature of the produced waste. Some of the chemicals contained in the waste
might for instance interfere with the normal waste treatment procedure by either spoiling the
decontamination factors of a chemical precipitation process or by exothermic decomposition
during a bituminization process, or by retarding the hardening of a cementation process.
Although appropriate chemical pretreatment procedures can be conceived to overcome theses
difficulties, care must be taken with respect to the possibility of achieving such pretreatment in
an existing waste conditioning facility. In some cases it might be more advantageous to select
another chemical component for the decontamination.

Another important consideration in process selection is the radiation exposure to personal
engaged in the processing and handling of the decontamination solutions and conditioned waste
and by the public as a result of the transportation and disposal of the waste.
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A wide variety of decontamination processes are available and new or improved processes
are continually being developed. These include a wide range of high and low concentration
chemical and electrochemical decontamination processes, as well as many other methods. The
following decontamination techniques should be reviewed, and their advantages and limitations,
if any, should be highlighted:

- Mechanical methods,
- Manual cleaning,
- Water and steam jets;
- Blasting;
- Machining, grinding, chipping;
- Chemical methods;
- Equipment rinsing;
- Chemical/mechanical combined processes (ultrasound), and

Melting.

Facilities adopted for decontamination and supporting facilities should be described,
including layout. The methods of handling and disposing of the solutions used as material for
decontamination should include recycling and waste minimization.

Examples given of typical surface contaminated items should include:

Metals,
- PVC floor covers, and
- Building materials.

The concept of decontamination efficiency should be introduced, as well as the rationale
for the selection of the best method to be used from the standpoint of contamination removed vs.
waste generated vs. cost. Secondary waste generation should not complicate further treatment and
conditioning.

5.6.12. Safety analysis of treatment, conditioning and storage facilities

All important components of radioactive waste management system should be subjected
to safety assessment. A safety assessment shall be carried out as part of the licensing process to
demonstrate that the waste processing and storage facilities comply with regulatory requirements.
The assessment will need to demonstrate that doses and risks remain within established criteria
and meet ALARA principle. Safety will need to be assessed both for normal operations and also
for foreseeable accident conditions. The safety assessment shall consider both incidents arising
from internal process related events (internal fire, dropped waste packages, failure of containment
of the waste packages, etc.) and from external hazards (aircraft crashes, transport accidents away
from the facility, earthquakes, tornados and external fires).

The first stage of the assessment involves looking at radiological safety qualitatively to give
a preliminary overview of the facility design concept. From this review, sensitive areas of design
and/or operations may be identified, and any such areas can be subjected to a more rigorous
quantitative safety assessment.

The typical format and content of a Safety Analysis Report (SAR) should be presented,
including the following topics [33]:
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- Site characterization;
Geography and demography,

- Meteorology and climatology,
- Geology and seismicity,

Hydrology and hydrogeology;
- Pre-operational monitoring;
- Design and construction of a component/facility;

Explanation of a component function;
Description of a component operation and maintenance;

- Determination of input and output waste streams;
- Definition of limits and conditions of a component operation;

Dismantling and decommissioning of a component;
Radionuclide inventory in operational and post-operational phases;

- Scenarios for radionuclide release under normal and accidental conditions; including
handling and transport of radioactive waste;
Consequent radiation exposure to personnel, the public and the environment under normal
operations and analyzed accident conditions;

- Assessment of impacts;
- Proposal of corrective action;
- Quality assurance; and

Financial assurance.

Generic and systematic information should be augmented using a practical example of each
topic to be included in the Safety Analysis Report.

5.7. MODULE 7: TRANSPORTATION OF RADIOACTIVE WASTE

5.7.1. Transport regulations

Within the scope of the national radioactive waste management system each Member State
will develop its own transport regulation system relevant to the peculiar requirements based on
current IAEA transport regulations [34].

General background information on transportation of radioactive materials, a mode of
transport and estimated number of shipments per year, and the IAEA initiatives towards the
establishment of an international regulatory standard for the safe transport of radioactive
materials should be outlined, with the depth of detail at the discretion of the lecturer. The hazards
associated with the transportation of radioactive waste should also be discussed. These hazards
may include:

- Surface contamination;
- External irradiation;
- Heat generation, if applicable to the national situation;
- Criticality, if applicable to the national situation; and
- Radionuclide disposal following an accident and subsequent package breach.

The most recent IAEA publications on transport regulations should be discussed. The
following topics should be discussed in more detail:

- Packaging requirements;
Activity limits, A,, A2 values;
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- Administrative requirements;
- Consignor's responsibilities; and
- General accident provisions.

The lecture may be supplemented by film/video presentation (see Annex I).

5.7.2. Transportation practices

Radiation exposures from the handling and transportation of radioactive material shall be
kept as low as reasonably achievable, economic and social factors being taken into account.
Compliance with the IAEA transport regulations and international laws as well as with the basic
safety standards for radiation protection will ensure a high degree of safety, but managers and
workers have a continuous responsibility for maintaining safe working practices.

The practical implementation of the IAEA transport regulations should be discussed. These
include the use of certified transport containers for transportation of industrial and medical
sources, as well as those certified for the transport of spent fuel from research reactors either to
a supplier Or to a spent fuel storage facility. Proper documentation and package certificates
currently being employed should also the discussed.

The IAEA programme to ensure uniform implementation of transport regulations may also
be discussed. The need for Member State compatibility with the intent of the guidance should
be emphasized in the following areas :

- Research and development on transport safety;
- Transport, databases;
- Transport computer codes;
- Emergency response [35];
- Quality assurance/compliance assurance.

5.7.3. Transboundary movements of radioactive wastes

Transport regulations and waste acceptance criteria between countries must be compatible
to the extent that the most stringent criteria between the relevant countries will apply within the
context of IAEA regulations and guidelines.

The two main categories of transboundary movement of radioactive wastes should be
discussed. They are:

- Transport of spent nuclear fuel from reactors in the country of origin to reprocessing plants
or conditioning plants in another country. This seldom occurs in countries with developing
nuclear programmes; and

- Return of spent sealed radiation sources, widely used in medicine, industry, and research
to the countries of original suppliers. This often happens in Member States with developing
nuclear programmes.

The presentation can offer the IAEA code of practice for international transboundary
movement of radioactive waste as guidance [36]. The concept of regional repositories for
radioactive wastes, as well as an update on international agreements towards the establishment
of a regional repository, should also be discussed, since agreements in this area will involve
transboundary movement of radioactive waste.
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5.8. MODULE 8: WASTE DISPOSAL

Disposal involves the emplacement of waste in an approved, specified facility without the
intention of retrieval. The manner in which this will be done will depend on the legal framework
as defined in the national policy of the Member State.

5.8.1. Overview of disposal options and concepts

The degree of isolation of radioactive waste achieved depends on the performance of the
waste disposal system as a whole. The system consists of the waste package, the engineered
features within the repository and the geological environment. These components must be
selected and/or designed so that, considered together as a total system, the isolation required to
protect humans and their environment now and in the future to the requisite degree is provided.
Furthermore, a comprehensive analysis of the isolation capability of this system has to be carried
out, in order to ensure that the system approach is properly implemented.

The following key topics should be considered when preparing and presenting this lecture:

- The overall objective of safe disposal is to protect man and his environment from the
hazards associated with radioactive waste;

- Disposal options [37] may be limited by a number of factors including:
• the type of waste to be disposed of (high level, intermediate level, long or short lived,

low level, long or short lived),
• available land,
• the design of the repository, and
• waste isolation from the biosphere achieved through the "multiple barrier concept";
Engineered barriers can be relied upon for a time span of hundreds of years (low and
intermediate level waste);

- Natural geologic barriers are relied on for longer periods of up to tens of thousands of years
(high level and long lived waste);
Institutional controls may be relied upon after site closure; and

- For short lived wastes, practices may utilize their disposal as non-radioactive waste after
temporary storage for decay.

5.8.2. Waste acceptance criteria

Waste acceptance criteria are derived from assumptions of the safety analyses and
operational requirements for transportation and performance assessments of the disposal facility.
It is the responsibility of the transport package licensee and the disposal facility operator to
develop waste acceptance criteria and to verify compliance of waste with the criteria. The waste
acceptance criteria may be drawn up using IAEA guidance and/or approved by the licensing
(regulatory) authorities. Interim storage facilities designed for long term monitored retrievable
storage may also issue waste acceptance criteria.

The lecture on waste acceptance criteria should include, as a minimum, the following
points:

- The basis for the criteria;
The waste package compatibility with the environment of the storage/disposal facility;
Satisfaction of transport regulations;
Surface dose rate and surface contamination which allow safe handling;
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- The requirement that waste package not contain materials that are incompatible with the
storage/disposal environment;

- The requirement that no fissile materials are permitted (not applicable to most Member
States); and

- Package design which provides complete containment for an extended period. Subsequent
degradation should be gradual.

The following waste acceptance criteria taken from IAEA-TECDOC-560 [38] should be
addressed by the lecturer as applicable to the national situation:

- The package contents should be well enough known to assure compliance with the facility
limits and exclusions;
The thermal power output of the package shall comply with the facility limits;
The thermal power of the waste form shall not degrade the waste package or other barriers
in the storage/disposal system;

- The waste package shall comply with criticality standards assuming worst case
concentration and geometry (if applicable);

- External dose rates will comply with the facility limits and handling requirements;
- Loose surface contamination on the package should be maintained within the limits set for

handling, storage, and transportation;
- Dose rates shall be kept at a level that does not induce degradation of the disposal barriers

and which protect personnel and the public;
- The waste package must be stress resistant within defined limits so that unacceptable

deterioration will not occur;
- The waste package shall not contain combustible or pyrophoric materials, unless these

materials have been rendered innocuous through conditioning;
Gas generation within the package should not jeopardize the facility performance;
The waste package shall contain no free liquids;
Compressed gases will not be accepted for disposal;

- The waste package concentrations of hazardous materials will meet applicable limits;
- The dimensions of the waste package will meet transport, handling, storage and disposal

requirements;
- Each waste package will feature unique identification and certification of content;
- The production of each waste package shall be supported by a quality assurance program;
- Waste treatment and conditioning shall assure the quality of the waste form and package;
- The results of all quality control checks shall be recorded and maintained as permanent

records; and
- Waste packages will be certified prior to disposal.

5.8.3. Siting criteria and site characterization

An important principle underlying the planning and hence the implementation of the
relevant siting criteria for waste repositories should be that no unacceptable burden is to be
inflicted upon future generations with respect to radiological releases which in turn could have
significant economic implications. Depending on the prevailing socio-economic conditions and
the potentially available suitable sites in each Member State the criteria will be applied as
appropriate. The IAEA siting criteria and site characterization guidelines [39,40] and safety
standards should be applied in all instances.
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The lectures on siting criteria and characterization should cover the following topics:

The approach to siting;
The basic objective (same as disposal facility design);
The stages of the siting process, including the conceptual and planning stage, area survey
stage, site characterization stage, and site confirmation stage;
The management of the siting process;
Plan development;
The role of the regulatory authority;
Information collection and management;
Quality assurance;
Siting guidelines and data needs; and
Guidelines on the preferred environmental setting for the disposal system, including
geology, hydrology, geochemistry, meteorology, ecology, tectonics and seismicity, surface
processes, and man-induced events, transportation, population distribution, and land use.

5.8.4. Design of near surface facilities

The principle design features of a near surface disposal facility are to provide long term
isolation of disposed waste, minimize the need for continued active maintenance after site
closure, and improve the site's natural characteristics in order to protect the public health and the
environment. The designs should be in accordance with IAEA design guidelines [37]. The lecture
should address the following design goals and design variations regarding near surface disposal
of radioactive waste. Goals in the design process should include protection of the public,
inadvertent intruders, maintenance of radiation exposures from operation of the facility As Low
As Reasonably Achievable (ALARA), and operation and closure of the facility in a way that
minimizes active maintenance in the operational and post-closure period.

The design variations should address the following subject areas: disposal units; buffer
zone, cover systems, surface water drainage system, infiltrating water drainage system, and
receiving and storage building. The lecture should address the general layout of a disposal
facility, in addition to its overall design. The following specific designs, as a minimum, should
be addressed in this lecture:

Shallow land disposal (Fig. 20);
- Intermediate depth disposal;

Below ground vault;
- Above ground vault;
- Modular concrete canister disposal;
- Earth mounded concrete bunker; and
- Canisters in vaults.

The advantages and disadvantages of each system should be addressed. The total life cycle
cost and suitability to the site conditions should be featured as topics for discussion. A video film
on disposal of low and intermediate level waste may be provided. Additional discussion should
occur on new concepts available in the literature which may be applicable to the national
situation. Examples of bad design concepts, such as liquid injection wells, should also be
addressed.
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5.8.5. Safety and performance assessment of the disposal system

Facilities and procedures used in the national radioactive waste management system will
require safety assessments to establish and document safety levels and features [41]. The lecture
on safety and performance assessment of the disposal system should contain the following
elements:

Definition of performance assessment versus safety assessment;
- Definition of the types of assessments, including system versus subsystem and generic

versus specific;
- Performance assessment elements;
- Identification of features, events, and processes (FEPs);
- Definition of scenarios;
- Estimation of probabilities of occurrence for each scenario;
- Development (if necessary), verification, and validation of models used to predict

performance;
- Consequence calculation or estimation;
- Uncertainty analysis; and
- Comparison of results to appropriate standards or criteria.

5.9. MODULE 9: COURSE CLOSURE

The purpose of this section is to provide a system of mechanisms to evaluate the
effectiveness, efficiency and impact of the training programme, and to identify whether and
where improvements are needed.

The following are some characteristics of training programmes that are evaluated through
the evaluation process:

- Training needs; does training meet the identified needs?
- People (instructors, lecturers, trainees); does the quality of performance meet the

expectation of concerned groups?
Materials and tools; is the quality of these products fit for their intended purpose?

- Processes; are training and qualification processes being implemented as intended?
- Purposes; are they clearly defined?
- Facilities and resources; are they adequate?
- Costs; are they justified compared to the benefits provided?
- Impacts; is training improving the job performance to which it is appropriate?

5.9.1. Examination

These courses are nationally sponsored and are held for the purpose of establishing or
upgrading an adequate infrastructure within the country. Because of this need, it may be
important to hold an examination to ensure that the trainee has attained the essential knowledge
of the radioactive waste management principles and techniques presented in the course. Trainees
should be examined according to the text of the lectures, demonstrations and practical exercises.
To accomplish this, each lecturer should be asked to provide a set of, for example, 10 multiple
choice questions on each lecture or demonstration to the Course Director. From these questions,
the Course Director can compile the final examination. Such an examination is recommended
because it accomplishes the objectives necessary to a successful course, including:
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- Attraction and stimulation of the serious-minded trainee;
- Justification of funding for holding the course, sending trainees, and conduct

demonstrations, technical visits, and experiments;
Certification of a certain level of knowledge, if not competence, in a subject area;

- Active participation and interaction of the trainees with the instructors. If trainees do not
understand a concept, they are more likely to ask questions, and course critiques will be
more open and honest.

5.9.2. Course evaluation

The training course will be evaluated in different ways and from various points of view by
the participants. Usually the effectiveness and usefulness of the training is evaluated in two
different ways. First, the teaching staff examines and questions the trainees; second, the trainees
review the teaching programme and comment on the curriculum and experience obtained from
the course. The selection of proper candidates as trainees with regard to educational background
and demands of future work responsibilities will have great impact on their evaluation of the
suitability and usefulness of the training programme.

In view of this fact, a review of the curriculum by discussion with the trainees and by
having them answer questionnaires is a very valuable method for future improvement of the
training course. It is also essential to independently review the curriculum from time to time in
order to:

- Plan future courses with modified content on the basis of real demand,
Make the level of training commensurate with the degree of development of nuclear
applications in the country, and

- Keep the information current.

A sample of the end-of-training course questionnaire is given in Annex n. This
questionnaire is intended as a guide to helping the national authority evaluate its course, and
should be modified as required to accomplish that purpose.

5.9.3. Continuing training and follow-up

Another important aspect to be considered also includes follow-up of the effectiveness of
the training. Follow-up of the effectiveness of the training is not easy or straightforward and can
only be done appropriately by an experienced educator after a long period of implementation.

As the practice of radioactive waste management expands in Member States with
developing nuclear programmes, the technology for managing these wastes will become more
complex. A person's competence, once established, will in general increase with experience but
may also deteriorate with time. In particular, knowledge and skills which are seldom used maybe
forgotten. The competence for a specific task may also change with time because of new
technologies, operational procedures and regulations.

It is important to maintain contact with the trainees for some time after course completion
to assess the course usefulness and the need for additional training. Course graduates will be
working in different fields involving radioactive waste management, and their experience and
comments regarding the ongoing usefulness of the training will assist in further course
development. By maintaining such contacts, the latest information and state-of-the-art technology
in radioactive waste management can be disseminated, if desired, and funded by the national
authority.
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If follow-up evaluation is not undertaken, the efforts put into training will be partially
wasted and the value of training to the national authority will be considerably decreased.

5.9.4. Course certifications/commemorations

It is recommended that successful trainees (through attendance, examination, or some other
measure) receive a certificate for their participation. A formal closing ceremony may also be
appreciated. Lecturers may also receive a commemorative for their participation. The goal is to
reinforce, in the minds of all persons participating in the course, the importance of their
contributions and interactions, and to instill a desire for excellence.

6. EXERCISES AND DEMONSTRATIONS

Standard laboratory and field exercises form an important part of the radioactive waste
management curriculum and help crystallize the concepts learned in the classroom in the mind
of the trainee. For many of the participants, these exercises and demonstrations will be their only
experience with a practical application of the concepts learned through the lectures. The
importance of these exercises and demonstrations to the learning process cannot be overstated.

The following experiments/exercises should be considered for use in the course
programme. Course organizers may not consider it feasible or desirable to conduct all of the
exercises listed below. Other experiments may also be included, or substituted for, those listed
here. The intent in each section will be twofold:

- To illustrate scientific principles enunciated in the lectures or theoretical part of the
programme; and
To demonstrate the apparatus and facilities which are likely to be available.

In this context it is interesting to note that by initiative and assistance of the IAEA some
Member States (e.g. Turkey and Chile), have demonstration installations, like for instance, the
demonstration facility for predisposal radioactive waste management methods and procedures
in the Cekmece Nuclear Research and Training Center in Istanbul, Turkey. Efforts are currently
undertaken to establish similar demonstration centers in other regions. These demonstration
installations can support in an ideal way the training courses and are prepared to carry out
demonstration courses for other Member States within the region, too.

6.1. TECHNIQUES FOR MEASURING AND MONITORING RADIATION

Radiation measurements will typically require the collection of two types of radiological
data: (1) direct field measurements and (2) sample analysis using fixed laboratory equipment or
systems. For either type of measurement, the selection and proper use of appropriate instruments
will likely be the most critical factors in assuring that the survey accurately determines the
radiological status of the site. Radiological instrumentation consists of two components: a
radiation detector and the electronic equipment needed to provide the power to the detector and
to display or record the radiation events. Information concerning instrument selection, application
to gamma surveys, and use is provided below. A list of radiation detectors, along with their usual
applications for beta and gamma surveys, are provided in Tables VIII and IX.
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TABLE VIE. RADIATION DETECTORS WITH APPLICATIONS TO GAMMA EMITTERS

Detector type

Gas ionization

Geiger-Muller

Scintillation

Solid state

Detector description

Pressurized ionization
chamber

Pancake (1.4 mg/cm2

window) or side window
(30 mg/cm2)

Nal(Tl) scintillator; up
to 5 x 5 cm.

Nal(Tl) scintillator,
large-crystal and "well"
configurations

Csl or Nal scintillator:
thin crystal

Germanium
semiconductor

Application

Exposure rate
measurements

Surface scanning;
surface activity
measurement

Surface scanning;
surface activity
measurement

Laboratory gamma
spectrometry

Scanning; direct
measurement of
gamma radiation
from plutonium

Laboratory gamma
spectrometry

Remarks

Detector and electronics
are integrated systems

Cross calibrate with
pressurized ionization
chamber or for specific
site gamma energy
mixture

FIDLER (Field
Instrument for Detection
of Low Energy Radiation)

TABLE DC. RADIATION DETECTORS WITH APPLICATIONS TO BETA EMITTERS

Detector
type

Gas
proportional

Geiger-
Mueller

Scintillation

Detector description

< 1 mg/cm2 window; probe
face area 50 to 1000 cm2

< 0.1 mg/cm2 window;
probe face area 10 to 20
cm2

No window (internal
proportional); probe face
area 10 to 20 cm2

1.4 mg/cm2 window); probe
area 10 to 100 cm2

various window thickness;
few cm2 probe face

Liquid scintillation cocktail
containing sample

Application

Surface scanning; surface
activity measurement;
field evaluation of smears
Laboratory measurement
of water, air, smear, and
other samples
Laboratory measurement
of water, air, smear, and
other samples

Surface scanning; surface
activity measurement;
laboratory measurement
of samples
Special scanning
applications

Laboratory analysis;
spectrometry capabilities

Remarks

Better measurement
sensitivity for low
energy beta particles
than detector with
windows
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Demonstrations of the techniques for measuring and monitoring radiation should:

Emphasize the selection and use of various instruments to analyze various types of
radiation, including alpha, beta, and gamma. Neutron sources may be ignored, unless there
is a special need;
Demonstrate the use and application of dosimeters for personnel monitoring;
Demonstrate the operation of and sample retrieval from environmental monitors;

- Demonstrate radiochemical analysis techniques, as they apply to radioactive waste
management;
Include exercises in practical radiation protection that illustrate the basic principles of time,
distance, shielding, and clothing as essential elements of protection from radiation and
radioactive contamination and ensuring doses are ALARA.

The potential exercises are extensive and are offered due to the essential nature of
radiations protection to safety. These exercises also demonstrate several important analytical
principles involved with radioactive waste management, and so accomplish more than one
technical objective. Potential exercises could include the topics as follows.

6.1.1. Geiger-Muller counter experiments

Experiments with different Geiger-Muller tubes that are normally used for the detection of
beta and gamma emitters aim at demonstrating the best application field of these counters and
involve:

- Setting up the apparatus;
- Counting statistics;
- Source preparation techniques;

Demonstration of counting tube "dead time" on an oscilloscope; following the decay of a
radionuclide with the known half-life;
Demonstration of counting efficiencies for beta and gamma emissions;

- Application of different shieldings to evaluate relative contributions of beta and gamma
emissions;
Half-life measurements.

6.1.2. Gas flow counter experiments

Experiments with gas flow counters aim at demonstrating the best application field of these
counters, generally used for the detection of weak beta emitters and alpha particles. Experiments
should involve:

Setting up the counter using an oscilloscope to observe pulse profiles,
Observing the characteristics of different counter gases;
Source preparation techniques;
Conducting measurements of alpha and beta emitters;
Demonstration of counting efficiencies; and
Determination of an unknown radiation source.

6.1.3. Scintillation counter experiments

Scintillation counting is based on the fact that an ionizing radiation can induce an excited
state in atoms and molecules that on returning to their normal state send out photons of a

76



distinct energy for the detection of radiation. The application of photomultiplyers for the
multiplication of the photons led to very efficient detector for gamma radiation and that even
allow the detection of the energy of the different gamma rays. In addition, liquid scintillation
counters are used for the determination of weak beta and gamma emitters. The most frequently
applied scintillating detectors use thallium-doped sodium iodide but there are also other
inorganic and even organic scintillators in application.

Experiments with scintillation counters may involve:

- Counting gamma ray sources;
- Determination of counting efficiency;
- Determining of attenuation coefficients; and

Estimating gamma ray energy by attenuation.

6.1.4. Gamma spectrometer experiments

As mentioned in Section 6.1.3 scintillation counters are excellent tools, for the
determination gamma ray energies, and by this allow attenuation of specific radioisotopes by the
measurement of their characteristic gamma ray energies. This is why they are also called gamma
spectrometers. Similar counters equipped with organic scintilators are applied for alpha
spectrometers for the detection of alpha radiation.

Experiments with a gamma spectrometer should involve:

- Setting up the spectrometer and calibrating with gamma rays of known energies;
- Investigating of response curves for monoenergetic gamma rays;
- Energy measurement of an unknown gamma ray; and

Detection of different gamma emitters by evaluation of the gamma spectrum.

6.1.5. Ionization chamber experiments

As the Geiger-Muller tubes, the ionization chambers use the primary ionization by radiation
for the detection of beta and gamma emitters. Combined with an appropriate amplifier system
that multiplies the delivered charges, the ionization chambers can also be used for spectrometric
purposes.

Experiments with ionization chambers may involve:

Observing chamber characteristics, including the saturation curve;
Study the effect of the guard ring on instrument response;

- Demonstrating continuous current ionization on the chamber measurement of gamma rays;
and
Demonstrate various beta/gamma-radiation measurements.

6.1.6. Monitoring experiments

Monitoring experiments may involve:

Airborne radioactivity monitoring;
- Area monitoring for high and low energy beta particles and gamma rays;
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- Scintillation monitoring for alpha particles and gamma rays;
Sampling and sample analyses; and

- Recording of sample analysis.

6.1.7. Shielding experiments

Shielding experiments may involve:

- Attenuation of radiation using common shielding materials. Neutron shielding may be
considered for use here due to its unique properties;
Scattering of radiation, streaming, shine, and their potential effect on absorbed dose; and

- Qualitative investigation of gaps and holes in shields.

6.1.8. Dosimetry demonstrations

Radiation protection relies on dose measurements. Different radiation dosimeters exist for
the numerous applications in the health and safety activities. Various dosimeters are available
including personal dosimeters, portable dosimeters used for contamination detection and
measurement, radiation dosimeters to determine radiation fields, chemical dosimeters to detect
high dose rates of irradiation sources, etc.

Dosimetry demonstrations are considered as very important, as they are directly related to
the safe operation in the different steps of waste management and thus to the protection of man
and the environment.

Dosimetry demonstrations should involve:

- Demonstrations of film badges, thermoluminescent dosimeters (TLDs), pencil dosimeters,
radiophotoluminescent dosimeters (RPLD) as applied in personal dosimetry;

- Demonstrations of electronic alarm dosimeters that are additionally applied when working
in high radiation fields;

- Demonstration of contamination surveys including the measurement of a contamination
profile;
Demonstration of a dose rate profile with a portable dosimeter; and

- Test of the performance of a dosimeter in a high radiation field of an irradiation source.

6.1.9. Radiochemical experiments

Radiochemical experiments should focus mainly on the analytical assistance that is needed
for the definition of optimal reaction conditions when starting a new treatment or solidification
campaign. These experiments are essentially a combination of chemical tests and activity
measurement. A typical practical application is also the determination of decontamination
factors.

Instructive radiochemistry experiments may contain:

- Separation of mother and daughter isotopes, such as ^Sr and ^Y, and "Mo and "mTc, and
137Cs and I37Ba;

- Formation of a daughter isotope as a milking cow for one of the foregoing radioisotopes;
- Observation of daughter product ingrowth;
- Evaluation of separation efficiency and decontamination factors (DF);
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Co-precipitation of radionuclides and the effect of a carrier material for the separation of
32P and 35S by co-precipitation with Fe(OH)3;
Solvent extraction such as the extraction of ferric irons as chloride;
Ion exchange separation, and isotope dilution analysis, including discussion of the disposal
challenges presented by spent ion exchange resins, etc.

6.1.10. Radiation protection

Radiation protection in a waste management facility aims at keeping dose commitment for
the operational personnel as low as reasonably achievable. The same is true for the protection of
the environment and the public living near such a facility. A variety of means is available to
achieve the goal and it is important to demonstrate to the participants of the training course how
this protection can be realized.

The demonstration and exercises may comprise:

- Use and demonstration of protective equipment in the laboratory, including hoods, glove
boxes, ventilation tables, hot cells, and other equipment as available;

- Demonstration of proper use of personal protective equipment, including gloves, coats,
shoecovers, overalls, self contained suits, various respirators, supplied air, and dress-
undress techniques;

- Mobile ventilation systems, build-up and use of contamination locks, particle size analysis,
including aerosol counting and cascade impactors;

- Measurement of natural and artificial radioactivity in the air;
- Contamination control, including laboratory layout, air monitoring sampler placement, and

evaluation of observed levels against maximum permissible levels;
- Use of different shielding bricks (concrete, iron, lead) to build radioactive protective

shieldings, application of mobile shields, etc;
Application of coatings and peelable paints against contamination; and

- Demonstration and application of decontamination methods for skin, shieldings, equipment
and other surfaces.

6.1.11. Area and environmental surveys

Area and environmental surveys are another step in radiation protection, they are needed
both for the site description when preparing a licence application or safety analysis and in the
case an incident has led to a contamination of land.

Possibly exercises in environmental surveys should involve:

Determination of boundaries of the contaminated area;
- Area grid establishment;
- Demonstration of the use of portable monitoring equipment;
- Collection, preparation and analysis of samples;
- Estimation of meteorological conditions; and
- Interpretation of data with recommendations for follow-up.
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6.2. COLLECTION, SEGREGATION AND SIZE REDUCTION

6.2.1. Segregation of radioactive waste

As an introduction to the exercise, a hierarchical chart showing the decision criteria for
segregation of radioactive waste should be developed in class and each decision step explained.
Then the trainees working in groups will receive a sample of typical raw radioactive wastes with
known characteristics and they must decide on the best way to segregate them taking into account
the subsequent treatment and conditioning steps.

6.2.2. Tracking radioactive waste

Radioactive waste tracking from its generation till final disposal is a necessary requirement
for the safe waste management. A general form providing information about the waste producer,
date of generation, chemical and radiochemical nature of the waste, major nuclide activity,
package volume/weight/dimensions, surface dose rate, responsible staff, storage location, etc.,
shall be presented. Trainees should generate a tracking form and then complete it using
information on the waste from received from the operator of a particular facility or supplied by
the instructor.

6.2.3. Size reduction

Reduction in dimensions of a solid waste comprises a set of different techniques, however,
their preparatory stage and operational safety do not differ significantly. A step-by-step procedure
should be demonstrated to identify the critical points of the method. As an example,
demonstration of the sawing of a contaminated pipe can be carried out including the key features
of the procedure, namely:

- Radiation characteristics of a contaminated item;
Personal radiation safety;
Monitoring of airborne particles; and

- Minimization of secondary waste generation.

6.3. DECONTAMINATION

Efficient removal of contaminants from different surfaces is a complex problem affected
by the characteristics of the material, the contaminant, the selected procedure and type of
secondary waste generated. The exercise should demonstrate some of those factors and the
principle of decontamination efficiency.

6.3.1. Techniques for measuring the decontamination efficiency

Evaluation of the decontamination efficiency is a key element in a decision about further
management of a contaminated item. To this end, the demonstration of the direct measurement
of surface activity and determination of loose contamination (smear test) can be undertaken
before and after the decontamination procedure.

6.3.2. Demonstration of affinity of a contaminant to different materials

Ability to reduce surface contamination is strongly dependent on material characteristics
such as quality of the surface of the contaminated materials. Different materials such as mild and
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stainless steel, PVC, concrete and wood which have been contaminated by the same isotope
(preferably short lived) can be decontaminated using a chemical method. Then the efficiency of
the decontamination procedure for all the above substrates using the same instrument should be
evaluated. The experiment with the wood and concrete samples that had been protected by
surface coating can be repeated to demonstrate the role of painting.

6.3.3. Demonstration of variation of decontamination efficiency for different chemical
agents

There are many chemical decontamination agents and technologies in current use, which
can be applied to specific substrates and contaminants to optimize the decontamination
efficiency. Different decontamination agents (e.g., water, special chemical solutions, citric acid,
nitric acid) can be applied for decontamination of the same steel material contaminated by the
same isotope. Then the efficiency of each chemical decontamination agent should be evaluated
using the same detector suitable for the contaminant.

6.4. TREATMENT OF LIQUID AQUEOUS WASTE

Practical application of methods used to reduce volume or to change the chemical
composition of liquid aqueous waste is sensitive to the characteristics of the liquid. The proper
implementation of basic principles typical for this type of waste treatment should possibly be
demonstrated.

6.4.1. Evaporation

The efficiency of evaporation can be affected by the chemical composition of the feed and
by proper process control. The evaporation process can be demonstrated on a laboratory scale
(equipment preferably made of glass) in the presence of foaming compounds (saponates). The
effect of the addition of an antifoaming agent should also be shown. The activity of the
condensate should be measured in both cases. Attention should be drawn to control methods
(chemical analysis; activity measurement in feed, concentrate and condensate; temperature;
pressure; etc.). The positive and negative aspects of vacuum evaporation versus high temperature
evaporation must be emphasized during the demonstration.

6.4.2. Ion exchange

Ion exchange is an effective process for removing radionuclides from certain types of liquid
waste streams (with low salt loading). The limits of its use should be explained, operational
control of organic and inorganic ion exchange systems and input and output control of waste
streams must be demonstrated. The procedures for regeneration (if applicable) or replacement
of ion exchange resins should be discussed.

6.4.3. Chemical treatment

Chemical methods, such as co-precipitation, flocculation and solvent extraction should be
selected on the basis of a thorough knowledge of the composition of radioactive waste streams,
both chemical and radiochemical. The effect of isotopic composition, pH and presence of a
typical complexant on the removal of radionuclides should be demonstrated. The efficiency of
chemical treatment can be demonstrated using ferric hydroxide for low and high sorbing nuclides
(typically caesium and cobalt). The control of the process can be shown by the measurement of
supernatant activity and defining a decontamination factor.
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Demonstration of the precipitation efficiency with and without the presence of a
complexant can be performed. Typically, cobalt and EDTA can be used for ferric hydroxide co-
precipitation.

The separation of uranium from aqueous solutions using organic solvent extraction by a
kerosene-TBP mixture can be demonstrated. The decontamination efficiency can be determined
by alpha counting.

6.5. TREATMENT AND CONDITIONING OF ORGANIC LIQUID WASTES

Evaporation, distillation, combustion and absorption are techniques which can be applied
to organic liquids prior to waste conditioning. Unless combusted, organic liquids should be
absorbed on natural vermiculite or clay prior to waste conditioning. The maximum acceptable
waste/sorbent ratio can be demonstrated for particular materials. The method can be controlled
by identification of free liquid. Another option, with a limited waste load of organic
contamination, is direct cementation of emulsified organics.

6.6. TREATMENT OF SOLID WASTE

Treatment of solid waste primarily involves volume reduction. The technologies are
efficient if the wastes are properly sorted prior to their processing. First of all, typical materials
produced within the solid waste category (paper, textile, glass bottle, polyethylene bottle, metal,
wood, etc.) should be shown to the trainees. Then jointly a strategy for their treatment must be
determined. Volume reduction of compactable waste can be demonstrated through the operation
of an in-drum compactor. Emphasis should be placed on the filtering of off-gases and possible
generation of liquid during the compaction process.

6.7. HANDLING AND CONDITIONING OF SPENT SEALED SOURCES

The demonstration of handling should be given, if possible, by the radiation protection staff
dealing with sealed radiation sources. The construction of the real source, the function of its
components, including the shielded container must be explained. Conditioning of spent sources
with cement should be also demonstrated with the basic principles for tracking and radiation
protection. For the demonstration it would be better to use a dummy sealed source. The exercise
with conditioning of the dummy source with cement can be carried out in a 200 L drum. A
preparatory work, radiation measures, radiation calculations and measurements must be
performed jointly with the trainees.

6.8. SOLIDIFICATION OF CONCENTRATES AND SLUDGES

Efficient operation of a waste solidification facility necessitates precise information about
the chemical and radiochemical nature of the waste streams coming into the facility. Different
grout setting times for a waste concentrate with different borate concentration (up to a saturated
solution) and with or without the addition of a setting accelerator can be demonstrated on a
laboratory scale (in beakers). Influence of mechanical strength of the samples from
cement/waste/water ratio should be demonstrated by preparation of different samples and testing
them after at least 24 hours of curing.
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6.9. MANAGEMENT OF BIOLOGICAL WASTE

Biotoxicity and decomposition of biological waste necessitate the introduction of either
sterilization, oxidizing acid digestion or mummification to treat this waste if incineration cannot
be applied. The procedure of desinfecting of an item that used to be among biologically
contaminated materials by chemical oxidation (bleach, potassium permanganate,
hydrogenperoxyde) can be demonstrated. Emphasis should be placed on the safety principles of
work with radiobiotoxic material. Another procedure of chemical carcass mummification in a
plastic multibag using formaldehyde or chlorinated lime can also be shown. Attention to the
need for further treatment of the multibag to solidify the liquid waste created should be drawn.

6.10. STORAGE OF RADIOACTIVE WASTE

Storage facilities, for both untreated and conditioned waste, shall be equipped with devices
to facilitate handling, receipt, identification, inspection and retrieval of radioactive waste.
Radiation safety and nuclear safety for spent fuel storage are among the principal issues to be
addressed in the demonstration of the storage facility. The exercise can include preparation of
the certificate for the waste package received for storage, its labelling and registration of the
package in the log book or computer data base. The technical features of a storage facility can
be explained during a technical visit to the operating store. Emphasis should be placed on
segregated storage of different waste types, clear labelling, stackability, handling, ease of
inspection, radiation fields, etc.

6.11. INFORMATION SYSTEM FOR RADIOACTIVE WASTE MANAGEMENT

The information system should address all activities involved in radioactive waste
management. In particular, storage of information regarding waste characteristics should be
maintained until the wastes reach the disposal facility and until the period of institutional control
has passed. The system shall also define responsibilities for records keeping and maintaining
within the national waste management infrastructure. On the basis of a model national
infrastructure (waste producers, waste management agency, licensing body, disposal facility
operators) given to the trainees they should propose an information system, including definition
of responsibilities, development of content of relevant certificates and similar documents, as well
as an adequate waste labelling system.

6.12. CHARACTERIZATION OF WASTE

The goal of these exercises and demonstrations should be to reinforce, in the mind of the
trainee, the idea that proper (complete and accurate) waste characterization is essential to the
expression of confidence in the performance of a near surface disposal facility which accepts the
waste. Demonstrations should be limited to low and intermediate level waste forms and
packages, as those are the forms and packages suitable for near surface disposal. It should be
emphasized that because these demonstrations can involve large scale equipment and processes,
technical visits and videos may be the most appropriate methods of communicating these
principles.

If possible, the demonstrations should also reinforce the following goals of waste
characterization:

- Determination of the need for further waste treatment or conditioning;
- Determination of the suitability of the waste for further handling, processing, storage and

disposal; and
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- Verification that the waste package conforms to radiological, chemical, physical, and
biological criteria for disposal.

The following exercises/demonstrations are suggested to accomplish the course objectives.
These demonstrations would depend, to a greater or lesser extent, on the availability of facilities
and/or equipment, and should be arranged in advance of course invitation:

Preparation of a "running" manifest of the waste container. A manifest of waste materials
deposited in a drum should be completed as the drum is filled. Segregation of materials takes
place at this time. More than one drum may be present to facilitate the segregation process.
Drums will be treated or conditioned by different processes according to their content.

Determination of total radioactivity in the container. This may include calculation of total alpha,
beta and gamma activity. Radionuclide composition must also be determined to assure that the
sum of the waste packages does not exceed the permitted level for the disposal facility.
Application of "scaling factors" to estimate the radionuclide (or chemical) content of the package
based on the results from analysis of a sample, should be demonstrated.

Non-destructive assay techniques. These may include neutron activation analysis, X-ray, or
mechanical examination to determine whether liquids or void spaces exist in the package.

Mechanical properties. Mechanical properties, such as load resistance, impact resistance, and
dimensional stability, may be demonstrated; however, videos are available (from Sandia National
Laboratories, USA, for example) that illustrate waste package testing, and these are
recommended.

"Fingerprint analysis". Key parameters of the waste package should be examined in order to
verify key waste package characteristics, such as pH, halogen concentration, total radionuclide
activity, etc. This analysis forms the central part of the quality assurance programme that must
exist co-operatively between the waste generator and the disposal facility.

6.13. SEALED RADIATION SOURCES REGISTRY

The IAEA Sealed Radiation Sources (SRS) Registry can be demonstrated as an example
of a computerized data base system which is able to process information on organization,
administration, and radiation source parameters, as well as use supporting databases such as those
that contain nuclide characteristics. All the trainees must be involved in the exercise subject to
the availability of suitable personal computers and necessary software.

The trainees may define the typical characteristics of a sealed source and add the
information to the Source Registry Database, then model the management of this source and
review its history. All the data bases as Organization Data Base, Administration Data Base, and
Nuclide Data Base containing in the SRS must be used during the exercise.

6.14. DISPOSAL OF WASTE IN NEAR SURFACE REPOSITORIES

Demonstration of this activity can best be accomplished through a technical visit; however,
this has a limited value and applicability for two reasons. First, it is unlikely that the Member
States with developing nuclear programmes have access to a near surface disposal facility within
easy reach of the training locale. Second, even if a disposal facility is available, it will represent
only one potential design of many; a completely different design may be more appropriate for
approved sites for the nation in which the training takes place.
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Both problems can be solved through the use of videos available from the IAEA and
Member States with active disposal programmes. These states include France, Germany, Spain,
Sweden, the United Kingdom and the United States, to name a few. A list of contacts for
technical videos related to radioactive waste management can be found in Annex II.

The demonstration should emphasize how the specific design is matched to the site, how
waste is emplaced in the disposal system, how waste is received and accepted, how non-
conforming packages are dispositioned, and how the facility design accounts for a specified
percentage of non-conforming packages while maintaining its ability to effectively isolate waste
over its design life.

., ;i
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Annex I
LIST OF VIDEO FILMS ON RADIOACTIVE WASTE MANAGEMENT

The items listed in this annex are available at the Vienna International Centre Library of
the International Atomic Energy Agency, Vienna, Austria, for free loan — subject to certain
conditions — for educational, non-commercial, non-profit showings only, involving no
admission charges or appeals for funds. Much of the material listed has been donated to the
IAEA by the Governments of Member States. The IAEA periodically updates this list as new
acquisitions are received. Information as to whether the material is suitable for general, semi-
technical or technical audiences is given. Television clearance is given when stated. In most
other cases information can be obtained from the national Atomic Energy Commission or from
the holders of the copyrights for the film.

IAEA-00754 CONDITIONING OF SPENT RADIATION SOURCES IN
DEVELOPING COUNTRIES

Vienna, Austria - Pekka Vision for International Atomic Energy Agency - 1990
English - 10 min - colour - video (VHS/PAL) - T
Audience: Technical. Cleared for television

Training material available to accompany the video. Please compare also IAEA-
0749 'SAFE PACKAGING OF RADIOACTIVE WASTE'

This video presents the safe handling and conditioning of radioactive spent sealed sources when
technological resources are limited and specialized equipment is not available. The process is
divided into three phases which are demonstrated in detail: 1) Planning, including training; 2)
Conditioning, which is the actual incorporation of the spent sources; and 3) Follow-up, which
includes radiological control, documentation and safe storage.

IAEA-0659 THE MANAGEMENT OF NUCLEAR WASTE

UK - United Motion Pictures for United Kingdom Atomic Energy Authority - 1982
English - 24 min colour - 16 mm and video (ULB/PAL, VHS/PAL) - G
Audience: General, semi-technical; persons involved in waste management work

The film illustrates the various types of radioactive waste with emphasis on waste production
arising at the different stages of the nuclear fuel cycle. It addresses the different methods of
treatment (dilution, incineration, filtration, storage, burial) for the low-, intermediate- and high
level wastes and gives examples of scientific studies underway in different countries on
solidification of high level waste. In addition, some background information is given on natural
radiation, types of ionizing radiation, radioactive decay, nuclear power generation and radiation
monitoring.

IAEA-0684 NUCLEAR FUEL WASTE DISPOSAL - PLANNING FOR
TOMORROW

Toronto, Canada - Westminster Films Limited for AECL - 1982
English, French - 20 min - colour - 16 mm - G
Audience: General

This film deals with nuclear fuel waste management in Canada, where research is concentrating
on land based geological disposal of wastes rather than on reprocessing of fuel. The waste
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management programme is based on cooperation of the AECL, various universities and Ontario
Hydro. Findings of research institutes in other countries are taken into account as well. The long-
term effects of buried radioactive wastes on humans (ground water, food chain, etc.) are carefully
studied with the help of computer models. Animated sequences illustrate the behaviour of
radionuclides and explain the idea of a multiple barrier system to minimize the danger of
radiation hazards.

IAEA-0749 SAFE PACKING OF RADIOACTIVE WASTE

Vienna, Austria - Gesellschaft fur Nuklear und Umwelttechnik, Linkenheim, for International
Atomic Energy Agency - 1989
English, French, Spanish - 16 min - colour - video (VHS/PAL) - T
Audience: Technical. Cleared for television
Training material available to accompany the video. Please compare also
IAEA -0754 CONDITIONING OF SPENT SOURCES IN DEVELOPING

COUNTRIES

The use of radioactive materials in industry, medicine and research results in the generation of
radioactive waste. This presentation covers the conditioning of such material from radioactive
spent sealed sources and demonstrates a typical practice showing radium, caesium and cobalt
isotopes being safely conditioned and packaged.

IAEA-0712 THE SCIENCE OF MANAGING NUCLEAR WASTE

USA - The Film Group, Inc. for U.S. Committee for Energy Awareness and Atomic
Industrial Forum, Inc. - 1986
English - 18 min - colour - 16 mm and video (VHS/NTSC) - G
Audience: General

Shows the preparatory work (selection of suitable site, computer model testing or geologic
stability and ground water movement, safe transport of waste) for the 1982 U.S. Nuclear Waste
Policy Act about safe permanent disposal of high level radioactive waste. The multiple
engineered barrier approach to minimize risks is presented with the example of the Nevada
Climax Mine test site where the concept of underground burial of waste in deep rock formations
was monitored for three years.

IAEA-0697 TVO STUDIES THE BEDROCK

Finland - Photovision Videoteam for TVO Industrial Power Company - 1988
English - 15 min - colour - video (ULB/PAL, VHS/PAL) - G
Audience: General, semi-technical

Describes the work that the TVO Industrial Power Company, under a programme of the
government, is carrying out in order to locate a suitable site for the underground disposal of
radioactive waste in Finland. This long-term investigation, checking various sites for waste burial
at a depth of 500 m, is collecting and comparing data with the help of computers to ensure safe
management of spent nuclear fuel.
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IAEA-0722 WHAT ABOUT WASTE?

UK - Uden Associates for British Nuclear Fuels Limited - 1989
English - 28 min - colour - video (VHS/PAL) - G
Audience: General. Cleared for television

The film explains the nature of radioactive waste, how and why it arises, as well as the methods
being used to deal with it. It takes the audience 70 below the Baltic to explore a repository
blasted out from beneath the seabed off the Swedish coast, then to Sellafield to examine the
intricate chambers that will reshape the waste in readiness for Great Britain's repository.

IAEA-0760 ILLINOIS LOW LEVEL RADIOACTIVE WASTE

USA - Bates Video Production for Illinois Department of Nuclear Safety - 1988?
English - 14 min - colour - video (VHS/NTSC) - G
Audience: General. Cleared for television

Today's life style is characterized by an increased demand for energy. As about 46% of the total
energy production of the state of Illinois is provided by nuclear energy, the high energy demand
leads to an increase in radioactive waste. This video demonstrates how low level radioactive
waste is handled, which technologies and safety features are applied and how monitoring
programmes ensure that waste disposal does not affect the environment.

The following materials are also available and can be requested directly from the country
producer or from the holders of the copyrights for the film.

IAEA-0763 WHAT IF?

UK - UK Atomic Energy Authority - 1989
English - 30 min - colour - video (VHS/PAL) - G
Audience: General. Students.

What if? Is a programme intended for schools and colleges, but is also of interest to the general
public. It looks at many aspects of the safety of nuclear power (uranium mining, transport and
reprocessing of used nuclear fuel, reactor safety, disposal of nuclear waste, etc.) and tries to
answer these questions in a clear and simple manner.

IAEA-0757 MAN AND NUCLEAR RADIATION

France - Phaestos production for CRLC - 1990
English - 20 min - colour - video (VHS/PAL) - T
Audience: General. Semi-technical.

The human body has always been exposed to ionizing radiation from various natural sources.
Man has created new sources, radiation is used in medical therapy and radiography. Accidental
irradiation/contamination may occur. This video explains the properties of ionizing radiation,
radioactive decay, and the biological effects of ionization, e.g. lesures in DNA and genetic
mutations in the cell. Different methods of assessing and monitoring the exposure of the human
body to ionizing radiation as well as decontamination methods are also presented.
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IAEA-FILM-0760 DESIGN FOR DISPOSAL

UK - MCC production for United Kingdom Nirex Limited/BNFL - 1991
English - 12 min - colour - video (VHS/PAL) - G
Audience: General.

This video outlines the conceptual design for a possible deep repository at Sellafield for low and
intermediate level radioactive waste.

CANADA

AECL Research

AECL Radiation and our Environment - 21 min
AECL Environmental Research Armchair Tour - 13 min
AECL Planning for the Future - 18.25 min

FRANCE

ANDRA

Le Centre de L'Aube - 18 min

GERMANY

Bundesamt fur Strahlenschutz

Fluid Inclusions in Evaporation - 12 min
Auf der Urankippe (Die Reportage) 13/5/94 - 30 min
(1) MDR - Thiiringen Journal, 11/93 "Wismut - Sanierung" and
(2) Siidwest 3, Sonde 6/94 "Wismut - Sanierung" - 16 min

FZK Forschungszentrum Karlsruhe (former KFK)

Sammeln und Verpacken von radioaktiven Reststoffen - Deutsch 16 min
Zusammenstellung der Versuchsreihen zu den Referenzarbeiten (STIW AK) mit dem EMSM 3
- Deutsch 28 min
GSF Miinchen Forschungzentrum fur Umwelt und Gesundheit

Research-Salt Mine for Radioactive Waste Disposal (German and English)

HONG KONG

Hong Kong Nuclear Investment Co. Ltd

Nuclear Safety Series 1-13 - 65 min

SWEDEN

SKB
Deep Repository for Nuclear Fuel - 12 min (2 videos)
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SWITZERLAND

NAGRA

Traces of the Future - 52 min
Enter Cedra - 25 min

UNITED KINGDOM

Sellafield

Design for Disposal - 12 min (2 videos)
UKNirexLtd
A Tunnel in Time - 20 min
Sellafield Geological Investigations - 10 min

BNFL

BNFL Building on Success (2 videos)
BNFL Enriching the World
BNFL Capenhurst 'Building the future'
BNFL Who cares

BNFL What about waste - 28 min

USA

USDOE

USDOE Compilation Reel
OCRWM 1994 Program in Review -17 min
USNRC

The transport of radioactive materials/Rad. Safety Inspections
Conf. on RW issues: Present and Future Perspectives No. 1
Conf. on RW issues: Present and Future Perspectives No. 2
"Understanding Low Level Radioactive Waste Management" No. 1
"Understanding Low Level Radioactive Waste Management" No. 2
"LLW Management and Disposal Conf' (Virginia State Univ.) No. 1
"LLW Management and Disposal Conf' (Virginia State Univ.) No. 2
"LLW Management and Disposal Conf' (Virginia State Univ.) No. 3.
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Annex II
END-OF-TRAINING COURSE QUESTIONNAIRE

Questionnaire Date:

Course information

Course Title:

Course Code: Course No:
Course Location:
Host Institute:
Course Date: Course Duration: Weeks
Course Organization:
Course Director:

(QUESTIONS 1 TO 15 ARE TO BE COMPLETED BY TRAINEE)

1. Please describe your job prior to attending the course

Employer:
Job Title:
Main duties:

2. How did you hear about this course?

Check all that apply: Was this adequate notification? (yes/no)

(1) Through my immediate supervisor

(2) Through colleagues
(3) From previous course participants
(4) Other, please describe

3. Why did you attend this course? (Check only the most appropriate answer.)

Check all that apply: Comments ?

(1) To learn new skills of immediate relevance to my job
(2) To learn new skills that would help my professional

development
(3) To hear about the experience of other colleagues
(4) Other, please describe
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4. (a) What is your assessment of this course with respect to the following (please circle the
most appropriate number):

(a) Technical content

(b) Course organization
and administration

(c) Quality of lectures

(d) Quality of lecture
notes and other materials

(e) Quality of exercises
and demonstrations

Excellent

4

4

4

4

4

Good

3

3

3

3

3

Average

2

2

2

2

2

Disappointing

1

1

1

1

1

(f) Course facilities 4 3 2 1

(g) Technical visits 4 3 2 1

5. (b) If you selected disappointing for any of the above, please explain why:

6. To what extent was the course applicable to the needs of the organization for which you
work? (Please circle the most appropriate number.)

Fully Adequate Somewhat Not at all

4 3 2 1

Comments:

7. Please identify which of the following describes your situation best:

Check all that apply: Comments?

(1) I had a background knowledge in most of the course subjects and was able to
obtain advanced knowledge in:
(a) only these subject (List)
(b) all subjects

(c) some subjects
(d) very few or no subjects
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_(2) I had a background knowledge in some of the course
subjects and was able to obtain advanced knowledge in:
(a) only these subject (List)_
(b) all subjects
(c) some subjects
(d) very few or no subjects

_(3) I had little background knowledge in most of the course subjects and was able to
obtain advanced knowledge in: (List)
(a) only these subject
(b) all subjects
(c) some subjects
(d) very few or no subjects

8. What would you now say are the main strengths of this course? (Please check as many
as appropriate)

Check all that apply: Comments ?

Lecture modules
Technical visits

Exercises/demonstrations
Course supervision/logistics
Course schedule/duration
Quality of lecture materials
Competence of lecturers
Course facilities/venue
Accommodations/meals
Social programme
Other, please specify

9. What would you now say are the main faults or weaknesses of this course? (Please check
as many as appropriate.)

Check all that apply: Comments ?

Lecture modules
Technical visits

Exercises/demonstrations
Course supervision/logistics
Course schedule/duration
Quality of lecture materials
Competence of lecturers
Course facilities/venue
Accommodations/meals
Social programme
Other, please specify
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10. With regard to general design and conduct of the course, to what degree: (Please
indicate the most appropriate number.)

Thoroughly Fairly Some Not at all
well what

(a) Was training based
on the general needs of
your profession?

(b) Were your individual
training needs taken
into consideration
during the course?

(c) Did the course include
objectives clearly
presented to you and
were they followed and
achieved?

(d) Did the course include
opportunities to practice
what you were taught?

(e) Was the training
relevant to the conditions
and needs of someone working
in your particular situation
where resources are limited?

Comments:

11. (a) Were your specific goals in attending the course met?

Check one: Comments?

(a) Not at all
(b) Somewhat

. (c) Fairly well
(d) Thoroughly
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12. In applying the knowledge, skills and techniques learned in this course, to what degree:
(Please circle the most appropriate number)

Great Adequate Some Not at all
what

(a) Were the resources 4 3 2 1
needed for the application of
these skills readily available
on return to your job?

(b) Was the institutio- 4 3 2 1
nal support necessary for
the application of these skills
readily available on return to
your job?

(c) Were you able to 4 3 2 1
introduce to your colleagues
any of the knowledge, skills or
techniques that you acquired
from the course?

(d) Do you have additional comments or observations?

13. Please indicate how valuable you feel this course will be to you professionally. (Indicate
the appropriate number.)

Great value Average Some value No value
value

14. Is this the only training course dealing with radioactive material in which you have
participated? (Please circle)

(1) yes
(2) no

If no, please list other courses you have taken and their dates:
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15. If you have further comments to make on your experience with this or other national
training courses, please record them here.
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