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FOREWORD

Radioactive waste is generated from the production of nuclear energy and from the use
of radioactive materials in industrial applications, 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. The
management of radioactive waste has international applications with regard to discharges of
radioactive effluents into the environment and in particular to final disposal of waste. The
need for the prevention of environmental contamination and the isolation of some
radionuclides, especially long-lived radionuclides, for longer periods of time than national
boundaries have remained stable in the past, require waste management methods based on
internationally agreed criteria and standards. The IAEA is active hi this area and has
introduced a RADWASS (RADioactive WAste Safety Standards) programme aiming at
establishing and promoting, in a coherent and comprehensive manner, the basic safety
philosophy for radioactive waste management and the steps necessary to ensure its
implementation in all Member States. While this programme is developing and various
related Safety Series publications are becoming available, it is important to compare the
existing national waste management regulations, organization, technologies and methods with
internationally accepted requirements and practices.

In response to the growing interest in this area, the IAEA, hi co-operation with the
Government of the People's Republic of China, held a Seminar on Radioactive Waste
Management Practices and Issues in Developing Countries at Beijing from 10 to 14 October
1994. It provided technical experts, mostly from developing countries of different regions,
involved in management of radioactive waste an opportunity of exchanging information on
their regulating and operating experience and discussing the spécifie problems in every
country as well as common problems which developing countries are facing in this field.
Participation of developed countries which are main suppliers of waste processing equipment
allowed them to learn about the real technology transfer needs of developing countries. The
Seminar also benefited both developing countries and the IAEA through the identification
of important components of a national waste management infrastructure to be introduced or
improved.

The Seminar was attended by more than 100 specialists from 33 countries and included
40 scientific presentations. It provided a forum for the exchange of information on a waste
management policy, waste management strategies, a legal framework, the responsibilities of
regulatory authorities and central operating organizations, waste processing, storage and
disposal techniques and safety and performance assessments.

Emphasis was placed on the management of low and intermediate level waste arising
from applications of radioisotopes hi medicine, research and industry and from nuclear power
generation.

The Seminar organizers offered a technical tour of waste management facilities and
laboratories hi the China Institute of Atomic Energy (CIAE) including a ventilation facility,
a low level liquid waste treatment facility, waste polymerization equipment, etc. The Seminar
was concluded by a panel discussion on the technical, economic, environmental and
institutional considerations in the establishment of a national waste management programme.

It is hoped that these Proceedings will constitute an important source of information to
a wide community of scientists, engineers, regulators and decision makers dealing with the
management of low and intermediate level waste.
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SUMMARY OF THE SEMINAR

Wide variations in the development and use of nuclear energy are evident in developing
countries. A few have or are pursuing partial nuclear fuel cycle activities. More than ten
developing countries have nuclear power plants. Because of the increasing demand for
electrical energy, more developing countries would like to have nuclear power. But most of
them are constrained by lack of finances and technical expertise. Some have nuclear research
reactors which may be used for production of radioisotopes. Most of developing countries
are using nuclear energy for applications in fields of medicine, agriculture, industry, research
and education. These applications are growing in developing countries at a fast pace. From
all these uses, radioactive waste is produced that must be managed safely and efficiently.
Increasingly in recent years, countries have turned to the IAEA for technical assistance and
waste management services to address serious problems they are facing.

In developing countries, the priority attached to radioactive waste management is not
as high as it should be. In a majority of the cases, there is a lack of awareness of the
importance of safe radioactive waste management. Consequently, it tends to receive low
priority, inadequate financing, and insufficient staffing and training support. This collectively
leads to little appreciation of the safety implications. Waste disposal problems tended to be
ignored, or wastes are stored, sometimes improperly, in some remote places.

Many particular problems today are rooted in these conditions, and tied to the acute
financial difficulties facing most developing countries. The allocation of funds for waste
management thus is often disproportionately low in comparison with the real needs. To
further complicate this situation, the most fundamental requirements for managing radioactive
waste, namely policy, adequate legislation, and understanding of safety issues, are lacking
in many developing countries.

In countries dealing with management of waste generating from nuclear applications,
one of the major problems concerns spent radiation sources. In many instances, information
is lacking as to the extent and magnitude of this problem. The sources frequently are
negligently stored, in some cases with non-radioactive materials, and serious accidents have
happened.

In countries with nuclear reactors or radioisotope production facilities, the problems of
waste management are more complicated. Proper waste minimization, segregation, collection,
treatment and conditioning methods must be practiced to a required international safety level.

In response to such conditions, the IAEA has put in place a number of mechanisms in
support of efforts that countries are making to develop the necessary infrastructure and
expertise for the safe management of radioactive waste. These mechanisms include technical
co-operation projects, co-ordinated research programmes, training courses and some
specialized activities aimed towards direct assistance to developing countries. Concerning the
general area of nuclear applications, a number of technical manuals have been prepared.
They address topics including minimization and segregation of wastes; handling, conditioning
and disposal of spent sealed sources and other solid wastes; interim storage of waste;
treatment and conditioning of radioactive effluents, organic and biological wastes and spent
ion exchange resins; and design of a centralized waste processing and storage facility. Videos
on various technical aspects of waste management are also supplied often through expert
missions or at training courses. Overall, the IAEA's variety of services aim at enabling



developing countries to become more self-sufficient and reliant in the management of their
radioactive waste.

A traditional way of dissemination of up-to-date information is organization and
sponsorship of international meetings on the subjects of mutual interest of IAEA Member
States. Almost every year the IAEA organizes so-called major meetings which can be either
an international conference, a symposium or a seminar. At most of the meetings sponsored
by the IAEA or other organizations, the selection of papers is made in favour of scientists
from developed countries who report on interesting and important results of their studies
which, however, are not much relevant to the needs of developing countries. Recognizing
the deficiencies of such meetings in this regard, the IAEA decided to organize and hold a
meeting where a majority of speakers would be from developing countries having similar
problems in radioactive waste management and looking for simple and cost-effective but safe
technical solutions for managing similar waste streams. Due attention was also to be given
to the legal framework and the responsibilities of organizations involved in various waste
management activities.

The papers presented at the Seminar revealed that the national waste management
systems in most of developing countries are being established or upgraded on the basis of the
recent requirements and recommendations of the IAEA. It was recognized that all required
components of the radioactive waste management system should be present in a national
programme because only an integrated approach can assure the overall safety of radioactive
waste management now and in the future. Some specific factors are dictated, as a rule, by
the national situation - the availability of resources, the level of industrial development, the
size of the nuclear programme and the socio-economic and political conditions.

The Seminar presented an excellent opportunity to get acquainted with the national
waste management programmes of the participating countries and revealed that political,
technical and ethical challenges are not being fully met in some developing countries. There
was a general consensus that for the radioactive waste of concern in developing countries the
reliable and efficient treatment, conditioning and storage technologies are available and
affordable to most of countries. However, it was understood that proper results will not be
achieved unless these technologies are installed, applied and controlled properly. In selecting
experts for its technical assistance programme the Agency was requested to pay due attention
to expertise available in some developing countries.

Regarding waste disposal, at present near surface disposal is considered to be the most
feasible method for low and intermediate level waste containing relatively short-lived
radionuclides. Many countries are making great efforts to establish near surface repositories.
The Agency was requested to consider the development of a standard design package for a
near surface repository for low level radioactive waste. Safety assessment methodology of
a near surface repository, an area in which intensive research and development commenced
on a national level, was another area of support requested from the IAEA. Only a few
countries consider deep geologic disposal as a realistic disposal method for them because of
high cost and technical complexity. An international solution of this problem must be
considered in future by countries that do not have the technology and economic resources to
plan and construct a national deep geological repository. Consideration of regional solutions
to the disposal of high level wastes was suggested as a logical cause of action to resolve this
problem.
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The technical visit to the China Institute of Atomic Energy was a successful supplement
to the theoretical content of the Seminar. The visit has demonstrated the progress achieved
in the development of various waste management techniques within existing financial and
technological constraints.

The Seminar presented an excellent opportunity to bring together scientists and
engineers from countries with the different level of the waste management technologies and
let them exchange their views and experiences. The Seminar reviewed the status of the
radioactive waste management situation in many developing countries. This information will
facilitate the decision making regarding the nature and extent of technical assistance to
countries that participated in the Seminar and help the Agency to formulate its waste
management programme.

11



OPENING REMARKS

B. Semenov
Deputy Director General, Head of the

Department of Nuclear Energy and Safety,
International Atomic Energy Agency,

Vienna, Austria

The title of this Seminar shows that more and more attention is being given to the safe
management of radioactive waste. While it can be noted that 75% of the IAEA 122 Member
States do not have nuclear power, most of them use radionuclides for research, medical,
industrial and other institutional applications. There is a growing awareness in Member States
that in promoting the use of nuclear energy to enhance the living standards of the countries,
a commitment must also be made to safely manage the radioactive waste that is generated
from various nuclear applications. Thus, whether a country is generating radioactive waste
from small uses of radionuclides in medicine or is involved in the operation of nuclear power
reactors and other nuclear fuel cycle activities, there is a need for the establishment and
implementation of a national waste management programme. Such a programme must include
all of the elements of an integrated system, including laws and regulations, operating and
regulating organizations, systems for processing/storage and disposal of waste and an effective
public acceptance out-reach. No programme is complete nor will it succeed if one of these
components is missing. In reviewing the technical programme of the Seminar, I am pleased
to note that all of the components required for a national waste management programme are
covered, some in more detail than others. The opportunity is therefore presented to learn from
the experiences of others that will be presented here, and thus return to your countries with
new ideas and practices to meet the challenge of managing radioactive waste. In concert with
this thought, a theme for the Seminar that is supposed to supplement its title as a means of
adequately describing what the goal of this meeting is, should be ..."Sharing of Practices and
Technologies for the Safe Management of Radioactive Waste". With this theme the Seminar
objectives could be as follows:

1) To identify from the practices presented, those which can be useful in the
implementation of your national waste management programme, and

2) To collectively dialogue on these practices to ensure that all of the information on
them is clearly understood.

It is the responsibility of the scientists and the engineers to develop and implement safe
solutions to the nuclear waste issue. This challenge not only includes developing and
implementing sound technical approaches to the management of nuclear waste, but to translate
the technology solutions into understandable and convincing statements for the authorities and
the public. This challenge must be met and existing roadblocks will be eliminated so that full
implementation of national waste management programmes can be achieved.

13



Li Dingfan
Vice Chairman of the China Atomic Energy Authority,

Beijing, China

1. STATUS AND POLICY OF NUCLEAR POWER DEVELOPMENT

Since 1955, when the China's nuclear industry was initiated, a complete system of
nuclear industry, nuclear science and technology has been formed. Since early 1980's,
emphasis was placed on the development of nuclear power. The self-designed and self-
constructed 300 MWe Qinshan Nuclear Power Plant (NPP) was connected to grid and started
to generate electricity in December 1991. It was put into commercial operation in April 1994
and now it is steadily operating under high rated power. A press conference called "Qinshan
NPP and the Environment" was co-sponsored by China Atomic Energy Authority and
National Environmental Protection Agency on June 18, 1994. Environmental radiation
monitoring indicated that the NPP radioactive waste management system is functioning
properly and the annual release of radioactive effluents is far below the state limits,
comparable with the internationally-acknowledged releases of NPPs of the same type in the
world.

The Guangdong Daya Bay NPP with two 900 MWe Units was constructed in co-
operation between China and foreign countries. The Unit 1 was connected to grid and started
to generate electricity on August 31, 1993 and its commercial operation began on February
1, 1994. The Unit 2 was connected to grid and started to generate electricity on February 7,
1994 and its commercial operation began on May 6, 1994. This NPP has been the largest
project undertaken through co-operation of China with foreign countries since China's opening
to the outside world. The success of NPPs in Qinshan and Daya Bay ends the history of the
China's mainland without nuclear power and opens a new era of peaceful use of nuclear
power and technology in China. The second phase of the Qinshan NPP with two 600 MWe
Units has been approved by the state, and the on-site construction is now proceeding.
Connection to grid and production of electricity is expected by the end of 2000.

The world wide growth of population will be inevitably followed by an increasing
demand of energy resources. Nuclear power is still regarded as a main option to deal with
future energy demands. A new period of fast development in China's economy can be
predicted in 1990s. In this context, energy industry, if it cannot meet the demands of
economic development, will face a new problem. In order to meet the objective needs of
social development and reduce the environmental pollution arising from fossil-fuelled power
plants, we believe that the development of nuclear power in China is a way to solve the
energy shortage. "Simultaneous development of thermal, hydroelectric and nuclear power" is
a reasonable policy for the south-east costal areas. Using the comprehensive summing-up of
technical experience in the construction and operation of the Qinshan and Daya Bay NPPs,
it is planned to construct 600 MWe and 1000 MWe nuclear power plants.

The scale and speed in developing nuclear power must meet the needs of economic
development. Following the Qinshan and Daya Bay NPPs, the second phase of two 600 MWe
Qinshan NPP is being constructed. Besides that China is planning to construct the second
Guangdong NPP and the Liaoning NPP with two 1000 MWe units in each plant.
Furthermore, a preparatory work is being made for construction of NPPs in the eastern costal
areas with well-developed economy such as Shandong, Jiangsu and Fujian. We believe that
our technology and experience can fairly satisfy the needs of developing countries. We will

14



adhere to the principle of "Equality and mutual benefit and mutual development" to promote
the co-operation with countries and regions interested in the peaceful uses of nuclear energy
and nuclear technology.

2. RADIOACTIVE WASTE MANAGEMENT IN CHINA

History proves that nuclear power is a kind of clean energy resources, and the
development of nuclear power is an important solution to the problems of the environment
pollution. However, owing to various social and historical reasons, general public shows much
concern for treatment and disposal of radioactive wastes. Therefore, reliable and safe
management of radioactive wastes has become a vital subject in nuclear power development.

While developing nuclear industry and nuclear power, China pays great attention to
management of radioactive wastes. The specific policies and principles have been issued in
this respect, including the following:

1. Nuclear facilities are required to reduce, as low as possible, their production of
radioactive wastes;

2. Radioactive waste treatment facilities and a principal part of the project shall be all
designed, constructed and put into operation simultaneously;

3. Radioactive waste shall be managed according to the classification criteria;
4. The national standards for releases of radioactive wastes to the environment must be

strictly implemented;
5. The policy of regional disposal shall be implemented for low- and intermediate-level

radioactive solid wastes;
6. Regional repositories are planned to be constructed in the North-West China, South

China, East China and South-West China.After approval by the state, a preliminary
design work has begun for the site, according to the design, a disposal capacity is
estimated to be 60,000 m3. Site selection and feasibility study for the South China
repository have been finished. Pre-selection of the sites for repositories in the East
China and South-West China is now proceeding. As a pre-requisite for the whole
project, the work for preparing related criteria and standardization of waste containers
is also being carried out;

7. Deep geological disposal will be adopted for high level radioactive waste and
fundamental research work is now carried out; and

8. Urban radioactive waste management. Temporary storage rooms for radioactive wastes
produced in applications of scientific research, industry, agriculture and medicine have
been built up in nearly 20 provinces and cities in China.

Thanks to effective policies and measures in radioactive waste management, a serious
event of radioactive environmental contamination has never occurred in nuclear facilities,
which creates a sound basis for the sustained development of nuclear industry and nuclear
power. It can be concluded that China has made great efforts in treatment and disposal of
radioactive wastes with many achievements in research and development.

15



Xie Zhenhua
Administrator,

National Environmental Protection Agency of China,
Beijing, China

As is well known, China is fairly rich in coal resources. The coal supply is over 25%
in the primary energy resources. This situation, as predicted, will not change by 2000 and
even longer. Inappropriate techniques, scales and applications adopted and used in coal
industry and coal-fueled industry may cause serious problems in environmental protection.
The Chinese government pays great attention to environmental protection and active measures
are applied to reduce the release of the green-house gases. In addition to use of the clean coal
burning technology to improve the availability of the burning rate, great efforts are being
made to exploit new energy resources to meet the needs of the developing economy and
reducing pollution. Among other things, the development of nuclear power is just one of the
options in this respect.

Furthermore, rich coal resources are distributed mostly in the north part of China while
the south part of the country and its coastal areas are short of energy resources and the
transfer of coal from the north to the south is seriously restricted. For this reason, the coastal
areas in short supply of energy resources and will inevitably develop nuclear power. The
authorities concerned in environmental management are supporting the appropriate
development of nuclear power in suitable places.

While developing nuclear power, management of radioactive wastes is considered as an
important problem. There is no difficulty in technology to treat and dispose of low and
intermediate level wastes as well as short lived wastes. Nevertheless, the consequence of
improper management of radioactive waste must never be underestimated. Treatment and final
disposal of spent fuel produce dissent of general public towards nuclear power in some
countries.

The Chinese nuclear industry concentrates a large amount of well-qualified technical
personnel in respect of scientific research and engineering. A considerable amount of
outstanding administrative personnel with practicable experience have also been trained. The
National Environmental Protection Agency and the China National Nuclear Corporation are
co-operating in a way of control and supervising of radioactive waste management activities.
It is fully recognized, from the long term co-operation, that outstanding technical and
administrative personnel in nuclear industry provide a fundamental guarantee for developing
nuclear power, safe operation of nuclear reactors and management of radioactive wastes.
Through their efforts and the increasingly strengthening international co-operation, and on the
basis of the present records of safe operation of nuclear facilities, it can be assured that not
only the nuclear power plants can be properly managed, but also problems associated with
treatment and disposal of radioactive waste can be solved.

In order to effectively protect the environment in exploitation and application of nuclear
energy, the operators of nuclear facilities and their responsible departments are required to
stricüy control radiation emissions into the environment. Besides that there are supervision
and monitoring units in the environmental protection bodies. There is an office of nuclear
environmental management subordinated to National Environmental Protection Agency, and
governments at the provincial level also have their own monitoring stations. These bodies take
the responsibilities for supervision and monitoring of the environment all over the country.
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Relevant tasks include preparation of laws, codes and standards; evaluation, monitoring and
examination of the environmental impact caused by nuclear facilities. Radioactive waste
management is also included.

There is a need to supervise and control treatment of radioactive wastes produced not
only by nuclear facilities but also from application of nuclear techniques. "The Prevention and
Control Law of Nuclear Pollution" issued by the state has been drawn up, and it will be
submitted to the National People's Congress for approval. The policy for disposal of low- and
intermediate-level radioactive wastes was formulated by National Environmental Protection
Agency together with China National Nuclear Corporation in 1992 stipulating requirements
for regional disposal of such wastes.

Radioactive wastes and spent radiation sources arising from the nuclear applications are
accepted and stored by the urban radioactive waste management stations in each provinces.
So far thousands of tons of radioactive wastes and thousands of spent radiation sources have
been accepted and stored.

Though China has gained preliminary experience in management of radioactive wastes,
it is only an initial stage and many problems have yet to be studied and solved. Due to further
development of nuclear power, increased application of nuclear techniques and expecting
decommissioning of some early-built nuclear facilities, radioactive waste amounts will be
continuously increased. Investigations, studies and practices are required to solve the
problems such as how to reduce the generation of radioactive wastes, how to treat and carry
out safe interim storage of radioactive wastes, how to carry out safe disposal of radioactive
wastes, and how to effectively control the generated radioactive waste.
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RADIOACTIVE WASTE MANAGEMENT CHALLENGES IN
DEVELOPING COUNTRIES

D.E. SAIRE
Division of Nuclear Fuel Cycle and Waste Management,
International Atomic Energy Agency,
Vienna

Abstract

This paper discusses the challenges facing Member States as they plan and implement
a national waste management programme. The challenges are divided into three areas,
namely, political, technical and ethical. These challenges have been identified by various
Agency activities and contacts with senior government officials, scientists and managers in
many countries. Agency programmes to assist Member States overcome the challenges are
described but the paper clearly states that it is the responsibility of the Member States to plan
and implement activities which will overcome the challenges and permit the establishment
of a successful national waste management programme.

1. INTRODUCTION

It is indeed a great pleasure to be here in Beijing at this Seminar and I am pleased to
present this opening paper. The title of this Seminar, "Radioactive Waste Management
Practices and Issues in Developing Countries", was selected to challenge Member States to
focus on the important issue of safely managing radioactive wastes that are generated from
nuclear power or other applications of nuclear energy. My paper will concentrate on this
challenge. To start this Seminar off I believe we must state the fundamental principle that
links a desire of a country to use nuclear energy with the need for implementing a national
waste management programme. This principle states that when a country makes the decision
to use nuclear energy, it has also made the decision to safely manage the radioactive wastes
that result from the use of the atom. This principle or fundamental truth can further be
elaborated on into what is classified as the "Safety Fundamentals for Radioactive Waste
Management". These Safety Fundamentals are contained hi the RAD W ASS1 document
entitled "The Principles of Radioactive Waste Management" which is planned to be
submitted to the Board of Governors of the IAEA at its December 1994 meeting. Now the
primary purpose of my paper will be to consider how well countries are in fact following the
fundamental principle as stated above. We can accomplish this by first outlining what are
the basic requirements that integrate into an effective national programme for the safe
management of radioactive wastes and how well countries are implementing these
requirements.

2. FUNDAMENTAL PRINCIPLES OF RADIOACTIVE WASTE MANAGEMENT

Before establishing the basic requirements of a national waste management programme,
we should first consider what is meant by the safe management of radioactive waste, since
this is the objective of any waste management programme.

1 RADWASS is the acronym for the RADioactive WAste Safety Standards
programme
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The Agency has been co-ordinating a three year effort among its Member States to
reach international consensus on the Safety Fundamentals/principles of radioactive waste
management. These principles will be formally approved soon and distributed as a
RADWASS document. The principles are listed below:

1. Radioactive waste shall be managed hi a way to secure an acceptable level of protection
for human health.

2. Radioactive waste shall be managed in a way that provides an acceptable level of
protection of the environment.

3. Radioactive waste shall be managed in such a way as to assure that possible effects on
human health and the environment beyond national borders will be taken into account.

4. Radioactive waste shall be managed hi such a way that predicted impacts on the health
of future generations will not be greater than relevant levels of impact that are accepted
today.

5. Radioactive waste shall be managed in a way that will not impose undue burdens on
future generations.

6. Radioactive waste shall be managed within an appropriate national legal framework,
including clear allocation of responsibilities and provision for independent regulatory
functions.

7. Generation of radioactive waste shall be kept to the minimum practicable.
8. Interdependencies among all steps hi radioactive waste generation and management shall

be appropriately taken into account.
9. Safety of facilities for radioactive waste management shall be appropriately assured

during their lifetime.

National waste management programmes should be developed and implemented hi such
a manner that all of these nine safety fundamentals are met. In this way, the objective of
radioactive waste management, which is to deal with wastes that human health and the
environment are protected now and hi the future without placing an undue burden on future
generations can be met.

3. REQUIREMENTS OF A WASTE MANAGEMENT SYSTEM

Since the fundamentals of radioactive waste management and the objectives have been
given, I would now like to turn my attention to the requirements, or should I say challenges
that must be faced or overcome to develop an effective national waste management
programme. These challenges can be classified or grouped into three categories:

Political challenges
Technical challenges
Ethical challenges

3.1. Political challenges

For a country to develop and implement an effective waste management programme,
it must have the firm support of the senior government officials of the country. This is the
fundamental requirement, for without support at the highest level of government, resources
will not be committed and essential legal frameworks will not be developed. Our experience
with developing Member States has shown that it is not always easy to create an awareness
of the need for the safe management of radioactive waste management among the high
echelons of government officials. The problem can be traced to the fact that government
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officials see no "optics benefit" from waste management compared to other uses of resources.
For example, it is usually easy to secure funding for a new road, new schools or even a
research reactor because these things have high public visibility. Waste management isn't
a product that can be used but a result of using certain products. Until the fundamental truth
mentioned earlier in this paper is clearly understood by government officials, it will continue
to be a battle to secure the necessary resources (funds and manpower) for the safe
management of radioactive wastes hi some countries.

The other political challenge concerns the establishment of the necessary laws and
regulations needed to set the framework for a waste management programme. These laws and
regulations should provide the legal basis for operational and regulatory waste management
activities. Normally issued as an Act of Government (Law on Radiation Protection or Atomic
Energy), they should include the general principles of waste management to be implemented
and responsible authorities for performing the regulatory and operational functions.
Governments must recognize that any atomic energy programme cannot be exercised without
the basic legal structure being hi place. Unfortunately, hi many countries, other higher
priority legal requirements have often put national atomic energy or radiation protection laws
"on the back burner".

3.2. Technical challenges

As is the case with many technologies or processes, there are many approaches to the
management of radioactive waste. But the first rule of this discipline regarding the technical
aspects involved, is to use the "integrated systems approach" to manage waste streams. This
"systems approach" to waste management is illustrated in Fig. 1. The reason for a Systems
Approach is quite evident as radioactive wastes are usually subject to a sequence of
operations or unit steps as shown hi Fig. 1 process may lead to lower volumes and lower
disposal costs. Still other considerations must be featured into the system, for example, the
conditioned end-product must also be compatible with the disposal environment with regard
to waste leaching, corrosion, biodégradation, etc. Furthermore, the actual availability of a
disposal area must also be a part of the consideration. Where large areas of disposal space
is available, there may be less incentive to reduce volumes. These are just a few examples
of why the Systems Approach to waste management is necessary. It is important not to take
action in one step of the system, which may render other steps more expensive or
technologically more difficult. The necessity of planning for the sound management of
radioactive waste streams can be illustrated by what is called the ICE concept. This concept
stands for the identification, characterization and evaluation of all waste streams to determine
how they should be segregated or integrated into the systems approach for their management.
Figure 2 attempts to illustrate the ICE concept by showing 12 different waste streams and
how as a result of identification, characterization and evaluation the streams may be
integrated for further waste management or may have to be processed through the waste
management system as a separated individual stream. Only by utilizing the ICE concept is
it possible to effectively plan for the management of various waste streams that may develop
from a particular facility or on a macro-basis, the entire country's programme. Failure to
employ the ICE concept will result hi complicating the waste management programme, as
waste streams become mixed, which should be separated, and similar wastes are processed
hi entirely different ways.

Another technical challenge we are facing is classified as the "overkill syndrome". Let
me explain what I mean by this term. In our experience with developing Member States, we
have observed that in many instances equipment or technology selected to perform a
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FIG. 1. Waste management - a systems approach.

FIG. 2. Identify, Characterize and Evaluate (ICE) Concept for radioactive waste management.

particular technical or process activity is highly sophisticated and expensive. There is a
tendency among scientists and engineers in developing Member States to want to purchase
a "Mercedes Benz" to do the job that a "bicycle" could do. As a practical example of the
"overkill syndrome", I recall where a certain nuclear research facility purchased a very
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elaborate waste incineration facility from a western country, when the total volume of solid
waste expected to be generated was less than 100 m3/year. In this case, a simple waste
compactor would have been more than sufficient and cost less than one quarter of the
incinerator. Although the Agency has always stressed straightforward and low cost solutions
to waste management problems, the "overkill syndrome" is practiced in several countries.
We must be able to select technical equipment and processes by their merits to do the job and
not simply because developed country A has such a process or equipment in operation.

The last technical challenge I want to discuss is the need for developing Member States
to perform some amount of research and development. While the Agency is hi the business
of transferring information and technology, Member States must conduct R&D on problems
which are of a local nature as it is not always possible to transfer technology that is
completely adaptable. A good example of the need for on-site R&D is the evaluation of
waste forms. Since waste forms are composed of local materials, it is not possible to directly
use waste form performance data from other countries. This is particularly true in evaluating
concrete or cement matrices as the chemical form and stability of the local ingredients of
concrete are different. In our dealings with developing Member States, we notice an attitude
which is "show us how it's done elsewhere". The Agency of course responds by providing
a stream of experts to offer technical assistance and advice. However, this assistance can
only go so far and it is up to the recipient country to translate the assistance into working
solutions for their own waste management problems. This entails a degree of research,
development and testing. In our experience, this had been the weak link in the whole
technology transfer process.

3.3. Ethical challenges

Since the fundamental principles of radioactive waste management discussed earlier
provided the ethical considerations (protection of future generations, protection beyond
national borders and burdens on future generations) surrounding the establishment of a
national waste programme, this part of the paper will only deal with near-term aspects of the
ethical challenges. In today's environment no national waste management programme strategy
can be developed without a firm plan for building public confidence and acceptance of the
national plan.

The growth of the nuclear power option is impeded in many countries today by public
concerns over the safety and environmental consequences of producing electricity by means
of nuclear reactors. The main components of this public concern are the potential for nuclear
reactor accidents, the day-to-day operational safety of nuclear reactors, the association in the
public's mind between nuclear power and nuclear weapons, and the question of what to do
with radioactive waste. Similar concerns are often expressed with the use of radioactive
materials for non-power applications. Scientists working on the technical aspects of
radioactive waste disposal have developed an international consensus that the waste can be
permanently managed in a manner that protects the environment and public health.
However, this view is not necessarily shared by the general public, thus the need for a public
information programme.

In the public's mind, the perceived risk from radioactive waste is very high. This
public's perception of the risk of radioactive waste differs markedly from the scientist's view
because of a lack of understanding of the objective risks to the health and environment and
the general mistrust that has developed over the decades since the introduction of nuclear
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energy. The problem of gaining public trust and understanding of national waste management
programmes can be traced to the following risk concerns:

Risks involving complex technology are not well understood by ordinary people.
There is a reluctance to accept risks that are involuntary (imposed), as opposed to those
about which each individual can make a free choice.
The public is reluctant to accept risks from projects or technologies that are under
centralized rather than local control, and where local people do not have input into the
decision-making process.
It is perceived that a failure of a waste management system could result in disastrous
consequences.
Recognizing the above, it is our ethical duty to structure national waste management

programmes to effectively interface with the public to remove their natural concerns about
the safety of waste management and disposal and replace myth with truth.

4. IMPLEMENTATION OF NATIONAL WASTE MANAGEMENT PROGRAMMES

With the defining of the challenges or needs of a national waste management
programme, it is time to assess how effective Member States have been in meeting these
challenges. As you might expect, obtaining this type of information is not an easy task, but
the Agency, through WAMAP2 has been able to collect some data. As shown in Fig. 3,
WAMAP missions have visited 40 countries over the period 1987-1994. Using information

WAMAP MISSIONS AS OF MID 1994

FIG. 3. WAMAP world map

2 WAMAP (WAste Management Advisory Programme)
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from WAMAP missions, data on the status of national programmes has been analyzed and
is shown in Fig. 4. Unfortunately, this data shows that Member States visited by WAMAP
missions do not have a high implementation rate for their national waste management
programmes. While admittedly most of the countries visited by WAMAP represent Member
States that needed advisory service, the degree of implementation shown on this figure
shows that the challenges mentioned earlier are not being fully met. While the degree of
implementation varies, depending on the region, it is interesting to note that the highest
rating received is here in the Asia and Pacific region. It is also worthy to note that the
degree in which R&D has been implemented received the lowest rating.

REGION

AFRICA.

ASIA & PACIFIC

LATIN AMERICA

MID. EAST & EUROPE

AVERAGE

INFRASTRUCTURE

(.3)

35

50

35

45

41

OPERATIONS
(.3)

15

30

25

30

25

R&D
(.2)

5

35

20

25

21

TRAINED STAFF

(.2)

25

50

25

25

31

Dll

21

41

27

33

31

Dl! = 100 INDICATES FULL IMPLEMENTATION OF WASTE MANAGEMENT
REQUIREMENTS / SAFETY IMPLICATIONS

( ) = WEIGHT FACTOR

FIG. 4. Degree of Implementation Index (Dll)

5. WHAT CAN WE DO?

Evaluating the data shown in Fig. 4, which was developed after WAMAP had been in
operation for about 4 years, the Agency has asked the question, "What can we do?" to help
Member States meet the challenges that have been identified, thereby implementing
effectively their national waste management programmes. Figure 5 shows the Agency's
response to this question as it lists specific activities, policy and/or programmes that have
been implemented or are in the development phase. As shown in this Figure, the Agency has
taken action or provided assistance to overcome every challenge I have mentioned in this
paper. However, Member States must also develop ways to meet this challenge of
implementing a national waste management programme. This is the message I leave with
you. The problem is well defined, the Agency will assist in developing solutions, but the
Member States must implement the solutions. This then is the challenge, and the future of
nuclear energy depends on how well this challenge is faced.
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RADIOACTIVE WASTE MANAGEMENT IN ALBANIA

K. DOLLANI
Institute of Nuclear Physics,
Tirana, Albania

Abstract

The policy and strategy of radioactive waste management hi Albania are described hi
the Ministers Council's Decree No. 83, 1971. According to this Decree the liquid waste are
all contaminated liquids with concentrations 10-100 times higher than maximal permissible
concentrations for ordinary water. The management of liquid waste is done through then-
collection hi special tanks without any treatment and subsequent discharge to sewer. The
principal radioisotopes in liquid waste are 1-131 and Tc-99m. The solid waste are all
materials, which contain of or are contaminated with radioisotopes up to levels greater than
exempted quantities. The management of solid waste is done through its safe storage hi the
premises, where radioactive decay occurs, especially for short lived radionuclides. Last
years, many spent radiation sources were gathered hi the Institute of Nuclear Physics (INP)
for conditioning and interim storage. For conditioning 200 litres standard drums with steel
bars and concrete filling having a hole in the centre are used. Spent radiation sources were
emplaced hi the hole until the activity of 20 GBq has been reached. Interim storage of
conditioned sources is carried out hi the engineering facility near the INP with trenches of
capacity 5 cubic meters each. Last year a national inventory of sealed radiation sources
begin to compile. A national programme for radioactive waste management hi the future has
been developed, taking into account the future extension of production and use of
radioisotopes and radiopharmaceuticals and the participation of Albania hi the IAEA
Interregional Model Project on Radioactive Waste Management.

1. THE POLICY AND STRATEGY

Radioactive waste management hi Albania is aimed to protect man and his environment
from undue exposure to ionizing radiation. The legal framework of radioactive waste
management was included hi the principal radiation protection regulations, which were issued
about 20 years ago as the Decree of Ministers Council No. 83, 1971 [1]. According to the
above-mentioned Decree, the responsibility for radiation protection rests with the Ministry
of Health through the Radiation Protection Commission. A scheme of the radiation protection
organization is presented hi Fig. 1. In this scheme, it is shown that radiation protection
activities important for the entire country are developed mainly hi the Institute of Hygiene
(IH) and in the Institute of Nuclear Physics (INP). The IH is responsible for control and
inspection of nuclear facilities and for other supervising activities, while the INP is hi charge
of performing technical activities such as personal dosimetric control, import and
transportation of radioactive materials, the spent radiation sources management, training of
users on radiation protection, etc.

The radiation protection activities at nuclear facilities are conducted and supervised by
appointed Radiation Protection Officers. Concerning radioactive wastes the above Decree
sorts out two kinds of them:

1. Liquid waste, which includes all liquids with the radioactive contamination of 10-
100 times higher than maximal permissible concentrations of radionuclides in
ordinary water, depending on half-lives of radionuclides.
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FIG. 1. Radiation protection organization

2. Solid waste, which includes all solid materials with radioactivity contents or
contamination greater than exempted quantities.

As the result of modest nuclear activities and the lack of the nuclear fuel cycle, only
low level waste and spent radiation sources are generated hi the country. The strategy for
radioactive waste management is the combination of decentralized and centralized
management [2]. As a general rule, radioactive waste management is the responsibility of
users, especially for short lived waste. In the daily practice the liquid waste management is
comprised of their collection hi special tanks without any treatment, and subsequent discharge
to sewer. Before discharge it is obligatory to measure specific activity of the liquid waste.
Usually nuclear facilities have two tanks in operation which are used subsequently after their
filling. That way provides decay of short lived liquid waste hi tanks before the discharge.
The principal radioisotopes hi liquid waste are 1-131 and Tc-99m, which constitute more than
95% of all waste radionuclides in the country. Annual activity of the liquid waste is about
200-400 GBq. The management of solid waste is also the responsibility of users, especially
for short lived wastes. After its collection, the solid waste is stored for a period of 10 half-
lives of contained radioisotopes and thereafter is treated as ordinary waste. The existing
legislation defines the daily limits of liquid waste discharges and exempted quantities of
radioactive materials. Table I presents the above-mentioned levels for the four groups
isotopes regarding then" radiotoxicity. For long lived radioactive waste the legislation requires
the centralized management without any detailed specification [1].

2. CONDITIONING AND STORAGE OF SPENT SEALED SOURCES.

Management of spent radiation sources (SRS) is the problem of great importance in the
country, both with regard to radiation protection and nuclear safety, because during many
years the gradual gathering of them in different premises have occurred. The use of sealed
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TABLE I. LIMITS OF DISCHARGES AND EXEMPTED QUANTITIES

Nuclide Toxicity Group

A (Very high)

B (High)

C (Moderate)

D (Low)

Liquid Activity Discharges
(Bq/day)

4«104

4M05

4»106

4«107

Exempted Quantities of
Activity (Bq)

2»103

2»104

2M05

2M06

sources began at sixties for geological studies, in industrial radiography, in the army for
radiometric equipment calibration, in cobalt therapy, etc. At that time any kind of local
regulations on safe handling of radioactive sources didn't exist.

During that period the occurrence of small incidents and unsafe uses of radioactive
sources are not excluded. Ten years later the situation has changed and all sources of
ionizing radiation were put under control, including SRS. During the last years conditioning
and interim storage of SRS was organized at the INP as the centralized facility for the whole
country. The first conditioning of SRS took place in 1992, followed by other conditioning
activities later. For the conditioning, 200 L standard drums with steel bars and concrete
filling (with defined proportions sand/cement/ /gravel/water), which have a hole in the centre
were used [3]. The SRS with or without radiation shielding were successively placed in the
hole until the activity of about 20 GBq has been reached. Thereafter the cement mortar was
poured over the sources. After emplacement of the lid, the drum was inspected for integrity.
Finally the radiation symbol was placed on the drum. The process of SRS conditioning is
presented in Fig.2. After the process of conditioning the interim storage was provided in the
engineering facility with trenches of 5 cubic meters capacity, which is in the vicinity of INP
[4]. Its capacity which can be increased up to 20 cubic meters makes this facility suitable
for meeting the country needs during many years. In the meantime it is necessary to explore
the possibility of disposal for conditioned sources. Concerning the future of two sources
from the cobalt therapy facilities (with initial activity 220 TBq and 110 TBq), the agreement
between users and suppliers has been concluded for return of spent sources to the suppliers
at the moment of their replacement.

FIG.2. Conditioning of spent radiation sources.
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3. THE INVENTORIES AND FUTURE DEVELOPMENTS
For the better knowledge of quantities and activities of sealed sources, which are in use

in the country ( in medicine, industry, research, etc.) during the last year the INP in co-
operation with the IH, began the compilation of the inventory for all sources. The form of
this inventory is presented in Table II. By this way it was intended to identify all radiation
sources, which of importance from radiation protection point of view and at the same time
to identify unknown radiation sources in the country. This inventory is also considered as
the necessary measure for better management of SRS. An important issue is an inventory
accuracy. The INP posses the documentation for many radiation sources, which are ordered
through regular procedures. But at the same time other ways of entering radiation sources
into the country exist, for example, some foreign companies investing to Albania have
brought technological lines which contain radiation sources, but without any notification.
Another kind of registry which it is intended to compile, is that of SRS. From this registry
it is hoped to be aware of the quantities and activities of SRS in the country, and therefore
the needs for further conditioning rate. In the coming years it is foreseen an eventual
extension of many activities with radiation sources, especially the production and use of
radioisotopes and radiopharmaceutical. In connection with the mentioned eventual extension
a national programme has been developed aimed at improvement and upgrading of

TABLE II. AN INVENTORY FORM FOR SEALED SOURCES

No

1

2

3

4

5

6

Device

G U - 3

ALCYON II
(CGR)

JUPITER-
JUNIER F

WELL
LOGGING
NEUTRON
GAUGE
Am/Be

NEUTRON
SOURCE
Am/Be

CALIBRA-
TION SO-
URCE

Radioactive Source

Isotope

Cs-131

Co-60

Co-60

Am-241

Am-241

Cs-137

Initial
activity

300 TBq (1984)

220 TBq (1989)

110 TBq (1990)

400 GBq (1982)

400 GBq (1984)

600 GBq (1988)

Current
activity

300 TBq

115 TBq

65 TBq

390 GBq

390 GBq

520 GBq

Institution

and city

INP, Tirana

Oncological
Inst., Tirana

Oncological
Inst., Tirana

Geological
Ent., Fier

INP, Tirana

INP, Tirana
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radioactive waste management both in legislative and practical directions.Two years ago the
IAEA RAPAT mission visited Albania.The recommendations of this mission included, inter
alia, updating of the radiation protection legislation in the country based on new concepts and
standards, which are accepted by and applied in many countries and organizations mainly
those which are related to the use of radioactive materials in medicine, research and industry
[2,5,6]. Now this work is headed by the Radiation Protection Commission.

We also appreciate the IAEA publications within the RAD W ASS programme, which
are considered to be a useful source of information both for the basic safety philosophy and
related necessary steps for implementation into daily practice.This year Albania was involved
in the Interregional Model Project on Radioactive Waste Management in the framework of
the technical co-operation and assistance with IAEA.lt is hoped that country will benefit
through different activities within the project like expert services, equipment and training.
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WASTE MANAGEMENT PRACTICES AND ISSUES IN
DEVELOPING COUNTRIES - THE CASE OF CROATIA

D. SUBASIC, S.K. DRAGICEVIC
APO - Hazardous Waste Management Agency,
Zagreb, Croatia

Abstract

Radioactive waste in Croatia is generated from various1 nuclear applications as well as
from the Krsko NPP operation (a joint venture of Slovenia and Croatia). The national
programme on radioactive waste management is aimed at establishing a new independent
radiation protection and nuclear safety authority as well as the development of new
legislation. The siting of a LLW/ILW repository hi Croatia is one of the important steps in
the whole radioactive waste management scheme. The concept of sub-regional disposal
facility for the needs of the two countries is also under discussion. Faced with the needs for
the establishment of an efficient waste management system for both radioactive and
hazardous waste Croatia is trying to implement a new approach by developing a joint
institutional infrastructure for both types of waste. The review of mam activities, role of the
institutions involved and some on-going projects which round up the present situation in the
field of radioactive waste management in Croatia are presented.

1. INTRODUCTION

The Republic of Croatia is one of the new independent countries on the map of mid-
South Europe. Besides the problems which all the countries in transition have in common,
Croatia has for the past few years been faced with war aggression and basic survival
problems. Nevertheless, Croatia is aware of the necessity of establishing a new or improving
the existing infrastructure in almost each segment of its system - economy, finance,
production, environmental protection. As a part of these efforts, substantial changes and
improvements in the field of radioactive and hazardous waste management have to be
undertaken.

The law and regulations covering radioactive waste management, which now are in use
in the Republic of Croatia, are adopted from the former Yugoslav regulations. All of this
legislation - from the national strategy issue to the guidelines for waste minimization - are
planned to be revised in order to meet the specific needs of the new independent country. A
new Croatian law in the field has already been drafted to meet the modern world/European
standards.

2. QUANTITIES, TYPES AND ACTIVITIES OF RADIOACTIVE WASTE

2.1. Radioactive waste from various nuclear applications

Radioactive waste in Croatia is generated from various nuclear applications. According
to the available data, some 500 institutions, with more than 5,000 operating personnel, are
authorized to handle radiation sources in Croatia.In addition, some 50,000 ionizing smoke
detectors are distributed in 950 buildings, and more than 600 ionizing lightning rods
(protectors) have been installed in 320 buildings. A total amount of radioactive waste
generated in Croatia up to now (ca. 63 m3) is estimated to have an gross activity 2.3-1012

Bq [1]. The waste contains radionuclides such as 152-154Eu, used in ionizing lightning rods,
241 Am in the ionizing smoke detectors, 192Ir, ^Sr, 85Kr and some others applied in
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measurement and processing techniques in industry, 137Cs and ̂ Co used in various diagnostic
and therapeutic methods in medicine, etc. The total inventory of ̂ Ra consists of about one
hundred needles and/or tubes. There are 31 users of the open radiation sources (in medical
institutions) producing liquid waste of which only the 3H and 14C are causing disposal
problems.

2.2. Radioactive waste from the Krsko NPP

Croatia is obliged to participate in finding a solution for the disposal of radioactive
waste generating during the lifetime of the Krsko NPP, a joint venture of Slovenia and
Croatia, but located in Slovenia. According to the waste origin, treatment and conditioning
technologies, as well as the content and form of LLW/ILW generated at the Krsko NPP, six
categories of waste exist [2]: spent resins, evaporator bottoms, compressible waste, super-
compacted waste, spent filters and other incompressible waste. All types of waste are filled
into 205 L steel drums in the Krsko radioactive waste process unit, and stored on-site in the
storage facilities. Drums are provided with additional shielding, according to the waste
activity. Since the Krsko NPP started operation in 1981, some 2,000 m3 of LLW/ILW with
a total activity of about 3.6-1013 Bq have been generated so far. The majority of drums
contain 85% of evaporator bottoms, followed by spent resins -10%, super-compacted waste
- 7.5%, compactable waste - 7.0%, other wastes - 1.5% and spent filters below 1%.
According to the Croatian legislation over 80% of drums, in the moment of their filling
belong to the category of intermediate level waste.

However, it is realistic to expect some 8,500 m3 of LLW/ILW to be generated at the
NPP during its lifetime. According to a rough estimation, the total activity of the LLW and
ILW generated in the lifetime of the Krsko NPP could be ca. 1.5-1014 Bq. In addition, some
11,000-12,000 m3 of decommissioning waste is expected to be produced at the Krsko NPP.
In terms of its activity, it is projected to be 53% LLW, 36% ILW and 11% HLW. The
prevailing radionuclide is expected to be ^Co, representing some 90% of the total activity
of decommissioning waste [3].

Considering HLW, the total capacity of the spent fuel pool is 828 fuel assemblies, and
45% of this volume (314 fuel assemblies) has been filled so far. Because of the recently
introduced VANTAGE 5 fuel assembly type and the extended reactor fuel cycle time, the
pool capacity will be sufficient until 2001. Afterwards, two options will enable continued
spent fuel storage: either to enlarge the capacity of spent fuel pool or to introduce dry storage
for fuel assemblies.

3. INSTITUTIONAL FRAMEWORK

3.1. Regulatory Body

3.1.1. Present structure of the Regulatory Body

The Regulatory Body for the Radiation Protection and Radioactive Waste Management
in Croatia has been organized as sections of the three ministries: the Ministry of Health, the
Ministry of Economy, and the Ministry of Civil Engineering and Environmental Protection.
Unfortunately, there is no permanent body to co-ordinate the activities of the ministries
involved. It should be added that a few other ministries are responsible for licensing of some
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radioactive waste management activities, such as transportation, import-export, release of
effluents etc. The basic organizational chart of the Ministry of Health and subordinate
institutions is given in the Fig. 1.

Sanitary Inspectorate, the Ministry of Health section, is the competent national authority
for radiation protection including radioactive waste management. There is only one person
in the Inspectorate dealing with all aspects of radiation protection and radioactive waste
management. There is more expertise in the authorized institutions than hi the Sanitary
Inspectorate itself. The Ministry of Health has authorized three additional institutions to
perform some parts of specific regulatory tasks. The Ministry of Health also suffers from
very limited budget available for regulatory tasks. In addition, there is a permanent problem
preventing build-up of a competent expert structure in the ministries involved: the salaries
in the ministries are not attractive enough.

3.1.2. Expected functions of the re-organized Regulatory Body

Although there is no definite solution on how the Regulatory Body will be organized,
the option in consideration (Fig. 2) is based on the Croatian needs for the forthcoming
period. It also respects the recommendations given by the IAEA RAPAT Mission [4] and the
experiences of some European countries.

The radiation protection and nuclear safety are supposed to be regulated by an
independent authority - the State Administration for Radiological and Nuclear Safety
(SARNS). The SARNS could be supported by the National Nuclear Commission (NNC),
which is expected to be established by the Government very soon. Activities committed to
the SARNS may be divided into three groups: (a) radiation safety, (b) nuclear safety and (c)
common services to both sections.

MINISTRY OF HEALTH
Sanitary Inspection Department

*
Head of Department

Main sanitary inspector

Sanitary inspectors of the state borders

t
Authorized Institutions

(research institutes, ECOTEC etc.)

RADIATION SOURCE USERS

DIRECTOR

Officer responsible for implementation of radiation protection measures

Head of company departments

Respons ib le persons in departments

Complete department staff

FIG. 1. Basic organizational chart of the Ministy of Health and subordinate organizations
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GOVERNMENT NATIONAL NUCLEAR
COMMISSION

STATE ADMINISTRATION FOR
RADIOLOGICAL AND NUCLEAR SAFETY

DIVISION OF
RADIATION SAFETY

DIVISION OF
NUCLEAR

SAFETY

MINISTRIES

EXPERTS

DIVISION OF
COMMON SERVICES

AUTHORIZED EXPERT INSTITUTIONS

USERS OF RADIATION SOURCES AND NUCLEAR FACILITIES

FIG. 2. Expected organizational chart of the re-organized Regulatory Body

On the other hand, the recently adopted Law on Health Protection foresees the creation
of the National Agency for Radiation Protection (NARP) which is supposed to perform
similar activities committed to the Section of Radiation Safety of SARNS (including
licensing, issuing of codes of practice, and control of radiation sources). It is considered that
the NARP could act within the Ministry of Health only until the SARNS is established.

3.2. Other institutions in the radioactive waste management framework

There are four groups of institutions dealing with radioactive waste in Croatia:

a) National operational organization - APO - Hazardous Waste Management Agency is
close to the Government (Ministry of Economy, Ministry of Civil Engineering and
Environmental Protection, Ministry of Health) and responsible for establishing and
maintaining an efficient hazardous, including radioactive waste, management system.
It is also authorized by the Government to organize and perform some specific actions
like environmental restoration and human health protection.

b) National research institutes - The "Ruder Boskovic" institute and the "Institute for
Medical Research and Occupational Health" are authorized to perform personnel
dosimetry and radiological monitoring programmes such as the monitoring of releases
from the Krsko NPP into the environment. Temporary storage for radioactive waste and
radiation sources has been established in both institutes.

c) Private companies - The private company ECOTEC is authorized to import and
transport radiation sources and to accomplish some other tasks. It has an important
role in all in situ actions where handling of radioactive materials (and waste) is
needed.

d) Users of radiation sources - The users are obliged to manage their own waste by
using, in general, three methods: (a) waste is stored until its activity falls below the

38



prescribed level, and then is managed as non-radioactive waste; (b) waste is stored at
one of two temporary storage facilities; and (c) some spent radioactive materials are re-
used or - if it is not possible - they are returned back to the producer (mostly out of
Croatia).

4. RADIOACTIVE WASTE MANAGEMENT SYSTEM

4.1. National strategy

The radioactive waste management strategy drafted in 1992 by the APO [5] is to be
approved by the competent ministries.The strategy has recently been rearranged according
to some of the latest IAEA publications [6].

These are the following main objectives outlined in the strategy:

(1) to identify in detail sources and quantities of radioactive waste hi Croatia, as well to
prepare and maintain the inventory of waste;

(2) to elaborate a legal framework, i.e. the system of responsibilities;
(3) to establish a mechanism for funding of the national radioactive waste programme;
(4) to introduce regulations on radioactive waste handling, transport, treatment and

disposal;
(5) to develop a LLW/ILW repository project (site selection, technical design, safety);
(6) to foster public relations;
(7) to give a full support to other radiation safety related actions.

4.2. The radioactive waste repository project

Up to now the following activities have been initiated and systematically dealt with:

a) a site selection process,
b) a disposal facility preliminary design, both tunnel and surface type,
c) a preliminary safety assessment and risk analysis for the prepared designs,
d) a detailed characterization of stored radioactive waste,
e) creating positive climate hi public hi terms of understanding and acceptance of the facts

that the problem of radioactive waste has to be solved and that a repository, although
an unpopular facility, has to be hi someone's neighborhood.

Siting of a radioactive waste repository in Croatia has been adjusted to the regional
planning. It comprises two stages- the first is the site selection, terminating by the inclusion
of candidate sites into the Regional Plan of Croatia; and the second - site evaluation stage,
aiming at defining a final repository site through field investigations and other necessary
actions [7]. After a very slow progress due to the situation in the country, preferred sites are
planned to be selected hi a couple of months. An interdisciplinary approach is fully applied
hi the site selection (all relevant topics from geology to sociology are involved). The standard
screening technique has been applied in the selection process. The stepwise approach, based
on verification of every step, started with screening of the entire territory of the country, and
is going to be finished with the selection of a few candidate sites. It has been based on the
implementation of both exclusive and comparative criteria [8].

A system approach includes synchronous preparation of the repository project design
[9], performance assessment and some other activities. Extremely high attention is given to
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providing a full, complete, constant and honest information to the public. Necessary
preparations for the involvement of local communities into the site selection process have
already been done. Democratic efforts in the repository siting process, as a controversial
facility, also include the identification of incentives needed to be given to local communities.
Being afraid of NIMTOO behaviour, we are very careful to prevent "premature" exposure
of politicians to the consequences of the NIMBY effect.

Due to the joint Croatian and Slovenian ownership of the Krsko NPP there are several
possible final disposal options. A final decision, whether the LL/IL radioactive waste
repository should be built up hi both countries, or just in one of them, for all the radioactive
waste produced in both countries, has not been made yet. The idea of a joint radioactive
waste repository construction for the Republic of Croatia and the Republic of Slovenia-as a
kind of sub-regional facility, is still an issue to be discussed.

4.3. The ongoing environmental remediation projects

Among a number of problems, the rescuing of damaged or destroyed radiation sources
hi the areas of Croatia affected by the war figures out as the most urgent problem [10]. In
accordance with the records, the mean (per source) activity of installed smoke detectors hi
the areas of Croatia affected by the war is 100 kBq, of lightning rods 7 GBq and that of
sources used in industry 370 MBq-7.4 GBq. The greatest attention is paid to the sources hi
destroyed buildings, sources being out of containment or out of control for any other
reason. Their uncontrolled transfer could imperil not only other parts of this country but could
have a negative transboundary effects as well.So far, the sources from roughly a half of the
affected territories have been surveyed and removed.

In 1993, Croatia joined the IAEA Technical Co-operation Project on Environmental
Restoration in Central and Eastern Europe with the APO appointed as the project co-
ordinator. There are four groups of radioactive contaminated sites identified hi Croatia: (1)
sites containing coal slag/ash piles; (2) sites containing phosphates and phosphor-gypsum
remained from fertilizers industry; (3) geothermal springs and gas/oil drilling; and (4) sites
containing natural radioactive materials.The highest priorities in the clean-up action are
supposed to be given to two sites containing coal slag/ash piles as well as to one fertilizers
factory.

5. THE JOINT APPROACH TO RADIOACTIVE AND HAZARDOUS WASTE
MANAGEMENT

Taking into account the problems of radioactive and hazardous waste management, the
points in common become strikingly evident. First of all, the basic ideas are the same: a)
reduce, reuse or recycle as much as possible, b) a fundamental requirement in final disposal,
for both types of waste, is maximum protection of present and future generations, c)
necessity of communication with public, openness and publicity in all actions and projects.

There are a number of actions which should precede efficient radioactive and hazardous
waste management such as an analysis of status and problems, review of the existing
legislation, drafting new legislation documents, communication and co-operation with the
authorities, as well as with public and local community, preparation of waste types/quantities
data base inventory, etc.
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The siting processes for treatment and disposal facilities are almost the same in terms
of public acceptance, licensing and "technical process" of the site selection- from preparing
site-selection criteria to the end of the decision-making process.

In order to make a very complicated process of creating and implementing the waste
management system faster and more efficient, the idea of the approach, at least to some parts
of the required infrastructure, has been adopted in Croatia [11] .There are numerous benefits
of the approach, the major one being avoiding the dual system establishment. Furthermore,
there is a certain know-how in the field of LL/IL radioactive waste management in Croatia,
which could find a good use in hazardous waste management.

On top of that, associating the problem of radioactive waste management with the
management of other hazardous wastes, enables those problems to be compared and
correlated. Making the problem of safe treatment and disposal of LL/IL radioactive waste
a one-item agenda could create an impression hi public that radioactive waste is the only
waste environmental problem in Croatia, which is definitely far from being true. On the
other hand, insisting on the problem of the radioactive waste disposal could evoke the fear
of a possible future nuclear programme, which could have an adverse effect on the public
acceptance of waste management activities.

Considering the joint process of site selection for disposal of radioactive and hazardous
waste it is obvious that the process would be optimized due to time and money savings. Site
selection is a relatively expensive, slow and time consuming process, especially owing to
public sensitivity to the issue.

The important benefit, especially for small countries with a high population density,
comes from the optimal use of the country territory. Not because of some ten hectares
needed for the facility itself, but because of the surrounding land, the use of which is going
to be affected by the vicinity of the waste facility, even when there are no scientific reasons
for such restrictions.

6. CONCLUSION

Faced with the challenge of improving the existing and/or setting up a new waste
management infrastructure for both radioactive and hazardous waste, Croatia has tried to
answer that challenge in a few ways- by preparing the new national radioactive waste
management strategy, establishing the new structure and implementing the joint approach to
radioactive and hazardous waste management. The idea of common elements of the
infrastructure enables optimization of limited national resources and significant tune and
money savings. After the initial steps have been undertaken hi that direction the first
experiences are encouraging.
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Abstract
The future safe development of nuclear energy and progressive increasing use of

radioactive materials in medicine, research, industry and other fields in the Republic of
Cuba in the past years have determined the necessity to formulate and apply a national
policy to assure harmless and ecologically rational management of radioactive wastes.The
ruling principles for the application of the established radioactive waste management policy
in Cuba are summarized.The elements of the infrastructure existing in the country, the
legislative framework and the technical resources for attachment of important tasks related
to the radioactive waste including spent sealed source management are further brought. Some
results of the studies, which served as a basis for design and construction of a facility for
treatment and conditioning of low level liquid and solid radioactive wastes, are also
given.The main characteristics of the facility are described.The main ideas which govern the
improvement of the safety and effectiveness of the radioactive waste management in Cuba
in the coming years are finally discussed.

1. RADIOACTIVE WASTE MANAGEMENT POLICY IN CUBA

A few matters have been drawn more attention by scientists, governments, and the
general public in the last 30 years than radioactive waste issues. Nuclear techniques
application programmes developed by the Republic of Cuba do not bypass the course of
actions relating to this important issue. The main objective of the Cuban policy in this field
is to ensure a harmless and ecologically rational management of radioactive wastes by
applying recommended and accepted methods. It lies in the following bases:

Prohibition of direct discharges of any kind and quantity of radioactive wastes into the
environment.
Classification and segregation of radioactive wastes and their storage for decay at the
waste producer sites.
Planning of in situ treatment, conditioning and interim storage of radioactive wastes
from nuclear power stations.
Central collection and storage of wastes and spent sealed sources.
Treatment, conditioning, and interim storage of wastes and spent sealed sources from
the institutional use of radioisotopes at the waste treatment facility built to this end.
Final disposal of conditioned radioactive wastes and spent sealed sources into a
projected national repository.
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2. WASTE MANAGEMENT INFRASTRUCTURE

The Cuban's integrated policy of nuclear development is entrusted to the Executive
Secretariat for Nuclear Affairs, which is the regulatory body in charge of radiological
protection and nuclear safety. For this purpose the Secretariat has a special implementing
body the National Centre for Nuclear Safety. The National Centre for Nuclear Safety is
responsible for licensing and supervision of nuclear installations.

The organization responsible for the waste management policy is the Centre for
Radiological Protection and Hygiene, which is also entrusted with the main services and
developments of important parts of the National Radiological Protection System, and to
which an existing facility for the treatment of radioactive wastes belongs.

The regulatory framework comprises of a set of legal documents, the ruling one of
which is the Decree-Law for the National Regulation of the Peaceful Use of Atomic Energy.
The regulatory body, the Executive Secretariat for Nuclear Affairs (for everything concerning
radiological and nuclear safety, including radioactive waste management) has been enacted
in this document.

The limits which define wastes as radioactive, the prohibition of their discharge to the
environment, and the organization of central collection and storage of radioactive wastes and
spent sealed sources are established in the decree which regulates the work with radioactive
materials [1].

The regulations for import, transit and export of radioactive materials, as well as the
requirements of issuing special permits for performing those activities are established in the
decree for the safe transport of radioactive materials.The methods for the registration and
control of radioactive wastes are established in a practice guide in which more elements for
the classification of wastes are also given; their storage at the waste producer for a minimum
of one year is established, and the requirements for their collection and segregation are stated
[2].

3. RADIOACTIVE WASTE MANAGEMENT

At present, the radioactive wastes existing hi Cuba are classified according to their
origin hi three groups: the first and most significant one, based on the volumes as well as
the number of facilities where they are generated, are the wastes from different kinds of
research performed in the fields of biology, industry, medicine and agriculture; the second
one is related to those wastes generated in medical applications; and the third group
includes the wastes originated in the research hi the field of treatment of radioactive wastes,
and production of radioisotopes and labeled compounds.

Table I shows the typical radionuclides of each of the above mentioned groups.
As shown in Fig.l, management of radioactive wastes from any of those groups comprises
collection, segregation and storage for decay at the waste producer sites, then* centralized
transfer to the waste storage and treatment facility (WSTF), and once there, their
conditioning for interim storage. Conditioning of liquids is performed by cementation,
whereas conditioning of solids is done by compaction.

During collection of wastes, the personnel of the WSTF control the wastes which have
decayed, and perform their disposal. The wastes to be disposed of are those in which the
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TABLE I. TYPICAL RADIONUCLIDES IN EACH GROUP OF WASTES ACCORDING
TO THEIR ORIGIN

Group

1

2

3

Typical radionuclides

H-3; C-14; 1-125; P-32; S-35

1-125; Tc-99m; 1-131; Cr-51; Fe-59;

Co-60; P-32; Cs-137; Sr-90; Ce-144
1-125; 1-131

Co-57; Co-58; Ga-67

Eu 152; H-3; C-14;

I Medical j
implications!1_________l

i Research
! Applications

\ Collection i! Segreg-at ion i

Radioisotope j
labeled comp j Waste producer-
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j
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ISTF - Waste Storage and Treat»ent Facility.

FIG.l. Schedule for the management of radioactive wastes
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activity is below the exemption levels.The regulation in force states that only the WSTF
personnel are authorized to perform disposal of radioactive wastes.

4. SPENT SEALED SOURCES MANAGEMENT
The planned scheme for the management of spent sealed sources is shown in Fig. 2.

Up to the present, the sources shown in Table II have been only collected for storage.
Options for the management of spent sealed sources comprise the source recycling for use
in other institutions, the return of most active sources whenever it is possible to the supplier,
and centralized interim storage at WSTF.

5. MAIN RESULTS OF THE STUDIES ON TREATMENT OF RADIOACTIVE WASTES

Studies performed on the most appropriate methods for the treatment of radioactive
wastes in Cuba have been directed to the use of different natural sorbents such as turf and
zeolites; to the chemical treatment of wastes using different chemicals and to the
immobilization of wastes in cement [3-4]. Ferrocianates, carbonates and phosphates together
with the sorption by natural zeolites resulted in a very effective chemical treatment of
complex radiochemical and chemical wastes [5]. Modifying the national zeolites gave an
increase in sorptiveness for the treatment of wastes containing Cs-137, Co-60 and Sr-85
radionuclides [6] .The influence of radiation and thermal treatment on the behavior of zeolites
has been also studied [7].

Supplier
/ ^

Sources in recycle

H Dec it icm about no use h

Col lectio«
Transport

i Act iu ity test (
! Leakage test

Short lived Long lived

Storage for decay Interim storage

Transport Conditioning

Evacuation
hiteriro storage

iransporx

FIG. 2. Projected schedule for spent sealed sources management
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TABLE IL ESTIMATED ACTIVITIES AND QUANTITIES OF SPENT SEALED
SOURCES STORED AT THE WSTF

Radionucl ide Quantity
of sources

Am-241
Am -Be
C-14
Cd-107
Cd-109
Cf-252
Co-57
Co-60
Cs-137
Eu-152
Fe-55
Fe-57
H-3
Ir-192
Kr-85
Na-22
Ni -63
Pm-147
Po-Be
Pu-Be
Pu-238
Pu-239
Ra-226
Ru-106
S-35
Sn-119
Sr-89
Sr-90
Tl-204
unknown
Total

872
3
5
1
1
1
2
91
90
1
1
1

13
100
2
4
1
3
6
3
3
19
118
1
1
1
3

148
22
65

1582

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

Total
activity
9
76
0

37
0
0
8

592
64
0

370
1
11
1
3
74
370
14
1

554
2
1
58
0
0
0
37
16
1

370
659

.44

.22

.14

.00

.OO3

.00

.40

.42

.09

.00

.00

.85

.10

.88

.77

.00

.00

.80

.85

.00

.22

.27

.13

.00

.07

.00

.18

.91

.08

.61

.51

GBq
GBq
MBq
MBq

MBq
TBq
TBq
MBq
GBq
GBq
TBq
GBq
MBq
MBq
GBq
GBq
GBq
GBq
MBq
GBq
MBq

MBq
GBq
GBq
GBq
TBq

0.00 - sources of unknown activity

For conditioned wastes, studies on leaching of matrixes of cement mixed with Cuban
zeolitic rock have been carried out under different conditions [8]. For the treatment of
radioactive wastes containing 1-125, C-14 and H-3 radionuclides, mixed beds of organic
synthetic ionites and activated Cuban charcoals have been employed [9].

6. THE WASTE TREATMENT FACILITY

The main difficulty encountered by most of the developing countries is the lack of
facilities for treatment and storage of different types of radioactive wastes resulting from the
applications of nuclear techniques. In Cuba, it was decided to build a facility for the
treatment of low level wastes and their interim storage for 10 - 15 year period of time; the
storage of spent sealed sources is also included.
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As shown in Fig. 3, the technology of the WSTF comprises coagulation-flocculation
process with iron and aluminum salts in a basic medium, its sedimentation and a process of
ion-exchange in zeolites or organic synthetic ionites for liquid wastes; conditioning of
resulting sludges and spent sorbents in cement , and compaction of solid wastes. Using the
technology of the WSTF, some 30 m3 per year of low-level liquid wastes may be processed.
For the compaction of solids, the WSTF has an 88 kgf/cm2 press. The volume reduction
factor reached is 3.
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\/
final i
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FIG. 3. The technology applied in the Waste Storage and Treatment Facility

7. WASTE AND SPENT SEALED SOURCES MANAGEMENT: PROSPECTS

The results obtained so far, such as training of the personnel responsible for
radioactive waste management, assurance of the state supervision in radiation protection, and
the existing regulatory framework allow to project the future years' work to its consolidation.
For this purpose, it is necessary to apply in our specific conditions the international
recommendations relating to exemption levels as well as intensify the controls of the existing
practices.This way, the central collection of wastes should be directed to the relevant ones.
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Likewise, it is necessary to develop and implement the methods for conditioning of
spent sealed sources, which will enhance safety during their storage as well as foster the
development of plans for the projected life of the existing sources. Special attention should
be given to the information disclosure and to the education of the public in issues relating
to the policy and practices performed in the management of radioactive wastes including
spent sealed sources.
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Abstract

This paper outlines the radioactive waste management activities in China, mainly
concerned with:

(1) Strategies and regulations of radioactive waste management,
(2) Radioactive waste treatment and conditioning,
(3) Radioactive waste disposal, and
(4) Decommissioning and decontamination.

The China nuclear industry has a history more than 30 years. An integral system of the
nuclear fuel cycle has been established. With the operation of various nuclear reactors and
spent fuel reprocessing plants, a large amount of LLW and ILW and quite a lot of HLW
have been generated.

1. STRATEGIES AND REGULATIONS

1.1. Policy and Strategy

Owing to the following measures the radioactive waste management is regarded as
satisfactory:

The pollutant itself must manage its own radioactive wastes;
Radioactive waste treatment facilities shall be set up at the same time when the main
nuclear facility is constructed;
Safety analysis and environment impact assessment reports shall be prepared;
The principle of "Controlled generation, categorized collection, volume reduction,
immobilization, reliable packaging, in-situ storage, safe transportation, and regional
disposal" is followed in managing LLW and ILW;
Release of radionuclides into the environment shall be restricted; and
Radiation protection principles shall be applied to radioactive waste management.

The Environment Protection Act has been promulgated. The Atomic Energy Act and
Nuclear Pollution Control Act are being developed. All these acts will greatly facilitate safe
and efficient radioactive waste management.
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1.2. Regulations and Standards

In order to ensure safe management of radioactive wastes, the National Environment
Protection Agency (NEPA), National Nuclear Safety Administration (NNSA) and China
National Nuclear Corporation (CNNC) have paid great attention to establishing and
promulgating policies, regulations and standards for radioactive waste management,
particularly in the past 10 years.

At present, there are 43 standards hi the system, in which 16 have been issued. These
standards can be divided into two categories: one is general standards for radioactive waste
management; the other is those to be used in controlling or managing the various processes
in radioactive waste management.

Besides the general principles, the following specific principles are followed in drafting
the relevant standards:

(1) Safety first - to protect the environment and human health of this generation and future
generations;

(2) Economy - to implement the ALARA principle;
(3) Taking disposal as the core of waste management; and
(4) Adopting international and foreign state of the art standards according to the national

conditions.

2. RADIOACTIVE WASTE TREATMENT AND CONDITIONING

The low level radioactive gases and liquids can be discharged into the environment only
when they are cleaned up and the permissible levels are achieved. Such discharges are
controlled by two factors: total discharge amount and specific activity.

The solid wastes are separately collected on-site according to their physical properties
and specific activities.In some places, the volume reduction is carried out by compression
or incineration. Two kinds of a compactor with unidirectional force or three directional forces
have been developed and put into use.At the China Institute of Atomic Energy, a three
directional forces compactor with pressure of 1001 is installed. At the Qinshan Nuclear Power
Plant, an unidirectional force compactor with pressure of 30 t is used. At present, the
incineration of radioactive wastes is not so extensively used in China.

Wet solid wastes are immobilized by cementation, bituminization and vitrification.
SYNROC process as the second generation HLW-solidified process is being studied.

2.1. Cementation

For solidification of LLW and ILW, cementation process is adopted at the Qinshan NPP
and the Daya Bay NPP. The former uses in-drum cementation, while the latter uses the
outer-drum mixing cementation. The China Institute of Atomic Energy has developed a series
of cement formulations and the characterization methods for solidified products, and it has
especially developed a planet mixer which is equipped with two twisted dragon-type mixers
gnawing each other at 90°, and moving up and down in 200 L standard drum with self rotary
of 12 rpm and common-rotary of 2 rpm. The distance between the mixer and drum wall is
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10 nun. The minimum distance between the mixer and drum bottom is 5 mm. Compared
with the common mixers, this mixer has obvious advantages such as:
(1) mixing homogeneity,
(2) self clean-up without residues on the mixer when moving up above the drum,
(3) stable operation without splash, and
(4) loading factor 90%.

2.2. Bituminization

A bituminization facility with capacity 12 mVd is now in operation. This facility is a
film-type evaporator equipped with a rotary scraper. This evaporator has a heating area of
2.5 m2 heated by 2-2.5 MPa steam. The scraper axis rotates at 650-850 rpm. The melting
solidification products are poured into 200 L drum. The specifications of the solidified waste
are as follows:

Salt loading factor 40 wt%
Water content < 1 wt%
Leaching rate (Na+) lO"4 g/cm2

Resistance against radiation 5 xlO4 Gy
Softening point 70-100°C
Exothermic starting point min. 260°C
Pyrophoric point min. 300°C

In order to prevent salt scale formation on the internal evaporator wall, hydrocarbonyl
sulphonate having surface activation has been used, accordingly causing homogeneous mixing
of the wastes and asphalt.

2.3. Vitrification

More than 1000 m3 of HLW have been produced in China. They are safely stored in
stainless steel tanks. The activities in the vitrification of HLW began in 70's.The
fundamental research work regarding glass formulation and glass product characterization is
carried out in the China Institute of Atomic Energy.The Beijing Institute of Nuclear
Engineering (BINE) is responsible for the design. The R&D work first was focused on the
batch pot process which was abandoned in 1985 because of its limited throughput. In 1988,
the liquid-fed ceramic melter process (LFCM) has been chosen. The jouit design for a full
scale non-radioactive mock-up facility VPM (Vitrification Plant Mock-up) has been fulfilled
in Germany in 1991.The waste oxide loading in borosilicate glass is 16%.The glass frit will
be applied in the form of 1-2 mm beads. The maximum temperature of glass melting is 1180
°C.The design throughput of the VPM is 65 L/h feed.

According to the schedule, the melter will be delivered from Germany to China in 1994
and put into operation hi 1995. Based on the results and experience gained from the VPM
design and construction, an active vitrification plant will begin work hi the second half of the
90's. It is planned to construct an active facility by 2000.

3. RADIOACTIVE WASTE DISPOSAL

Over 50,000 m3 of low and intermediate level solid radioactive wastes have been
accumulated hi China hi the past 30 years. In this decade, more or less the same amount of
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wastes will be generated along with the nuclear facilities decommissioning. Together with
the NPP radioactive wastes, more than 100,000 m3 of low and intermediate level solid
radioactive wastes will be stored on-site in storage facilities by 2000.

Based on the investigation of transportation risk and benefit-cost analysis, the principles
of regional disposal has been established.

(1) Construction of a low and intermediate level radioactive waste repository shall be
regarded as one of the prerequisites for the development of nuclear power followed
by decommissioning of nuclear facilities. An important content is the examination of
safety analysis and environment impact assessment of nuclear facilities by the
environmental protection and safety supervision authorities.

(2) When new nuclear power plants and nuclear facilities are put into operation, radioactive
waste disposal shall be taken into consideration. Temporary storage of LLW and ILW
hi the plant area is limited to 5 years.

(3) A regional repository shall be established and radioactive wastes shall be disposed of
as close to the plant as possible. These repositories are located at favourable locations,
taking into account safety, economy, technological, social factors, and the conditions
of geography and communications under the unified national plan, and adjoining to
existing or planned large-scale nuclear enterprises. They will accept wastes not only
from nuclear industry and nuclear power plants, but also from nuclear applications.

(4) It is prohibited any institution to operate its own LLW/ILW repository, or use its
interim storage facility as a permanent one, and it is stipulated that all the LLW/ILW
must be concentrated and disposed of in a regional disposal repository with the state
license.

(5) In the next 10-20 years, the repositories in the East China, the South China, the
Northwest China, and the Southwest China will be set up steadily.

(6) The CNNC takes the responsibility for siting, construction and operation of a regional
repository for LLW/ILW, and the NEPA is responsible for reviewing and approving
the environmental impact assessment reports of the repository, formulating and
promulgating relevant standards and regulations and guidelines. The local environmental
protection authorities are responsible for supervising environmental protection activities
in disposal sites.

(7) The long-term loans shall be provided by the state, and part of the capital construction
cost of NPP shall be allocated as the initial fund which is used mainly during design
construction, and initial operation. The repository provides service on the basis of
compensatory approach. The income collected will be used to pay off the loans and
maintain the operation.

3.1. Siting Activities

Since the early 80's, complying with the national standards and basing on the expert
suggestions as well as on the related IAEA criteria, the geological selection of disposal sites
for LLW/ILW has been carried out hi the East China, the South China, the Northwest China,
and the Southwest China respectively.
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In the East China, since 1988 a programme on the disposal site selection for
LLW/ILW has been performed by CNNC. 17 suitable areas were found suitable according
to the geological map, and 21 potential sites were investigated in the field, among them 5
candidates were recommended such as one near surface disposal site, two abandoned zinc-
lead mines, one abandoned uranium mine and one artificial cavity at Qinshan.

In the Northwest China, 6 preliminary disposal sites have been proposed, and two of
them are chosen as candidates for the characterization.

In the Southwest China, 38 preliminary disposal sites have been selected on the
geological maps, ten of them were investigated in the field, at least 3 candidates were chosen
for further investigation.

In the South China, 30 preliminary disposal sites have been selected on the geological
maps, 20 of them were investigated in the field. 2 candidates, 2 km north of the Daya Bay
NPP in Guangdong Province, were chosen.

3.2. Hydraulic Fracturing Disposal Process

The hydraulic fracturing process is a disposal method which combines treatment and
disposal of ILLW. Though similar to the cementation process in respect of treatment
technology, it is of cement solidification in deep stratum. By using the matured fracturing
technology and the equipment available in oil industry, the ILLW grout mixed with cement
and other additives is injected into the underground closed stratum with extremely low
permeability and solidified with shale to become an integral body. As a result, the radioactive
wastes are isolated from the human environment.

From 1980's the R&D of hydraulic fracturing process was initiated. For the survey of
candidate sites, twelve wells were drilled in the north of Sichuan Province. The investigation
shows that the shale is wide hi distribution scope and large hi thickness over 500 m; the
content of clay mineral is high; the underground water table is 150 meters below the surface;
there is a impermeable stratum below the underground water table; the earthquake intensity
of the area is low and the crustal stress in three-dimensional space is advantageous to the
hydraulic fracturing injection. Therefore, it is an ideal site.

Two runs of experimental injection at the depth of 433 m were carried out in 1989.

(1) 270 m3 of water containing 198Au 3.09 xlO11 Bq
(2) 291 m3 of simulated grout containing 134Cs 3.62 xlO11 Bq

The results are as follows:

(1) Breakdown pressure: 26 MPa; Corresponding injection rate: 0.13 m3/min;
(2) Prolongation pressure: 20 MPa; Corresponding injection rate: 1-1.13 m3/min;
(3) The maximum angle of grout sheets is about 25; and
(4) The maximum distance of grout sheets is 116 m from the injection well.

The observation wells for covering rock stratum are built around the injection well
to observe and measure the leakage rate of water of the naked part at the well bottom under
0.5 MPa pressure. The rising value of earth's surface is determined after each injection. In
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NaNO3
Na2CO3
NaOH
NaAlO29oSr
137Cs
I06Ru-106Rh
Ea
slurry

(g/L)
(g/L)
(g/L)
(g/L)
(GBq/L)
(GBq/L)
(GBq/L)
(kBq/L)
(MBq/L)

280
40
80
100
0.056
1.32
0.28
26

addition to the blowout preventer assembly, an emergency waste pool of 150 m3 was
constructed to store the radioactive grout coming back to the earth's surface. Now this
facility is applying for operation license.

3.3. In-situ Bulk Grouting Process Disposal

The Gebi Desert in the west part of China is a sparsely populated area with fairly dry
climate. In 80's, a comprehensive geological survey and safety analysis as well as
environmental impact assessment were carried out. It has been found out that there is stable
geological formation. The underground water table is 40 m below surface. In-situ bulk
grouting process as performed in Hanford, USA, is suitable for ILW disposal in this area.
The liquid wastes to be disposed of can be divided into two categories, their compositions
are as follows:

Chemical decladding wastes Concentrates

330
50
20

0.16
4.25
0.58
67.5
51.8

The specifications of the grouted wastes are as follows:

Matrix material Portland cement

Grout flowing 0.17 m
Initial setting time > 2.5 h
Ending setting time <48 h
Compressive strength > 10 MPa

On the basis of research on formulation, a pilot cold test for demonstration was carried
out in 1986. The underground concrete vault was 4.24x23.5 m3. The temperature of
cemented body rose up to 119°C after 5 days casting, and then it dropped to 35°C 60 days
later.

LLW/ILW is pumped out from the collection and transfer system to the feed system,
then to the mixer of the grouting disposal system. All the concrete vaults are located
underground, and the mixer sits at the top of the vault. The waste cement paste flows into
the vaults by gravity. The vault size is 886 m3. Casting a vault will take about 26 hours.
Several days later, an additional layer of clean cement will be put on the surface of the
solidified waste. 12 vaults form a unit, several units will be constructed as required. The
vault is built by reinforced concrete with a structural cover and surrounding clay to retard
the release of radionuclides from the disposal system. The HLW will be disposed in a deep
geological formation.
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4. DECONTAMINATION AND DECOMMISSIONING

4.1. Contaminated Metal Recovery

In the nuclear fuel cycle, particularly in the case of accidents and decommissioning
of nuclear facilities, a large amount of contaminated metals will be produced. Generally they
can be decontaminated and reused depending on their clean-up levels. In order to reduce the
radioactive waste volume and recover reusable metals, melt refining can be regarded as a
sound solution.

The China Institute for Radiation Protection (CIRP) has conducted decontamination of
uranium-contaminated equipment coming from the diffusion plant. More than 10001 of steel,
copper, and nickel were recovered. Their research results are as follows:

Melt refining can effectively remove the uranium contaminants from metal into slag;
Residual uranium contents hi the ingot depend mainly on the basicity of the flux;
When it is in the range of 1-1.3, the best decontamination efficiency can be obtained;
Temperature of 200-300 °C higher than metal melting point is suitable for melt refining;
The shorter the melting time, the better the decontamination efficiency. As soon as the
metal is melted completely, it should be casted;
Original contaminated level has no effect on melt refining results;
Uranium distribution in slag is sufficiently homogeneous;
Slag looks like ceramics. It can be directly disposed of after proper packaging;
Residue uranium content in ingot is 1 ppm. Metal recovery is 96%.

4.2. Uranium Mines and Mills Decommissioning

Since 1987, some of the uranium mines and mills have reached the end of their service
life. More than 10 of them will be decommissioned in forthcoming years. Most of the
uranium mines and mills are located in densely-populated areas with high moisture, abundant
surface water resources and high level of underground water, which are favorable conditions
for developing agriculture. Therefore, environmental remediation is the urgent need.The
government and the public are also paying more attention to the environmental problem.

The major task of the decommissioning engineering is to press down the rate of radon
release, keep surface water and underground water free from radiation pollution. Research
work on the covers of tailings with two kinds of different materials-clay and concrete has
been conducted.Though they are effective, clay is more economical and feasible in a large
covering area.
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Abstract
The waste management system hi Egypt comprises operational and regulatory

capabilities. Both of these activities are performed under a legislative umbrella.The legal
framework is well defined by both the Decree No. 288 (1957) which allowed the
establishment of the Egyptian Atomic Energy Commission (now it is the Atomic Energy
Authority (AEA) and the Law 59 (1960) which assigned the full responsibilities for
licensing, management and control of the use of radioactive materials and the waste arisings
to the AEA.The operational capabilities are allocated to the Hot Laboratories and Waste
Management Centre (HLWMC). These capabilities include,beside the operators, the facilities
for treating and conditioning liquid and solid radioactive waste. The liquid radioactive waste
facility has been completed under an IAEA Technical Assistance Project. The facility can
treat 10 m3 /day of low level liquid radioactive waste and 2 m3 /day of medium level liquid
waste. The facility was commissioned in December 1993. It uses three methods for treating
liquid radioactive waste: precipitation, evaporation and ion exchange. Sludges and
concentrates resulting from the treatment are conditioned by cementation in the cementation
plant which is a part of the facility. The solid radioactive waste treatment includes
compaction and incineration. The compactor has been supplied under an IAEA Technical
Assistance Project. The building for the compactor has been completed and the compactor
has been installed. The compactor is a French model (SON) with a compaction ratio ranging
from 1:5 to 1:10. The compacted waste will be conditioned by cementation in the
cementation plant. The incinerator has been supplied through the technical co-operation
with Germany.lt was commissioned in 1993, for inactive solid waste and will be operated
for one year before being used for low level solid radioactive waste. The regulatory activities
are assigned to the National Centre for Nuclear Safety and Radiation Control
(NCNSRC).These activities include issuing regulatory documents, reviewing safety analysis
reports, issuing licenses, inspection and control of all the safety- related activities.

1. INTRODUCTION

Widespread use of radioisotopes in different applications is resulted in the generation
of appreciable amounts of radioactive waste. Radioactive waste may also arise from the
processing of raw materials that contain naturally occurring radionuclides.

Radioactive waste needs to be safely managed because it is potentially hazardous to
human health and the environment. Safe radioactive waste management requires the
application of technology and resources in a regulated manner, in accordance with
internationally agreed principles [1] so that the exposure of the public and workers to
ionizing radiation is controlled and the environment is protected. Basic requirements for
such safe management are provided in the Safety Standards on Prédisposai [2], Disposal
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[3,4], Uranium and Thorium Mining
Nuclear Facilities [6].

and Milling Waste [5] and Decommissioning of

The objective of the radioactive waste management in Egypt 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 generation. A waste management system is
established in Egypt for the management of waste in accordance with the objective and
principles as set out in the RADWASS Safety Fundamentals [1].

2. THE NATIONAL WASTE MANAGEMENT SYSTEM IN EGYPT

The waste management system in Egypt comprises operational capability for dealing
with radioactive waste and the regulatory capability for controlling the way in which it is
dealt with. Both of these activities are performed under a legislative umbrella. A schematic
presentation for the Components of the National Waste Management System is shown in Fig.
1.

A legal framework is well defined by both the Decree No.288 (1957) which allowed
the establishment of the Egyptian Atomic Energy Commission (now it is the Atomic Energy
Authority (AEA) and the Law-59(1960) which assigned the full responsibilities for licensing,
management and control of the use of radioactive materials and the waste arisings to the
AEA. Fig. 2 shows the AEA structure.

2.1. Operational Capabilities

The operational capabilities are assigned to the Hot Laboratory and Waste Management
Centre (HLWMC). These capabilities include, beside the operators, the facilities for treating
and conditioning liquid and solid radioactive waste. Now there are a liquid radioactive
waste facility, a compactor and an incinerator for treating the solid radioactive waste.

RADIOACTIVE WASTE UANASEMEKT SYSTEM

OPERATIONAL CAPAaUTY

FAOones opsvaons

REGULATORY CAPASILTTY

LEGAL

FRAMEWORK

REGULATORY
BODY

FIG. 1. Components of the national radioactive waste management system.
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FIG. 2. Structure of the Atomic Energy Authority (AEA).

2.1.1. Liquid Radioactive Waste Facility

The liquid radioactive waste facility has been constructed under an IAEA Technical
Assistance Project [7]. The facility can treat 10 m3 /day of low level radioactive waste and
2 m3 /day of medium level waste. The facility was commissioned in December 1993. It
uses the three methods for treating liquid radioactive waste: precipitation, evaporation and
ion exchange.

The scheme adopted for treatment of low and intermediate level radioactive liquid
wastes was planned according to the IAEA guides, so as to prevent any release from the
plant to the environment which are not in conformity with the ICRP recommendations and
the national regulations [10].

Figure 3 shows the different treatment processes applicable in the Egyptian Radioactive
Waste Treatment Plant, as briefly described in the following:

Low level radioactive liquid waste collected from the research laboratories and institutes
(a total volume up to 10 m3 /d with the salt content of 700 g/m3 and specific activity of IE-6
Ci/L), will be subjected to a hydroxide coagulation process to allow efficient separation of
several contaminating radionuclides and suspended matter. Coagulants and settling sludge
(0.12 m3 /d with salt content of 5 kg/m3 and specific activity of 4E-4 Ci/L) are collected and
the décantâtes are passed through sand filters to reduce suspended matter within a ratio
of 2-3.

The décantâtes are freed from salts and radionuclides by two successive ion exchange
steps, and the demineralized water with radionuclides and salt content below the permissible
levels are drained into the normal sewage system. The liquids with a higher salt content and
radionuclide concentrations will be subjected to additional decontamination through ion
exchangers. After the first decontamination cycle, the salt content in the demineralized water
does not exceed 100 g/m3, with specific activity of IE-8 Ci/L.
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F/G. 3. Schematic flow sheet of liquid radioactive waste treatment and conditioning.

The intermediate level radioactive liquid waste with an average salt content of 25 kg/m3

and specific activity up to IE-4 Ci/L, also includes residues resulting from the regeneration
of used ion exchangers. Processing of this type of wastes is based, in principle, on volume
reduction through evaporation to the liquid concentrate with the salt content not exceeding
250-300 kg/m3. Condensâtes with salt content 700 g/m3 and specific activity of IE-7 Ci/L,
will be cooled and directed to low level liquid waste treatment flowsheet.

The sludges and the concentrates resulting from the treatment are conditioned by
cementation in the cementation plant which is a part of the facility. Figure 3 is a schematic
diagram for the flowsheet of the processes in the liquid radioactive waste facility.

2.1.2. Solid waste treatment

Treatment of solid waste includes compaction and incineration. The compactor has
been supplied under the IAEA Technical Co-operation Project [8]. A building for the
compactor has been completed and the compactor has been installed. The compactor is a
French model (SON) with a compaction ratio ranging from 1:5 to 1:10.

It is 160 kN bailing press for compaction of low level solid waste into 200 L drums.
This press has been designed to compact radioactive waste inside a 200 L dram either in bulk
or in 100 L containers. In both cases a final compaction is obtained by successive steps of
waste feeding and pressing. The necessary time for one motion of the piston down and back
in upper position is approximately 2 minutes.The compacted waste will be conditioned by
cementation in the cementation plant.

The Low Active Waste Incinerator (LAW!) has been supplied through technical
co-operation with Germany [9]. It was commissioned in 1993, for inactive solid waste and
will be operated for one year before being used for low level solid radioactive waste. The
incinerator is the research tool available to the Nuclear Research Centre, Atomic Energy
Authority, where scientific investigations of contaminated wastes incineration and flue gas
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cleaning may be conducted. The primary goal of these research activities is to develop an
ecological solid waste incinerator process combined to the control of problems arising from
pollutants present in all streams, and to concentrate pollutant residues from flue gas cleaning
to make them suitable for disposal.

The test facility has been designed for a nominal capacity of 15 kg per hour. Typical
low active waste to be incinerated is paper, textiles, plastic items and HEPA filters. The
incinerator is schematically presented in Fig.4. The main parts are:

Glove box and loading station.
Gas reactor,
Combustion chamber,
Air mixing chamber,
Cyclone separator,
Filter group which includes:
Bag filter,
HEAP filter,
Valves, fittings, and piping system,
Burner and gas feeding system,
Process control and instrumentation,
Stack.

To assure a good performance, as well as accurate thermo-hydraulic data collection,
LAWI is equipped with process control instrumentation and safety systems. The operating
switches and control for various electro-mechanical components (valves, burner, exhaust
blower and fresh air blower) are located on the control panel, as the entire installation can
be operated easily by only 2 employees. Construction allows for very fast start up and shut
down periods of 0.5 hour. All process variables (temperature, pressures and flow rates)
are recorded, displayed and printed by a special data acquisition system.

Stcdt

FIG. 4. Simplified flow sheet of the incinerator.
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2.2. Regulatory Activities

Regulatory activities are assigned to the National Centre for Nuclear Safety and
Radiation control (NCNSRC). These activities include legislative and regulatory parts.

2.2.1. Legislative part

This includes establishing national regulations and/or adopting other relevant
regulations. In this issue, National Regulations concerning the radioactive wastes resulting
from the users of radioisotopes were prepared. The IAEA guidelines and the experience of
other countries were considered in preparing this document which is available in two versions
(Arabic and English). It comprises two parts:

1. Responsibilities of the users of radioisotopes (waste producers) such as:

Segregation and collection of radioactive wastes: The different categories into
which radioactive wastes are classified were defined. The different methods for
collecting the different categories were described.
Controlled releases: This determines the amounts of different radioisotopes which
can be released into the sewage. The release conditions were identified. The
released amounts are based on the Minimum Annual Limit of Intake (ALI^ as
determined by the ICRP and adopted by the IAEA.
Interim storage: This includes the regulations relevant to the storage room design,
the storage conditions, the physical protection and the record keeping system.
This first part also illustrates the licensing procedures and licensing conditions.

2. Responsibilities of the Hot Laboratory and Waste Management Centre (HLWMC).

transportation;
treatment and conditioning; and
shallow ground disposal.

2.2.2. Regulatory part

This part deals with assuring compliance with the requirements of the regulations, with
particular reference to:

- radiation protection
- assessment and approval
- emergency planning and preparedness
- quality assurance
- inspection and enforcement.

In this issue, the IAEA basic radiation protection standard (Safety Series No.9) was
adopted. A safety analysis report (SAR) was prepared for the liquid radioactive waste
treatment and solidification plant. The report deals with the site, the buildings, the process
description, the auxiliaries and radiation plant. The report deals with the site, the buildings,
the process description, the auxiliaries and radiation protection and monitoring systems with
emphasis on safety aspects. Safety and hazard analyses are dealt with in a separate
chapter.This chapter includes the risk evaluation due to releases resulting from normal
operation or accidental conditions. This report was reviewed and assessed by the staff of the
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NCNSRC and approved by the Chairman of the AEA. The welds and the pipes in the plant
were checked and inspected by the experts of the NCNSRC. A preliminary SAR was
prepared for the facility. This report was reviewed and assessed by the NCNSRC and a final
SAR is nearly terminated. The waste stores in the hospitals, laboratories and other sites are
periodically inspected and checked.

The co-operation between different organization is constructive and the assistance of
the IAEA is considerable.

REFERENCES

[1] INTERNATIONAL ATOMIC ENERGY AGENCY, The Principles of Radioactive
Waste Management, Safety Series No. 111-F, IAEA, Vienna (1995).

[2] INTERNATIONAL ATOMIC ENERGY AGENCY, Prédisposai Management of
Radioactive Waste, Safety Series No. lll-S-2, IAEA,Vienna (in preparation).

[3] INTERNATIONAL ATOMIC ENERGY AGENCY, Near Surface Disposal of
Radioactive Waste, Safety Series No. lll-S-3, IAEA, Vienna (in preparation).

[4] INTERNATIONAL ATOMIC ENERGY AGENCY, Geological Disposal of
Radioactive Waste, Safety Series No. lll-S-4, IAEA, Vienna (in preparation).

[5] INTERNATIONAL ATOMIC ENERGY AGENCY, Management of Waste from
Mining and Milling of Uranium and Thorium Ores, Safety Series No. lll-S-5,
IAEA, Vienna (in preparation).

[6] INTERNATIONAL ATOMIC ENERGY AGENCY, Decommissioning of Nuclear
Facilities, Safety Series No. lll-S-6, IAEA, Vienna (in preparation).

[7] IAEA Technical Assistance Project EGY/9/007.
[8] IAEA Technical Assistance Project EGY/9/012.
[9] KRUNG, W.; SCHMITZ, HJ.; THONE, L. AND ABDEL-RAZEK, I.D.,

Incineration Plant for Low Active Waste at Inshas, June 1993.
[10] INTERNATIONAL ATOMIC ENERGY AGENCY, Treatment of Low- and

Intermediate-Level Radioactive Wastes, Technical Report Series No. 223, IAEA,
Vienna (1993).

65



DEVELOPMENT OF A NATIONAL WASTE MANAGEMENT
INFRASTRUCTURE IN GHANA

E.O. DARKO, C. SCHANDORF
Radiation Protection Board,
Ghana Atomic Energy Commission,
Accra, Legon, Ghana

Abstract

Radioisotope applications in medicine, research and industry in Ghana is on the
increase. Existing waste management infrastructure is inadequate to cope with the problems
of radioactive wastes. With expanded use of a nuclear research reactor, gamma irradiation
facility, radiotherapy and nuclear medicine, waste management practices are being
reorganized with the requisite trained manpower, equipment and supporting facilities. Under
a new programme, a radioactive waste management committee has been set up to advise the
Ghana Atomic Energy Commission on the establishment of a National Waste Management
Infrastructure. With an expert advice under RAF/9/007, AFRA-I project, a draft regulation
has been submitted for study and promulgation by the Commission. In the proposed
legislation, a radioactive waste management centre will be established which shall be capable
of managing all radioactive wastes in the country. Regulatory control of waste management
activities will be the primary responsibility of the Radiation Protection Board (RPB). The
waste management infrastructure envisaged to be developed for effective waste management
control is discussed.

1. INTRODUCTION

Radioactive materials and other sources of ionizing radiations including X-rays
generators have been used for a variety of applications for more than three decades. Most
of these sources might have outlived their usefulness and left in a state of neglect without
appropriate storage and/or disposal.

This state of affairs may be attributed to a number of reasons:

(a) policy makers are unaware of the presence and dangers of radioactive sources used in
the country,

(b) ignorance of the general public about the presence and inherent dangers associated with
radioactive materials,

(c) absence of a large number of radiation sources, and nuclear installations and facilities,
(d) lack of well trained manpower hi the field of radioactive waste management,
(e) lack of adequate or basic equipment to handle the wastes generated and
(f) allocation of state resources to more pressing and important priorities.

Increasing evidence of the existence of spent radiation sources in medicine, industry and
research, coupled with the construction of a gamma irradiator, nuclear research reactor and
radiotherapy units, necessitates effective control measures to deal with the problems of
wastes. In furtherance to the provisions of the Atomic Energy Act (Act 204) [1], the
Radiation Protection Instrument (L.I. 1559) was promulgated in January 1993 [2], to regulate
and control the use and management of radioactive materials in all national endeavors. The
legislative instrument (L.I. 1559), however provided minimal legal basis for regulatory
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control of waste management in its totality. A request for an expert mission under
RAF/9/007 AFRA-I [3] to advice on the establishment of a Waste Management Infrastructure
has enable the drafting of a Waste Management Regulation to compliment the existing L.I.
1559 on matters of radioactive wastes. The regulation which has been studied by the
Radiation Protection Board is receiving attention and subsequently promulgation by the
Ghana Atomic Energy Commission (GAEC).

To enforce the regulations, the Radiation Protection Board is first instituting certain
action plans for the retrieval of spent radiation sources. These include:

(i) announcement in the news media for identification and registration of active and spent
radiation sources,

(ii) visit premises suspected of possessing radioactive materials and
(iii) send out questionnaires to institutions and organizations to find out whether they

possess any radioactive material.

In this paper, the essential components in establishing an effective waste management
regime are discussed.

2. PRESENT STATUS IN RADIOACTIVE WASTE MANAGEMENT PRACTICES

Prior to the promulgation of the Radiation Protection Instrument [2], the National
Nuclear Research Institute (NNRI) was the only Institute established under the Ghana Atomic
Energy Commission (GAEC). The NNRI was the responsible organization in charge of
radioactive waste management. Activities in this area were executed by its Health Physics
section under the Department of Physics and Reactor Technology. Due to the absence of
legal support, the section operated under very limited jurisdiction, within the framework of
the Atomic Energy Act [1]. The functions of the section was to advise, and provide services
to end-users upon request.

2.1. Waste management committee

Cognisance of the ever increasing use of radioactive materials and other sources of
ionizing radiations in the country, with the future attendant problems of waste envisaged by
the Commission, a waste management committee was set up following the appointment of
an AFRA- I co-ordinator, to address this issue.The committee consisted of staff from the
various Departments of GAEC, who have some knowledge in radioactive waste management.

The waste management committee, though not formally inaugurated, meet regularly to
advise on safe management of radioactive wastes. The committee requested expert service
from the International Atomic Energy Agency (IAEA) under the AFRA-I project. This led to
the drafting of the Waste Management Regulations which are now receiving attention.

2.2. Waste management regulation

In pursuance of the powers given in Section 10 of Act 204 and the L.I. 1559, the waste
management regulations were drafted with assistance of an expert from the IAEA. A brief
summary of the revised regulations is provided in the following paragraphs.
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2.2.1. General provisions

The Radioactive Waste Management Regulations require that in any activity that will
result in the generation and subsequent management of radioactive wastes, a valid license on
the detailed design, operation and decommissioning of the proposed facility and/or equipment
shall be obtained from the Radiation Protection Board.

The waste producer is fully responsible for the waste generated including its final
disposal. The waste management shall be in compliance with the National Regulations and
any other legal requirements imposed by the Board. If wastes are sent to the Radioactive
Waste Management Centre (RWMC) to be set up by the GAEC under the NNRI, the
responsibility is transferred to the Centre.

The envisaged organizational chart of the Commission with the position of the RWMC
is shown in Fig.l.

2.2.2. Return to supplier

The buyer of a sealed radioactive source shall in the purchase contract, request for the
return of the source after its useful lifetime and not later than 15 years after the purchase,
provided the activity of the source does not exceed 100 MBq, 10 years after the purchase.
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A copy of the contract with the return clause shall be submitted to the Board. If for some
reasons, the buyer cannot fulfil this obligation, the source may be sent to the RWMC at a
prescribed fee.

2.2.5. Handling, treatment, conditioning and storage of radioactive waste

Waste generated shall be collected, characterized and segregated on-site in accordance
with the guidance provided in the IAEA Safety Standard on Prédisposai Management of
Radioactive Waste from Medicine, Research and Industry [4], This is to facilitate subsequent
management of the waste.

Release of waste into the environment shall be done under authorization from the Board
after segregation and decay storage to meet the requirements.

Wastes to be stored for more than 5-10 years shall be sent to the RWMC in suitable
containers. The containers shall be properly labelled. The labels shall be legible for the
whole period of storage and bear the following information:

i) date of storage,
ii) name and place of waste producer,
iii) radiation symbol,
iv) activity and dominating radionuclide(s),
v) maximum surface dose rate,
vi) name of sender,
vii) category of wastes,
viii) name and signature of responsible person and
ix) identification number or batch code.

2.2.4. Transportation

Apart from licensing, the RPB is responsible for control of transportation of radioactive
wastes in the country. The Board shall administer the transport packaging requirements for
waste transportation in accordance with the National Regulations based upon the IAEA
Regulations for the Safe Transport of Radioactive Materials, Safety Series No.6 [5].

On-site procedures for transfer of wastes shall be under supervision of a designated
Radiation Safety Officer or a qualified person in consultation with and approved by the Board
in the licensing process. Appropriate training should be provided to the designated officer
with emphasis on accident scenarios.

2.2.5. Disposal

The Commission shall be responsible for the establishment and operation of a near
surface repository for waste meeting the requirements arising from a safety and performance
assessment of the repository.The design, construction, operation and closure of the repository
shall be approved by the Board. Waste acceptance requirements shall also be developed and
approved by the Board.

Wastes not meeting the requirements for exemption, controlled release or disposal in
a near surface repository shall be stored until the waste can be safely disposed of in a deep
underground repository.
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2.2.6. Records

An updated inventory of wastes in storage and those sent to the RWMC will be kept
by the waste producer and the RWMC respectively. The current inventory of spent sources
which are in RWMC storage is presented in Table I.

Table I: Spent source inventory

Nuclide

Sr-90
Sr-90
Sr-90
Cd-109
lr-192
Fe-59
t -129
Co-60
Co-57
Sr-89
TI-204
Cs-137
H - 3
Fe-59
Sr-90
P -32
fn-113m
Cs-137
Tc- 99m
Cf-252

Type

sealed
sealed
seated
sealed
sealed
sealed
sealed
sealed
sealed
sealed
sealed
sealed

unsealed
sealed
sealed

unsealed
unsealed
sealed

unsealed
sealed

Form

solid
solid
solid
solid
solid
solid
solid
solid
solid
solid
solid
solid
liquid
solid
solid
liquid
liquid
solid
liquid
solid

Activity
[mCi]

4.0
5.0
2.0
3.0
5.0
100
125
1.0
1.0
129
1.0
1.0

10.0
200
10.0
10.0
50,0
9.0
135
-

Quantity

5
2
2
1
1
1
1
1
1
1
2
1
10
1
10
1
12
5
6
6

A report of the waste management activities for the previous fiscal year shall be
submitted to the Board by both the waste producer and the RWMC. The report should
contain the following information:

(i) Exempted wastes disposed of in the municipal landfill and/or discharged into the sewer
system;

(ii) Sealed radiation sources returned to the supplier;
(iii) Wastes transferred to and/or received by the RWMC for treatment, conditioning and

storage.

2.2.7. Exemption from regulatory control

In addition to licensing, certain radioactive materials may be exempted from regulatory
control. These materials can be disposed of in the municipal landfill, released into the
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atmosphere or discharged into the sewer system provided they satisfy requirements for the
disposal of solid, liquid and gaseous wastes into the environment [3,6]. Records of disposed
exempted waste shall be kept by the producer for at least three years. The records shall be
opened for inspection by the Board.

2.3. Manpower development

Manpower development is an essential prerequisite in enforcing a waste management
regulation. To develop the manpower resources and to strengthen the staff for operational
waste management purposes, specific training and experience are necessary to ensure safety
in the performance of duties.

Suitable graduate or diploma qualifications from the University is essential with some
years of experience.The Board will in future also introduce a system of written and oral
examinations to ensure that personnel working in various areas are competent and abreast
with current trends hi handling of radioactive materials. Staff will also be encouraged to
participate actively in the IAEA regular training programmes to upgrade then" skills. Periodic
national training courses are also envisioned to augment the IAEA regional and interregional
programmes.

Educational programmes are not yet available in the Country's Universities.The Board
is however seeking collaboration hi this area for such courses to be offered at the
postgraduate levels.

2.4. Equipment and other resources

Under RAF/9/007 project a gamma spectrometer with a sodium iodide detector has
been acquired for identification of unlabelled radioactive sources kept m a storage facility.
The NNRI has also a decontamination unit, two concrete vaults and a number of concrete
wells which were constructed in the early sixties for interim storage of wastes and spent fuel
respectively. These facilities were constructed hi anticipation of a 2 MW research reactor
which was never installed due to unforeseen circumstances. With the construction of a
research reactor in progress and the increase hi radioisotope applications in the country,
radioactive wastes are expected to increase hi future.There are plans to rehabilitate these
facilities and convert them to a waste management centre and a near surface disposal site.
This will be done after safety and performance assessment to be carried out and approved
by the Board.

Considering the expected level of nuclear applications, it is inevitable that facilities for
processing and conditioning of wastes will also be needed. The first step will be acquisition
of a cementation plant to condition the wastes already hi storage and those expected.

3. CONCLUSION

The continuous expansion of nuclear applications hi Ghana needs adequate and
commensurate infrastructure to address the problems of wastes. The commissioning of the
research reactor (GHARR-1) in late 1994 will inevitably contribute significantly to the
problems of wastes. Introduction of methods for treatment and conditioning of the wastes
are necessary for immobilization of the spent ion exchange resins and spent sealed radiation
sources.The establishment of a practical guidance incorporating rules and procedures to
control and regulate the management of wastes in all aspects of nuclear applications is a
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necessary prerequisite. The promulgation of the L.I. 1559 and the issuance of the Waste
Management Regulation are timely to strengthen the legal basis for effective waste
management control hi the country.
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Abstract

The expériences and plans of the Radiation Protection Board (RPB) in thé management
of radioactive wastes (RW) are described. The RPB was established by the Radiation
Protection Act which was enacted to protect man and the environment from the harmful
effects of ionizing radiation. The secretariat of the RPB basically implements the policies
formulated. The interplay between the RPB, RW producers and proposed RW managers is
covered. Results of a two year service of a RWM programme is elaborated.
Recommendations by experts from the International Atomic Energy Agency (IAEA) have not
yet been followed and hence while the RPB regulates importation, generation, ownership and
use of radioactive materials, it has not started licensing disposal of RW, although some RW
is released to the environment via incineration, sewerage and municipal landfills. Also
unlicensed pits have been used to bury uncombustible RW. Failure to have an operational
organisation to follow through on plans to develop an exotic waste management programme
prompted a number of institutions using unsealed sources to build then" own waste
management facilities. Experience gained has demonstrated that:

(a) More than 80% of in-house generated waste can be treated.
(b) Reliance on the somewhat uncertain future of external waste management programmes

has resulted in hasüy availed storage facility for untreated and conditioned waste.
(c) The waste management programme and plant developed are effective working models

on which other institutions can base their own waste management programmes.

The rights and responsibilities of the RPB and an operating body to handle generated
RW and implement RWM should be clearly defined and surbodination should be separated.
This will enable the operator to carry out all operational functions required to comply with
the national regulatory requirements and the RPB will exercise full control of RW arising in
Kenya and their safe management.

1. RADIOLOGICAL AND NUCLEAR ACTIVITIES

There are mainly sealed sources but to a small extent, unsealed radionuclides used in medical,
research and industrial institutions. There is no isotope production, nuclear power or fuel facilities
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although one learning insitution is striving to obtain a research reactor. The stock of sealed sources
comprise about 740 Terabecquerels (TBq) Co-60,222 TBq Cs-137,35 Tbq Am-241/Be, 55 5
GigaBecquerel (GBq) Ra-226 and 74 GBq Th-232. More than 37 TBq Ir-192 is imported

annually. Unsealed sources imported annually range from tens to thousands of MegaBecquerel
(MBq)ofH-3, C-14, P-32,P-33, S-35, Ca-45, Cr-51, Fe-59, Tc-99m, 1-125, 1-131 and In-
Ill. There is information available on the radioactive substances imported since 1989 and work
is in process to compile a national register of RW in stock or disposed of. The bar charts (figure
1.) shows the yearly imports of radioisotopes since 1988 to 1993 for some sealed and unsealed
sources. The y-axis denotes activities of the radioisotopes in becquerels while the x-axis denotes
the years.

2. REGULATORY STATUS AND EXPERIENCES

The Radiation Protection Act regulates the import, manufacturing, possession, handling, export
and disposal of any radioactive material including radioactive waste [ 1 ]. Two secondary legislations
have been produced One covers standards of radiation protection as contained in the International
Commission on Radiological Protection Publication No. 26, while the other covers building and
structural requirements and also schedules of licences and fees [2 and 3]. After the issuing of
ICRP 60 of 1990 the present standards as contained in Legal Notice No. 54 have been superseded
[4]. Specific regulations on the management of radioactive wastes are being prepared and are
scheduled for release later in 1994. They inco-operate management of RW, limits and conditions
for their exemption from regulatory control. Technical guidelines for use by generators of RW
have been prepared and after publication they will be sold to concerned parties. Quantities of
radionuclides which can be treated as exempt are included in the guidelines. A questionnaire
which when completed provides the necessary information for inclusion in the national register
of RW is in use. Since 1990 it is mandatory to include into the purchasing contracts of sealed
sources a clause which assures the return to the supplier once a source has reached the end of its
useful lifetime or it is no longer in use.

The secretariat submits to the RPB, for approval, licences for handling, interim storage and
disposal of radioactive wastes as and when applied. Licences for handling and interim storage
of radioactive wastes are being issued annually. Licences for disposal started being approved in
1993 but they have been withheld as negotiations between the proposed central facility for storage
of RW and the RPB continue. Future licence applications for unsealed sources will have to be
accompanied by an environmental impact assessment report on disposal (release). If all licences
applied for are issued, then more experience will be acquired in waste management especially
with the implementation of the conditions fixed in the licences.

Inspections of institutions which produce and handle RW and which use radioactive sources have
started. Safety concepts are not yet practised in a systematic manner. An example is the deliberate
mixing of liquid waste from H-3 and Cr-51 applications in one container despite the institution
having been advised to have separate containers for short lived and long lived radioisotopes. Also
the mandatory requirement that all radiation workers be monitored is flouted as can be concluded
from analysis of survey results in Nairobi Province [Table I]. The need for safety analysis and
assessments for RWM has been recognised. Currently three members of the secretariat are
involved in a RWM project assisted by the IAEA. A database of RW generated and related
information has been started. This will provide information on wastes and projection of future
wastes arising. Most private institutions inform the RPB but the same is not done by most public
institutions. Hence the data of what is received by all users is not complete, and the conclusion
follows that the RWM in Kenya cannot be stated as safe. With one research institution an
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ot tlie impact oi" R W released lo tne environment is being uone. The goal u> to
compare the quantities released with those given in ICRP publications as secondary limits e.g.
annual limits of intake (ALIs) and derived air concentrations (DACs) [5].

No central facility for treatment, conditioning and interim storage of sealed sources and radioactive
waste exists. Since 1989, when an IAEA, Waste Management Advisory Programme, team
visited Kenya, the JRPB has been collecting spent sealed sources, mainly from learning and medical
institutions. Between 1989 and 1991 several spent sealed sources were conditioned into four 200
litre drums. This exercises were done at the MTRL and the drums are kept at their premises.
Storage conditions of these drums is also being monitored. Due to a blurred line on who is
responsible for interim storage and eventual disposal, the drums are kept in the open and are
subject to all ravages of the weather i.e. rain and sunshine. An unpublished thesis concludes (after
using film badge from January to April 1994) a dose rate of 0.25 mSv/h and 0.05 mSv/h at the
surface and 1 metre distance, respectively [6] for one drum. The recommended method of interim
storage has not been implemented. Scientists from both the RPB and MTRL recommend
separation of duties by the two bodies with the latter to be the implementing organization in charge
of a central storage facility for treatment and conditioning RW.

Lack of certain equipments and also limited experience and training of the secretariat has resulted
in postponement of certain duties which oft to be done. It has been recognised that the absence
of an implementing body for RWM and the unresolved problems involving spent sealed and
unsealed sources which accumulate are the consequence of the weakness of both the regulatory
and legal basis and infrastructure. Experts from IAEA have recommended that MTRL be
appointed as an agency for waste treatment, conditioning and interim storage since they have the
relevant experience and equipments. From July 1993 the RPB is no longer involved in the
collection of spent sealed sources and other RW. The RPB only keeps track of the radioactive
materials and RW produced.

3. WASTE MANAGEMENT PRACTICES

The waste management practices vary from one place to another. Low and intermediate level
waste handling strategies include treated/untreated, packed and stored and some incineration.
Below are listed some of the WM practices currently employed in some institutions.

In hospitals the solid wastes are stored for decay and are disposed of as inactive waste after
monitoring. The excretions of patients (1-131 from thyroid cancer diagnosis) are discharged to the
sewage system. A number of research institutions atempt to meet specific conditions stipulated in
the licensees. The institutions submit monthly or/and quarterly reports of radioisotopes imported,
quantities of RW generated and the methods used to dispose them. In some institutions the liquid
wastes are kept in storage awaiting the RPB's decision. Two of these institutions receive their
radioisotopes from international organisations, which are not subject to normal customs checks.
Hence the secretariat only discovered later, after they had the wastes, that they use radioisotopes
and generate wastes. Efforts to rectify this situation are ongoing. IAEA is helping by requiring
that all institutions it assists notify the RPB before beginning work with radionuclides.

One research institution when moving from one premises to another left their wastes for the RPB
to decide on the action to take. The principal researchers were not even Kenyans and they used
to receive their radioisotopes through their embassy. The researchers, while shifting from the old
premises, abandoned two 1001 drums which-when the secretariat confronted them, they claimed
contained tritiated liquid waste. At the moment the RPB is keeping the drums in the open skies.
IAEA has supplied the RPB with a liquid scintillation counter, under a Technical Co-operation
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R WM Project. The activity of this two drums gave 426,032 and 287,744 counts per minute
(cpm) in August, 1994 and hence plans to release this waste to the sewerage system have been
put in abbeyance (background at the NRPL is 32 cpm).

4, WASTE DISPOSAL

Waste disposal practices vary from place to place. At one research institution, using unsealed
sources, the liquid effluent pass through three consecutive lagoons with a total residence time of
about 3 months and are then released into a small river. Two research institutions have
incinerators which they use for burning both inactive and decayed wastes. The ash is mixed with
incombustible solid wastes and disposed of in clay pits within their compounds. It has been
recognised that environmental impact assessment and monitoring of the radionuclide content in
the groundwater around the disposal pits needs to be performed. One insitution has its disposal
pit lined with impermeable concrete and the initial pits (now full) have concrete covers on top.
Another institution used to dig clay pits (not lined) to the hard bedrock at the bottom (depth of 7-
12 metres). This, it has been found, is contrary to one of the IAEA requirements for RW
repositories (that they be separated from fractured bedrock) [7].

5. CONCLUSION

The volume of RW will grow in the years ahead. The time it will take to prepare, implement, and
demonstrate safe, permanent solutions to RW disposal reflects the political, economic and
environmental importance to public health and safety of the task at hand and its technical
challenges [8]. However, it is not the technical challenges and issues that will stand in the way of
progress. It is the institutional and socio-political issues that need to be resolved for progress to
continue. National programmes are being re-defined and practices developed to eliminate negative
environmental impacts of LLW disposed. In future the generators of RW will be required to launch
and implement a RWM programme under the oversight of the R PB. Important preconditions
such as keeping of records, monitoring and presenting to the RPB safety assessment and
environmental impact assessment reports will be emphasised. IAEA has given and continues to
advice and provide technical assistance to develop the expertise for the management of wastes.
For reasons of safety, surveyability, security, monitoring and economics it would be desirable to
have all facilities (surface storage, deep geological disposal, incineration, etc) at one location [9].
It is up to us to solve our own problems of weak legal basis and lack of infrastructure to safely
handle RW..
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Abstract
Guatemala aims at ensuring safety of present and future generations as well as the

environment, this is to be achieved by preventing the release of radioactive substances
contained in radioactive wastes into the environment. The main activities that produce
radioactive wastes in Guatemala are medical practices (radiodiagnostic and radiotheraphy),
wastes are also generated in industry and research, but to lesser extent. The most frequently
used radioisotopes are cesium-137, cobalt-60, iodine-131, technetium-99m.Some spent
sources are radium-226, cobalt-60 and contaminated material generated in medicine and
research.

The radioactive wastes generated are basically low and intermediate level wastes. The
collection of the wastes is done periodically, the users must deliver them correctly packed
and marked. When the radioactive wastes are short lived the user must manage them
himself, as in the case of technetium-99m. We collect only Chromatographie columns. When
the decay period is longer, the Nuclear Energy General Directorate (DGEN), as the
regulatory authority, is in charge of supervising and controlling the management of wastes
considering all radiological protection principles.

Presently, Guatemala is trying to achieve by means of National Centre of Radioactive
Wastes (CENDRA) the adequate practices in managing, storing and subsequent disposal of
radioactive wastes. Three facilities for storage and final disposal of radioactive wastes are
planned in Guatemala. The CENDRA installations located in Guatemala City, will consist
of:

/. A storage facility for low level wastes:

With an area of 28 square meters with its corresponding security systems.

2. A storage facility for high level wastes:

With an area of 11.2 square meters.

3. An area for inmobilization and storage of spent sources:

This will have an area of 85.12 square meters.

The design diagrams of the facilities at National Centre of Radioactive Wastes of
Guatemala are included.

1. INTRODUCTION

The Nuclear Law on "Control, Use and Application of Radioisotopes and Ionizing
Radiation" (Decree-Law 11-86) made the provision that the Nuclear Energy General
Directorate will be responsible body for licensing the operations with radioisotopes and other
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sources of ionizing radiation, as well as controlling the handling, transport, treatment and
final disposal of radioactive waste. This Law, since 1986 has created in our country the legal
basis for the Government and private institutions to operate and control nuclear activities.

With the Governmental Accordance 989-92 put in force in December 1992 the
Regulation for Licensees in the field of Radioisotopes and Ionizing Radiation, the rules were
established for issuing the licenses.

At present, collection of radioactive wastes is carried out in complex way and it lacks
of appropriate resources and infrastructure. Guatemala is looking for the assurance of
protection of present and future generations, as well as the environment by the adequate
management of radioactive wastes. Owing to the RAPAT and WAMAP missions we have
decided to create in the Nuclear Energy General Directorate a National Centre of Radioactive
Wastes (CENDRA), which will have three primary facilities for storage of radioactive
sources of low and medium activity and for immobilization and storage of sources of
intermediate life.

The second phase of the CENDRA project could be final disposal of radioactive sources
in an installation specially designed for this function to be located outside the Nuclear Energy
General Directorate building.

From the other hand, we will continue locate radioactive sources and properly manage
them, making it through a programme which is incorporated into the Nuclear Law and it has
the Regulation for each of this activities.

In Guatemala, the waste management begins simultaneously with the design of
radioactive installations. Collection, treatment, storage and/or discharge into the environment
is considered as a complex work, because this has different disciplines that take the
engineering aspects and the evaluation of the radiological impact of radioactive discharge to
the environment.

Guatemala is developing a project on waste management with limited resources, a
principal source is the infrastructure that formerly belonged to the fuel Gulf plant.
Considering the real situation it would very important to provide the adequate utilization of
the resources available.

2. SITES

The site is a physical space, meteorogically and geologically stable, in which authorized
installations for treatment or storage of waste are located.Our installation is located in the
12 district of the city and has its respective security measures.

The evaluation of the installations and layout of the site considered several factors, such
as:

The natural environment: weather, hydrology, radiation exposure from the background,
flora and fauna.
The geological stability of the site and its resistance to the climatic variations.
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Socio-economic and technical considerations: Guatemala is realizing this project with
limited economic resources; the infrastructure has been object of several remodelling
to adjust it to the required needs, for example:

Activity of the wastes;
Treatment methods to be applied;
Types of waste storage.

These facilities are considered as controlled zones, all accesses to the zones are clearly
identified.The radioactive waste, in accordance with its activity, is classified as low and
intermediate level, and other following parameters should be taken in to account:

Type of radiation
Half-life
Dose rate
Physical state
Radiotoxicity

3. COLLECTION

Collection of wastes consists in transfer them from the place where those were
generated to the place where it will be treated and/or stored. Collection is made periodically
and transportation is carried out in accordance with the actual Regulation. Guatemala is
implementing the policy of return of the source to the country of its origin after its usage.

The waste management must comply with the Regulations. It is the responsibility of the
Nuclear Energy General Directorate, as competent Authority, to control through its different
Departments, the fulfillment of the Laws and Regulations..

4. FACILITIES

There are the following facilities at the CENDRA:

THE FACILITY FOR STORAGE OF LOW LEVEL WASTES:

An area of 28 m2 has been assigned for the storage of short-lived wastes containing
such radionuclides as: technetium-99m, phosphorus-32, iodine-131, etc. This facility includes
the area for personnel monitoring, shower facilities to be needed in case of contamination
and security system (see Fig. 1).

THE STORAGE FACILITY FOR INTERMEDIATE LEVEL WASTES:

An area of 11.2 m2 has been assigned for storage of spent sources. This facility has
adopted the design of underground storage concept for this kind of waste, (see Fig. 2).

THE FACILITY FOR IMMOBILIZATION AND STORAGE OF SPENT SOURCES:

In the area of 85.12 m2 the sources are immobilized by packaging them in barrels (see
Fig. 3).
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5. SPECIFICATION OF CONSTRUCTION MATERIALS

Storage of radiation sources

Technical specifications:

Reinforcement Steel
Structures: For concrete foundation, columns and ceiling, reinforcement steel of degree

40 and diameter 1/4", 3/8" and 1/2" was used. Walls or concrete blocks utilized mesh
electrowelded with ribs of high resistance steel, type 6x6-9/9.

Concrete
For foundations it was utilized a mixer of portland cement type 1 with added river sand

and gravel of 1/2" and/or 3/8", with a compression resistance of 3,000 pounds (210 kg/cm2).

Walls
a) Concrete blocks with the following dimensions: 9.5 x 19.5 x 39.5 cm, 14.5 x 19.5

x 39.5 cm. and 19.5 x 19.5 x 39 cm. with resistance of 50 kg/cm2.
b) Concrete with resistance of 3,000 psi (210 kg/cm2)

Plastering
Walls and ceilings used whitewashing and have a finishing cover of varnish and

epoxy smelt of two components, formulated with epoxy resin 100%, with an agent of cured,
pigments, solvents and additives of high quality.

Floor
a) Marble-granite bricks were used with dimensions of 30 x 30 cm of a thickness no

less of 2.5 cm, manufactured in press totally automatic, oleodynamic system and
vibro-press, submitted in a minimal pressure of 150 kg/cm2.

b) Vinyl floor of 30 x 30 cm and 2 mm of thickness.

Installation:
a) Potable water, all of the tubes and accessories are of PVC and installed

underground.
b) Laboratory water, all the tubes and accessories are made of concrete with union

case on the direction changes, which are manufactured of baked bricks. All the
tubes are underground.

6. CONCLUSIONS

The facilities developed for the management and final disposal of radioactive wastes
in CENDRA were realized studying the radioactive wastes generated in our country and
considering the growth of wastes, which is expected by the end of the century due to the
quantity and quality of generated wastes which are of short-lived radionuclides. The facilities
with compactors and incinerators not are included. Guatemala is not planning the installation
of research and power nuclear reactors neither in this century nor in the begining of the next
one. Guatemala is looking for an adequate area to built a facility for immobilization and
storage of spent sources.

Guatemala is interested in co-operation with the countries of the Central America and
the Caribbean Region having the same level of nuclear applications.
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F/G. 1. Storage facility for low level radioactive waste
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F/G. 2. Storage facility for intermediate level radioactive waste
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F/G. 3. Facility for immobilization and storage of spent radiation sources
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NATIONAL PROGRAMME, LEGAL FRAMEWORK
AND EXPERIENCE WITH THE MANAGEMENT OF
RADIOACTIVE WASTE IN THE SLOVAK REPUBLIC

L. KONECNY
Nuclear Regulatory Authority of the Slovak Republic,
Trnava, Slovakia

Abstract

The system of radioactive waste management in the Slovak Republic is described. This
system follows the policy set out by the former Czechoslovak Atomic Energy Commission.
Radioactive waste produced in nuclear power plants and stored on the plant sites will be
solidified and packed in fibre-concrete containers, and in this form it will be disposed of in
a near surface repository. Such near surface radioactive waste repository located close to the
Mochovce site is in the phase of commissioning. The radioactive waste that will not comply
with the acceptance criteria for near surface disposal, will be stored on the plant sites and
will be disposed of in a geological repository to be constructed. The amounts and
characteristics of the most important types of radioactive waste generated in nuclear power
plants, as well as in industry, medicine and research are given.The technologies for
processing this radioactive waste are outlined. In the second part of the paper, the activities
of the Nuclear Regulatory Authority of the Slovak Republic (UJD SR) which is the central
government authority in the area of nuclear regulations, are presented for the field of
radioactive waste management.The fundamental legal documents dealing with radioactive
waste management are described briefly.

1. INTRODUCTION

The development of nuclear power in the Slovak Republic has proceeded together with
the Czech Republic within the Czech and Slovak Federal Republic (CSFR) till 1993 when
the CSFR separated into two independent states. Czechoslovakia was a country with
insufficient natural energy resources, however, with a developed industry and scientific and
technical basis, and the development programme of the nuclear power was thus established
already in sixties.This programme focused on the construction of units designed in the former
Soviet Union.

In 1972, the A-l Bohunice plant was commissioned (HWGCR, 150 MWe). This reactor
type was chosen mainly because it did not require enriched fuel for operation. The plant was
in operation till 1977 when it was shutdown ultimately.Currently it is in the phase of
decommissioning.

In late seventies and in early eighties, four PWR nuclear units with the electric capacity
of 440 MWe each were commissioned gradually. Two of these units at the V-l plant are of
the early V-230 design, another two at the V-2 plant are of the newer V-213 design. The
operation of these units is expected to continue till 2000 (V-l) or 2015 (V-2). At the
Mochovce site, another four PWR units are under construction with the capacity of 440
MWe each. The commissioning of the Mochovce Unit 1 is expected in 1997.
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2. NATIONAL STRATEGY AND EXPERIENCE IN THE FIELD OF RADIOACTIVE
WASTE MANAGEMENT

Strategy in the area of radioactive waste management established by the former
Czechoslovak Atomic Energy Commission and approved by the government of the Czech and
Slovak Federal Republic is followed by the Slovak Republic.This strategy requires
conditioning of radioactive waste into a form suitable for disposal in a near surface repository
and construction of this repository.

The following radioactive waste have to be considered for disposal in the Slovak
Republic at present and in the near future:

a) operational waste from nuclear power plants V-l and V-2 hi Jaslovske Bohunice
b) the waste from the nuclear power plant A-l hi Jaslovske Bohunice which is under

decommissioning
c) the waste from the Mochovce nuclear power plant
d) radioactive waste from medicine, industry and research.

2.1. Radioactive waste volume

a) The Bohunice NPP V-l and V-2 generate the following volumes of radioactive waste
(as to December 31, 1993)
liquid waste (active concentrate) 6600 m3

sorbents 300 m3

solid radioactive waste 3000 m3

The radioactive waste production has been stabilized. The radioactive waste is stored
in storage tanks at the plants

b) The radioactive waste with a high activity has been produced as a result of the A-l
operation, plant accident and subsequent activities. Amount of this waste is shown in
the Table below:

Radioactive waste type

Chrompik (water solution
of potassium bichromate)

Dowtherm
Storage pond water
Biological shielding water
Evaporated concentrate
Sludges
Metal scrap
Soft solid RAW
Contaminated soil

Amount
[m3]

20
18

50
500
360
290
150

1 400 t
850

1400

Total activity
[Bq]

2.2 x 1014

3.6 x 1013

2.5 x 1012

3.5 x 1014

7.9 x 109

1.1 x 1011

4.7 x 1012

2.5 x 10U

4.0 x 108

2.0 x 1010
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The total amount of radioactive waste from the A-l plant is at present approximately
1500 m3 of liquid and 3000 m3 of solid waste, however, their total activity exceeds by the
factor of more then 10 the total activity of all radioactive waste at the V-1 and V-2 plants.
The A-l plant's radioactive waste is stored in various storage systems which represents a
relatively high risk, because of the possible negative impact on the environment.

c) The commissioning of the Mochovce Unit 1 is expected hi 1997. The production of
radioactive waste is considered at the same rate as for the V-1 and V-2 plants.

d) The amount and activity of radioactive waste from medicine, industry and research are
given in the following table:

T y p e A m o u n t s Total activity [Bq]
Sealed sources

Others

1945 pieces (Co-60,
Cs-137)
1500 1 liquids
3000 kg solid

1.2 x 1015

4.0 x 1010

2.5 x 1010

2.2. Radioactive waste composition

The composition of the most important types of radioactive waste from V-1 and V-2
plants, as well as from A-l plant is shown in the following tables:
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Radioactive waste composition - V-1, V-2

Active concentrates from V-1, V-2

Nuclide

Cs-137
Cs-134
Ag-110m
Co-58
Co-60
Mn-54
Sr-90
C-14
1-129
Tc-99
H-3
Pu-239,
Pu-240

Activity [Bq/1]
V-1 V-2

3.9 x 106

9.5 x 105

4.5 x 104

6.2 x 103

1.3 xlO5

1.8 xlO4

2.2 x 103

1.8 x 104

27.3
103.0

Sx lO 5

8.35

1.9 x 105

2.1 x 104

1.7 xlO3

1.4xl03

4.1 x 104

3.4 x 104

92.3
3.2 x 104

123.8
<24.0

Sx lO 5

0.642

Sorbents from V-1, V-2

Nuclide

Cs-137

Cs-134
Co-60
Sr-90
C-14
1-129
Tc-99
H-3
Pu-239,
Pu-240

Activity [Bq/1]
V-1 V-2

7.1 x 106

2.9 x 105

Ix 103

2x l0 3

2x l0 4

30
100

3 xlO6

10

1.0 x 105

l .Ox lO 3

1.0 x 103

100
3x l0 4

100
0

2x l0 6

1

92



Radioactive waste composition - A-1

Active concentrate

Nuclide

Cs-137
Co-60
Sr-90
1-129
C-14

H-3
Pu-239,
Pu-240
SUM alpha

Activity
[Bq/1]

3.8 x 107

3.2 x 106

3.4 x 105

5.3 x 102

1.7 xlO 3

8.0 x 106

3.5

60

Chrompik from cans in long term storage

Nuclide

Cs-137
Sr-90
1-129
C-14
H-3
Pu-239,
Pu-240

Activity
[Bq/1]

1.4 x 1010

4.3 x 106

6.5 x 102

2.8 x 105

5.0 x 107

2.6 x 103
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Chrompik from short term storage

Nuclide

Cs-137
Sr-90
1-129
C-14
Tc-99
H-3
Pu-239,
Pu-240

Activity
[Bq/1]

1.4 x 109

2.0 x 105

6.0 x 102

6.4 x 104

1.2 xlO4

1.5x 107

1.4 xlO3

Water from long term storage pond

Nuclide

Cs-137

Sr-90
1-129
C-14
Tc-99
H-3

Pu-239,
Pu-240
Am-241
SUM alfa

Activity
[Bq/1]

2.1xl08

3.1xl04

5.3X102

1.7 x 104

1.2x 104

4.6 x 106

49

30
110

2.3. Conditioning of radioactive waste into form suitable for disposal
For the solidification (i.e. bituminization) of evaporator concentrates, a rotary film

evaporator has been developed and a full-scale facility is currently being commissioned. Solid
wastes are compacted within drums. The plan for ion exchange resins is to solidify them into
a cement matrix.

A vitrification process has been developed for the solidification of the most active liquid
wastes of the A-l NPP. That facility is currently in a non-active test phase.
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Waste conditioning centre was constructed in Bohunice and is currently planned in
Mochovce. Cementation line, incinerator and supercompactor are planned in Bohunice. A
supplier of the technology is the German company NUKEM. A cementation line and a
sorting box will be installed hi Mochovce. A supplier of the technology is the French
company SON.

Radioactive waste from medicine, industry and research will be conditioned to produce
a form acceptable for final disposal by using standard technologies adapted for radioactive
waste from nuclear power plants.

A repository for low and medium acitivity radioactive wastes is close to commissioning.
It is located not far from the Mochovce NPP. This near-surface type repository will provide
ultimate disposal of low and medium level wastes generated from the plant operation, as well
as wastes from the A-l decommissioning and from nuclear applications. All the wastes to be
disposed of in the Mochovce Radioactive Waste Disposal Facility are planned to be packaged
hi cubic fibre-concrete containers and backfilled with concrete. A plant for the fabrication
of these containers is under construction (under the licence of the French company Sogefibre)
at the Mochovce site.

Radioactive waste which does not comply with the criteria for disposal hi a near surface
disposal facility will be after solidification temporary stored and subsequently disposed of into
a deep underground repository.

3. LEGAL WASTE MANAGEMENT FRAMEWORK

The fundamental objective of radioactive waste management is to deal with radioactive
waste hi a manner that protects human health and the environment now and hi the future
without imposing undue burdens on future generations. To meet this goal, each nation using
nuclear energy shall develop a structure of legislation for this field and establish an
independent authority which assures the compliance of nuclear facilities with state regulations
on nuclear safety.

Following the separation of CSFR into two independent states, the Slovak Nuclear
Regulatory Authority (UJD SR) was charged with this tasks as the central authority of the
state executive body hi the Slovak Republic. The UJD SR is thus responsible for the
regulation of all nuclear facilities including radioactive waste management, spent fuel
management as well as fission materials.

The other tasks of the regulatory body are to review the peaceful use of nuclear energy
and to ensure the participation of Slovakia hi nuclear safeguards regime. Among this, the
regulation of radioactive waste management is very important task. The recently established
Nuclear Regulatory Authority deals with the following basic problems hi order to:

ensure compatibility of all utility's approach to radioactive waste treatment,
conditioning and disposal with approved general radioactive waste management
conception;
facilitate the minimization of radioactive waste production;
ensure that conditions are provided for long-term storage and subsequent disposal of
spent fuel;
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secure controlled disposal of radioactive waste meeting acceptance criteria;

support and direct R&D works on radioactive waste management and decommissioning
participate actively in the development of regulations in the field of radioactive waste
management and decommissioning.

With regard to the present situation in radioactive waste management, the objectives of
regulation are as follows:

storage of liquid radioactive waste
storage of solid radioactive waste
technology of treatment and conditioning of radioactive waste
transport of radioactive waste
disposal of radioactive waste
releases into atmosphere and hydrosphere
radioactive waste from non-nuclear facilities.

The activities of the UJD SR are focused mainly on review of concepts, on compliance
with regulations, and on quality assurance in radioactive waste management.The basic
document in radioactive waste management is the Decree No. 67/1987 of the CSKAE. It
specifies basic technical and organizational requirements for the elimination of releases of
radioactive materials into the environment. It also specifies mandatory procedures for
authorities, organizations and their staff which design, construct, commission, operate or
decommission radioactive waste management facilities.

The regulation specifies further the basic safety requirements for radioactive waste
management:

collection, sorting and storage of radioactive waste
treatment and conditioning of radioactive waste
final disposal of radioactive waste.

The regulation finally specifies the requirements for safety documentation presented
with applications for licences: for siting, construction, commissioning and operation. Spent
fuel is not considered as radioactive waste hi this regard.

Another regulation for radioactive waste management is the Decree of the Health
Ministry No. 65/1972 on the protection of public health against ionizing radiation.
Conditions for the release of air-borne and liquid radioactive waste into the environment are
specified in the regulation.

4. CONCLUSIONS

The policy in the area of radioactive waste management established by the former
Czechoslovak Atomic Energy Commission and approved by the government of the former
Czech and Slovak Federal Republic has been followed by the Slovak Republic.

This policy determines:

Radioactive waste produced in plant operation and stored provisionally on plant sites
will be processed into a form suitable for disposal in near surface repositories.
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Radioactive waste generated from the decommissioning of the A-l Bohunice plant
stored on the plant site will be solidified. The solidified radioactive waste which comply
with the acceptance criteria for near surface disposal will be stored in a near surface
repository. The solidified radioactive waste which does not comply with the acceptance
criteria will be stored on plant sites and later disposed of hi a geological repository.

Radioactive waste originated in industry, medicine and research will be solidified in
processing facilities in nuclear power plants. The solidified radioactive waste will be
disposed of either in near surface repository or in a geological one, according to the
acceptance criteria.

Cementation, bituminization and vitrification technologies will be used for the
processing of liquid radioactive waste into a form suitable for disposal or long term
storage and incineration, supercompaction and cementation technologies will be used
for the processing of solid radioactive waste into a form suitable for disposal.

For disposal of low level and medium level radioactive waste, the near surface
repository is being built. This repository is in the phase of commissioning and is
located close to the Mochovce site.

For radioactive waste which will not comply with the acceptance criteria for near
surface repository, another type of repository will be provided which is a geological
repository. Activities for finding a suitable site for such repository started currently.

In the field of legislation, the activities of the UJD SR initiate from the same codes and
other legal documents as the activities of the former CSKAE. The preparation of new legal
documents in this field is going on nowadays. Principally it is a law on the peaceful use of
nuclear energy. The development of such a bill is expected to be completed by the end of
1995. Among other legal documents related to the field of radioactive waste management,
the law on a state fund for the decommissioning of nuclear power facilities, spent nuclear
fuel and radioactive waste was approved by the Parliament, and a regulation on exemption
metal materials from radiation control is being prepared.
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TBE EXISTING SITUATION WITH THE RADIOACTIVE
WASTE MANAGEMENT IN SYRIA

S. TAKRITI
Radiation and Radioprotection Department,
Atomic Energy Commission,
Damascus,
Syrian Arab Republic

Abstract

The existing radioactive waste management infrastructure is presented including the
legal framework, responsibilities of the regulatory body and waste management practices.
The amount of radioactive waste is expected to increase dramatically when a nuclear research
centre with a research reactor and radioisotope production are established.

I. INTRODUCTION

Safe management of radioactive waste in Syria is presently based on the Atomic
Energy Commission's Law No. 12 dated 5 April 1976, which established the Syrian Atomic
Energy Commission, SAEC. The SAEC has the full responsibility for all nuclear energy
matters, it has to set up the procedures required for protection of personnel and the members
of public from radiation exposure, suggest legislation, control its implementation and issue
subsequent instructions, guides and safety standards.

According to the Law No. 12, the SAEC has both controlling and promoting functions
for atomic energy matters in Syria, and it has the regulatory body for radiation protection
and waste management within the SAEC. The Department of Radiation Protection and
Nuclear Safety (RPNS) has the responsibility for review of applications and control of
nuclear activities.

To implement its regulatory function, the SAEC established the Syrian Nuclear Safety
Committee (SNSC) in 1985. It is composed of 16 permanent members (representatives from
ministries and three members of the Commission).

The SNSC has approved the following 9 regulations:

1. Basic safety standard for radiation protection;
2. Regulations for safe management of radioactive waste;
3. Regulations for medical supervision and examination;
4. Regulations for safe use of industrial radiography;
5. Instructions for radiopharmaceutical materials for diagnostic purposes hi hospitals;
6. Regulations and conditions of licensing the work with radiation;
7. Regulations and standards for safe operation of reactors;
8. Regulations for safe transport of radioactive material;
9. Emergency preparedness programme.
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2. WASTE EXISTING AND ARISING IN SYRIA

(a)

(b)

(c)

Presently radioactive waste is generated in medical, research and industrial fields:

In the medical field, only short-lived radionuclides are used as open sources (e.g. 131I,
"Tc) and for therapy sealed sources ^Co and 192Ir are used.
In the research field, there are many radioactive liquids which are used in different
departments of SAEC such as 137Cs, ^Sr, "Tc, 210Po, ^Co and 14C. These
radioisotopes after the use are stored in bottles in the interim store, and there are also
many radioisotopes which are used for calibration of instruments.
In the industrial field, the largest producer of radioactive waste in Syria is the
phosphate industry, but oil and gas industry also generates wastes with enhanced
radiation levels.

3. SEALED SOURCES

Sealed sources used in Syria are returned to the supplier when no longer in use. Since
1987 there has been established a comprehensive system of registration and notification of
all sources entering and leaving the country.

Table 1 and 2 list the spent sealed sources which are stored in the interim store.

TABLE I. SPENT SEALED SOURCES BEING STORED AT SAEC.

Nuclide
60Co
&OCo
60Co
60Co
137Cs

137Cs

226Ra

137Cs

24lAm-Be
137Cs
226Ra

60Co

Origin
Russia
Russia
Russia
Russia
Russia

Russia

?

Russia

U.S. A
Russia
?

UK

Activity
High
Unknown
Unknown
Low
1.9 mCi

Low

?

10 mCi

60 mCi
Low
200 mR/h

ICi

Notes
?
Salt in a glass tube
Wire in a glass tube
Salt in a glass tube
3 Sources in original
contaier,used for
calibration
metallic rod used in a
Cement industry
33small containers fron
General Organization o
Geology
Density/moisture
detector
Ministry of Irrigation
?
Lead box with sources
detected in scrap meta
from Lebanon
8 old sources from th<
Syrian oil industry
delivered to SAEC
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TABLE H. INVENTORY OF SOURCES AT SAEC.

Ser.
No:
1
2
3
4

5
6
7

Type

137Cs
192Ir
228Th

241 Am

131!
99Tc
201-ri

Activity

100 mCi
0.1 Ci
10/^Ci
0.9/Ci

100 mGi
400 mCi
5 mCi

Origin

German
France
U.S. A
U.K

France
France
France

Entrence

27-10-89
12-11-89
14-09-90
01-06-91

16-03-92
23-02-92
04-06-92

Export

11-10-90
10-03-93
No
no

Local
Local
Local

Users

Oil Comp
Oil Comp
Oil Comp
Cooling
company
Cement
Cement
Cement

4. FUTURE WASTE ARISINGS

The largest individual waste generator in the nuclear application field, will be the
Nuclear Research Centre together with a 30 kW research reactor to be commissioned at
Damascus in 2 years. Radioisotope production will also be established at the centre. At the
Centre, there is an irradiation facility in the commissioning stage which will initially be
loaded with 100 kCi of ̂ Co. Spent sources from the facility are expected to be returned to
the supplier. Waste management activities are planned near the research centre.These include
chemical treatment and other processes for treatment of low level radioactive waste.

5. RESEARCH

There are many studies in progress related to radioactive waste management such as:

The diffusion of 137Cs and^Sr in local rocks (Limestone, Dolomit,....)
The cinatique studies on the radioisotopes migration in local rocks
The radioactive pollution studies in phosphogypsum in dumping aria.
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STATUS OF RADIOACTIVE WASTE MANAGEMENT
IN ZAMBIA

K. MWALE
Radiation Protection Service,
Ministry of Health,
Lusaka, Zambia.

Abstract

Zambia being part of the world community clearly understands that careless handling
of radioactive waste would cause problems - worldwide - for human health, for the
environment and natural resources management. It is for this reason that the Radiation
Protection Board has initiated a Radioactive Waste Management Programme covering the
following areas:

i. Legislation on Radioactive Waste Management,
ii. Immobilization of spent sealed radioactive sources, and
iii. Siting and construction of an interim storage facility.

1. LEGISLATION ON RADIOACTIVE WASTE MANAGEMENT

The Radiation Protection Board, the competent authority in Zambia is about to pass the
controlling regulations for radioactive waste in the country. This is an important step in the
right direction as the regulations will put more specific emphasis on the requirements that
will have to be followed by the handling authority.

Handling of radioactive materials starts from the time of importation. The executive
arm of the Board, the Radiation Protection Service needs to be informed in writing of the
intention to import before an import license can be granted after all the requirements are
satisfied. One condition among others is that the user must pay a license fee. The user must
also have adequately trained personnel and that the facility where the radioactive materials
will be used must satisfy the physical and other requirements. This includes radiation safety
precaution of persons involved in case of a radiological accident.

Apart from the above the safety in transportation must also be supervised by the
competent authority through the Radiation Protection Service. All these steps are initial and
necessary in radioactive waste management because it is only then that registration of the
sources is done. The expected useful life of the source is followed and at decommissioning
the Radiation Protection Service is involved.

2. IMMOBILIZATION OF SPENT RADIOACTIVE SOURCES

Most of the radiation sources in Zambia being used and those that are spent are sealed
solid sources. These include caesium-137, plutonium-238, americium-241, iridium-192 and
cobalt-60 which are or have been used in industry and mining. Other sources which are
being used in research institutions are iron-55, cadmium-109, americium-241, cobalt-57,
strontium-90, europium-152, etc.

All the sources in the country are registered with the Radiation Protection Service.
These include both those in use and those that are spent and are awaiting immobilization,
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interim storage and disposal. Short lived sources are decayed and disposed of after they attain
acceptable level of activity. Initial work leading to immobilization of sources has advanced
so well. This will be done at user institutions whilst a site for an interim storage facility is
being decided upon. Immobilization of a few sources has already been done under the
supervision of an IAEA expert and the country now has the expertise to proceed with this
project. However, the only setback is the construction of storage shed for on the site storage
whilst the construction of a centralized interim storage facility is being considered.

3. SITING AND CONSTRUCTION OF AN INTERIM STORAGE FACILITY

Zambia does not have the resources and high level expertise to construct a deep
underground disposal facility. Other surface or shallow level methods are being considered.
However, this does not mean that necessary requirements for such a facility will be
overlooked.Technical considerations would include the necessary requirements that the
conditioned sources do not contaminate the environment.

4. SUITABILITY OF THE INTERIM STORAGE FACILITY

The suitability of such facility will have to take into account the amount of the sources
already spent both in terms of volume and activity levels. There should also be an element
of future requirements in terms of the facilities that will be decommissioned in medium term
of about 15-30 years.

The other requirement is the geographical location. The site must not be too far from
the area where most of the sources are hi the country to avoid risks and costs in
transportation. The country will constantly seek IAEA and other member countries' advice
and support hi achieving this goal.
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SWEDISH WASTE MANAGEMENT PROGRAMME

PER-ERIC AHLSTRÖM
Swedish Nuclear Fuel and Waste Management Co.,
Stockholm, Sweden

(Presented by B. Gustaffson)

Abstract

Sweden has developed a comprehensive system for the manage-
ment of all wastes arising from its nuclear power production.
An interim storage for spent nuclear fuel is in operation
since 1985. A repository for low and medium level waste has
been constructed and is in operation since 1988. Transpor-
tation of the fuel and other radioactive wastes is made by a
sea transport system. The existing facilities will with some
moderate expansion be sufficient to handle all radioactive
wastes for a long time.
An encapsulation plant for spent nuclear fuel and a reposi-
tory for final disposal of a limited amount of spent fuel is
planned to be built till 2008. In the repository the fuel
will be isolated by multiple engineered and geological
barriers. The ongoing waste management RDScD-programme is
mainly concerned with questions related to the encapsulation
of fuel and construction of such a repository in the granitic
bedrock in Sweden. During the 1990s the emphasize will be on
finalising the development and the design of the needed
facilities and on the characterization of candidate
repository sites. The cost for spent fuel management
including final disposal has been calculated to 4800 SEK/kg U.

Introduction
Sweden has twelve nuclear power reactors with a total
capacity of 10000 MWe and producing about 50% of the annual
electric demand in the country. These reactors are located at
four different sites. The production of electricity creates
annually about 250 tonnes of spent nuclear fuel and about
3000 m3 of other radioactive wastes. Up to the year 2010 the
accumulated amount will be some 8000 tonnes of spent fuel and
90 000 m3 of other wastes. The decommissioning and
dismantling of the plants will create another 100 000 m3 of
radioactive wastes. The power plants have storage ponds for
spent fuel at each unit with capacities varying from one up
to eight years of output of used fuel. They also have
capacity for interim storage of low and medium level wastes.
According to Swedish law the owners of the plants are respon-
sible for the safe handling and disposal of all radioactive
wastes arising from the plants. In order to meet these requi-
rements the four utilities which own the nuclear power plants
have formed the Swedish Nuclear Fuel and Waste Management Co.
- SKB. Planning, construction and operation of, as well as
research and development for all facilities needed for the
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safe handling and disposal of all spent nuclear fuel and
radioactive wastes are thus the main tasks of SKB.
The management of radioactive wastes in Sweden is based on
some firmly established guidelines. All wastes will be taken
care of in Sweden and disposed of inside the country.
Decisions in parliament after a referendum on nuclear power
in 1980 limit the power programme to the existing twelve
nuclear reactors. With these constraints there is no
incentive for reprocessing the spent nuclear fuel.
SKB has developed a system for the safe management of all
radioactive wastes in Sweden. Major parts of the system are
already in operation. This paper describes briefly some
experiences gained from the development of the system and
from the operation of the existing facilities. An outline of
the plans for encapsulation and final disposal of spent fuel
is also given.

Short-lived low and medium level wastes
The low and medium level wastes from the nuclear power plants
as well as from hospitals, industry and research are sent to
the repository for short lived low and medium level waste -
SFR - at Forsmark. This facility was built at 50 to 100
meters depth in the bedrock, one kilometre off shore, below
the Baltic, at the Forsmark nuclear power plant starting 1982
and completed 1988. The repository consists of rock caverns
of different design according to waste type - see Figure 1.
The present capacity could be expanded to contain all low and
medium level wastes including the decommissioning waste from
the Swedish programme.
The experiences from almost six years of operation are very
good. By the end of 1993 about 13000 m3 of waste has been
disposed in SFR. Doses to workers are minimal and most of the
radiation exposure is due to the common radon exposures in
bedrock caverns.

Interim storage of spent nuclear fuel
The spent nuclear fuel will be stored for about 40 years in
the central interim storage facility - CLAB - which is
located at one of the nuclear power plants - Oskarshamn. The
interim storage period allows the residual heat and the
radioactivity to decay by a factor of about ten. Thereby the
handling and final disposal will be considerably easier.
CLAB was constructed in the early 1980s and taken in oper-
ation in 1985. It consists of an above-ground receiving and
handling building and an underground storage complex in rock
- see Figure 2. The fuel is handled and stored under water.
The capacity is now about 5000 tonnes of spent fuel in four
storage pools. To store all 8000 tonnes from twelve reactors
some additional pools will be needed around 2000.
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Key data for SFR
Disposal capacity: 60 000 m3

Planned expansion: 30 000 m3

Receiving capacity:
6 000 m'/year

Operating personnel:
about 20 persons

Construction cost: SEK 740 million
(through 1992)
Operating cost: SEK 27 million per '
year (1992)

1. Rock vault for intermediate-level waste in
concrete tanks. The tanks are handled by
forkiift truck.

2. Rock vault for low-level waste in freight
containers. The containers are handled by
forkiift truck.

3. Rock vault with pits for intermediate-level
waste in metal drums or moulds. The waste
is handled by remote-controlled overhead
crane.

4. Silo for intermediate-level waste In metal
drums or moulds. The waste is handled1

by a special remote-controlled handling
machine.

5. Operating building with operations centre
and personnel quarters.

FIG. 1. SFR disposal facility for low and intermediate level radioactive waste.

CLAB can receive about 300 tonnes of spent fuel per year. At
present about 250 tonnes is arriving each year and about 1800
tonnes are stored in the pools. Besides spent fuel also used
core components and reactor internals can be stored at CLAB.
The plant is operated around the clock but unloading is
performed only during the daytime shift. The operating staff
numbers 70 persons. Additional services are also obtained
from the nearby power plant staff. The construction costs
were about 1750 MSEK.

Transportation
All present major nuclear facilities in Sweden are located at
the coast. This makes it natural to use sea transportation
for all heavy transports to and from these plants. Thus a sea
transportation system has been built and is in use for the
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FIG. 2. Central interim storage facility for spent nuclear fuel. - CLAB
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shipment of spent fuel as well as for other radioactive
wastes. The system consists of the following components:

a specially designed ship, the M/S Sigyn,
ten special transport casks for spent fuel - see Figure
3,
two transport casks for core components,
four diesel-powered terminal vehicles for local road
transport at the reactor sites and at CLAB,
additional transport containers and a terminal vehicle
for the transportation of medium level waste to SFR.

The M/S Sigyn was taken in operation in 1982 and has since
then shipped about 2000 tonnes of spent fuel plus some 13000
m3 of medium level waste. The spent fuel casks meet the

~he spent nuclear fvel is fiansporîed m
ery sturdy "casks" that provide radi-

ation shielding and protection in the
event of accidents The casks ai e made
of stainless steel tilth copper fins for heat
-Dissipation A cask containing fy el

hs 80 tonnes

A transport vehicle is used to move casks
to and from M/S Sigyn The casks are
anchored on a earner fiame, v,hich is
secured to the ship's cargo deck

FIG. 3. Transportation of spent fuel
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stringent IAEA requirements on radiation shielding and
ability to withstand external stresses and fire. Each casks
can take somewhat more than three tonnes of fuel and has a
transport weight of 76 tonnes. Ten spent fuel casks or medium
level waste containers can be carried by Sigyn at the same
time.
The investments in the total transportation system so far are
about 250 MSEK and the annual operating and maintenance costs
are about 15 MSEK.

Plans for final disposal of spent fuel and other
long-lived wastes
The work carried out during a period of about fifteen years
in Sweden, and similar work in other countries, has led to a
broad agreement among international experts that methods
exist for implementing final disposal of high-level waste and
spent nuclear fuel.
Proposals and alternative options for the final disposal of
spent nuclear fuel have been reviewed and studied by both
regulatory authorities and industry in extensive R&D projects
during the 1980s. Thus, the important issues relating to
encapsulation and final disposal of spent nuclear fuel in
Swedish bedrock have been thoroughly elucidated.
Spent nuclear fuel contains large quantities of radioactive
materials. Final disposal shall be arranged so that the waste
is kept isolated in a safe manner while it has a higher
radiotoxicity than otherwise found in nature, i e over a
period of around 100 000 years. To bring about this
isolation, a final repository for spent fuel is designed
according to the multi-barrier principle. Safety assessments
show that by using stable materials in the engineered
barriers radioactive materials can be kept isolated for one
million years or more.
After having examined safety, technical feasibility and other
aspects for a number of different alternatives, work in
Sweden has now reached a point where it should be con-
centrated to a main line. SKB has concluded that the present
knowledge is sufficient to select a preferred system design,
to designate candidate sites for siting a repository, to
characterize these sites and to adapt the repository to local
conditions.
Thus the SKB RD&D-Programme 92 calls for completion of the
research, development and demonstration work by building a
final repository. This is to be done in stages starting with
a minor quantity of 5 to 10% of the above given total amount.
The main reason for this stage-wise approach is the
possibility to demonstrate in the first stage:

The siting process with all its technical, administra-
tive and political decisions;
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The step-wise investigation and characterization of the
repository site;
The system design and construction;
The encapsulation of spent nuclear fuel;
The handling chain of spent nuclear fuel from CLAB to
deposition in the repository;
The operation of a deep repository;
The licensing of handling, encapsulation and deep dis-
posal, including the assessment of long-term safety:
(Retrievability of the waste packages);

Due to the time periods involved the post closure safety of
the final repository cannot be demonstrated through field
tests. The longterm safety must be demonstrated by a tech-
nical-scientific assessment of the repository performance .
When the first stage has been completed, the results will be
evaluated before deciding whether or not to expand the
facility to accommodate all the waste. This makes it also
possible to consider whether the deposited waste should be
retrieved for alternative treatment. It is 8KB's opinion that
such a stepwise approach to disposal of spent nuclear fuel
with a freedom of choice for the future is a good way to
enlist broad support for the method of disposing of the
nuclear waste.
Additional facilities and systems that will be needed are:

Encapsulation plant for spent nuclear fuel, including a
buffer store for encapsulated fuel.
Deep repository for encapsulated spent nuclear fuel.
Transportation system between CLAB and the encapsulation
plant for spent fuel and between the latter and the site
of the deep repository.

8KB believes that the first stage including construction of
the encapsulation plant and the deep repository and also
deposition of 5-10 % of the spent fuel can be completed
within about 20 years.
The SKB RD&D-programme 92 has been reviewed by a
comprehensive set of experts at universities, research
institutes etc for the competent Swedish authorities. The
authorities - in particular the Swedish Nuclear Power
Inspectorate, SKI, and the scientific advisory committee to
the ministry, KASAM - have summarized their conclusions from
the review in reports to the government. In general they find
that the programme complies with the requirements of the law.
They endorse the main direction and the start of practical
work towards final disposal of the spent nuclear fuel.
The inspectorate stresses the necessity of concentrating on
one method for disposal in order to make it possible for the
generation using the benefits of nuclear power to also take
full responsibility for the waste. If decisions are postponed
burdens will unnecessarily be put on future generations. The
inspectorate also points out that landbased geologic disposal
of encapsulated fuel is the only realistic alternative for
Sweden.
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The authorities also give several critical comments e g about
a too optimistic timeschedule, about lack of systematic
approach in the site selection process and about the
comprehensiveness of the safety analyses at early stages of
the process.

Deep repository for spent fuel and other long-
lived wastes
In the long-range perspective the safe isolation of spent
fuel is achieved in a deep geologic repository. The technical
solutions that have been studied in Sweden are based on the
following principles:

Final disposal in the Swedish bedrock.
A multibarrier system with mutually independent natural
and engineered barriers.
Natural materials in the engineered barriers.
Limited temperatures, radiation dose and other impact on
the rock.

The implementation of these principles can of course be made
by a multitude of different designs. In the 1980s SKB has
evaluated several such designs. The results were reported in
the R&D-programme 89 and in RD&D-programme 92. The conclusion
was to continue with the reference repository design selected
already in the late 1970s - see Figure 4. It consists of a
system of tunnels at about 500 m depth in the crystalline
bedrock. From the floors of the tunnel deposition holes are
drilled bout 7.5 meters deep and 1.5 meters diameter.
Other long-lived wastes mainly from research activities at
the national laboratory in Studsvik would be disposed of in a
specially designed part of the deep repository separated from
the spent fuel.
A primary role of the bedrock around a repository is to
provide a mechanically and chemically stable environment for
the engineered barriers protecting the waste. Studies and
investigations of the bedrock in Sweden during the past 15
years indicate that there are many sites possessing the
properties and stability needed for constructing a safe
repository.
The work on siting and construction of the deep repository is
planned to proceed in the stages shown in Figure 5.
The selection of candidate sites for the repository will be
based on the qualities necessary from safety-related,
technical, societal and legal viewpoints. It must be
demonstrated for the selected site and selected repository
system that the safety requirements imposed by the
authorities are met. It must be possible to build the
repository and carry out deposition as intended. The siting
process, the investigations and the construction work shall
be carried out so that all relevant legal and planning
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Schematic drawing of a deep repos-
itory. A system of tunnels with vertical
deposition holts will be bttilt At a. depth
of about 500 metres. The spent fuel
assemblies are encapsulated in canisters
ftf *tfft /inn rnftfier Tnf r^njef^vt jivp
assemblies are encapsxiaiea in canisr.
of steel ana copper. The canisters are
emplaced in the holei, where they ar
embedded in bentonite clay.

are

-
c>f<f.r'5'lv*3

Multiple barriers protect the
spent fuel in :he deep repository.
1. Copper canister. The canister

isolates the fuel from the gro
luater. The fuel itself ii in solid form
and has very hu: solubility.

2. Blocks of benionite day. The clay prevents
ground'izaitr flow around the canister while
protecting against tn;nar movements in the rock.

3. A mixture of ber,:&>ii:e clay and sand fills up :!:-e :;:>:i:ch.
4. The rock o/ffr; n stable environment, both n:ccl'.:ri:'c.;iH .;»c

chemically. /: .;/js .-c:< ,-j .-7 J}!:erfcr :he ^•o;iKr':;.;:cr

FIG. 4. Deep repository for spent nuclear fuel
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1995

2000

2005

2010

Regulatory review under the Act concerning the
Management of Natural Resources (NRL)

Regulatory review under NRL and the Act on
Nuclear Activities (KTL)

Regulatory review under KTL

-1995

-2000

-2005

-2010

The repository can be expanded to full scale
after evaluation

FIG. 5. Timescale of the work on siting and construction of a deep repository in Sweden

related requirements are met. And last, but not least, it
shall be possible to carry out the project in harmony with
the host community and the local population.
The ongoing work is mainly concentrated on pre-studies in
interested municipalities and on general siting and design
studies. A pre-study is a preliminary investigation based on
existing information and data on the impacts and pos-
sibilities of siting a repository in the municipality. The
study is made as a cooperative effort in order to provide the
municipality and SKB at an early stage with all available
facts to give a base for decision on further work. It is a
clear understanding that the study does not imply that the
municipality is committed to accept future site
investigations. A formal agreement for a pre-study has been
signed with one municipality in northern Sweden and
discussions are under way with a few more. SKB would like to
make such pre-studies for five to ten municipalities.
The pre-studies will be followed by site investigations on
two sites. The purpose of these are to provide the basis for
selecting one site for detailed characterization. The latter
will require a permit from the government according to the
Act on Management of Natural Resources. The planning foresees
that such a permit should be obtained before the end of this
decade.

Spent fuel encapsulation
For the encapsulation of spent nuclear fuel, SKB plans to
expand the central interim storage facility for spent fuel
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(CLAB). The spent fuel is already being stored at CLAB, and
SKB believes that expansion of CLAB with an encapsulation
plant for spent fuel has clear advantages in terms of logis-
tics, resource utilization and environmental impact.
Several alternative designs were studied for the canister to
encapsulate the spent fuel. A copper-steel canister for 12
BWR fuel assemblies or 4 PWR fuel assemblies - see Figure 6 -
was chosen as the reference alternative and is the basis for
the ongoing design work. Final design is planned to be
selected in 1995. The canister consists of a steel container
providing mechanical protection and an outer copper container
providing long-term corrosion protection. The empty space
between the fuel rods will be filled with some suitable inert

Cutaway view o
fuel rod with
pellets of uranium
dioxide.

Schematic drawing of canister.
The canister is about 5 m long and
has a diameter of 88 cm. The can-
ister wall consists of S cm of steel
and 5 cm of copper. With fuel the
canister will weigh about IS tonnes.

FIG. 6. Encapsulation of spent nuclear fuel for disposal
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material like glass beads and inert gas. It is important that
the moisture content is kept to a minimum. The copper lid
will be sealed by electron beam welding. The waste package
will have a total weight of almost 15 tonnes and contain
about 2 tonnes of spent fuel (uranium weight).

Costs for waste management
The costs for some of the existing facilities and systems
have already been mentioned. The major part of the spent fuel
management costs will however be incurred in the future.
These costs will be covered by funds which are built up from
fees put on the nuclear power production. The fees are
revised annually by the government. The revisions are based
on detailed cost calculations which are reported each year by
SKB and reviewed by the Nuclear Power Inspectorate - SKI. The
fee has been 0.019 SEK/kWh on the average for the last ten
years and includes not only costs for spent fuel management
but also costs for other waste handling and disposal and for
decommissioning of nuclear facilities.
The calculated costs for spent fuel management are summarized
in the following table. Please note that the costs for
research and development include all costs for finding and
characterizing the repository site.
Calculated costs (price level 1993).
Average for 7700 tonnes 4800 SEK/kg U
Marginal for additional quantity 2000 SEK/kg U
Relative distribution of these costs.

Average Marginal
Transportation 4% 3%
Interim storage 25% 20%
Encapsulation 21% 35%
Final disposal 34% 42%
Research and development 15%
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MANAGEMENT OF RADIOACTIVE WASTE IN ISRAËL

S. BRENNER, E. NE'EMAN, B. SHABTAI, E. GARTY, V. BUTENKO
Ministry of the Environment,
Tel-Aviv University, Sackler Medical School,
Tel-Aviv, Israel

Abstract

Radioactive materials are used extensively in Israel in labeled
chemicals in hospitals, research laboratories, industrial and
agricultural premises and for environmental studies. In many instances
they provide scientists and technicians with unique methods' of
monitoring processes and measuring reactions. A by products of many of
these methods is radioactive waste (R¥).

The primary concern of the Ministry of the Environment in waste
management is to implement an effective control and disposal system
that ensures the safety of people and protection of the environment.

The responsible authority for El? management in Israel is the Chief
Radiation Executive (CRE) who is nominated by the Minister of the
Environment according to the "Pharmacists Regulation - Radioactive
Elements and Products Thereof". These regulations authorize the CRE to
issue a license for waste disposal services, after consulting with the
Israeli Atomic Energy Commission (IÀEC).

Each R¥ producing institute in Israel has to acquire a license for
its operation. This license limits the amount of radioactive materials
purchased by the institute and approves the nomination of a radiation
officer. The radiation officer is responsible for the appropriate
handling of R¥ inside the institute.

Hospitals and research institutes pose a unique R¥ problem. They
produce a large amount of R¥ and the adequate segregation and disposal
of this waste by these institutions deserves special attention.
However, the main requirement is that: No R¥ of any sort will be
disposed off through the ordinary waste system or through the general
sewage.

Radiation waste disposal services are offered by the I&EC's Nuclear
Research Center—Negev (NRCN) which operates and monitors a National
Radiactive Waste Disposal Site (NR¥DS). The NRTOS which is the only
one in Israel is located in the Negev Desert in the southern part of
Israel.

Officials under the CRE control the flow of radioactive materials
in Israel aided by a computerized Data Base Management System (DBMS).
This software comprises of the following modules: licensing module,
import and distribution module, and waste disposal and transportation
module. At the present time only the first and second modules were
completed. The waste disposal module of the DBMS described above, will
include a theoretical model for the estimation of the volume of R¥
production by large institutions. This model will provide a "first
guess" that can be used to validate the information given by the waste
disposal agency.
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l. SURVEILLANCE OF RADIOACTIVE MATERIALS IN ISRAEL
Radioactive materials are used extensively in Israel in many

areas and applications e.g. medical diagnosis and therapy, industry,
agriculture, research and development and related subjects. À
radiation protection infrastructure of regulations, educational
facilities, licensing and supervision arrangements was developed in
Israel including the formulation of radioactive vaste (R¥) disposal
rules. The system of sharing responsibilities for radiation protection
among the Ministry of Environment (MOE), Ministry of Health (MOH), the
Ministry of Labor and Social Affairs (MOLSÀ) and the Israel Atomic
Energy Commission (IÀEC) was developed, especially during the last 15
years.

The main two sets of regulations relating to radiation protection
concerning radioisotopes are:

1.Pharmacists' regulations - radioactive elements and products
thereof.

The MOE together with MOH share the responsibility for the
enforcement of these regulations.

2. Safety-at-work regulations (person engaged in ionizing
radiation).

These regulations are under the supervision of MOLSÂ:

It should be noted that the Ministry of Transportation in
coordination -with MOE, is responsible for the transportation of
radioactive materials including OT.

There are now (1994) 304 consumers of radioactive materials in the
country according to the different groups described in Table I.

Table I. List of radioactive materials consumers in Israel
GROUP TYPE

Industrial nuclear measurement devices
Medical laboratories
Research and education institutes
Hospitals
Import & distribution companies
Smoke & fire detectors
Non-destructive test— radiography
H-3 light emitters
Radioisotopes producers

Total

NUMBER OF INSTITUTES
138
37
36
29
27
16
11
7
3

304
Since each institute may contain and handle more than one
radioisotope, the computerized screening program enables the
authorities to review the overall situation at any given time. Table
II presents the breakdown for 15.08.94.

Table II. List of Radioactive Installation and Sources
No of institutes (Table I)
No of installations
No of "sealed sources"
No of "unsealed sources"

304
2169
2147
5819
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1.1. Paaraaci&ts ' regulations - radioactive elements and
produces thereof (1992 Ed. )

These regulations, under the authority of the MOH and MOE, prohibit
the purchase, distribution, transportation and any application of
radioactive materials unless a special license has been issued to the
user. Licenses are issued by the Chief Radiation Executive (CEE),
appointed by the Minister of Environment. These are the main
regulations dealing with the issue of radioactive vaste.

The principle behind the regulations is supervision over
radioisotopes "from cradle to grave" whenever this is feasible,
usually the tendency is to follow international guidelines of
recognized bodies such as IAEA, ¥HO and ILO.

The regulations specify the general conditions under which a
license will be granted, including shielding and storage arrangements.
Based on the regulations there are specific guidelines for releasing
radioactive materials from customs and it is also one of the main
duties of the CRE to prevent the introduction of radioactive vaste
into the country which sometimes occurred in the past under different
names.

The regulations also specify practices and activities exempt from
licensing, and list services and practices which may not be undertaken
without special permit from the CRE (such as dosimetry, vaste
disposal, radiotoxicology services, etc.).

The regulations require the appointment of a National Advisory
Committee for Radiation Protection whose members are professionals in
various fields of science and technology, and experts in radiation
protection.

Finally, the regulations require that the CRE consult the IÀEC
prior to licensing certain practices (e.g. offering vaste disposal
services), or when relatively high activity of radioactive materials
(beyond specified limits) is concerned.

1.2. Safety-at—vork regulations (persons engagea in ionising-
radiation)

These regulations are enforced under the authority of the MOLSA.
They set forth guidelines for control in facilities where employers
handle radioactive materials or radiation equipment.The main elements
of the regulations are the necessary requirements for the protection
of the workers.

The limits for the annual radiation doses to the whole body and to
single organs of radiation workers are based on the recommendations of
the International Commission on Radiological Protection.

2. RADIOACTIVE ¥ASTE MANAGEMENT
The responsible authority for Rff management in Israel is the Chief

Radiation Executive (CRE) according to the "Pharmacists Regulation -
Radioactive Elements and Products Thereof". These regulations
authorizes the CRE to issue a license for waste disposal services,
after consulting with the IAEC.
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The requirements for handling RW in each institute possessing
radioactive materials is integrated in the specific license of that
institute. The license limits the amount of radioactive materials
purchased by the institute and approves the nomination of a radiation
protection officer. The radiation officer is liable for the
appropriate handling of RW inside the institute.

Hospitals and research institutes pose a unique RW problem. They
produce a large amount of low level RW and their radiation officer is
generally a physicist who perform this duty as a part-time job. As a
consequence, the adequate segregation of RW cannot be assured by these
institutions. À safety assessment of the above actual situation
dictates a clear cut instruction for RW disposal:
No R? of any sort will be disposed off through the ordinary waste
system or through the general sewage unless a special permit was
granted by the CRE.

RW disposal services are offered by the lÀEC's Nuclear Research
Center — Negev (NRCN) which operates and monitors a National
Radioactive Waste Disposal Site. The current report contains 94
institutes disposing their RW to the National Site (Table III). The
National Waste Disposal Site which is the only one in Israel is
located in the Negev Desert in the southern part of Israel. However,
most of the hospitals and institutions generating radioactive waste
are located far away from the above site. The cost of transporting the
radioactive waste is usually very high due to the large distances
involved. In order to solve this problem we intend to install
intermediate waste concentration sites in several regions of the
country.

Table III. Radwaste disposal from institutes (1994)
(except sealed sources)

Medical centers
Medical laboratories
Research institutes
Other (fire detectors. distributors, producers)

Total

21
24
21
28
94

The CRE control over the flow of radioactive materials in Israel is
aided by a computerised Data Base Management System (DBMS). This
software comprises of the following modules: licensing module, import
and distribution module, and waste disposal and transportation
module. At the present time only the first and second modules were
completed.

The CRE gets monthly reports from the national agency for waste
disposal of the NRCN which specify the quantities of drums arrived
from each hospital and research center in Israel (e.g. Fig. 1-2). As
can be seen from these figures, the volume of radwaste produced by
large institutions often decreases with time. However no such decrease
was found in their consumption of radioactive materials. In order to
achieve safe and efficient waste disposal control, the CRE should have
the ability to estimate whether the reported waste quantities are
reasonable.

The waste disposal module of the DBMS described above, will include
a theoretical model for the estimation of the volume of radwaste

120



production by large institutions. This model will provide a "first
guess" that can be used to validate the information given by
the f̂aste disposal agency.
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FIG. l. Disposal of radioactive waste (drums) from hospitals (1989-93).
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FIG. 2. Disposal of radioactive waste (drums) from research (1989-93).
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The amount of R¥ produced by each laboratory in a hospital depends
on the various kinds of tests performed there, the work load, and the
specific techniques used by the personnel. ¥e assumed, as a first
order approximation, that this dependency is linear. Since most
laboratories in Israel exercise similar techniques for the same kind
of test, it is possible to consider a limited number of hospitals in
calibrating the coefficients of a linear simplified model. Typical
values for the number of tests needed to produce one R¥ drum as a
function of labs' discipline is listed in table IV.

Table IV. Typical values for the number of tests
needed to produce one R¥ drum

DISCIPLINE i a^
Gastroentherologv i 400
Bacteriology
Nuclear Cardioloqry
Hematology
Genetics
Endocrinologv

2,200
200
800

2,400
B,800

The number of the drums N produced each month by a hospital
according to such a model will be given by

N = ( Znj/ai ) + bm H- dk,

where the summation is carried over all the laboratories of the
institute, and
n - is the quantity of tests done per month in each laboratory;
m - is the number of licensed radioactive facilities in the hospital;
k - is the total activity in milicurie of radioactive materials
purchased by the hospital each year, not including Tl-201 and Mo-99 -
Tc-99m.
The set of coef f icients ai, b and d are the constants of the model.
The constants a± are taken from table IV. The values of b and d were

estimated to be 0.08 and 0.0035 respectively.
There are few cases in which the CEE has decided to grant permits to

dispose liquid R¥ (not for a- and ß-emitters) to the sewage system.
This practice is performed only when the regular procedure is not
practical and comprehensive calculations have demonstrated that the
material dilution in the sewage water of each institute will result in
radionuclides concentrations below national drinking water levels. At
the moment there are 19 institutes with such permits. Finally, the MOE
is engaged in the legislation process of a new law on "Disposal of R¥"
based on the approach allowing disposal of short lived R¥ as regular
solid waste provided all the precautions were taken that the waste was
segregated and stored the required time ensuring complete decay.

3. CONCLUSIONS
We have described how R¥ disposal is managed and supervised by the

CRE, the responsible authority in Israel. An important part of the
enforcement capabilities of the CRE is his ability to independently
validate the reports concerning the amount of waste produced by large
users of radioactive materials. This can be partially achieved by the
use of the model presented here.
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NATIONAL POLICY AND EXPERIENCE WITH THE
MANAGEMENT OF RADIOACTIVE WASTES FROM
NON-FUEL CYCLE ACTIVITIES
IN THE CZECH REPUBLIC

J. HOLUB, M. JANÛ
Department of Ecology,
NYCOM,
Prague, Czech Republic

Abstract

Research, production, and application of radioisotopes in many fields of science,
industry, agriculture, medicine, education, etc. proceeded in the former Czechoslovak Republic
(CSFR) since the mid-fifties. These activities resulted in a great accumulation of relatively
large volumes and activities of radioactive wastes.Therefore, in 1959 the Czechoslovak
government appointed the Institute for Research, Production, and Application of Radioisotopes
(IRPAR), now NYCOM, to be the central authority for collection and disposal of these
radioactive wastes. In 1972 these responsibilities were defined in more detail by the decree
of the Ministry of Health of the Czech Republic No. 59/1972 on the protection of public
health against the effects of ionizing radiation.

From the very beginning the services for collection, transport, and disposal provided by
IRPAR (NYCOM) were based on the concept of waste concentration and their safe disposal
in well-controlled facilities. The aim of disposal is to guarantee that man and his environment
will not suffer, neither at present nor in the future, from these wastes. This aim is achieved
by isolation of radioactive wastes from the human environment by a system of multiple
barriers for a sufficiently long period of time to allow activity to decay below acceptable
limits. The disposal of radioactive wastes in the central repositories started in 1959, when the
first repository located near the village Hostim in the Beroun District was put in operation.
The operational period of this repository was ended in 1963 and it was closed in 1965.

At present, there are other two repositories in operation. The repository Richard serves
for disposal of wastes containing artificial radionuclides, i.e., nuclides with induced
radioactivity and fission products. The repository Bratrstvi serves for disposal of naturally
occurring radionuclides, i.e., nuclides of uranium and thorium and their daughter products.

1. INTRODUCTION

The NYCOM was given the responsibility for collection and disposal of institutional
radioactive wastes which mean the wastes from applications of radionuclides in various
branches of industry, medicine, agriculture, etc. The effective protection of public and
biosphere from the potential hazards arising from these wastes is the main objective of
radioactive wastes management. Many investigations and efforts in this field have led to the
general agreement that underground disposal, with the wastes suitably immobilized and
isolated, can provide adequate protection for man and his environment for a sufficiently long
period of time. Our disposal strategy is in compliance with the internationally accepted
standards and requirements. The characteristics of the waste types led to the choice of disposal
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in rock cavities. The most convenient and economical options were abandoned mines. The
philosophy of separate disposal of radioactive wastes containing artificial and natural
radionuclides has been applied.

Transport and disposal rules are given by the legislative regulations of the radiation
hygiene and safe transport. As the repositories were built in abandoned mines, the respective
mining regulations had been applied as well.

In 1991-94, a safety assessment for the individual disposal sites have been started. The
evaluation of present conditions of the disposed wastes, the technical state of the repositories,
present qualities of the natural and engineered barriers, and the evaluation of the possible
impact of the disposed wastes on the environment are the main objects of these studies.

2. CONDITIONING AND TRANSPORT OF RADIOACTIVE WASTES

Radioactive wastes are transported and disposed of by the NYCOM staff. The wastes
must be prepared for transportation and disposal according to the "Acceptance Criteria for
Radioactive Wastes" endorsed by the General Hygiene Office of the Czech Ministry of
Health.The present acceptance criteria define technical requirements for waste conditioning
and organizational and legislative relations between NYCOM and the institutions producing
radioactive wastes.The document defines the classification and characterization of wastes, the
methods of their treatment, conditioning, and preparation for transport and disposal, duties and
responsibilities of the waste producers and NYCOM, and general and legislative regulations.

At present, the double-conditioning in concrete is the principal requirement. In the first
step the wastes, packed usually in plastic bags, are put in a 100 L inner barrel and fixed with
concrete. Soft solid wastes are pressed in 100 L barrels prior to cementation. Then the inner
100 L barrel with the fixed wastes is placed into a 200 L external barrel which is provided
with a 5-cm thick concrete layer at its bottom. The free space between the two barrels is
filled with 5 cm of concrete. The barrels are made of steel plated from both sides with a zinc
layer and sealed with a hermetic lid. The surface of barrels is painted with bitumen or epoxy-
bitumen. The quality of the concrete should conform with the requirements of the technical
standard CSN 731201-86 B 12.5. The upper part of the concrete layer should be painted with
bitumen after 14 days of concrete hardening. Wastes in the inner barrel should be distributed
and provided with shielding so that, at a distance of 5 cm from the surface of the external
barrel, the dose rate equivalent would not exceed 1 mSv/h. The contamination on the surface
of the external barrel should not exceed 3 kBq/m2 for natural and alpha-toxic radionuclides,
300 kBq/m2 for explicitly specified low-toxic radionuclides and 30 kBq/m2 for other
radionuclides.

Liquid wastes, that cannot be easily solidified, are transported in a special tank to a
treatment facility for evaporation and fixation of concentrates in cement in 200 L drums.

Organic solutions, especially those containing 14C and 3H, are fixed in cement containing
synthetic resin VAPEX to absorb organic compounds. Special attention is given to biological
radioactive wastes. They are incinerated and the ash is fixed in cement. When this procedure
is not possible, they are treated for 30 days in formaldehyde, put into plastic bags with
chlorinated lime and fixed with concrete in steel barrels.

The handling of spent radiation sources used in various applications, e.g., in oncology,
industrial gauges, well logging, fire detection devices, etc., is another special problem. These
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sources contain mostly 60Co, 137Cs, 241Am and 226Ra. In CR a special system of safety
supervision on the movement of these sources was adopted. Each organization intending to
use sealed radiation sources must obtain a license to be issued by the hygiene authorities and
by the State Office for Nuclear Safety. Each sealed source is provided with a certificate of
the producer. This certificate is transferred to NYCOM together with each discarded spent
radiation source sent for disposal. After the activity has decreased below the given level,
radiotherapeutical 60Co sources are reused for other purposes, e.g., in technological irradiators,
etc. For such radiation sources, a special tube bunker was built in one of the chambers of the
repository Richard. Radiation sources destined for ultimate disposal are fixed with their
shielding containers in concrete in 100 L barrels. If necessary, barytconcrete, instead of
normal concrete, could be used in order to reduce the dose rate on the surface. Then the 100
L barrels are placed in 200 L barrels and the space between their walls is filled with concrete
or barytconcrete.The barrels containing spent sources with artificial radionuclides, such as
60Co, 137Cs, 239Pu, 241Am, 85Kr and others are disposed of in the repository Richard and the
barrels containing sources with natural radionuclides, such as 226Ra, 210Po, etc., are disposed
of in the repository Bratrstvi.

Up to the present time about 4.1016 Bq of sealed sources have been disposed of. In the
period 1977-1993 the following isotopes of different activities were collected:

60Co - l,2.1015Bq
I37Cs - 3,6.1014Bq
3H targets - 3,2.1013Bq
85Kr - l,8.10I2Bq
192Ir - l,0.10I2Bq
204T1 - 6,0.10"Bq
239Pu - 2,8.10nBq
90Sr - 2,4.10nBq
241Am - 2,3.10" Bq
I47Pm - 2,2.10uBq
226Ra - I,0.10"Bq
238Pu - 3,2.10IOBq

The activity of other radionuclides, originally used mostly as dosimetric standards,
ranges from 2,4.103Bq to 8.109Bq. The following radionuclides as such standards were
disposed of: 14C, 75Se, 210Pb, 109Pb, 106Ru, 144Ce, 55Fe, 65Zn, 252Cf, 54Mn, 133Ba, 2IOPo and 63Ni.

A special truck is used for transport of conditioned wastes. Liquid wastes are
transported in a special tank for liquids.

3. CHARACTERIZATION OF THE REPOSITORIES

In the central repositories, the requirement of waste isolation from the environment is
realized through a system of multiple barriers. The basic barrier is the immobilized wastes
themselves. Another barrier is provided by packaging in two barrels and concrete. However,
the geological formation hosting the repository and its isolation characteristics are the most
important barriers from the viewpoint of the long-term safety. According to the waste
characteristics and its disposal procedure, there is no threat of any significant release of
radioactivity to the environment. The natural barriers provide reliable shielding against the
increased radiation level. The repository operation requires careful checking of any
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contamination of the site and drinking water sources. Any imaginable accident in the
repository should not constitute a significant threat to the population living in the vicinity of
the repository.

4. THE REPOSITORY HOSTIM

The repository Hostim was established and put into operation in 1953. Construction of
this repository and beginning of the waste-disposal services was initiated by the
government.The repository is situated in the galleries of the abandoned limestone mine. The
repository was closed in 1965 by the decision of the local Hygiene Office of the Central
Bohemia Region. Before the repository was closed, the containers (barrels, packages) with
higher activities were transferred to the repository Richard.

The characteristics of the repository Hostim (gallery B) are as follows:

- the waste volume in gallery B: 110 m3

- number of packages : 2000, and some unpacked wastes
- total remaining activity: 0.1 TBq
- predominant radionuclides: 3H, I4C, 60Co, 90Sr, 137Cs
- the total volume of the gallery B: 1200 m3

Similar data on the disposed activity are valid also for the gallery A. The total volume
of this gallery is about 400 m3.

This repository constitutes no real danger to the environment.This conclusion will be
verified by the on site monitoring system. The proposal of the final solution for the repository
Hostim assumes that the remaining wastes will be left in place. After all these activities are
finished, the entire volume of the repository will be filled with inert material consisting of
clay and cement and the repository will be sealed. A detail study evaluating the present state
and future solution of this repository is being worked out.

5. REPOSITORY RICHARD, LITOMËRICE

The repository Richard near Litomëfice has been in operation since 1964. It was built
as a relatively large-capacity repository for low and intermediate level radioactive wastes and
spent sealed sources in the area of the abandoned limestone mine Richard II. During World
War II, an underground factory working for military purposes was situated in this mine. The
cost for the adaptation amounted to more than 10 mil. Czech crowns. However, only a part
of the mine Richard II was used as the repository. Up to the present time the total volume of
the disposed radioactive wastes amounts to about 2700 m3.

The underground water level is approximately 50 m below the disposal modules in a
sandstone layer and the repository is continuously monitored for possible contamination of
water, land and air.

The repository Richard II accepts only wastes with artificial radionuclides. Its total
volume capacity is 16 684 m3. Out of this figure 8 612 m3 is the volume available for disposal
and 8 072 m3 is used for communications (gangways and corridors). By 1993 about 5 200 m3

were filled with wastes so that about 2 800 m3 still remain free for disposal. As the filling
factor is about 40%, about 1 120 m3 remain still free for emplacement of future packed
wastes.
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The total disposed activity is estimated in the range of 1016Bq. Out of this amount about
31% of the activity is 90Sr, about 31% 24IAm, 30% 60Co, 3% 14C, 2% 3H, 1% 137Cs, the rest
being small amounts of 239Pu, 204T1, 36C1,75Se, 57Co, 85Kr, 144Ce, 22Na, 133Ba, 88Y, 54Mn, 45Ca,
55Fe, 65Zn, 238Pu, 109Cd, I34Cs. About 95% of the total activity is in the form of sealed sources.

From the remaining unsealed sources 96% of the activity is 3H, 1.7% 137Cs, 1.4% 14C,
0.7% 239Pu, 0.6% 144Ce, 0.3% 60Co and 0.2% 241Am. From these figures it is evident that
tritium is one of the most important radionuclides from the point of view of radiation hygiene,
especially because of its volatility and difficulty with immobilization. Other critical nuclides
are 241Am, 239Pu, 137Co, 14C and 90Sr.

A project has been worked out for the reconstruction of another 2 800 m3 capacity but
it has not yet been approved by the local authorities. From the recent hydrological studies, it
follows that the isolation characteristics of this site are relatively good. The underlying
geological bed of the site is formed partly by marl. Small amounts (several litres per day) of
mine water flow out during the whole year. The repository has not yet been equipped with
a full monitoring system. Such a system is now being developed. However, the packages are
in a relatively good condition. While recent studies revealed that there is no immediate threat
to the surrounding environment, it is necessary to take the following measures in order to be
able to guarantee full radiation safety:

revision of the static conditions in the repository and making all the necessary
adaptations;
revision and repair of the drainage system;
building a central isolated retention basin for the accumulation of mine water;
establishing of systematic monitoring of the mine water and air in the repository and
outside;
completing of deep monitoring system in agreement with the hydrogeological studies
made up to the present time;
supplying the repository with the modern equipment for safe handling of the wastes;

Some of these measures have been already taken. A detailed preliminary safety study
has been worked out that will be used for the enhancement of radiation safety of the
radioactive wastes disposal in this site.

6. THE REPOSITORY BRATRSTVÎ, JÂCHYMOV

The repository Bratrstvï Jâchymov was built in the gallery of an abandoned uranium
mine with five chambers for disposal.lt is appointed for wastes containing natural
radionuclides, predominantly 226Ra, 210Po, 210Pb and uranium and thorium isotopes. The wastes
also contain spent sealed sources and neutron sources, mostly with 226Ra and 210Po.The main
reason for the separation of these wastes from other wastes is the radon emanation that would
cause serious problems in the repository Richard.

The cost of the basic adaptation of the former uranium mine amounted to about 1,2
million Czech crowns. The repository has been in operation since 1974.

The characteristics of the repository are as follows:

the volume of disposed wastes is about 250 m3;
the free capacity is still about 40 m3;
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the repository will be completely filled in about 3 years;
the disposed activities are: about 1012Bq of 226Ra, 109Bq of 232Th and about 109Bq of
other radionuclides.

The possibility of the repository expansion has been rejected by the local authorities for
the time being. The license is based on the controllable state of the packages. The safety
analysis shows that this mine cannot be considered to be a stable system with the time horizon
of at least 104 years, the period necessary for a substantial decrease of the 226Ra activity with
the half-life of 1600 years. The acceptance of the repository is based on the fact that only
a small part of the activity that was originally mined from this locality has been returned to
the repository.

The following provisions for increasing the safety of the repository are being made:
a tracer examination of the underground water movement using artificial radionuclides;
hydrochemical determination of the mine waters, mineral waters and surface waters from
the point of view of hydrochemistry;
estimation of the engineering and geological stability of the repository.

7. ECONOMICAL AND SAFETY CONSIDERATIONS

In the past transport and disposal of wastes was provided free of charge. The costs of
this service were fully covered by the state. The average costs amounted to about 3 million
Czech crowns per year. In the years 1991-93 only the inevitable costs connected with the
operation and maintenance of the repositories in the amount of 1,5 million Czech crowns were
covered by the state. The costs connected with the transport, treatment and conditioning of
wastes were paid by the waste producers. The charge for one 200 L barrel of wastes amounts
to 10 000 Czech crowns. It is evident that the charge-free service led to the uneconomic
operation. However, abnormal increase of fees for the complete operation and maintenance
of the repositories on the requested level would lead to an increase of the risk of the
uncontrolled disposal of radioactive wastes in the environment.

Considering the rather imminent exhaustion of the present capacity of the repositories
it is necessary to speed up the work on other sites, to design and construct new repositories.
It would be of great advantage if disposal of institutional radioactive wastes is solved in
connection with the wastes from the nuclear fuel cycle because both are faced similar
problems and the combined solution can result in economic savings.This is true not only for
treatment and conditioning of wastes but also for final disposal. It is necessary to take up the
following strategy in the operation of these repositories:

to guarantee operation of the mine systems including their safety;
to maintain the packages in a good and transportable state;
to build up and to operate reliable monitoring systems;
to establish and maintain good relations with the local authorities with the aim of
achieving the atmosphere of trust and constructive cooperation;
to find ways to provide the local municipalities with reimbursement for the operation
of the repositories on their respective territories.
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FIG. 1. The mobile compactor for volume reduction
of solid radioactive wastes.

FIG. 2. The view into one gallery of the repository
Richard with stored drums containing radio-
active wastes. Some of the drums are prepa-
red for final loading.
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Abstract

Since the establishment of the National Atomic Energy Agency in 1958, several nuclear
research centres have been established to carry out research and development for the
promotion of nuclear energy in supporting the national development programme. To realize
such objectives the first research reactor of Triga Mark II was put in operation in 1965 and
flowed by the establishment of Pasar Jumat and Yogyakarta research centres. To support
further development of nuclear energy programme several nuclear facilities such as a 30 MW
research reactor, radioisotope production, fuel element research and fabrication and centralized
radioactive waste treatment facility are put in operation at Serpong site in 1988.Through out
the effort on the development and promotion of nuclear energy programme, health and safety
of the workers, population and the environment have been the primary concern as it is stated
in National Act No.31 of 1964 on Basic Provision on Atomic Energy. Based on the act, the
radioactive wastes generated from nuclear programme should be treated to minimize its
harmful effect to population and environment. To meet such a requirements, many works and
efforts have been directed toward formulating the national policy of radioactive waste
management and its implementation. The paper presents a broad view of national policy and
programme of radioactive waste management and its implementation to support the safety
aspect of the present and future development of nuclear energy programme in Indonesia.

1. INTRODUCTION

Since the operation of the first nuclear research reactor in 1965, several nuclear research
facilities have been established to develop and promote nuclear programme in supporting
different areas of national development programme. At present, nuclear programme is still
limited to research and applications activities, and in the near future will be extended for
electricity generation.

In the effort to promote a nuclear programme, health and safety of workers and
population and protection of the environment have been a primary consideration as it is stated
in the national Act No.31 (1965) on Basic Provision of Atomic Energy and Act No.4 (1982)
on Basic Provision of Environmental Management [1,2]. Based on the acts, radioactive waste
generated from nuclear activities should be treated to minimize its radiation effect to the
population and the environment. To accomplish such an objective, several steps have been
taken in establishing a national structure for radioactive waste management.

2. POLICY AND STRUCTURE

The basic policy of radioactive waste management has been set up in the National Act
No. 31 (1965) on Basic Provision of Atomic Energy and Act No. 4 year 1982 on Basic
Provision of Environmental Management, and implemented in several regulations such as the
Governmental Regulation on Operational Safety, Licensing of the Use of Radioactive
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Materials and Radiation Sources, Transportation of Radioactive Materials and The Préparation
of Environmental Impact Analysis [3-6]. The basic policy radioactive waste in Indonesia is
as the following:

1. Generation of radioactive waste from nuclear activities should be minimized.
2. Discharges of liquid and gaseous radioactive waste to the environment should be as low

as possible.
3. Environmental aspects of handling, treatment and disposal of radioactive wastes should

be taken into account.
4. Solidified and solid waste should be emplaced in a facility specially constructed for that

purpose.
5. Radioactive waste management problems should be taken into account before any larger

nuclear programme is carried out.
6. Research and development on radioactive waste management should be carried out to

support the safety of present and future nuclear programmes.

The present structure of the radioactive waste management is shown in Fig.l. The
structure comprises promotion and regulation side. The Ministry of Science and Technology,
the Atomic Energy Council and the National Atomic Energy Agency set up research and
development programme to be implemented. On the regulatory side, the Atomic Energy
Control Bureau of the National Atomic Energy Agency, the Ministry of Health and State
Ministry of Environment provide regulations, guidelines and criteria on the safety aspects and
control of their implementation. In addition to these organizations, the Radioactive Waste
Management Technology Centre acts as a supporting organization and carries out research and
development in the radioactive waste management field. Several steps are being carried out
to separate the Atomic Energy Control Bureau from the National Atomic Energy Agency and
put it as an independent organization under the Ministry of Science and Technology.
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FIG. 1. RADWASTE MANAGEMENT STRUCTURE
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3. CURRENT PRACTICES

3.1. Waste sources and generation

At present, most of radioactive waste are generated from nuclear research activities
carried out by the National Atomic Energy Agency in several research centres located in
Bandung, Yogyakarta, Jakarta and Serpong. Small amounts of radioactive waste are also
generated from application of nuclear techniques in medicine and industry. The total amounts
of radioactive waste generated in 1993 is shown in Table I.

TABLE I. WASTE SOURCES AND WASTE ARISINGS IN 1993

Nuclear Research Waste Types

Liquid (low level)

Solid
- Compactable (low level)
- Burnable (low level)
- Other (low and medium
level)

Amount

520m3

197 drums (100 L)
39 drums (100 L)
28 drums

Applications Solid (low level)
Spent sources
- Cs-137
- Sr-90

6 drums (100 L)

28 hi lead containers
10 in lead containers

Most of the wastes are low level and contain short-lived radionuclides. These wastes
consist of contaminated process equipments, used filters, protective devices and concentrates
and sludges from the liquid waste treatment. Small amount of intermediate and high level
wastes are also generated from radioisotopes production and radiometallurgy facility. From
application activities the wastes are mainly spent radiation sources. The radioactive wastes are
treated at a centralized waste treatment facility by different techniques and then solidified in
a cement matrix.

3.2. Centralized waste treatment facility

Before the establishment of the Serpong nuclear industrial research centre the quantity
of radioactive waste generated from nuclear research was relatively small, consisting of low-
level activity and mostly contain short half-life radionuclides.The treatment of these wastes
is simple through decay and delay and needs simple process equipment. Due to the
development of a nuclear programme and in order to give better services in radioactive waste
management, a centralized treatment facility is put in operation on the Serpong site.This
facility is operated under the Radioactive Waste Management Technology Centre which is also
responsible for research and development needed in the radioactive waste technology field.

The centralized radioactive waste treatment facility consists of three buildings: the waste
treatment, interim storage and power supply buildings. The process building accommodates
liquid and spent resins storage tanks, an evaporator of a 750 L/h capacity, an incinerator of
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200 kg/h capacity, a compactor of 600 kN, a cementation unit with a capacity of 6 200 L
drums per day, and a laundry system for cleaning and decontamination of protective devices.
The process system is also equipped with a transportation unit for solid and liquid wastes and
spent resins. Interim storage building has a space area of 1500 m2 and can accommodate 500
concrete shells of 950 and 350 L and 1500 drums of 200 L. The power supply building
provides steam, compressed air, electrical power and auxiliary support.

3.3. Radioactive waste management programme

The radioactive waste management technology scheme used for different waste forms
and categories is shown in Fig. 2 and summarized in this section.

Low and medium level liquid wastes. Low level liquid wastes are treated by chemical
methods and evaporation. Precipitation technique is mostly used as a chemical method to treat
low-level waste and is carried out by addition of chemicals after adjusting pH. The sludge is
filtered and solidified with cement mixture in a 100 L drum. Steam evaporation is used to
concentrate the liquid waste and the concentrate is solidified with cement slurry in a concrete
shell of 950 L capacity. The effluents from the liquid treatment are collected and controlled
before release. The dicharges should be below the authorized discharge limits.

Low and medium level solid wastes. Solid waste consists of different materials. These
wastes are classified as compactable, non-compactable and burnable materials. The
compactable materials are collected in a 100 L drums and compacted by a compactor of 600
kN in 200 L drums and then solidified with cement. The burnable material is packed in a box
of 30 x 30 x 60 cm and incinerated at a temperature of about 950°C.The ash is then collected
in a 100 L drum and solidified with cement. Non-compacted material is placed into a concrete
shell of 350 L capacity and solidified with cement. Spent resins, after pretreatment, are
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solidified with cement in a concrete shell of 350 L capacity. Spent radiation sources from
nuclear medicine and industry are solidified either in 200 L drums or in 350 L concrete shell.
Some radiation sources, especially from industrial radiography, are not treated and used as
radiation sources for different research activities.

High level waste and spent fuel. Small amount of high level wastes is also generated from
production of Mo-99 and radiometallurgy laboratory.The wastes contain fission products and
transuranium (TRU) radionuclides.The waste containing TRU radionuclides is solidified in
borosilicate glass in high integrity stainless steel containers and stored in steel lined
underground vaults specially designed for that purposes.Immobilization of this waste in inert
materials is necessary for its long storage. High level waste which contains different fission
products is placed in a temporary storage facility for decay and after the activity has decreased
to a certain level, it is solidified with cement in a concrete shell of 350 L capacity. Spent fuel
is still stored in the reactor bay and a centralized spent fuel storage water pool is now under
construction.

Engineered Storage. The solidified wastes are stored in the interim storage building. The
building is constructed of bricks and concrete with walls 40 cm thick to provide shielding.The
building is divided into two areas. One area is used to store solidified low-level wastes and
has a surface area of 500 m2 to accommodate 1500 200 L drums.The other area is used to
store medium and high level solidified waste and it has a surface area of 1000 m2 and can
accommodate 500 concrete shells.The building is designed for 30 years operation and can be
extended to allow additional storage capacity.

4. FUTURE PROGRAMME

Several efforts to increase the capability in radioactive waste management have been
undertaken for the present and near future needs. Several techniques are being adopted and
evaluated to immobilize alpha-bearing waste in glass matrix. Several steps are also being
carried out to increase the safety in handling of high level waste from radioisotopes
production and the radiometallurgy facility. A study on the establishment of a demonstration
shallow land repository on the Serpong site is also being carried out. The study is necessary
to gam the experience in different aspects of shallow land disposal. Another programme
which is also being carried out is the techno-economical study of radioactive waste
management for a nuclear power plant. Training of personnel in different aspects of
radioactive waste management is also scheduled through bilateral or international co-operation.
A long term programme is also directed towards the demonstration required to establish a
deep geological disposal for high level waste. Several steps towards strengthening the national
infrastructure of radioactive waste management and enhancing the safety of radioactive waste
management as recommended by the IAEA RAD WAS S Programme [7,8] will be anticipated
in the near future.

5. CONCLUSIONS

Radioactive waste management has been introduced in the beginning of the nuclear
activities and become an integral part of the nuclear programme. Several efforts in different
aspects of radioactive waste management have been undertaken and implemented in the
nuclear programme. In terms of the magnitude of the radioactive waste management
problems, the action taken is adequate to ensure the safety of radioactive waste management
from the present nuclear activities. In the future, many works have been planned to increase
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the national capability in different aspects of radioactive waste management. To achieve such
a goal international co-operation under the IAEA programme is one of the important aspect
to be considered.
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THE FUNDAMENTALS OF THE RUSSIAN
FEDERATION NATIONAL POLICY IN THF
NON-NUCLEAR FUEL CYCLE RADIOACTIVE
WASTE MANAGEMENT

E.M. LATYPOV, V.A. RIKUNOV
Federal Radiation and Nuclear Safety Authority,
Moscow, Russian Federation

Abstract

Extensive manufacture and use of sources of ionizing radiation result inevitably in the
generation of a considerable amount of radioactive waste. The crucial objective within the
context of the general problem of radioactive waste management involves the safe isolation
of radioactive waste from the environment for the entire period of the existence of their
potential hazardous impacts upon it.

The complex nature of the problem requires substantial efforts to be placed for the
establishment of an integrated radioactive waste management system providing a national
control in medicine, industry and science. To this end, the fundamentals of the national policy
for the safe management of radioactive waste from non-nuclear fuel cycle activities are being
developed in the Russian Federation.The essential components of the national policy are:

development of a scientifically sound concept of radioactive waste management;
adoption of legislative documents such as standards and acts, relevant to this area;
implementation and enforcement of state regulations and supervision of the relevant
activities;
development of a national programme on radioactive waste management;
provision and maintaining of a national radioactive waste inventory;
radiation monitoring.

The safe radioactive waste management concept elaborated in the Russian Federation is
based upon a multi-barrier defense in depth system and is targeted at the substantiation of
such control methods which can eliminate negative impacts on human health as well as the
environment both now and in the future taking into account of social and economic factors.

For example, the concept of the isolation of high level radioactive waste in deep
geological formations has been considered as safe in the scientific community. The concepts
of disposal of low and intermediate level radioactive waste in near surface and intermediate
depth repositories have been developed. While elaborating the above concepts, the IAEA
recommendations shall be taken into account, in particular, the disposal method should be
governed by the radionuclide composition and specific activity of radioactive waste.

1. LEGISLATIVE DOCUMENTS AND STANDARDS FOR RADIOACTIVE WASTE
MANAGEMENT

Unfortunately, there are no special legislative acts stipulating the rights and
responsibilities of the Federal executive agencies and operators regarding radioactive waste
management in the Russian Federation. Nevertheless, some sections of the following acts of
the Russian Federation: "On the Environment Preservation", "On the Sanitary and
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Epidemiological Welfare of General Public", "On Entrails" can be used to execute legislation
in the area under consideration. All in all, the legal framework in the radioactive management
area includes the laws, acts of the President, the Russian Federation State Agencies and the
Russian Federation Subjects, as well as national standards, special norms and rules, normative
technical documentation of various branches of industry.

2. NATIONAL CONTROL AND SUPERVISION OF THE RADIOACTIVE WASTE
MANAGEMENT

In compliance with the Law, the Russian Federation State Control Agencies have been
created within the executive power system to deal with the issues of immediate execution of
the functions on the provision of public and environmental radiation safety. Among various
state regulatory and supervision bodies in this field are the State Committee for Sanitary and
Epidemiological Supervision, the Federal Radiation and Nuclear Safety Authority, the
Ministry of Preservation of Environment and Natural Resources.

The State Committee for Sanitary and Epidemiological Supervision executes the national
standard-based regulations as well as has the special authorization and control functions to
provide for the sanitary and epidemiological well being of Russian Federation citizens.

The Ministry of Preservation of Environment and Natural Resources is the central
agency of the federal executive authority accomplishing control in the field of preservation
of the environment and natural resources.

The Federal Radiation and Nuclear Safety Authority is involved in all efforts for the
organization and implementation of the state regulations and supervision over safety in the
area of nuclear power generation, nuclear applications and waste management aimed at
assuring the safety of the personnel of nuclear and radiation hazardous facilities and general
public, at protection of the environment and safeguarding security of the Russian Federation.

An operating organization (operator) or a facility, which performs any kind of activities,
pertaining to radioactive waste management, bears the responsibility for the radiation safety,
personnel health protection and environment preservation.

3. THE NATIONAL PROGRAMMES ON RADIOACTIVE WASTE MANAGEMENT

Currently, the national programmes dealing with the radioactive waste management
issues, namely "The Russian Federal Special Purpose Programme on Radioactive Waste and
Spent Nuclear Material Management, Utilization and Disposal of these Substances for the
Period of 1993-1995 and up till the Year of 2005", "Radiation Rehabilitation of the Ural
Region Territory and Measures on the Assistance to the Population Suffered from the Effects
of Nuclear Accidents", etc. have been adopted or under approval. The first of the above
programmes envisages, in particular, the modification and enlargement of the existing regional
radioactive waste disposal sites, the design and construction of new ones, the improvement
and development of waste processing methods, the development and manufacture of waste
processing facilities and equipment. However, the present economic situation in the Russian
Federation makes it difficult to successfully implement the above programmes in the near
future.
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4. NATIONAL RADIOACTIVE WASTE INVENTORY

The inventory constitutes a system of appropriately arranged data (a data base) regarding
location and status of the radioactive waste management facilities and sites on the territory
of the Russian Federation. The inventory is intended for prompt provision to the state control
and supervision authorities and agencies of the information on the location and status of the
facilities and sites with any activities in radioactive waste management, as well as the
information on deterioration of radiation situation, caused by these activities.

5. RADIATION MONITORING

The radiation monitoring system implemented in the Russian Federation surveys the
parameters of radiation situation at the following levels: a site-specific level, a regional level
and a departmental level. In perspective, it is intended to set up a Unified State Automated
Radiation Situation Survey System on the entire territory of the Russian Federation.

6. CONCLUSION

Proceeding from the above, one can arrive at the conclusion, that the national policy of
the Russian Federation in the radioactive waste management field covers a wide range of
issues and focused at the solution of the problems related to radioactive waste including their
collection, storage and disposal. But, taking into account the current economic situation, the
lack of financial and industrial resources one is forced to believe that the accomplishment of
the objectives set by the national radioactive waste management policy will present
considerable difficulties.
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THE HUNGARIAN RADIOACTIVE WASTE MANAGEMENT
PROJECT AND ITS REGULATORY ASPECTS

I. CZOCH
Hungarian Atomic Energy Commission,
Budapest, Hungary

Abstract

In 1993, a National Radioactive Waste Management Project was launched to handle,
treat and dispose of LLW/ILW from the nuclear power plant. Within the framework of the
project a complex strategy has been elaborated for the management of all types of radioactive
wastes from the NPP, including HLW, spent fuel and wastes from the decommissioning of
the nuclear power plant. The first phase of the project will be realized between 1993-1996 and
by the end of this period the possible site (or sites) - accepted by the public - will be selected
for the LLW/ILW wastes. To this date the funding problem of radioactive waste management
has to be solved, a legal framework should be available and regulatory requirements are to
be clarified. In 1980 a law on nuclear energy was promulgated in Hungary based on former
governmental level decrees regulating the application of nuclear energy. It reflects the system
of a centrally planned economy, where all the facilities were state owned. The law on nuclear
energy prescribes the solution of safe storage of radioactive waste as a prerequisite for
licensing but no steps were taken to provide special funding for radioactive waste
management. Now there is a new law on nuclear energy in preparation, and one of its most
important chapters is dealing with radioactive waste management, the responsibilities for it
and its funding. In the framework of the National Radioactive Waste Management Project a
programme was initiated to elaborate the technical basis for the detailed legal regulations.The
first step of the programme is the definition of exemption levels and waste acceptance criteria.
An analysis will be prepared to compare the Hungarian regulations with the internationally
accepted requirements to define those areas where further regulations should be issued or
where the existing ones should be amended.

1. INTRODUCTION

As soon as nuclear energy started to be used in Hungary, the relevant legal regulations
came into force, first at the level of standards and medical norms, later followed by a
comprehensive governmental decree on handling of radioactive materials including radioactive
wastes.

A repository for final disposal of radioactive wastes has been in operation in Solymàr
since the fifties. Later it turned out that safety of the repository is not sufficient and in 1976
the Hungarian Atomic Energy Commission opened a new repository in Püspökszilagy where
the wastes from Solymar have also been transported. Since that time this facility is used for
final disposal of the wastes from applications of nuclear energy in industry, medicine,
agriculture, research and development. It also accepted some solid wastes from the Paks
Nuclear Power Plant but its capacity is limited and it was decided not to use this facility for
the wastes from the nuclear power plant.

2. THE LAW ON NUCLEAR ENERGY AND ITS EXECUTIVE ORDERS
The original concept of the Soviet design nuclear power plants was that radioactive

waste remains on the site as long as the facility is in operation and no preparations were
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foreseen for the decommissioning. Therefore when four units of the Hungarian WER-440
type NPP in Paks were put into operation between 1982-87, an on site storage capacity was
provided for radioactive waste, but no final repository was looked for. In accordance with this
situation the act on nuclear energy promulgated in 1980 requires only that a license for
construction and operation of nuclear facilities shall not be granted unless sufficient measures
are taken for the safe storage of radioactive waste produced by it.

The executive order of the act defines the responsibility of various Ministers in the field
of applications of nuclear energy, and the Minister of Public Welfare was authorized to
regulate disposal of radioactive wastes. The order of the Minister of Public Welfare was
issued in 1988. It regulates radiation safety, licensing procedure for applications of nuclear
energy other than nuclear facilities (research reactors and nuclear power plants) and - among
others - the special requirements for final disposal of radioactive wastes.

The ministerial order specified also those other authorities, who should be involved in
the licensing process. In Hungary it is the general rule of administration that a licensing
authority invites in its licensing procedure all those other regulatory organizations who are
authorized to make decisions related to the subject of the procedure from some special point
of view. The license can be granted only if all the involved authorities gave their consent to
it. In the case of a radioactive waste repository the following authorities have responsibilities:

Licensing authority is the Public Health and Medical Officer Service (on behalf of the
Minister of Public Welfare).
Other authorities participating in licensing procedures of the licensing authority rGeneral
Inspectorate of Transport, National Headquarters of Fire Service and Civil Defense,
Municipal administration, National Police Headquarters, Inspectorate of Environment
Protection and Water Management, Veterinary and Food Control Service and Hungarian
Geological Survey.
Some other authorities have also regulatory tasks in connection with the radioactive
waste management, such as the Nuclear Safety Inspectorate of HAEC for waste
collection, handling and conditioning on the site of the NPP and the Institute of Isotopes
in international transportation, packaging and recording of radioactive materials.

A facility for final disposal of radioactive wastes - like any other facilities - is also
subject to the conventional licensing procedure. The relevant authorities and organs among
others are the following: Municipal administration (utilization of land and construction of
buildings), Mining Bureau of Hungary, National Agency for Nature Conversation, National
Water Management Directorate, National Agency for Historic Monuments, etc.

The law on nuclear energy and its executive orders do not create a clear connection
between nuclear and conventional licensing procedures. The sequence of steps to be taken,
co-operation of the authorities are issues that should be solved on a case by case basis.

3. THE NATIONAL RADIOACTIVE WASTE MANAGEMENT PROJECT

Though the amount of generated waste is much lower than the designed value, in
accordance with international practice the Paks NPP tried to find a disposal site already in the
eighties for its radioactive waste. This effort failed mainly because of the lack of public
acceptance and in 1993 a national project was launched to solve the problem of the
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management and disposal of the NPP radioactive waste. The decision was taken with the
understanding that:

the plant's operation must not be adversely affected by handling and storage of
radioactive waste during its whole lifetime,
the quantity and volume of wastes temporarily stored hi the nuclear power plant should
be as low as technically possible taking into account safety
conditioning of the wastes for disposal and the disposal itself should take place as soon
as possible,

3.1. Organization of the project

Safe and widely accepted management, including final disposal of radioactive waste
requires co-ordination of scientific, economical, technical, social, legal, financial and
international activities. To this end an inter-ministerial project was established under the
leadership of competent ministries and authorities, such as the Ministry of Industry and Trade,
Ministry of Environment and Regional Policy, Ministry of Public Welfare, National
Committee for Technical Development, Hungarian Atomic Energy Commission and the
Hungarian Power Company Ltd.

A Project Governing Board was established with high level representatives of the
competent ministries and organs, and the Board is assisted by an Advisory Committee.The
chairman of the Board is the vice-president of HAEC, the main contractor is the Paks NPP.
Later an independent institution will possibly be established, responsible for the construction
and operation of the repository. To enhance the solution of regulatory tasks, a special
Regulatory Working Group was set up to co-ordinate the activities of the authorities.

3.2. Goals and results of the first phase of the project

The first phase of the project (1993-1996) is aimed to determine the outline of the
complex strategy for management and disposal of all kind of radioactive wastes, including
spent fuel and wastes from future decommissioning of the NPP and to select one or more sites
for disposal of LLW/ILW. The activities and results in the main areas of the project are the
following:

The complex strategy for radioactive waste management was elaborated and accepted
by the Project Governing Board subject to updating in the final phase of the project.
The selection of procedures and equipment for treatment and volume reduction of
radioactive waste was completed. Solid wastes will be super-compacted applying mobile
service of relevant companies. For liquid wastes the Finnish technology was selected
with boron recovery and Cs removal.
Quick screening of the country is under way to find potential regions for LLW/ILW
disposal, near surface or underground (to 300 m).
A Public Relation company was selected to elaborate a programme for enhancement of
public acceptance and to assist the project management and the Paks NPP in their public
relation activity.
The possibilities to assure funding waste management (with the pricing of electric
energy or other methods), etc. are under consideration.
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3.3. Developments in the regulation of radioactive waste management

A draft of the new law on nuclear energy defines the responsibilities of the waste
producers to take care of waste disposal. It clearly outlines the responsibilities of the waste
producers, the authorities and the Government. The Government shall create a radioactive
waste management fund, and the construction of a repository should be decided on
governmental level.

In the division of responsibilities among the authorities no major changes will take place
but their detailed licensing procedures and requirements are still missing. To enhance the
elaboration of the complete licensing procedure the Regulatory Working Group made a
proposal for a practically applicable procedure that avoids overlapping or omission.

The Regulatory Working Group is compiling now all the regulations that the various
authorities have relating to the licensing documentation and its acceptance criteria.The
authorities are requested to enumerate their written regulations, guidelines, directives or if
case-law is applied the relevant precedents.

In 1988, when the first attempt was made to select a site for LLW/ILW disposal-in
accordance with the internationally accepted view-it was supposed that the repository for
LLW/ILW will be a shallow ground repository, just as the existing one in
Püspökszilagy.Therefore the ministerial order of the Minister of Public Welfare specified
requirements, related to this type of facility - among others - such as the following:

A shallow land disposal facility can be sited only in a geological environment acceptable
from the point of view of tectonics, seismology, etc. and at least on 1 km distance from
larger living areas, recreational districts, surface waters (river, lake), dams, mines and
factories producing dangerous and explosive goods.
If natural parameters of the site are not quite adequate, the selected site should be
improved by engineered structures.
The disposal can be accepted as a final one only if it lasts at least twenty times the half-
life of the longest lived dominant radio nuclide.
In the post-sealing period the operator has to provide for the supervision of the facility
for monitoring of radiation in the environment and prevention of the intrusion of persons
and animals for at least fifty years and after that date as long as the authority requires
it.

These randomly selected examples show that some basic requirements are defined,
however further work is to be done with respect to the classification of radioactive wastes,
the definition of exemption levels, waste acceptance and site selection criteria. In this effort
we are supported by the RADWASS programme of the IAEA and - hopefully in the near
future - by the relevant project in the PHARE programme (CASSIOPEE) where a CEC study
was proposed to support the Hungarian authorities in the selection of a disposal option and
candidate disposal site for LLW/ILW radioactive waste.

4. CONCLUSION

Hungary attaches great importance to the establishment of an appropriate legal system
to assure that the internationally agreed principles as formulated in the RADWASS Safety
Fundamentals are applied in all stages of radioactive waste management. The legal
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instruments now in force provide already a framework for it, and these principles were
considered in the draft of the new law on nuclear energy. The lower level regulations, guides,
criteria, etc. have to support the attainment of this goal. Their elaboration is very important
for the success of our National Waste Management Project, therefore we are looking forward
for all kind of international co-operation and exchange of experience in this field.

147



STRATEGY FOR WASTE MANAGEMENT IN ARGENTINA

J. PAfflSSA CAMPA
Waste Management Programme,
National Atomic Energy Commission,
Buenos Aires, Argentina

Abstract
The National Atomic Energy Commission (CNEA) of the Argentina Republic was established

in 1950. It has in operation two nuclear power plants; a third one is under construction (70 %
completed) and a fourth one is under study. In order to supply the fuel elements to the nuclear power
plants mentioned before, CNEA has implemented the front part of the Fuel Cycle. Regarding the back-
end, the actual policy concerning to the spent fuel elements, is to storage them waiting further
decision. Together with this activities, the CNEA has developed, in practice, all the peaceful
applications of nuclear energy. Mentioned activities, generate important volumes of radioactive wastes
of different characteristics and the overall strategy of the Argentine Program is to plan, develop and
implement the technology and provide the facilities for the permanent isolation of the generated
wastes, with the aim that not compromise the health and safety of general public. To implement and
coordinate all these activities CNEA has establish a Radioactive Management Program. In this paper
an outline is given concerning the policy, treatment, characterization, storage, transport and final
disposal of radioactive wastes in our country.

1. INTRODUCTION

Argentina has two nuclear power plants in operation: the 380 MW(e) PHWR, Atucha I, and
the 640 MW(e) Candu, Embalse. Both use natural uranium and heavy water and represent 8% of the
country's electric power capacity, but frequently produce more than 17% of the total electricity
generated. A third plant is under construction (70% completed), the 720 MW(e) PHWR, Atucha II,
and a fourth is being studied.

In order to supply the fuel elements to the nuclear power plants mentioned before, the
Comision Nacional de Energia Atomica (CNEA) has implemented the front part of the Fuel Cycle,
which include prospection, exploration, mining and milling ores, refining of the standard concentrates;
conversion into uranium dioxide; sintering of UO2 pellets; production of Zircaloy tubes; fuel elements
fabrication and a high pressure testing loop.

Complementing the nuclear plants requirements, an industrial plant for heavy water production
with capacity of 250 Mg/year is in operation.

For the back-end of the cycle, the current policy for spent fuel elements is to store them in
pools or concrete silos while considering further action.

In addition to power generation, CNEA has designed and constructed several research and
radioisotope production reactors (it produces over 90% of the radionuclides used in the country and
is one of the main Co-60 producers), developed and commissioned a uranium enrichment plant in
order to supply the fuel to be used in experimental and research reactors (including those exported)
and to perform light enrichment in the fuels to be used in domestic power plants to improve "burn-
up".

Other sources of waste include research centres, universities, hospitals and industries.
All of these activities generate important volumes of radioactive wastes of different

characteristics that must be treated and conditioned.
For that purpose, the CNEA has established since 1986 the "Radioactive Waste Management

Program".
Although a "wait and see" policy for spent fuel was adopted, immobilisation of high level

liquid wastes by vitrification is being studied. Two methods are being tested, employing borosilicate
glass as an encapsulation matrix: fusion and sintering (hot pressing).

Cement-based matrices are used to immobilise medium and low level wastes and formulation
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development studies to produce acceptable wastes-forms composition are being made. A polymeric
matrix (Alkatene) has sometimes been used in the past.

With the aim of guaranteeing the behaviour of the waste-form, which is the first barrier, in
the short and in the long term, modelling and experimental studies were made.

The second type of barrier is formed by repository, wherein a series of complex engineering
and geological elements must be considered so as to ensure isolation. The strategy is based on a near
surface disposal of medium and low level wastes. A trench system is being used for low level wastes.
A monolithic type concrete repository for medium level wastes is under design. A deep geological
repository is being studied for high level wastes.

2. THE SIZE OF THE PROBLEM

Since the beginning of the nuclear programme in Argentina, the following quantities of waste
have accumulated:

2.1. Low level.

There are 962 m3 of low level wastes treated and conditioned into 5060 0.2 m3 drums
according to predefined specifications and procedures. From these drums, 3500 have been placed in
Trench N° 1. The remainig 1560 drums are in Trench N° 2. One hundred cubic metres of treated and
cemented biological wastes have been placed in a concrete pit ad hoc.

From Atucha I, 15 m3 of evaporator concentrate are being immobilised by cementation,
equivalent to about 750 drums.

2.2. Medium level.

About 56 m3 of medium level wastes, mainly sealed sources and structural materials from the
re-design of an experimental reactor, are immobilised by a cement grout in a concrete pit.

Both power plants under operation have generated 128 m3 of spent ion exchange resins, which
once treated and conditioned will produce 3200 0.2 m3 drums. These drums will be placed in interme-
diate storage until a final repository has been constructed.

Medium level wastes also include filters from the operating power plants. They are stored in
concrete pit awaiting a further decision. In Atucha I there are about 400 filters in fourth concrete pits.
In Embalse there are 135. The principal sources of activity in both are Co-60 and, to a lesser extent,
Cs-137.

The annual yield of 210 drums arising from Co-60 production and about 160 drums arising
from de Mo-99 production must be taken into account.

23. Alpha-contaminated wastes.

At present, 66.8 m3 of alpha-contaminated wastes treated and conditioned are intermediate
storage awaiting final disposal. These wastes are arising from an experimental mixed oxide facility.

2.4. High level.

These wastes basically comprise spent fuel elements:
- Atucha I: A total of 6305 spent fuel elements equivalent to 1103 Mg of uranium are stored in pools
at the reactor site. Pool building N° 1 has capacity of 3500 elements. The remaining elements are in
pool building N° 2, which has at present 4158 free positions, enough capacity for the life of the plant.

This second pool also contains 41 coolant channels from the reactor core, which were
replaced.
- Embalse: Spent fuel elements total 44181 at the time of writing, which is equivalent to 936 Mg of
uranium. The storage pool has a capacity of 56900 elements. It has been decided to adopt an interim
dry storage concept with modular concrete silos in order to increase the storage capacity. Actually
there are 35541 spent fuel elements at the pool and 8640 in the silos.
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- Spent fuel elements from experimental and production reactors: There are now 232 elements with
14188 g of uranium (U-235, 20%) and 207 elements with 29988 g of uranium (U-235, 90%).

2.5. Wastes from uranium mining and milling.

These consist of:
- Uranium tailings: It is estimated that about 5.182.000 Mg of waste have been generated from all the
uranium mines.

All radioactive wastes produced are managed directly by Waste Management Programme or
under its supervision and control.

3. STORAGE, TREATMENT AND DISPOSAL

In addition to the installations from power plants for waste management, the following
facilities for treating and conditioning wastes are available.

3.1. Radiochemical facility.

This facility has; three hot cells to deal with high level wastes; radiochemical laboratories for
medium and low level wastes; high integrity gloveboxes and a laboratory for complex radioactivity
measurements.

Different methods of treatment and conditioning of radioactive wastes as well as
characterisation of matrices and waste-forms and controls related to the acceptance are perfomed in
this facility.

3.2. Low level solid waste treatment plant

Wastes from CNEA atomic centres, as well as from medical centres and industrial activities
are processed in this plant. In a classification room wastes are divided into incinerable and non-inci-
nerable, and the latter into compactable and non-compactable.

For incinerable wastes an incinerator is available with a 1 m3 capacity, an incineration rate
of 34 m3/h, and a working temperature of 970-1070 K. The ashes are incorporated them bitumen. The
mixture is loaded into drums, which are carried out to the LLSW trench. Compactable waste are
compacted with a hydraulic press into drums (3-6 Mg). The drums are loaded with classified and
pressed wastes and are carried to the trenches for final disposal.

Non-compactable wastes are put directly into drums with a cement grout and then disposed
as before. To immobilise medium and low level wastes by cementation, remotely operated mixer
equipment is used.

33. Trenches for low level radioactive wastes.

There are two trenches. The first is completely full with 3500 drums and has been closed. The
second is 120 m long 20 m wide and 1.20 m deep. It is enclosed by a perimeter barrier supported by
walls of concrete. Its base is a 0.60 m thick bed of compacted caliche, plus a 0.10 m thick layer of
soil, concrete and an upper layer of granitic stone. The slope is from 2 to 5%.

This trench can accomodate up to 5600 drums of 0.2 m3 each. When about 1000 drums are
accumulated, they are covered with the local clayish earth. Over the compacted soil a hot asphaltic
layer is spread to a density of 2 kg/m2 achieving a 2 mm pore-free layer. Over the asphaltic, fine
sands is placed. Afterwards a black film of polyethylene (250 m) is placed. Finally a tosca layer is
placed over the polyethylene, free from lumps; followed by a black layer of soil 0.15 m thick with
grass over it.

The drums in the trench contain radionuclides with half-lives shorter than five years, although
limited amounts of nuclides with longer half-lives are also accepted. Drums with contact exposures
higher than 10 mSv/h are not admitted. A sampling station for monitoring the aquifer is in operation.
Each trench has a database in which the characteristics and the history of each drum are recorded.
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3.4. Low activity liquid waste decay and evacuation plant

This installation is designed to receive active effluents from the radioisotope plant, store them
for decay and, later, after monitoring, either discharge them to trench designed for liquids, or to the
environmental. The plant is underground, divided into three main cubicles, two of which contain one
15 m3 tank each, while the third contains the pump and valves.

3.5. Semi-containment trench system for low level activity liquid wastes.

This installation was designed for the disposal in selected ground sections of radioactive liquid
waste containing radionuclides with short half-lives and low activities. The trenches were constructed
according to a conventional design, after a study of the retention capacity of the soil by ion exchange
at the Ezeiza Atomic Centre. The soil is of loessian slimes with a high content of clay. Trenches are
10m wide, 20 m long and 3 m deep. Each trench has a sampling station for monitoring the aquifer
and a database where the characteristics and origin of the pumped liquid are recorded.

3.6. Concrete cubicles.

Two concrete pits are available. Each is 4 m in diameter, 10m deep and has a wall thickness
of 0.30 m. They are for final disposal of difficult-to-handle structural parts, such as contaminated
experimental reactor components, graphite, irradiation boxes and high activity Ir an Co sources. These
pits are cemented periodically to mantain an acceptable dose at their mouth.

3.7. Temporary store forspent fuel elements (Material Testing Reactor(MTR) type) and control roads.

This is a building 85 m long, 12m wide and 4 m high. It consists of six longitudinal batteries
of pits with a total capacity of 198 pits, each of which has an inner lining of stainless steel tubes, 0.15
m in diameter and 2.10 m long, capable of receiving a maximum of two fuel elements or one control
rod. The pit in each battery are interconnected with each other by stainless steel tubes provided with
manual valves to regulate the flow of demineralised water.

3.8. Installations under construction and yet to be builts.

- An intermediate store for conditioned medium level waste. (30 % completed)
- Laboratories covering an area of 1500 m2. (25 % completed)
- Two pilot plants, one for cementation and the other for vitrification. (70 % completed)
- A facility for the decontamination of large components. (95 % completed)
- An additional temporary store for spent fuel elements (MTR type) and control rods.
- Three more trenches for conditioned low level waste (one at Ezeiza Atomic Centre, one at Atucha
and other at Embalse).
- An intermediate dry store for spent fuel elements from power stations.

4. REPOSITORIES

Studies are being made into a shallow monolithic concrete repository, for final disposal of
level wastes. The majority of MLW, in our country come from the operation of nuclear power plants
(spent resins, filters, irradiation channels replaced, liquids from decontamination, etc), as well as, in
minor proportion from radioisotopes production (Mo-99, Cs-137,etc), and the reserch and production
of reactors remodelling.

Total volume of treated and conditioned medium level waste until year 2020 was considered
taking into account the simultaneous operation of four nuclear power plants and the activities
mentioned before (including decommissioning).

At the time, the number of 0.2 m3 drums containing conditioned radioactive wastes will be
up to 50.000.
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These drums will be inserted into a concrete container. After drums are inserted (12 drums
per container), the residual volume will be filled with cement grouth and closed with a concrete cap.
The containers holding the drums will be placed in a special concrete module. It will be of a para-
llelepiped shape, partly buried and its dimensions will be about 23 m x 22 m x 7 m (total volume
3500 m3). This is constructed to accept a (18.4 Mg/m2 total load over its floor. Each module will
have a capacity of 400 concrete containers, that is 4800 drums. Inspections will be performed at each
module. During the operation, a mobile structure including the neccesary inspection equipment will
cover the module and when it is completed and closed, it will be moved to the following module.

The procedure for site selection is very important. The requirement to establish a disposal site
are that it should satisfy all relevant peformance criteria taking into consideration technical,
environmental, social and economic considerations.
From a geological point of view the following requirements are involved:
- Waste packages placed in the selected site must ensure that no radiological effects will occur before
a period of 300 years has elapsed.
- The design requires the possibility on construction down to 6 m deep.
- Candidate sites will be located in a /one between Atucha and Embalse. Only low-use areas will be
considered.
- Candidates sites would have an area no smaller than 500.000 m2.
- Density of population must be less than one inhabitant per km2.
- Neither permanent nor temporary water courses must be in the area.
- The underground water table would be below 20 m.
- The annual rainfall would be less than 200 mm per year.
- The selected site must be seismologically stable.

At present, the geological studies on the candidate disposal sites are in progress. Ten probable
sites have been already studied. These sites are located near the border between Cordoba and San-
tiagodel Estero provinces, with five sites in each one. They are very stable formations. Eight of them
are plutonic outcrops and two are sedimentary sandstones.

Also at an advanced stage are studies for siting a geological repository for high-level waste.
The pétrographie and structural features of granitic rocks, dimensions and depth of rocky formation,
seismic and hydrogeological conditions mining and oil potential, as well as population and human
activities have all been analysed. Sierra del Medio (Province of Chubut, is one of the sites under
consideration.

Further studies have included photointerpretation, alignment, statistical analysis, geological and
geophysical recognition of die rocky formation, drillings down to 200 m, geomorphological and hydro-
geological analysis of the area and deep drilling down to 800 m.

Conditioned wastes (borosilicate glasses or encapsulated spent fuel elements) will be placed
in holes 1 m in diameter and 9 m in depth bored in galleries, sealed in turn with a mixture of sand
and bentonite with a high ion-retention capacity.

Each vitreous matrix containing 10 % by weight of oxides from fission products and
transuranic elements, will generate a thermal power of 500 W after decaying over 20 years. In order
to prevent exceeding the adopted maximum temperature of 333 K in the rock , the minimum distance
between containers will be 5 m with a thermal power of 5 W/m2 on a horizontal plane. The distance
between galleries will be 20 m. The repository will not operational until after 2010.

5. QUALITY ASSURANCE - QUALITY CONTROL SYSTEM

To guarantee that activities and services provided by WMP can be able satisfactory fulfilled,
a Quality Assurance Program is being developed.

Ah essential requirement is that the radioactive waste management must be adressed so that
the safety objectives are guaranteed during the required time and under all the reasonably foreseen
circumstances with the aim to protect the general public and the environment from unacceptable
radiological risks.

The Quality Assurance Program involve a Quality Policy, an Organizational Structure,
Definition of Responsbilities and Quality Control System.
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The Quality Assurance System Involves:
- The general requirements and acceptation conditions which have to met by a waste package to
qualify for transport, long-term storage and/or disposal.
- The procedures, spécifications, instructions and the inspectionprogram, related with the materials,
the process and the product, in order to obtain the required quality.
- The control system of the process, the plant, the operators and the product during the different steps
of the waste management.

The WMP defines the required quality taking into account the limits established by the
Regulatory Body; achieves and mantains the required quality by controls on waste treatment, condi-
tioning and characterization; verify this quality by continuous inspection and records in all cases the
data, to demnostrate that specified quality of the end product meets the established requirements.

All the facts here exposed show that the Argentina has decided, within certain limitations, to
face with emphasis all about radioactive waste management.

We always remark, without fear of mistake, that the succès or failure of a nuclear power plan
will depend on how to resolve the nuclear waste issue.
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NATURAL DECAY AND HALF-LIFE: TWO BASES FOR
THE RADIOACTIVE WASTE MANAGEMENT POLICY

J-C. FERNIQUE
ANDRA, France

Abstract
How can environmental protection imperatives and technical requirements be

reconciled in radioactive waste disposal ? In France, two kind of facilities illustrate how
radioactive waste disposal can merge scientific, regulatory and political concerns, based on the
natural decay property of radioactive material.

- Andra's near-surface disposal facilities for short-lived waste are operated for one generation
(30 years) and monitored for ten generations (300 years), with the radioactivity of the waste
declining to naturally-occurring levels through the process of radioactive decay by the end of
that time. The waste to be disposed of in such facilities contains nuclides with half-life below
30 years and is said time-degradable at human scale

-•The challenges are different for long-lived waste, which are also time-degradable, but not
at human scale. Risk assessments for disposal of such waste, relatively straightforward for
the first few thousand years, must also demonstrate that levels decline to naturally-occurring
levels, even though this may occur in tens of thousands of years, when it is predicted that
climatic change, new glacial activity, and a drop in sea level will occur, and when civilizations
will no doubt have changed as well. This demonstration of very long-term safety is an express
requirement for radioactive waste disposal.

The paper briefly describes the criteria used in the French regulation to determine what waste
can be accepted for near-surface disposal and the recent significant steps taken to resume field
work for the siting of underground laboratories and possibly, much later, a repository for
waste non acceptable for near-surface disposal. The conclusion focuses in demonstrating how
a consistent National or International Waste Management Program based on clear ethical,
societal, scientific and technological choices has to be prepared and presented to the
Authorities and to the Public, allowing the waste management Organization to gain the
necessary Public Confidence and Acceptance.

1. RADIOACTIVE WASTE PROPERTIES

Radioactivity is the spontaneous disintegration of the nucleus of certain unstable atoms
as they transform, or decay, into stable atoms. This transformation is accompanied by the
emission of energy, or radiation. Unstable atoms decay into stable atoms in a random manner.
For many atoms of a given radioélément, a statistically constant number of transformations will
occur over a certain period of time, called the decay constant. Radioactive half-life is the time
it takes for half the original number of atoms to decay. Each radioélément has its own intrinsic
half-life. Radioactive half-life is an important notion in long-term radioactive waste
management because it determines how long it will take for radioactive materials to decay to
harmless levels. By way of comparison, non-radioactive toxic materials never lose their
toxicity, and can therefore be said to have an infinite half-life. The longer the half-life of a
radionuclide, the lower its radioactivity, since more time is needed for half its atoms to
disintegrate.fi]
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The basic waste properties used to create a waste management system will be the half-
life and the initial level of radioactivity.

Natural radioactivity is often contrasted with artificial radioactivity, but in reality there
is no difference between the two, except that one originates from natural sources and the other
is manmade. However, natural sources are not usually highly radioactive. We all live in a
radioactive environment, with radiation emanating from several natural sources.

The comparison between natural and artificial level of radioactivity can also be used to
determine what can be considered as negligible or acceptable.

2. USE OF THE " TIME DEGRADATION " PROPERTY

Comparing radioactive waste with toxic waste makes clear that the decay property of
radioactivity and the existence of acceptable levels or negligible levels can be used to determine
if the waste will become harmless in a period of time that is manageable by human made
barriers or not.

It will then be possible to sort the waste in two categories :

* Waste that will decay to an acceptable level at human scale, or short-lived waste, that
can be safely managed by human actions and can be disposed of in near-surface facilities.

* Waste that will not decay to an acceptable level at human scale, or non-short-lived
waste, that has to be protected by non human-made barriers from the biosphere. Such waste
will generally be disposed of in deep geological disposal in order to be protected by the
geological barrier that has a durability in accordance with the long half-life of the nuclides
contained.[2]

The implementation of such a waste management system will need to anwer two main
questions :

What can be considered as acceptable ?
What can be considered as the human scale ?

3. WHAT CAN BE CONSIDERED AS ACCEPTABLE ?

The answer to this question belongs to the Society. When establishing acceptable
levels of protection, Authorities typically take account, among other things, the
recommendations of the International Commission on Radiological Protection (ICRP) [3] and
the IAEA and specifically the three concepts of justification, optimization and dose limitation.
But it remains the Society's responsibility to determine such a threshhold.

Elements to answer this question can also be taken out of the Annual Limit of Intake
concept [4], through ingestion and inhalation scenarios developped by the nation Safety
Authority.

It is also possible to compare the potential maximum exposure with the local
background of natural radioactivity.
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4. WHAT CAN BE CONSIDERED AS HUMAN SCALE ?

The answer to this question belongs again to the Society, taking into account historical
and cultural factors.

In France it is considered (Fundamental Safety Rule 1.2.)that human actions can be
relied upon for at least 300 years and there are existing examples for that such as the entity in
charge of keeping the memory of the quarries located under the region of Paris, France.

In the U.S. it is considered (10 CFR 61 §61.59.a) that "the period of institutional
control will be determined by the Commission, but institutionnal controls may not be relied
upon for more than 100 years following transfer of control of the disposal site to the owner."

The duration of the institutional control period is also depending of the waste generated
in each country and, as an example, 300 years are convenient for the safe management of most
waste coming from the normal operation of PWR reactors as it allows for a decay often half-
lives or by a factor of more than 1,000 for 137 Caesium and 90 Strontium.

5. DETERMINATION OF ACCEPTANCE CRITERIA

The main basis for establishing acceptance criteria for short-lived waste will be the
potential exposure of people living on the site after the end of the institutional control period.
This value will be connected to the specific activity per nuclide and to the half-life that gives
the decay factor during the institutional control period.
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For each nuclide it is possible through selected scenarios to give the maximum value of
the specific activity at the end of the institutional period. The decay calculation taking into
account the duration of this period and the half-life allows an easy determination of the
maximum specific activity per nuclide that can be accepted at the end of the operational period.

Other limitations can be added for reasons connected to transport regulations or to
operational safety, specially for very short-lived waste.

As there is always a small amount of long-lived nuclides in the short-lived waste it is
necessary to set up a threshold for this amount. The French limit is 370 Bq/g as an average.

6. THE FRENCH RADIOACTIVE WASTE MANAGEMENT SYSTEM

Some countries, particularly those that have elected not to sort waste into long-lived
and short-lived categories, like Germany and Switzerland, plan to dispose of all waste in deep
underground repositories. This approach is sometimes a matter of convenience, as is the case
for countries like Sweden and Finland, which have built repositories in the Scandinavian
granite shield at nuclear power plant sites. France, Spain, United States, Japan, and others
dispose of short-lived waste in near-surface facilities.

France has elected to dispose of short-lived solid radioactive waste with low and
medium activity levels in near-surface facilities using multiple-barrier concepts in accordance
with national safety regulations. [5],[6]

Near-surface disposal methods have gradually evolved since 1969, when the first
French radioactive waste disposal facility at the Centre de la Manche began operating, and
have reached maturity with the design and construction of the Centre de l'Aube. [7]

The underlying principle of near-surface radioactive waste disposal is to protect the
waste from human intrusion and from exposure to water for as long as it takes for its
radioactivity to decline, through the natural process of decay, to levels that are no longer
harmful to the environment.

The disposal facility will be monitored for the duration of the institutional control
period, which should not exceed the 300 years mandated by the regulatory authorities. The
institutional control period requirement is accompanied by site-specific acceptance limits for
mass and total activities for both long- and short-lived emitters.

However, high-level and long-lived wastes are another story. [8] One must resolve
difficult technical problems as well as a lot of affective ones. The Waste Act passed on
December 30,1991, stipulated that research on long-lived radioactive waste management was
to be carried out in three main areas :

- enhanced actinide separation and transmutation,
- waste solidification processes for interim storage, and
- retrievable or non-retrievable disposal in deep geologic formations, particularly

through the creation of two underground laboratories.
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The last of these subject areas, which falls more directly within Andra's scope, meant
that the 1990 moratorium had to be ended, which was not an easy thing to do. To accomplish
this, Christian Bataille, a member of Parliament and author of one of the Parliamentary
assessment reports, was appointed by the government as a Mediator (or "negotiator" in the
U.S.) charged with identifying sites for two underground laboratories. He was confirmed by
the new French government elected in March 1993, showing that the waste problem is an
apolitical and national one transcending party politics. Through informal discussion, the
Mediator and his small team worked to persuade local communities, cities and Departments
(France is divided into 95 territorial administrative departments) to volunteer to host an
underground laboratory, armed with the knowledge that a laboratory would mean 1.5 million
French francs of investment, 150 jobs and a 60 million French franc per year contribution to
the economic development of the region. In the end, Mr. Bataille selected four Departments,
all of which had voted in favor of hosting a laboratory. The Mediator submitted his report to
the government in late December 1993. In early January 1994, the government gave Andra the
green light to begin detailed work in the four areas, putting an end to the 1990 moratorium.
The phased program established by the 1991 Waste Act will now be as follows :

- one to two years for geologic reconnaissance (seismic reflection, drilling) of the
four areas and selection of two sites to host the labs ;

- one year for the license application to construct and operate the two underground
laboratories ;

- ten to twelve years for lab construction and operation.

After the year 2006, a decision can be made on whether to convert one of the two
laboratories into a real waste repository, subject to positive laboratory testing results. In
accordance with the Waste Act, conversion would be contingent on a new act of Parliament. In
addition, the law provides guarantees to ensure that all research, including research on
incineration, has been taken into consideration before final decisions are made.

Needless to say, the Waste Act also requires continuing oversight of the program and
of the status of research by an independent National Review Board, which was appointed very
recently.

7. CONCLUSION

The basic property of radioactive waste when comparing with toxic waste is that
radioactive waste will loose its potential hazardous effect as it will decay according to its
half-life. This property alows to dispose 90% of the french waste volume in surface disposal
facilities subject to an institutional control period in the human scale of time.

A waste management system based on possible human remedial actions is far more
understandable and acceptable by the public than a system based on demonstration by
calculation and modeling.

It is obvious that such a surface disposal facility will not accept all the waste volume
and will in fact receive only a small amount of the total activity ; but this will allow to create,
and maintain everyday, the Public Confidence (instead Public Acceptance) in the entity in
charge of waste management.
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Later, based on the credibility and confidence gained by this entity, this will be a
positive factor in the process of solving the difficult problem of safe final disposal of long-lived
waste, possibly by emplacing them in deep geological disposal.
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WASTE MANAGEMENT AT THE NUCLEAR TECHNOLOGY
DEVELOPMENT CENTRE (CDTN)

S.T.W. MIAW
Nuclear Technology Development Centre - CDTN,
Belo Horizonte, Brazil

Abstract
In several laboratories and pilot plants at the Nuclear Technology Development Centre

(Centro de Desenvolvimento da Tecnologia Nuclear - CDTN), low level solid and liquid
radioactive wastes are generated from nuclear fuel cycle activities, radioisotopes application,
R&D and routine works. The CDTN also receives spent sources from radioisotopes users.
These wastes are to be managed to avoid contamination risks and minimize the costs of
treatment and further storage. To systematize the waste control, a Waste Management
Programme has been implemented since 1983, which strategy is based on the national
regulations and the available infrastructure at the Centre. This paper presents an overview of
the waste management at the CDTN, some results of research and development and the
technical support given to the community, as well as dealing with the emergency caused by
the radiological accident that occurred in Goiânia.

1. THE CDTN WASTE MANAGEMENT STRATEGY

Low level solid and liquid wastes are generated in several laboratories and pilot plants
at the Nuclear Technology Development Centre (Centro de Desenvolvimento da Tecnologia
Nuclear - CDTN). As support to the community, CDTN also collects spent sources, smoke
detectors, lightning rods and Ra-needles for further treatment. All these wastes are to be
managed to avoid contamination risks and to minimize the cost due to their production. To
systematize the waste control, a Waste Management Programme has been implemented since
1983 and regularly revised. The strategy is based on the Brazilian standards and the
infrastructure available at the Centre such as results from R&D, developed treatment
processes, equipment and installations and supporting laboratories.

All contaminated material is segregated at its origin according to the physical-chemical
and radiological characteristics. To minimize the waste volume and therefore the cost of
treatment and storage, it is verified if the contaminated material is reusable, before release for
treatment. The strategy adopted for the waste management at CDTN is shown in Figure 1.
The non-sealed sources, except ore, are treated if their half-life is greater than 60 days and
the activity is higher than 74 Bq/g. These types of wastes are mainly contaminated liquid
solutions and solid materials. Liquid waste is collected separately, as aqueous and organic
wastes, either in polyethylene flasks or in glass bottles. Solid waste is segregated as
compactable and non-compactable and is collected in small containers, protected by plastic
bags, or in metallic drums. All these packages are labeled with radiation symbol and
identified. After collection, all data applicable to the waste, like its origin, composition,
volume, weight, chemical and radiological contaminants and exposure rates are recorded.
This information is important for the waste inventory .After monitoring and classification,
radioactive waste is transferred for storage and further treatment according to safety
requirements.

Non-compactable wastes such as rubbish and scrap are immobilized in a cement and
bentonite matrix. Damaged contaminated polyethylene flasks and small irradiation flasks are
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reduced in volume by a 130 kg/h throughput shredder. Compactable waste (waste paper,
plastic, clothes, gloves etc.) is directly pressed in 200 L drums using a 16,000 kgf compactor.
Non-reusable spent sources are stored for further conditioning. They will be packed in
qualified containers and immobilized in a cement matrix according to the kind of source, its
activity and physical condition. Special additives can be added to absorb the radionuclide in
case of leakage. Smoke detectors and lightning rods will be dismantled and the sources will
be conditioned.Liquid aqueous waste is treated by chemical precipitation.The radionuclides
are concentrated in an insoluble form, reducing greatly the activity of the overflow that is
released according to the standards.The sludge is cemented. The organic waste is absorbed in
vermiculite and also cemented. For the cemented waste product, quality control samples are
taken. The process control and the product evaluation are done through viscosity, setting time,
after 28 days compressive strength assays and leaching tests. Table I shows some data
applicable to the CDTN cemented wastes. Liquid effluents from the laboratories are collected
in tanks, analyzed and discharged according to the release limits, otherwise the dilution is
carried out.

TABLE I. CDTN CEMENTED WASTE DATA

Contaminants
Matrix
Waste/product (wt%)
Viscosity (Pa.s)
Setting time (h)
Density (g/cm3)
Compressive strength (MPa)
Activity alpha (Bq)

beta (Bq)

Ra, nat. Th, nat. U, daughters
Cement / bentonite

36-43
13 - 150

3 - 9
1.6-1.8
6- 10

1 x 107- 1.1 x 108

1 x 107- 1.3 x 108

Miscellaneous radionuclides
Cement / bentonite

10-40
88 - 250

3 - 5
1.6-1.8
11 -22

2. RESEARCH AND DEVELOPMENT PROGRAMME
2.1. Immobilization

The immobilization process is based on the technology where the waste is fixed in a
matrix and the obtained final product is solid with low leachability and good resistance
characteristics, minimizing the contamination risks and is suitable for disposal. Research and
development works for cementation and bituminization of wastes generated from the nuclear
plants operation and radioisotopes applications are carried out at the Centre. The results from
both studies are helpful to choose a more suitable process for a specific waste.They are also
useful to give support to the nuclear power plants Angra I and Angra II or to the regulatory
bodies on the establishment of waste acceptance criteria.

Cementation - the cementation R&D includes investigation of different kinds of matrix,
equipment and methodologies in order to find a more efficient process and high quality
products, establishment of process control and procedures and tests for immobilized product
characterization, evaluation of the cement-waste compatibility and establishment of
cementation parameters in the real scale. To support these works there is a cementation
laboratory and a 200 L batch cementation plant. A construction of a 20 L batch system is
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planned in order to improve some operational and product parameters such as to evaluate
different liquid-solid mixer configurations and product homogeneity, to set the reaction time
and to establish decontamination procedures.
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Fig 1 - Waste Management Strategy.
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Several Brazilian natural clays are evaluated, specially bentonite, vermiculite, kaolin and
serpentine. Experiments were carried out with active and inactive wastes. It was observed that
the use of amounts up to 10 % of bentonite increases the cesium retention, about 99 %,
without reducing the mechanical resistance. Several samples are under leaching tests over
almost nine years and are in a good shape. These results are applied to solve the CDTN waste
cementation problems. Additionally, experiments with 3 types of chemical additives
(retarding, accelerator and fluidization agents from different manufacturers) are in progress.
The preliminary results show that these kinds of additives can improve the cementation
process and obtained products. The contaminants retention is under evaluation.

The investigation of different parameters that influence the final cemented products was
done specially with the aim to solve Goiânia's accident waste problems. Because of the open
air storage, corrosion was detected in 200 L drums. They have to be reconditioned and
immobilized in special packagings in order to ensure safe interim storage and disposal. Based
on the R&D results a cement/bentonite matrix was specified to immobilize the remain source
and the 200 L drums. The mixture of water/cement = 0.70 and cement/bentonite = 0.15 was
used. The achieved viscosity was in the range of 21 Pa.s, initial and final setting time of 2
h and 6 h respectively was measured. The average density of the matrix was around 1.79
g/cm3. Several samples were taken to evaluate the mechanical stability (compressive strength
of 30 MPa) and absorption rate of the waste form.

The developed methodology is also applied to treat hazardous wastes. Experiments were
performed to evaluate the heavy metals retention in a cement/clay matrix. Some results
showed that, using clays, the retention is higher than 99 % and the leached amount is lower
than those recommended by environmental standards.

Bituminization - The investigation of bitumen product acceptance criteria is based on
Brazilian hot climate conditions. For the first approach, Brazilian bitumen of the softening
point in the range of 80-100°C and penetration of 10-20 (L/10 mm) were selected. Three
different simulated evaporator concentrates were investigated. Experiments with solid content
incorporation that varied from 27-40 wt% were performed. Product parameters such as
softening point, flash point, penetration, water content, grain size/homogeneity, swelling and
leaching were investigated. Both leaching and swelling tests showed that products containing
< 30 wt% of solids incorporated presented lower teachability and swelling than those
products containing > 30 wt% solids. The leaching rates of borate ions, for a period of one
year varied from l.OxlO"11 m/s to 5.OxlO"12m/s. The leaching rates for chloride ions were
around 8.0x10'12 m/s. The product softening point varied from 96-102°C, flash point > 320°C
and penetration from 0.4-1.1 mm.

Experiments with simulated spent resins immobilized in bitumen were carried out after
the resins were loaded with lithium and boric acid to the breakthrough capacity of the resin.
The range of incorporated resins varied from 33-48 wt%, the product softening point from
113-124°C, flash point from 205-224°C and penetration around 0.4 mm. The resin-bitumen
products presented lower penetration than that of pure bitumen. The water content in the
product was less than 2%. The leaching rate of borate and lithium ions was around 5.OxlO"9

m/s and l.OxlO"10 m/s respectively for the anion and cation exchange resins incorporated in
the bitumen. The swelling of the product was in the range of 10-30%. The products appear
to be in good physical condition after a year of leaching tests. The distribution of mixed
resins in the bitumen phase and micro-structure of resin-bitumen products have been
investigated by microscope. The homogeneity of resin in the bitumen phase and resin size
ground have been determined. The resins were fragmented into different sizes and they were
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uniformly distributed in the bitumen phase. These experiments were performed by a pilot plant
extruder with 1 kg/h product and 3-4 kg/h condensate throughput.

2.2. Packaging for radioactive material.

Since 1982 the CDTN has designed, tested and qualified Type A packagings for
radioactive materials. These packagings are used for the transport of radioisotopes, spent
sealed sources and wastes from the nuclear fuel cycle facilities, radioisotopes users and those
generated during the radiological accident in Goiânia. For this purpose, facilities and
equipment were developed, qualifying the Centre as the Brazilian official packaging testing
institute. Studies are done in order to create capability in qualifying intermediate and high
level radioactive materials, using finite element computer codes for thermal-structural analysis
and shielding calculations. This programme has the aim to give support to the storage of spent
fuels from Angra INPP and solve the problems from the conditioning of higher activity spent
sources.All the gained experiences can be also applied to deal with problems related to the
transportation of hazardous/chemical materials that is very critical in Brazil.

In order to evaluate the durability of commercial drums used for low and intermediate
level wastes conditioning, the CDTN has carried out a programme since 1983. In the first part
of this evaluation, unsectioned drums from two different manufacturers, containing both
compacted and cemented simulated wastes, were stored inside a storage area and in the open.
To study the corrosion phenomena, from a quantitative perspective, samples were submitted
to metallurgical tests for later comparison. A total of sixteen drums were tested. After the
predicted duration of five years, it was verified that the drums stored inside were in good
condition and those outside presented large corrosion areas, mainly at the lid surface, because
its design allowed rain water collection. Three of them were opened and metallurgical tests
were performed, presenting similar results to those from the beginning. In a visual inspection
performed in 1992 the existence of holes at the lid surface was detected. This part of the
corrosion programme was executed. The results obtained show that the tested drums are not
suitable for open storage, since they failed after an 8-year storage period. In the second phase
of the study, only one type of drum was tested. The purpose was to evaluate the long term
influence of both the environment, externally, and the waste internally, upon the drums. The
drums were sectioned and representative samples of their body were put in contact, internally,
with pure mortar or simulated cemented borate waste and stored in a simulating storage
condition. This programme has a duration of five years. Two set of samples have already
been taken out (1992 and 1993). The results show that the internal painting (epoxy-phenolic)
is not suitable as a cemented waste packaging coating due to its poor resistance to this kind
of waste. It is planned to test a more resistant commercial drum, with a thicker steel plate
and having an electrostatically applied epoxy painting as an internal coating.

2.3. Repository safety assessment

Since November 1993, a multi-disciplinary group at the CDTN has been formed to deal
with a repository safety assessment. This group is composed of experts from different areas
such as those with knowledge hi source term, ground water flow, hydrology and dosimetry.
The studies are conducted in an interactive manner by starting simple calculations, and
followed by calculations using computer codes. Experimental works will be determined along
the studies. The purpose of this work is to create a national capability, within the three
different Brazilian institutions in safety assessment analysis. All the results applicable to waste
characterization, packagings and backfill can be applied for this purpose.
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2.4. Hazardous waste

At the Centre a large amount of chemical/hazardous material is generated. The
experience gained in the radioactive waste management is used to manage these hazardous
wastes. After the waste qualification and quantification, a hazardous waste management
programme will be implemented. The strategy includes waste collection, recycling through
a stock exchange data base and treatment for a safe storage.The developed methodology can
also be extended to other institutions.

3. CONCLUSION

Based on experiences accumulated in the R&D and CDTN waste management, the
Centre was able to provide assistance and technical support to the fuel cycle industries,
radioisotope users, hazardous waste management, as well as with the emergency caused by
the radiological accident that occurred in Goiânia. Studies were done to characterize the
effluent stream from a monazite processing industry and establish a liquid waste treatment
process for the uranium enrichment plant. Establishment of the waste management programme
for the nuclear fuel element manufacturing plant, evaluation of leaching resistance of
cemented wastes from Angra I, establishment of procedures of the cementation process and
obtained product qualification generated in hot cells and evaluation of packagings for the
transport of non-irradiated- fuel elements were carried out. Medical and industrial
radioisotopes packagings were also tested and qualified.

The main important feature is that the gained experience allowed participation on the
Goiânia radiological accident waste management in 1987. The staff worked on the
establishment of the general planning, and the strategy adopted for these wastes management,
definition of specific procedures and the identification of the short term available
infrastructure such as packagings, treatment processes, definition and operation of interim
storage and also decontamination works. Until now there is participation on the
establishment of strategies for safe disposal, definition and design of reconditioning
packagings and the composition of the backfill for the drums immobilization and operation
of the first Goiânia's waste repository. Support has also been given to several incidental
situations with unsealed sources.
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MANAGEMENT OF NON-FUEL CYCLE RADIOACTIVE WASTE
IN ROMANIA

C.N. TURCANU
Institute of Atomic Physics,
Bucharest-Magurele, Romania

Abstract
The management of non-nuclear fuel cycle radioactive wastes from all over the country

is resolved in a centralized way by the Institute of Atomic Physics. For waste treatment, batch
co-precipitation, evaporation and incineration as main processes are used. Conditioning is
performed by cementation and final disposal is assured in an old uranium mine. A R&D
programme has the objectives to upgrade the radioactive waste management to meet the
international standards and recommendations.

In Romania, the nuclear activities are regulated by the Nuclear Energy Act, Law No.
61/1974 and Quality Assurance Law No. 6/1981. The regulatory body is National
Commission for Nuclear Activities Control, within the Ministry of Waters, Forests and
Environment Protection. Considering the national nuclear energy power programme and the
necessity of a better protection of operational staff, population and the environment, the
regulatory body initiated the revision of the National Energy Act, with special references to:
a) development and establishing an overall strategy for radioactive waste management, and
b) development of regulations for decommissioning.

According to the present legislation, the management of the non-nuclear fuel cycle
radioactive wastes from over the country is the responsibility of the Institute of Atomic
Physics (IAP), Bucharest-Magurele, the Radioactive Waste Treatment Plant (RWTP) and
National Repository of Radioactive Wastes (NRRW), in three technical steps:

primary segregation and storage at the waste producer site
waste transfer by centralized collection for treatment, conditioning and interim storage
(RWTP)
long term disposal in geological formation (NRRW)

1. SOURCES OF RADIOACTIVE WASTE

Radioactive materials are extensively used in Romania since 1957 for research and
applications, after the construction of the WR-S research and isotope production reactor. The
radioactive wastes, generated by these nuclear activities are divided in low level waste (up to
10~3 Ci/m3) and medium level waste (up to 103 Ci/m3). These wastes contain mainly short and
medium half-lived radionuclides (with exception of 14C)

The wastes result from research at IAP and from nuclear applications mainly in
medicine, biology, agriculture, geological exploration, quality control in constructions and
metal processing industries. Wastes containing short lived radionuclides as 131I do not require
any special treatment, except temporary storage at the producer site, before the transfer as
normal non-radioactive waste takes place. The wastes containing longer lived radionuclides
are properly collected, treated and conditioned before final disposal.
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Special cases of radioactive wastes are the wastes collected before the implementation
of Nuclear Energy Act, which were not appropriately treated and/or conditioned, and now
cannot be transferred for final disposal without remedial actions.

A new source of radioactive wastes will be the decommissioning of WR-S research
reactor of IAP. The reactor commissioned in 1957, has a nominal power of 2 MW and has
been operated nearly 38 years with its original equipment and systems without any major
incident. In the next two years the fuel reserve will be consumed and the reactor life will be
considered accomplished.To prepare for the decommissioning, in 1992 the institute
commenced a special programme concerning the radioactivity inventory, radioactive
decontamination and waste treatment.

2. TREATMENT AND CONDITIONING

All non-nuclear fuel cycle radioactive wastes generated in Romania are collected and
treated at RWTP-Bucharest-Magurele. The annual designed capacity of the treatment plant is
1500 m3 of low level aqueous waste (LLAW), 100 m3 of low level solid waste (LLSW) and
100 shielded drums of medium level waste (MLW). The normal present status of RWTP
concerning the buffer storage capacities, radioactivity and annual arising are presented in
Table I.

Low level aqueous wastes are treated in two steps: firstly by triple chemical
co-precipitation (iron hydroxide, calcium phosphate, copper ferrocyanide) operated batch-wise,
and secondly by evaporation. The concentrate and the sludge are conditioned by cementation
in 200 L standard drums, and the distillate is released after checking radioactivity and the
chemical control.

Low level solid wastes are treated according to the waste form, final conditioning is
performed also by cementation. Medium level wastes, spent sources and wastes containing 3H,
14C and 129I are conditioned in shielded drums, without any treatmentTreatment and

Table I. Present Status of the Radioactive Waste Treatment Plant

Type of waste

LLAW

LLSW

MLW

Spent sources

Conditioned
waste

Storage
capacity

2 x 300 m3

20m3

200 shielded

3000

3000 drums

Storage
present
status

80% full

5m3

30 shielded
drums

1000

1200

Activity

up to 10-3Ci/m3

up to 10-3 Ci/m3

in limit of
200 mRem/h

up to 104 Ci

in limit of
200 mRem/h

Annual arising

up to 103m3

up to 10 m3

up to 70 shielded
drums

up to 400

up to 200 drums
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Table II Treatment and Conditioning Capability

Type of Waste Capability

LLSW

segregation
incineration
shredding
compacting (200 kgf/cm2)
conditioning in 100 1 and 200 1 drums by cementation (final
: 200 1 drums)
reconditioning of 200 1 drums in 240 1 drums

MLW
fire detectors
damaged sources

direct conditioning without processing by cementation in 200
1 drums

LLAW

chemical treatment by precipitation (first step) using iron
chloride, sodium
phosphate, potassium ferrocyanide ; FD=30 (approx.)
evaporation (second step) FD=1000 (approx.)

conditioning capabilities of RWTP are summarized in Table II. RWTP is not licensed for the
treatment or conditioning of alpha wastes, except for smoke detectors.

From November 1974, when RWTP became operational, to December 1993, 20,000 m3

of LLAW, 1,500 m3 of LLSW and 2,700 spent radiation sources were treated, resulting in
5100 conditioned drums.The transfer of conditioned wastes from RWTP to NRRW for final
disposal started in 1987, with an annual rate of nearly 500 drums (8-10 rail transports) and
in the interim storage are still 1200 drums (1000 drums damaged by corrosion) some of which
with an age up to 20 years. There are 1000 spent radiation sources without a known history,
waiting for treatment and/or conditioning in the buffer storage of RWTP.

3. FINAL DISPOSAL

A national repository for low level and medium level wastes (NRRW) is situated in the
uranium mine at Baita-Bihor.The site is situated in a compact formation of crystalline rock
providing a solid geology and shielding, with low porosity and good chemical homogeneity.
Because of the positioning at a mountain, no shallow underground water occurs and no risk
of flooding with surface water can be expected.

Mining was done to ensure access and ventilation.The present capacity in the galleries
is 20,000 standard drums.The capacity can be enlarged up to 200,000 standard drums,
providing additional galleries.
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4. R&D ACTIVITIES

For improvement of the non-nuclear fuel cycle radioactive waste management, a R&D
programme started at RWTP, with a short range and a medium range planning.

The short range period will cover:

up-dating of the technical and QA procedures to meet the IAEA and EEC standards and
recommendations.
improvement of the RWTP general maintenance after 20 years of operation.
reconditioning of damaged waste drums and transfer them to NRRW.
definition of spent radiation sources by gamma spectrometry, treatment and conditioning.

The medium range period will cover:

diversification of plant processes according to decommissioning of the VVR-S research
reactor.
study of radioactive decontamination methods.
new treatment processes based on chemical precipitation, extraction
chromatography, reverse osmosis and dialysis.
improvement of the conditioning technologies.

These R&D activities are based on the bi- and multilateral co-operation with the
International Atomic Energy Agency and nuclear developed countries through research
contracts and technical assistance. In the last years RWTP-Bucharest-Magurele benefited by
the IAEA with a WAMAP mission, training courses, grants to international meetings and
participated in the Co-ordinated Research Programme entitled "Treatment Technologies for
Low and Intermediate Level Wastes Generated from Nuclear Applications".

For the next years new areas concerning the radioactive decontamination, reactor
decommissioning and waste treatment and conditioning are defined.
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RADIOACTIVE WASTE MANAGEMENT AT THE DALAT
NUCLEAR RESEARCH INSTITUTE

NGUEN THI NANG
Nuclear Research Institute,
Dalat, Viet Nam

Abstract

The Dalat Nuclear Research Institute (DNRI) uses the reactor for iso6tope production,
activation analyses and basic research in neutron and solid-state physics. It is the main producer
of radioactive waste in Vietnam. The whole Institute generates about 100 m3 - 150 m3 of
liquid waste and about 3 m3 - 5 m3 of dry and wet radioactive waste per year.

The system for radioactive waste management at the DNRI consists of two main parts:
- Radioactive liquid waste treatment station;
- Storage and disposal unit.

The treatment station is located at the basement of the building No 2. The designed
capacity of the treatment station is 5 m3 per day. The station is collects radioactive wastes from the
reactor operation and from radioisotope production and other laboratories.

At the DNRI, the treatment methods currently used for liquid wastes are coagulation and
precipitation, mechanical filtration and ion - exchange. After being treated, the beta and gamma
activities of the solution reache levels lower than 0.01 nCi/J.

Dry and wet radioactive wastes are collected and stored in a disposal unit in the building
No 5. In this building, six concrete pits (100 m3 each) have been constructed for disposal and
solidification of radioactive wastes. Up to now, cementation has been performed for 10 m3 of
sludge waste with the proportion of waste to cement (W/C-ratio) of 0.47 - 0.5.

Although the existing treatment systems for radioactive waste management at DNRI can in
principle meet the needs of the nuclear center, there is still a need to reevaluate some of its major
components and also to optimize the operation of the system. There is an urgent need to reevaluate
and renovate the cementation and volume reduction facilities for sludge and solid wastes.

1. INTRODUCTION

The Dalat Nuclear Research Reactor (DNRR) was reconstructed in 1982 with the help of
the USSR and put into operation in March 1984. A short time later, the DNRI became the most
important Nuclear Research Center of Vietnam. For the time being, it is also the main radioactive
waste producer in Vietnam. The systems for radioactive waste management were newly designed
and put into operation in 1984.

Thanks to the radioactive waste management system, our Nuclear Research Institute could
do safely various researches and applications in nuclear fields. There are medical, industrial,
agricultural and research users. The people who are working in radioactive waste management
area have gained some practical experiences.

In this report, the general problems of radioactive waste management at the DNRI, its
system and treatment methods currently used for radioactive liquid waste are introduced. Besides,
results of the treatment and some difficulties met in radioactive waste management are presented.
Last but not least, the suggestion about the ways of how to improve the present situation with
radioactive waste management at the DNRI in both aspects, safety and economy.
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2. WASTE ARISINGS AND WASTE CHARACTERISTICS

According to the IAEA TECDOC 656, Vietnam belongs to the group C contries. It is a
country which has multi-use of radioisotopes and nuclear research center which is capable of
indigenous production of several radioisotopes[1]. We use the reactor for training, isotope
production, activation analyses and research. Many types of waste are generated in this nuclear
center. Most of them belong to low level, short lived wastes.

2.1. Liquid radioactive wastes

Most of radioactive wastes generated in DNRI is liquid waste. The whole Institute generates
about 5 m3 -15 m3 liquid wastes per month. There are 0.5 m3 -1 m3 from the reactor operation, the
remaining from radioisotopes production and other laboratories. The quantity and chemical and
radiochemical composition of the waste greatly depend on the activities of reactor and radioisotope
departments. As nuclear medicine departments in Vietnam increase year after year, the DNRI has
to produce more and more radioisotopes{2]. In this nuclear center, I -131, P-32, Tc-99m, Cr - 51
are produced for medical use resulting in solid and liquid wastes. The liquid wastes from collecting
tanks contain mainly I -131, Cr - 51, Co - 60, Ce -139, Cs -134, Mn - 54 with beta activity less
than 10-6 Ci/l and gamma activity less than 10-^Ci/l.

There are two chemical and radiochemical compositions of the liquids in the collector tank.
The first case, "simple" composition is the result of the reactor operation, while the second one,
"difficult1 composition is resulted from laboratory activities. These compositions are summarized in
table I.

TABUE I CHARACTERISTICS OF DALAT NRI
LIQUID WASTE BEFORE TREATMENT

Parameter
pH

Conductivity (pS/cm)
Oxygen Demand (mg O9/l)

Total ß Activity (nCi/1)
Co-60 (nCi/1)
Mn-54 (nCi/1)
Cr-51 (nCi/1)
1-131 (nCi/1)

Ce-139 (nCi/1)
Cs-134 (nCi/1)

"Simple" composition
6-8

200 - 300
3-5

1-100
10-50
1-5

10-50
1-5

-
-

"Difficult" composition
2-11

1000 - 50000
5-25
1-100

10-150
1-10

30 - 300
10

20-50
20-50

2.2. Dry and wet solid radioactive wastes

About 5 m3 of dry solid and wet wastes are generated per year. The compactible and
combustible solids are paper, swabs, plastic, rubber (gloves), ion exchange resins, carcasses and
excreta. The non-com partible and non-combustible solids are glass, scrap, brick work, sealed
sources. According to the IAEA TECDOC 655, most of the solid radioactive wastes generated at the
DNRI belong to category 1 and 2[3].

3. EXISTING SYSTEM OF RADIOACTIVE WASTE MANAGEMENT AT THE DNRI

The DNRI is equipped with a system for waste management based on the former USSR
regulations valid at the beginning of the eighties. The system includes the following:
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1- Radioactive liquid treatment station,
2- Storage and disposal unit,
3- Control room for treatment station,
4- Laboratory room

3 1 Liquid treatment station

The radioactive liquid treatment station is located at the basement of the building No 2 The
design capacity of the station is 5 rr)3 per day It consists of

- 4 storage tanks (5 m3 each) for collection and precipitation wastes,
- 8 ion-exchange and two mechanical filters,
-16 pumps for solution and sludge,
- 4 sludge reservoirs,
- 4 storage tanks containing alkaline-acid solution

Nowadays, at the DNRI, about 100 m3 - 150 rt|3 of radioactive liquid waste are treated by the
treatment station annually

Some problems encountered with the control- operation of the treatment station are due to
the absence of segregation of different waste streams generated Thereby we are unable to use
specific treatment conditions to the different batches

3 2 Storage and disposal

At the DNRI radioactive waste is stored in the building No 5 In this building six concrete pits
(100 m3 each) are constructed for disposal and solidification of radioactive waste A "yellow tank"
with volume of 8 rr>3 collects radioactive sludge from the treatment station for subsequent
cementation Recently, annual 5 m3 of solid waste is collected in this disposal There are some
facilities for cementation Storage and disposal of solid and solidified waste depend on the design
and is directiy done into six concrete pits Transportation inside the building is done by an overhead
crane, capable of lifting a concrete slab which covers the pits There are no any equipment for
waste volume reduction

The existing facilities for cementation are not operated at optimal capacity With the help
and recommendation from the WAMAP mission[2], the cementation has been done by in-line
mixing cementation process with containers in the form of drum of 200 I

4 TREATMENT METHODS OF LIQUID WASTES AND DECONTAMINATION FACTOR

At the DNRI, the treatment methods currently used for liquid waste are coagulation and
precipitation, mechanical filtration and ion-exchange

4 1 Chemical precipitation

Liquid waste streams in the reactor building are collected in a tank of 5 m3 (See figl) From
the collected tank, liquid waste is pumped into precipitation tanks where the raw waste solution is
precipitated by chemicals Some chemicals and precipitation processes have been tested and used
in DNRI They are hydroxide, phosphate, barium sulphate precipitation and combined processes

According to the test results in our laboratory, the best precipitation process is hydroxide

M"* + nOH- => M(OH)ni

where Mn+ is Fe3+, AI3+ etc
Because ferric ions may already be present in the effluent, their floes are easy settled in the bottom
of the tank[4j The solution is treated by adding FeSO4 and NaOH The pH value of the solution must
be more than 8 5 Sometimes we have to use phosphate precipitation for solution including
radioactive strontium The decontamination factor (DF) is from 50 to 100 (see tables II, III)
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FIG, 1. Principal diagram of the radioactive waste treatment system at NRI-Dalat



4 2 Ion-exchange process

Ion-exchange method has been used to remove soluble radionuchdes from liquid wastes

After precipitation, the solution is pumped to the ion-exchange units (see fig 1) It is done m
two steps, by mechanical fitter followed by a two stage ion-exchange column The activity of beta
and gamma emitting isotopes reaches the level lower than 0 01 nCi/l The DF is more than 1000
(see table III) The cleaning solution may be released into the environment or supplied to reactor
water preparing system after activity and chemical control

TABLE H CHARACTERISTICS OF DALAT NRI
LIQUID WASTE AFTER PRECIPITATION

Parameter
pH

Conductivity (uS/cm)
Oxygen Demand (mg O?/!)

Total ß Activity (nCi/l)
Co-60 (nCi/1)
Mn-54 (nCi/l)
Cr-51 (nCi/l)
1-131 (nCi/l)

Ce-139 (nCi/I)
Cs-134 (nCi/l)

"Simple" composition
8-9

300 - 400
2 - 4
1-10
1-7
<0.1
<15

2
-
-

"Difficult" composition
8-10

500 - 5000
3-10
1-10

6
<1
<1
5

1-2
20-50

TABLE IE CHARACTERISTICS OF DALAT NRI LIQUID WASTE DURING
TREATMENT PROCESS

Type of
Solution

Raw
Solution

After
precipitation

After
Mech filter

After
1st stage
Ion Ex
After

2nd stage
Ion Ex

pH

2-11

8-10

8-10

6 - 8

6-9

Conductivity
(US/cm)

1000 - 50000

500 - 5000

500 - 5000

10-200

5-30

Oxygen
Demand
(mgOyl)

5-25

3-10

3-10

2-6

1 -3

Total ß
Activity

(Ci/1)
10-'-
io-7

10-'-
10 8

10'-
io-8

10-'

<ion

Co-60
(0/1)

10-8 .
810-8

610-'

IG"'

<10">
————

<io-n

Cr-51
(0/1)

3 10-8 .
3 10-7

510-'

10-1°

10-10

<io-n

Mn-54
(0/1)

10-'-
10-8

10-'
10-10

<10-1<>

<io-n

1-131
(CM)

lo-s
210-'-

510-'
<io-10

<io-10

<io-n

Ce-139
(0/1)

210-8 -
510-8

10-9

10-10

<10-11

<io-n

Cs-134
(Ci/l)

210-8-
510-8

210'

10-1°

<io-'i

<10-n

DF
(Decont
Factor)

10-
100
10-
100

100-
1000

>1000

4 3 Conditioning of sludge

Both sludges from the precipitation tank and the first part regeneration solution (from ion-
exchange filters) are collected m 4 tanks of 1 m3 volume each for interim storage Then the sludge is
pumped along pipeline to the waste storage serving as the feeding tank for the cementation
process Until now, cementation has been performed for 10m3 waste sludge with total activity of
10 ' -106 Ci/l The density of sludge is more than 10g/l The cementation has been done by the in-
line mixing cementation process with a W/C-ratio of 0 47-0 5 The cement is fed with a screw feeder
while the waste is fed with mono-pump From the mixer the cement waste mixture is directly
released into the storage container (drum of 200I)
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5. CONCLUSION AND SUGGESTION

The DNRI is equipped with systems for waste management based on the former USSR
regulation valid at the beginning of the eighties. Though it can be considered adequate in principal
for needs of this center, there is still need to reevaluate some of it major components, and also to
optimize the operation of the system. First, facilities for cementation and volume reduction of sludge
and solid wastes must be equipped.

There is an urgent need to assist in upgrading the waste management system at the DNRI
including safety, economy and environmental assessment for radioactive waste management
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EXPERIENCE IN THE MANAGEMENT OF RADIOACTIVE
WASTES IN BANGLADESH

M.M. RAHMAN
Bangladesh Atomic Energy Commission,
Dhaka, Bangladesh

Abstract

Bangladesh has been firmly committed to the peaceful applications of ionising
radiations in agriculture, medicine, industry and research in order to achieve socio-
economic development in diverse sectors in the short term as well as long term
perspective since its emergence in 1971.

Consequently, the use of radioactive materials and radiation sources may always
produce radioactive wastes warranting safe, planned and proper management so as
to protect man and the related environment (at present and in the future) from the
undue risks of ionizing radiation.

Bangladesh Atomic Energy Commission(BAEC) is, in principle, responsible for
developing and implementing a national strategy and necessary infra-structure for the
collection, handling, treatment, conditioning, transportation, storage and disposal of
radioactive wastes including their regulatory control, duly considering the local
conditions and socio-economic pattern of the country.

A considerable progress has already been made in this regard. The Nuclear Safety
and Radiation Control Act (NSRC Act, 1993) was promulgated in 1993 and
necessary regulations(sub-ordinate legislation) are under preparation in the light of
the act, government policy and the up-to-date internationally accepted waste
management and disposal recommendations and the standards.
Special emphasis has been attached to the Basic Safety Standards for Protection
Against Ionizing Radiation and for the Safety of the Radiation Sources.

Sources of radioactive wastes :

The main sources presently include -

a) operation and maintenance of 3MW TRIGA Mark - II research reactor
b) production of mostly short-lived radioisotopes : 99mTc, 131J on routine basis

for use in nuclear medicine
c) production of ̂ Sc for sedimentological studies at the Chittagong Port
d) production of 32P, 35S, 5ICr, 192Ir »^A^etc. in future subject to the

availability of appropriate facilities.
e) extensive usages of 125I, 51Cr, 57Co and sealed 90Sr (for opthalmic

purposes), in medicine and 65 Zn, 32p, 54Mn, 35s, 3/H and *4C in
agriculture and 137 Cs and 60 Co in research and teaching
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0 a significant number of sealed 192fr sources (around 100 Ci each) constantly
used forNDT purposes in the industrial sectors

g) sealed 22<>Ra needies of nearly 1.5 to 2 gms previously used for brachytherapy.
h) several sealed radiation sources of various strengths ranging from 500 Ci

to 120 kCi of ̂ Co and 137Cs are used for radiotherapy, medical
sterilization and industrial processing of food and R&D purposes which will
produce used/spent sources needing special management in future

i) a large amount of imported thorium nitrate used in several Gas Mantle
industries

j) a large amount of monazite tailings (ore of thorium) following separation of
heavy minerals of beach sands of Cox's Bazar and off-shore islands in the
Bay of Bengal

In addition to the above, Bangladesh is contemplating to build up a nuclear power
plant in future for which separate waste management infrastructure will be needed.

Radioactive waste from Research Reactor (3MW TRIGA)

a) Solid wastes :
Mostly short h'ved having low specific activity, e. g., contaminated mops, tissue and
absorbent papers, stack and ventilation filters, trash papers, gloves, clothings, foot
wears, corrosion and activated products, mixed bed non-regeneable ion exchange
resins, etc.

b) Liquid wastes :
Mostly of low specific activity , e.g., spent-ion exchange resins, ion-exchange
regenerates, filter-transfer liquors, leakage from the systems, plant
decontaminations, washings, etc.

c) Gaseous wastes :
Noble activated gas 41 Ar, fission gases (Kr, Xe, etc) Halogen 131I from irradiated
Te- target, ventilation and stack air, allied discharges, etc.

Probable sources of radioactive wastes due to prolonged operations, maintenance
and allied activities of the research reactor taking into future consideration of rupture
of fuel elements, fuel cladding failure, etc may be as follows :

i) drippage of liquid from die fuel element on die transfer from reactor top, etc.
ii) handling of ruptured fuel elements on transfer of fuel elements between

die reactor and die fuel storage pool
iii) wastes which may arise from fuel cladding rupture, e,g. gaseous fission

products 88Rb (t^=18 min), daughter of 88Kr (t |= 2.8hr) at die initial stage
and die 88Sr following die decay of 88Kr and afso 137Cs and 137ßa

iv) wastes from die reactor coolant, e.g. 27A1 OM) 28 Al,27AL(n,rt)24Na 55pe,
, etc.
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In future the spent fuel originated from the research reactor will be safely stored in
the spent fuel storage rack adjacent to the reactor core. So far cladding failure of any
of the fuel elements did not occur. Therefore, there was no leakage of fission
products in the reactor system.

Options for rîdioactive waste management
The main options in the field of waste management particularly in case of low level
and short-lived wastes presently adopted in the country include

release to the atmosphere under controlled conditions
discharge to the sewers on evaluation of safety aspects
disposal to the normal municipal land fills
conditioning and treatment
safe storage.

Management of radioactive wastes from nuclear medicine centres and
other organisations :
No significant wastes arise from the therapeutic uses of 131I. The excertions are
controlled at the place of origins. The radioisotopes presently used for clinical and
other purposes include I3IJ, 125i799Mo-99nrrc,55Fe,57cOand5lCr.

Solid wastes are temporarily stored and ultimately disposed of at the municipality
land depending on the radioactivity contents, after sufficient delaying and decaying,
only after attainment of international exempt levels as per IAEA safety series 89,
IAEA, Vienna (1988). The liquids are mostly short-lived and are temporarily stored,
diluted and released to die sewers under controlled conditions.

The gaseous wastes, presently 4 1 Ar only from the reactor and 1 3 1 1 from the
radioisotope production facilities are discharged to the atmosphere through the stack
after proper monitoring and control.

The sources from outside organisations commonly include 60Q>,
thorium nitrate, 226Ra-needles, etc. A data base inventory of all spent or used
sources including ~6Ra-needles is under preparation. After collection of the spent
sources depending on the half lives and radioactivity contents particularly, the ̂ Ra-
ncedlcs will be conditioned and .centrally stored.

Technical Assistance from IAEA :

a) Title : Radioactive waste management and related environmental
problems.

T.C. Project No. : BGD/9/005.

Period covered : 1984-87.
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Status : Completed.

b) Title :

T.C. Project No. :

Status :

c) Research Contract :

Title of Project :

Safe management of radioactive wastes.

BGD/9/007.

On-going.

Project No.

Period covered

Development of improved liquid radioactive effluents
treatment technology by precipitation and ion-exchange
and the related analytical control system.

R/C No. 6794/RB.

15/11/91 to 14/11/92 & 15/03/93 to 14/03/94.

Under the scope of the RC project ferrocyanide ppt. method has been found to be
suitable for the treatment of low level liquid radioactive wastes containing isotope of
Cs.The best pH value to remove Cs from the radioactive solutions is found to be 10.
Tae contamination factors for different pH values (Cs-137 activity = 3.7 kßq) is
shown in table 2 and figure 1.

Regulatory aspect of radioactive waste management :

In exercise of the powers conferred by section 3(a) of the Nuclear Safety and
Radiation Control Act (Act No. 21 of 1^93) Bangladesh Atomic Energy
Commission(B AEC) is the competent authority in the country to formulate necessary

TABLE I. INVENTORY OF RADIOACTIVE WASTE AT AERE, S AVAR (Jan. 1987-
July 1994)

Type of waste

Low level solid
Low level liquid

Spent ion exchange
resins

Max.container surface
dose rate (mSv/hr)

0.26
1.00

0.02

Amount/volume

0.53m3
252 litres

167 kg.

Origin

RR
RIPL
IFRB
RR

RR ===> Research Reactor
RIPL =====> Radioisotope Production Laboratory
IFRB====> Institute of Food and Radiation Biology
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TABLE II. DECONTAMINATION FACTORS FOR DIFFERENT pH VALUES
(I37Cs activity: 3.7 kBq)

Expt. No.

1.

2.

3.

4.

5.

6.

7.

8.

pH

2

4

6

8

9

10

11

12

Amounts of
K4[Fe(CN)6]

1ml

1ml

1ml

1 ml

1ml

1ml

1ml

1ml

Amounts of
NiSO4
0.75 M

1ml

1ml

1ml

1ml

1ml

1ml

1ml

1ml

Amounts of
CsCI

0.001 M

10ml

10ml

10ml

10ml

10ml

10 ml

10ml

10ml

DF

220

98

347

497

618

654

598

93

regulations or policies or issue orders or instruction for the management of
radioactive wastes and to take appropriate steps to implement them.

As per section 3(f), B AEC may regulate the use and management of the radioactive
wastes.
As per section 4(1 )-b, any person without holding the pertinent licence(s) shall not
bring or make entrance of any vehicle into Bangladesh operated by nuclear power or
carrying radioactive materials or radiation producing equipment or radioactive
wastes.

700

FIG. 1. pHvs DF.
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Regarding the radioactive waste disposal, the recent IAEA Safety Series, IAEA
Technical Reports Series and IAEA Technical Documents shall be consulted.

The Commission shall provide guidelines and procedures to be followed by the
licensees for waste management and disposal.

In addition, Commission shall adopt the IAEA Safety Series 6 : Regulation for the
Safe Transport of Radioactive Material, Vienna (1990) for the guidance of transport
of radioactive materials.

Future directions :
1. To formulate frame, prepare and finalise regulations, codes of practice,

guidelines, etc. pertinent to ihe safe management and disposal of radioactive
wastes arising from the uses in medicine, industry, agriculture and research.

2. To plan, design and construct a central waste storage cum treatment facility at
AERE, Savar.

3. To study geological and hydrological aspects for die selection of shallow land
repository site.

For the materialisation of the above, IAEA technical assistance is badly needed in
near future.
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USE OF CHEMICAL PRECIPITATION PROCESSES FOR
LIQUID RADIOACTIVE WASTE TREATMENT

V. ZABRODSKY, N.B. PROKSfflN, A.S. GLUSHKO
Institute of Radioecological Problems of Academy of Sciences,
Minsk, Belarus

Abstract
The process of removal of 137Cs and 90Sr from simulated and real

liquid radioactive wastes by chemical precipitation followed by
centrifugal ion was investigated depending on sequence of different
factors. These factors are: chemical composition of solution (salt
content, pH, surfactants, nature and concentration of chemicals used
for precipitation), ageing time, type of centrifuge rotor and others.

1. INTRODUCTION

Large amounts of liquid radioactive wastes are generated during decontamination of
industrial facilities and equipment contaminated after the Chernobyl accident. The liquid
radwastes contain l37Cs [(10-9-10-8)Ci/l], 90Sr [(10-9-10-8)Ci/l], large amounts of surfactants,
poly-phosphates, heavy metals and others components. Specific feature of these radwastes is the
high concentration of salts and suspended solids. Due to this reason chemical
coprecipitation method seems to be preferable for their treatment. The construction of a pilot
scale installation consisting of chemical reactor with device for overflowing of clarified
solution, sand filters and tank for purified water is now at the final stage The cation exchanger
OH BAH [1], clynoptiloiite and quartz sand are supposed to be used as filtering materials.
The work on developing the methods of increasing of sorbtion ability of clynoptilolyte and
cation exchanger OMBAH towards radionuclides 137Cs and 90Sr were fulfilled within the
framework of the State Programme of Mitigation of the Chemobyl Accident Consequences. It
is possible to increase the sorption ability of these sorbents by several hundread times by using
a method of grafting of complexing groups to the surface of sorbent Besides using of gravity
other methods of solid/liquid separation are being developed in our Institute .Those are
ultrafiltration [2] and centrifugation.

2. EXPERIMENTAL

The specific sorbents for J37Cs and 90Sr - nickel ferrocyanide and hardly soluble salts of
calcium - were formed in solution by mixing K.4[Fe(CN)6] (0.025 mol/1) with NiCl2 (0.05 mol/l)
or Na3?O4 (Na2C2O4) with CaCl2 by following a stoichiometric course. All solutions as a rule
were prepared using a tap (running) water. Ge-Li semiconductor detector was used for
determination of ^7Cs concentration in solutions. The following operations preceded the
determination of 90Sr by using ß-counter. The daughter radionuclide 9^Y was coprecipitated
with iron (III) hydroxide at pH 7.0- 7.5 and then separated from the solution by filtration.
Microfiltration through polyethylene terephtalate nuclear membranes with different size of
pores (developed at JINR, Dubna).and sedimentometric analysis were used for the
determination of dispersivity of sorbents being formed in the solution through chemical
precipitation. Testing of solid/liquid separation was carried out on flow separator with a plate or
two-chamber rotors . The separator with plate rotor has following technic characteristics:
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• Throughput - (2-50) litres/hour
• Rotational speed - 10 000 rpm
• Plate diameter (on the generatrix).

• maximal - 77 mm
• minimal - 32 mm

• Volume of sludge space - 0,008 I.
The carry-over of the solid phase together with the centrifijged effluent was determined

by its filtration through a nuclear membrane (pore diameter 0. Î Spm) folllow weighting of the
dryed membrane. According to the experimental data obtained the increase of the centrifuge
throughput (decrease of residence time of solid particles in the field of action of centrifugal
forces) leads to the rise of the carry-over of solid phase with the centrifugate. It should be
noted that at the same throughput the carry-over is less for slightly soluble salts of calcium
then for nickel ferrocyanide. The larger density of calcium salts is obviously the main reason of
that.

Apart from the plate rotor a two-chambers rotor has been tested. A larger volume of
sludge space may be considered as it's advantage. But the carry-over of nickel ferrocyanide in
the case of the two-chambers rotor was larger then for thin-layer one. The centrifuge
throughput corresponding to minimal carry-over of solid substance with centrifugate has been
choosen for subsequent experiments.

3 RESULTS AND DISCUSSION

The dependence of a décontamination factor (DF) on various factors has been investigated
These factors are. history of solutions (simulated or real liquid radwastes), pH of solutions,
content of salt, content of surfactants, ageing of suspension, nature and concentration of
sorbents formed in solution during the chemical precipitation.

3 1 Chemical composition of the treated solutions

S . l . I . p H .

Table 1 contains the 137Cs decontamination factors derived for suspensions formed at
different pH. According to the data the efficiency of the treatment process practically does not

Fig. 1. Retention of l^Cs during
microfiltration of nickel
ferrocyanide suspension
(2.4- 1(T3 mol/1). Pores diameter:
1- 1.35 urn: 2,3- 0.06 urn.
Ageing:1.2-freshry prepared; 3-
24 hours.
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Fig.2. Efficiency of removal of
'? Cs from the solution versus
salt concentralion. {Thin-layer
separation. Ageing time j hour.
Distüled water.)

50 100 150
[NaCIJ^l

200

depend on pH of the precipitation of suspension. Microfiltration of freshly formed and aged in
1 day suspensions of nickel ferrocyanides has been carried out by the use of the nuclear
membranes with various pore sizes (Fig. 1 ). According to the results obtained there is no
substantial change in the dimensions of nickel ferrocyanide particles in pH interval from 5 to
10.5. The most of these particles have dimensions greater than 1,35 urn immediately after the
formation of suspension (reducing of l37Cs retention at pH>10,5 is caused by the increase of
nickel ferrocyanide solubility at this condition). According to the data obtained, pH values in the
interval 9-10,5 may be suggested for one-stage precipitation of 137Cs and 90Sr.

The data obtained made it possible to assume high speed of ion exchange reaction of 137Cs
with nickel ferrocyanide. The formation of ferrocyanide immediately in the solution (in situ) and
absence of a diffusion stage in sorbent phase confirms the high speed of sorption.

3.1.2. Salt content.

The experimental data obtained allow to make a suggestion that following factors have an
influence on the efficiency of treatment if the salt concentration in the solution is increased:

• increase of carry-over of precipitate during centrifugation by encreasing of difference
between density of solid substance and density of dispersing medium;

• enhancement of nickel ferrocyanide coagulation;
• aggravation of the 137Cs ion exchange sorption by nickel ferrocyanide.
As a result the form of curve "DF versus salt content" (Fig.2) is rather complicated.

3.1.3. Surfactants

Usually surface decontamination compositions contain detergents which are the mixture
of surfactants and complexing agents. For example, detergent "CO-2V is commonly used
for cleaning of the surfaces of industrial equipment contaminated after the Chernobyl
accident. That detergent has the following composition: 50% of sodium polyphosphates, 25%
dodecylbenzenesulphonate and 18% of sodium sulphate. According to the legislation of the
Republic of Belarus the discharge of effluents containing dodecylbenzenesulphonate into
sewage collection system is prohibited. Two methods of the treatment of liquid radwaste for
separation of the surfactant are being developed:

• precipitative method by using of calcium salts,
• destruction of the surfactant by ozonization.
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Table 1. Removal of 13/Cs from the solution by chemical precipitation and thin-layer
centrifugation. Throughput is {5.6-8.6)l/h

Solution composition
PH

10.0
30.0
10.0
6.0
8.0

1 n n
i '•• •.
30.0
10.0
1 0.0
10 ')
1,1 i,i
Ju .ü

[K4(CN)6].
moi/1

5.0-10-4

1.0-10-3
3.0-10-3
2.5-10-3
2.5-10-3
^ _ «; . 1 '-.-3

5 • I G" "
2.5-10-3
2.5-1 0-3
2.5-10-3
2.5-10-3

5.75-10-3
1.U-1Ü-3

[NiCl2]:
moll
1 0 -IQ"3

2.0 -IG"3

6.0 -10-3
5.0-10-3
5.0-10-3
c r> -•r.~~-
5 .(: -II'.' "

5.0 -lu'3

5.0-10-3
5.0-HÎ-3
7.5 -ÎO-3
5 (. .in- ?
2.U -Kr-"1

additional component

,C<4;-2y. t - ^ u i

[FeCK|=l-K)- :moll

Real radw aste

Ageing
time, min
60
60
60

40-60
40-60
-."'-<-,

~ ~_

] 5-20
60
60
r~.
", i

4U-6U

DF

5±3
10±6
20 ±~
26±13
31X8
îy . . "

- .
1 1 ± Î

] ] 0 r 5 ( -
]:(.':. 71;
: •- -_«,(,<
:.'-^' •
2u±5

Table 2. Removal of °°Sr from the solution by chemical precinitation and thin-!a>ei
centrifugation. pH=10.

Precipitate, moll
Calcium
oxalate
5.0-10-2

2.5-10--

Calcium
phosphate

2.5-10'2

1.0-10-2

1.0-10-2

Dispersing
medium

simulated
solution

real radwaste
simulated
solution

simulated
solution

real radwaste

Ageing time

24 hours

24 hours
Freshly prepared

Freshly prepared

Freshly prepared

i
DF

3.3

4.1
73

43

48

The latter method is more efficient and generate less amount of wastes to be solidified. At
the same time the precipitative method does not require any additional equipment.

The quantitative data obtained in this work show the reduction of the solution
decontamination versus the increase of the surfactant concentration (Table 1).

3.1.4. Ratio of chemicals used for precipitation

It is known that excess of FeCCN^,4' in solutions iasilitate the formation of stable
ferrocyanide sols. There are some data concerning chemical precipitation of nickel ferrocyanide
suspensions at various Ni2"1"/ Fe(CN)c,4- ratios (Table 1). Increasing of Fe(CN)(34- concentration in
solution leads to the decreasing of decontamination factors. On the contrary, the increasing of
above-mentioned ratio leads to greater efficiency of decontamination. This data are in compliance
with the results of studies on the kinetics of nickel ferrocyanide sedimentation
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Fig.3. Efficiency of removal of
i3"Cs from the solution by
chemical precipitation and thin-
layer separation versus ageing
time of nickel ferrocyanide
suspension.

The data in Table 2 indicate that higher strontium decontamination factors are achieved in
the case of the use of calcium phosphate as sorbent, than in the case of calcium oxalate. The
conclusion may be made that higher decontamination reached during centrifugation in the case
of calcium phosphate is due to it's larger density (3 14 g/cm3 ) in comparison with that of oxalate
(2.29 g/cm3).

3.2. Suspension ageing

According to the experimental data the increase of the ageing time of suspension leads to
the increase of decontamination efficiency (Fig.3). The suggestion may be made that in the
course of time fine particles stick together to produce larger particles. Sedimentometric analysis
of freshly precipitated and aged for one day nickel ferrocyanide has been carried . The results
obtained show that ageing of suspension cause the increase of particle dimensions from 4 to
18 urn. That data are confirmed by the results obtained by using optical microscopy. So ageing
of the precipitate facilitates the phase separation. But it should be noted that dimensions and
mass of freshly precipitated particles are also big enough to perform quantitative isolation of
radionuclides (Table 1,2)

3.3. History of the solutions

The coprecipitation study has been performed with both simulated and real liquid radwastes
The last ones were collected during the decontamination of different industrial equipment. This
work in the Gomel province of Belarus is being carried out by the State specialized
enterprise "Polesje". Characteristics of surfaces to be cleaned require the strong base {(5-
10)%} decontamination compositions to be used. So it was necessary to make it's partial
neutralization to pH<10 before proceeding with of chemical precipitation. The formation of
stable sols of polynuclear hydrolitic forms of Zn and Al existing in the solutions as zinkates and
aluminates took place during the neutralization. According to the results obtained, the use of a
high speed centrifuge is a perspective method for clarifying of these suspensions. About (90-
95)% of suspension material can be precipitated by use of separator with rotational speed 10 000
rpm. So the conclusion may be made that sufficiently high ceasium and strontium
decontamination factors may be reached for real liquid radwastes.
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4. CONCLUSIONS

Two kinds of centrifuges are used now for liquid radwaste treatment. At first stage decanter
is used for separation of relatively heavy particles from the solution. The clarified solution and
dewatered sludge are produced at this stage of the waste treatment. More fine purification of
solution takes place by the use of separator. The concentrated suspension of fine particles on
the outlet ofthat device is directed to the decanter for further dewatering.

It seems expedient to introduce the procedure of chemical precipitation into above
mentioned flow sheet between decanter and separator. In that case the process of chemical
precipitation and sedimentation would be taking place in solution clarified from the bulk
coarse-dispersion settled and suspended particles.
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ENVIRONMENTAL IMPACT ASSESSMENT OF
OPERATIONAL PRACTICES FOR PROCESSING
LOW LEVEL LIQUID WASTES IN THAILAND

P. YAMKATE, F. SINAKHOM, P. SUPAOKIT
Waste Management Division,
Office of Atomic Energy for Peace,
Bangkok, Thailand

Abstract

The effluents of average activity of 0.01 Bq/L gross alpha and 0.22 Bq/L gross beta,
about 300-900 m3 per year have been discharged from the centralized low-level liquid waste
treatment plant into the canals connecting to the Chao Phya River since 1965. The impact on
the environment is routinely monitored since then. The current results revealed that the
radioactivity in the vicinity of the OAEP is kept under control and acceptably low. This
indicates that there is no potential hazard to members of the public.

1. INTRODUCTION

Since the 'atomic energy for peace' programme has been introduced to Thailand in
1962, the application of nuclear technology has gradually increased. At present, nuclear
techniques are quite well-known by most of Thai scientists, academicians, medical doctors,
industrial people, etc.The principal nuclear technologies are those used in the medical
treatment, therapy and nuclear medicine, research work, agriculture and industry.The
development of nuclear technology, however, creates a certain negative aspect, that is the
increasing generation of radioactive wastes.

It is a worldwide practice that radioactive wastes have to be kept under control and that
their potential impact on man and his environment has to be acceptably low.lt is, therefore,
the policy of the Thai Atomic Energy Commission that the Office of Atomic Energy for
Peace (OAEP) has to render the service on the management of the radioactive wastes arising
from all radionuclide users in Thailand.lt is the duty of the Waste Management Division
(WMD) to fulfill this mission properly.

As the main radioisotope users are those in the medical sector, it is found out that the
major waste producers are the hospitals in the central region of Thailand. However, regarding
to the volume of waste produced, 80% of the total volume can be assigned to the OAEP,
where the Thai Nuclear Research Reactor and other relevant facilities are located.

Since 1965, the well equipped chemical co-precipitation plant for waste water treatment
has been put into operation at the OAEP premises. The waste water collected from all
institutions using unsealed radioactive substances in Thailand including OAEP internal
laboratories, has been delivered for treating in this plant.The liquid waste is predominantly
aqueous solution, with low content of salt, and small amount of organic liquid, the quantity
of untreated waste is about 800 m3 per year.The main radionuclides contained in the waste
are: 3H, 14C, 32P, 35S, 36C1, 45Ca, 51Cr, 55Fe, 57Co, 59Fe, 60Co, 65Zn, 90Sr, "Tc, 1251,13II, 137Cs,
232Th and 238U. The radioactivity contained in the raw liquid wastes is between 3.7-37 Bq/L.

Low level waste is treated by using the alum-coagulation process at the treatment plant.
The concentrated sludge residue is kept in the form of solid radioactive waste. The effluents
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have been discharged into the OAEP pond and eventually dispersed via canals into the Chao
Phya River. The release of the treated effluents by OAEP is permitted only after the
radioactivity content of the waste has been analyzed and found to be in compliance with
authorized limits. The average activity in the effluents at the discharge station is 0.01 Bq/L
gross-alpha activity, 0.22 Bq/L gross-beta activity, 8.3 mBq/L of 137Cs and 3.2 mBq/L of 90Sr
respectively.

Since the radioactive effluents are discharged into the aquatic environment, those are
subjected to consumption of the people in the downstream of Chao Phya River, where
Bangkok is situated. The assessment of health detriment is then very imperative in two
respects ; firstly it provides a quantitative measure of the radiological impact of effluent
discharges and secondly it is a source of the essential information for improving the liquid
waste treatment systems.The system of dose limitation recommended by ICRP [1] is used as
the basis for controlling exposure. Two considerations are emphasized :

1. All exposures shall be kept as low as reasonably achievable, economic and social factors
being taken into account (optimization of protection).

2. Committed effective dose recommended for individuals by ICRP shall not be exceeded
(dose limitation).

In radiation protection for members of the public, ICRP recommends to select a group
of population, so called "critical group", the group who assumes to receive the highest dose
as consequence of waste discharged. The committed effective dose to the critical group will
be calculated. Two most important radionuclides discharged to Bangkhen Canal are 137Cs and
90Sr. Both radionuclides are then used for dose assessment.

2. METHODOLOGY

The methodology for evaluating the impact of routine release is based on guidelines of
ICRP. The exposures to radionuclides that originate in the effluent were converted to estimate
of doses to critical group using data from the environmental measurements. The approach used
is to estimate the dose over the whole of the life time of an individual (taken to be 70 years,
from intake in a particular year).

The exposure pathways associated with radionuclides discharged into freshwater are the
consumption of water, aquatic populations, irrigation leading to contamination of foodstuffs
and external radiation from sediments. In this assessment, the pathways by which members
of the public are most likely to be exposed are through drinking water and ingestion of water
plants.They are then used in the calculation of dose to the critical group [2] resided along the
canal.

Routine monitoring is conducted to measure the dispersion of radionuclides in the
aquatic environment. Eleven sampling stations are located up and downstream from the release
point as shown in Fig 1.

3. RESULTS AND DISCUSSION

Table I shows the annual average concentration of I37Cs and 90Sr in the surface water
and water plants (swamp cabbage, epomoeareptans) from 11 locations. Maximum
concentrations of 137Cs in water and swamp cabbage are 9.9 mBq/L and 0.063 mBq/kg
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respectively. Maximum concentrations of 90S in water and swamp cabbage are 3.5 mBq/L and
0.051 mBq/kg respectively. Table II shows committed dose to critical group via ingestion of
surface water and swamp cabbage. Maximum organ dose to the critical group which
maximally consume water and swamp cabbage are shown in Table III.

TABLE I. ANNUAL AVERAGE OF RADIONUCLIDES IN CANAL WATER AND IN
WATER PLANT (SWAMP CABBAGE)

LOCATION

1"Cs(mBq.L')

Downstream
L01
L02
L03
L04
L05
L06
L07
Upstream
L08
L09
L10
Control
L11

Canal Water

"SKmBq.L1)

8.3+1.9
2.8+2.0
6.2+2.1
8.2+2.0
6.5+2.0
6.0+2.0
6.8+2.2

7.6+2.0
9.9+2.5
7.3±2.2

2.6+2.1

137Cs(mBq.Kg-1)

3.2+2.0
1.3+2.0
3.5+2.2
2.6+2.2
0.03+2.2
3.0+2.1
0.7+2.2

1.6+2.0
1.9+1.9
2.3+1.8

1.8+2.3

Water Plant

90Sr(mBq.kg-1)

0.063+0.018
0.064+0.004
0.002+0.018
No Sample
No Sample
No Sample
No Sample

0.044+0018
0.045+0.019
0.009±0.019

No Sample

0.042+0.011
0.027+0.010
0.024+0.011
No Sample
No Sample
No Sample
No Sample

0.051+0.012
0.037+0.012
0.031+0.011

No Sample

TABLE II. COMMITTED EFFECTIVE DOSE FROM OAEP DISCHARGE VIA
INGESTION PATHWAY

Pathway Radionuclide
Committed effective dose , x 10-" Sv

1y 10 y 15 y Adult

Drinking Water

Water plant

137 Cs
90 Sr

137 Cs
90 Sr

2.72
11.5

0.69
6.7

6.93
10.8

2.46
8.76

9.01
7.35

3.60
6.72

9.01
6.86

3.28
5.71

On the assessment of doses to the critical group, maximum concentration of 137Cs and
^S in water and swamp cabbage are used. It is assumed that the critical group consumes all
vegetable grown in the canal and drinks the water from that canal as well. At the same time,
the food consumption rate for members of the Thai population at different age group (i.e. ly,
10 y, 15 y and adult) are taken from the Food and Nutrition Division, the Ministry of Public
Health, to achieve the assessment. The doses per unit intake of different radionuclides ("dose
coefficients") are taken from the publication of the National Radiological Protection Board
of the United Kingdom [3] which are based on the most recent recommendations of ICRP 60.
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TABLE III. MAXIMUM ORGAN DOSE FROM OAEP DISCHARGES VIA INGESTION
PATHWAY

Maximum organ dose, x 10 Sv

Drinking Water

Water plant

iy
137 Cs 3.26(stomach)
90 Sr(Bone surf.) 124.8

137 Cs 0.83(stomach)
90 Sr(Bone surf.) 72.8

10 y

7.62(uterus)
127.4

2.71 (uterus)
103.5

15y

9.70(uterus)
98.0

3.88(uterus)
89.6

adult

10.40(uterus)
95.6

3.78(uterus)
79.6

Due to the status of the Bangkhen Canal which is now used as sewage drainage for
domestic and industrial discharges the quality of canal water is not suitable as water supply
for drinking purposes, recreation or even for fishing. Swamp cabbage is found hi the canal
all the year. It is the most dominant exposure pathway for radionuclides released into the
canal.The calculated total committed effective dose from ingestion swamp cabbage to
represent members of four age groups ( l y , 1 0 y , 1 5 y and adult) are 0.22 , 0.29 , 0.27 and
0.25 Sv, respectively, and total max. organ dose is 2.31 Sv to the bone surface to ten year old
child.

The result of dose assessment revealed that the normal operation of the low level
treatment plant at OAEP, insignificantly contributed to the annual dose limit for the public
around its vicinity comparing to the dose limit recommended by ICRP (1990) as shown
below.

Impact to critical group Dose limit
mSv/a mSv/a

Total committed effective dose 2.9x10"4 l
Total organ dose, bone surface 2.3xlO"3 life time organ dose

= 3.5 Sv
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TREATMENT PROCESS AND FACILITIES FOR URBAN
RADIOACTIVE WASTES

Y. ZHANG, Z. CHEN, J. DAI
Municipal Radioactive Waste Disposal Experimental Centre,
Shanghai, China

Abstract

Luojin Site of Shanghai Municipal Radioactive Wastes Disposal Experimentation Center
is involved in the treatment of low-level radioactive wastes coming from Shanghai city.
The treatment process and facilities are described in this paper.

Key words: City low-level radwaste, Compaction and sealed packing, Microwave
drying, Ultrasonic decontamination, Incineration, Solidification.

I . Introduction

Since the 1950s, radioisotopes and nuclear techniques have been extensively used in
hospitals, research laboratories, industrial and agricultural premises. The increasing
and diversified uses of radioactive materials result in the production of large quantities
of radioactive wastes and their disposal requires careful and coordinated management.

Luojin Site of the Shanghai Municipal Radioactive Wastes Disposal Experimentation
Center has been set up ( by the Shanghai Municipal Bureau of Environmental
Protection ) to provide a common approach to the centralized management of
intermediate-level and low-level radioactive wastes in Shanghai area, and it is under the
administrative control of national agency of environmental protection. This paper
draws mainly upon the facilities and treatment process used in Luojin Site.

I . Facilities and Treatment Process

The waste treatment site, facing Changjiang river and occupying about 10 acres, is
situated at Luojin of Baoshan District, 45 km away from the center of the city. It has
facilities such as solid waste sorting and compacting shop, animal carcass drying unit,
ultrasonic decontamination unit , solidification shop, solid waste incineration shop,
liquid waste treatment shop, wastes storage repository, etc.

The volume of wastes is minimized to ensure the best physical stability and the safe
storaging conditions. The scheme of treatment process is represented in Fig. 1.

1. Packaging, collection, and transportation

Radwastes are collected according to the related national regulations and the different
categories of wastes and kept in containers marked with special symbols. The standard
plastic bags, 60 liter fiberglass drums, and 20 liter stainless steel drums are made in
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Fig. 1 The treatment process of Luojin Site



the Site. The plastic bags are categorized into four uses, i. e. for combustible
materials, noncombustible materials, metal, and liner of 60 liter drum. The
containers, in which different kinds of wastes are stored separately and packed, are
collected by site workers regularly. There are two special trucks in the Site, one
(loaded-weight 1. 2 ton) is equipped with lead shield, and the other (loaded-wight 1
ton), with a liquid wastes SS tank.

2- Sorting and Compacting Shop

A YB90-100F compactor, i.e. a horizontal hydraulic triple action press, is
recommended for compacting solid wastes. The whole system consists of compacting
box, compactor, rolling sealer, program-controlled electric control, compacted
products rolls, etc.
The solid wastes such as contaminated rnetals less than 3 mm in thickness and
nonmetals, such as cotton, paper, wood, rubber, plastics, etc. can be easily
compacted into a 40 liter iron-made drum and then ejected into a 60 liter fiberglass
drum before storage.

3- Incineration Shop

Incineration seems to be the best way for reducing the volume and weight of
combustible wastes. After incineration, the reduction is by 98. 9% for the volume and
by 94. 5% for the weight.
The incinerator consists of combustion, purifying, control, and ventilation systems.

(1) Combustion system

This system consists of feeding, burning chamber, and ash removal. There are two
combustion chambers in the incinerator to ensure the complete combustion of the
wastes. The combustion temperatures are 850 "C and 1000 "C for the first and second
chamber respectively during operation. The capacity of the incinerator is about
50 kg/h. The ashes are usually solidified in the second stage prior to disposal.

(2) Purifying system

This system includes rotary dust trap, electrostatic precipitator, heat exchanger,
electric heater, high-efficiency filtration, etc. The total efficiency is 93. 9%.

(3) Control system

The main items in the control system are electric lighter, static high-voltage adjuster,
blower, feeding time, burner's temperature, negative pressure in the chamber, etc.

(4) Ventilation system

In order to ensure the safety of workers and avoid the cross-contamination of the
systems there are three sets of ventilation systems in the shop for the central control
room, operation hall, and ash removal.
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4- Radioactive liquid waste treatment shop

This shop consists of a medium-level liquid waste treatment system, a low-level liquid
waste treatment system and a central control room. The schematic diagram of
treatment process is represented in Fig. 2-

Medium— level
liquid waste

Residue
to be *-

solidified

Low— level
liquid waste

Tank

Tubular mixer

I
Sloping tubular

précipita tor

Monitoring
Wood flour

adsorption column

Monitoring ,,

Filter

Monitoring

Electro osmosis

Monitoring

Ion exchanger

Discard tank

coagulants

Sludge to be
solidified

Spent wood flour
to be incinerated

Back blush water
to collection tank

_ High—level to medium-
level liquid waste tank

Spent resin to
be solidified

Discard tank

Fig. 2 Process scheme of medium— and low— level liquid waste treatment

The facilities of liquid waste treatment are under the control of systems equipped in a
general control room. The items of control include the level in liquid tank, operation
and discharge, sampling, pressure, flow, acidity, voltage, electricity, etc.

The test shows the radionulcides in liquid waste can be effectively removed after
passing through the whole system and the total decontamination efficiency is 102~104.
The purifying curve of simulation water for I4?Pm is shown in Fig. 3.
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Fig. 3 Purifying curve of simulation water for 147Pm

5- Synthesis treatment shop

This shop is composed of plastic solidification, microwave drying of animal carcass, and
ultrasonic decontamination.

(1) Plastic solidification unit

Plastic solidification is applicable to ashes, sludge, spent resin, concentrates, etc. The
treatment process of plastic solidification is shown in Fig. 4

(2) Ultrasonic decontamination unit

Ultrasonic decontamination involves a 5 KW ultrasonator, acidic trough, alkaline
trough, and washing trough.
The contaminated wastes are to be decontaminated effectively as a result of the use of
immersion and ultrasonator.
The wastes which have been decontaminated by ultrasonic process can be reused or
discarded as an ordinary waste if the level of contamination is identified to be 1/50 less
than the limit specified by the national regulations.

(3) Microwave drying of radioactive animal carcass unit

The main equipment of the unit is a 2450 MHz microwave heater.
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Fig. 4 The treatment process of plastic solidification scheme

The microwave heater is designed to achieve:
Power :
Frequency:

Chamber size :

Dewater rate:

Energy leakage:

1-10 KW adjustable
2450 ± 50 MHz
$ 600X800 mm
not lower than 0. 8 Kg/KW • h
<C lmw/cm2 away from the heater surface of 5 cm

6- Radioactive wastes storage

This building with an effective storage capacity 1174 m3 is specially designed for the
storage of used sources and all kinds of solid wastes which have been treated. The
storage building is constructed by reinforcement concrete. The disposal pits consist of
crowds of frame and trough underground, the drums shall be stored separately
according to their surface dose rates. The storage building has electricity room, dose
room, exhaust filter room, and the entrance for shoveler. The 3 ton bridge crane, 2
ton shoveler, cable TV monitor system, and dose alarm system are also available in the
building.

Twelve drums to be filled with different wastes are assembled in a frame and loaded
into a pit for disposal.
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A FILTER STUDY FOR RADIACITVE LIQUID
WASTE TREATMENT

YE YUCAI, WU TIANBAO, GUO XIN
Institute of Nuclear Energy Technology,
Tsing Hua University, Beijing,
China

Abstract
The paper introduces the bench-scale research on the feasibility of a Chinese-made pleated filter cartridge to be used
for radioactive liquid waste filtering in a nuclear power station (NFS)
A standard loess dust made in China was used as simulative suspensions. The gravimetric method using 5 m nuclear
- track porous membrane as a filtering medium was used to determine the filtering efficiency of the filter cartridge in
removing suspensions with a particle -size more than 5 m
The filtering tests were earned out in a recycle loop. The results showed that PP-cartridges which were developed and
made by Hangzhou Water Treatment Development Center, SO A, could meet the needs of the radioactive liquid waste
filtering, the sintered micro porous PE tubes could be used to make the reusable filter to treat radioactive liquid wastes
with high-content of suspensions and the filter would have a long service life while the residue stripping and
regeneration process were used

I. INTRODUCTION

The reactor cooling-water must be filtrated to keep the Pressurized Water Reactor (PWR) m normal operation. There
are other water streams in PWR power station, for instance, mid - level radioactive liquid wastes, the ground washing
waters and the laundry drains They contain suspensions that adsorb and carry lots of radioactive substances and also
need filtrateration to reduce their specific activity prior to further treatments such as evaporation, ion exchange etc
So a series of filters must be equipped in a NPS for the radioactive liquid waste filtering.
The liquid rad - wastes m a NPS, which need to be filtrated, may be divided into three kinds according to the
concentrations of suspended particles and the sources of wastes:
(1) Primary loop cooling water in cooling circuits of NPS with suspension concentration 1 mg/L,
(2) Mid - level radioactive liquid waste and ground washing water with suspension concentration range of 100-
150mg/L;
(3) Laundry drains with suspension concentration 150 mg/L.
As a result of the compact NPS design, all the filters are usually installed together in a individual room in order to
facilitate the change of the filter cores, and only one filter is equipped for a special waste (sometimes with a spare
one). The discarded filter cores are normally directly solidified by cementation abroad, in which one filter core is put
into a normative drum with 200 L capacity and then kept in the temporary or permanent radioactive waste repository,
so the size of the filter core must be less than <t>500 X 500 (mm;.
The NPS operation requires that the suspended particles with more than 5 m size in the waste liquid must be
removed m the filtration process The filters in NPS at the radioactive sites must be ionizing radiation-resistant, and
the filtering efficiency must be higher than 98%.
Thus the conventional industrial filters can't be directly used in NPS as the requirements for the radioactive waste
filters are small size, large flow rate, high precision of filtering, resistant to ionizing radiation and long service life
A series of alteration tests have been conducted using the filter elements made in China to develop the suitable filters
for radioactive liquid waste alteration

2.LABORATORY FELTERATION STUDY

Based on the design requirements for the radioactive liquid waste filters of NPS, the objectives of this study are as
follows'
(1) The efficiency of removing suspended particles with larger than 5 m by the filter is higher than 98%
(2) The cartridge size is less than O500X 500(mm).
(3) The flow rate is 20 - 27m /h for the liquid waste with 1 mg/L suspension, 10m /h for waste with 100 - 150 mg/L
suspension and 5m /h for the laundry drain with 150 mg/L suspensions.
(4) The filter cartridge must be ionizing radiation-resistant and the filter characteristics must not change after
absorbing Y - dose upto 1043y and every filter element must work for as long as more than half a year
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3.SELECTION OF THE SIMULATIVE SUSPENSION

As limited by conditions, it was impossible to utilize a real radioactive liquid waste in the test, the simulative
suspension was used as a substitute for the real one. It is reported that the composition of liquid radioactive waste
form NFS is complicated. The shape and size of particles as well as the physical and chemical characteristics of the
suspensions are variegated. In China, diatomite dust is usually used as a simulative suspension in the research for
normal water filtration. Diatomite with medium diameter of &Mn was selected as simulative suspension at the
beginning of this study, but it was found that diatomite had too good filtration characteristic and the experimental
results could not show the actual filtration behaviour of liquid wastes from NFS. After a lot of investigations, we
realized that most of the suspensions in the liquid waste produced from NFS were the fallout dusts from the air except
from some corrosion products and a few crystalline salts. So according to the situation in China, the standard loess
dust was selected as the simulative suspension. Its composition and the particle size distribution are similar to USA
standard Acf dust (See Table 1), in accordance with the USA liquid radwaste filter test standard.

Table 1. Comparison Between the Standard Losses Dust and the U. S. A Acf dust
Particle Density Bulk Median Accumulative fraction under tbeDistribution

Category Color density diameter limited particle Size Dx.(%)
Shape (g/cai:) (g/cms) Cum) 0 5 10 20 40 >40

iossesdust Brown Irregulär 2. 6~2. 8 0.62 3—11 0. 53—0. 24 33±3 49—2 75±3 91— 3 100

Acf Grey Irregular 2. S~2.75 0. S3 7.2—9.5 0. S9 —0. 71 36 51 69 8<i 100

4. DETERMINATION OF THE FILTER EFFICIENCY

The filter efficiency is defined as the removing ratio of the suspended particles of certain size in the simulative waste,
i.e., the ratio of the particle concentration before filtration to the particle concentration after filtration. The analytic
methods for the determination

of suspension concentration involve the choices of the turbidimetry, the particle size distrimetry and the gravimetric
method etc. The turbidimetry is only suited for a limited range of suspension concentration and is generally not used
for accurate determination of the suspension concentration less than Img/L due to its low sensitivity. So it was given
up. The particle size distrimetry, theoretically, could be used to determine the particle number of various sizes in the
liquid, but finally we adopted the gravimatric method owing to the limitation of conditions.
In order to determine the removing ratio of suspended particles larger the 5«m in diameter, the specimens taken from
the inlet and outlet the filter were filtrated separately with a Sum in porous diameter standard nuclear track porous
membrane and the membranes were dried and weighed, and the filtering efficiency was calculated from the weight of
the residue. Despite that the method was time consuming, the sampling and analysis procedures could be made in site
and the analytical errors were reduced

5. THE RESULTS OF THE FILTERING TESTS

5.1 The results for the pleated PP-cartridge

By screening of various filter elements made in China, it was found that the PP-cartridge which was developed and
made by Hangzhou Water Treatment Development Center, SO A, could meet the requirements for the filtration of the
radioactive liquid waste. The elements were consisted of polypropylene superfine fiber with resistance to the radiation
and temperature up to 80 Xi, and the large flow rate and low pressure drop were achieved by folding structure to
enhance its filtrating area. So it was selected as the non - reusing cartridges.
Tablell shows the results of the tests, because the elements were not produced in the same batch the pore size was
not uniform, and the test conditions were not the same, the results showed some differences. During the test a
suspension with a special concentration was pumped into the filter from time to time, and the changes of the pressure
drop with time were recorded, and the maximum pressure drop of the filter was controlled at 0.25 MPa according to
the engineering requirements. The typical experimental data are shown in Table II and the pressure drop - time
curves are shown in Figure 1.
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pressure drop - time curves of oie PP - 25 cartridges
in test for the laundry drainage

In tests No. 2 , 3 , the cartridge were irradiated by Co rf-ray for absorbing dose 1 10 Gy before test, to simulate
the irradiation effect in the primary loop of the reactor. According to experience, the pore size of the elements made
of high polymer fiber would enhance a little by ionizing radiation, but in fact the irradiation process didn't effect
obviously on the performance of filter elements and their filter efficiency in this test, and the engineering
requirement could be satisfied.
Tablell shows that PP-5 cartridge can treat liquid waste more than 2000 m with suspension concentration 1 mg/L
or treat about 100 m3; waste with 100 mg/L under 0.25 MPa pressure drop under the test conditions (the simulative
matter was added at times to keep the required concentration). It is noteworthy that such amounts of waste correspond
to half a year's waste discharged from a small to medium NFS, The life of the elements would be even longer if the
concentrations of the suspension are lower than that mentioned above.

5.2 Study on the reusable filter cartridges

The reusable filter is that one whose filtrating effect could be recovered and the life time could be prolonged by
residue discharging and regeneration. At abroad it is generally made of sintering metal, ceramics, fabric bag or wire
net and is precoated with filter-aid to improve filter precision and to facilitate discharging residue. But the precoating

a. :=.

3.

Fi g. 2 The pressure drop - time curves of the PE - porous tube
in test for the suspension with 100 mg/L
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Table2. Test Results for the PP—5 Cartridges

No.

1

2

3

4

5

6
7

8

9

10

U

12

1^tu

Suspension Content
(mg/L)

1

1

1

1

1

100

100

1ÜÜ

150

ISOfLaundry drain)

toOCLaundrv drain)

150 (Laundry drain)

150 (Laundry Jrain)

Row
Crn'/h)

26

2S

26

2S

25

10

10

10

1C

5

o

5 .

3

Maximal pressure
drop(MPa)

0.75

0. 04

0.03

0.25

0.25

0.07

0.25

0.25

0.25

0.25

0.25

0.24

0.25

Continuous operating
time (U)

79.5

31

96.5

58

32.0

12.0

11

12

3.5

14

17

M

15

Filter
efficiency

(JO

99.5

99. I

99.1

99.3

99. 5

93.4

98.3

98.2

98.3

Note

absorbing y -dose
up to 10' Gy

absorbing v — dcse
up to 1 0' Gy

i

use PP— 25 cartridge

use PP — 25 cartridge

use PP— 25 cartridge

use PP— 25 cartridge

would bring about disadvantages such as complex operation, high cost and production of radioactive solid wastes. So
the sintering PE-porous filtrating tube without precoating was selected to make a backwashing-regenerating test. The
tube was jointly developed and made by Shanghai Medicine Industry Institute and Dong Ou Water Treatment
Equipment Factory, located in the city Wenzhou of Zhejiang Province, and the test results are satisfactory. The
characteristics of the filter cartridge are as following:
(1) Sintered micro-porous PE - tubes are made of extra - high polyethylene resistant to strong acid and strong alkali
and can be used with pH ranging from 1 to 14. The polymer is odorless, tasteless and nothing will be dissolved and
stripped from it. In order to raise the operation temperature certain materials are added into it and the operation
temperature will be up to 110— 120 "C •
(2) The tube is cellular in structure and the fluid in the tube moves in 3-dimensional flow. So for the same thickness
of the filter cake the resistance increase in PE - tube is less than that in the porous membrane with the similar
retention efficiency and the size of the restrained particles is fer smaller than the actual pore size of the tube because
of the residue - bridge effect. So the high filtering accuracy will be established once the residue layer forms on the
surface of PE - porous tube.
(3) The filter cake of PE-porous tube is easy to discharge from the smooth tube surface. As the elasticity of the long
and thin tube, the backwashing and flowing of compressed air is adopted as the regeneration means industrially to
prolong the tube life. Under certain conditions dry residue can be produced with PE - porous tube and the volume of
waste is greatly reduced.
(4) PE-porous tube can resist ionizing radiation and the physical-chemical characteristics won't change obviously
with a absorbed dosage upto l Ö* Gy.
(5) PE-porous tube can be manufactured in various forms and sizes according to the requirements of the user. Owing
to the low cost and the simple production process.
(6) Being high strength, PE - porous tube can sustain 0.3 Mpa pressure and even O.oMPa with internal line. Its crash
- esistant characteristics is far higher than sintered ceramic or metal tube because of it's good flexibility.
PE-porous tube was tested and the results are shown in table III.
The flow rate data in Table 3 are in engineering scale, which are converted from the results of the bench test. The
engineering scale filter is made up of 77 porous tubes with size 031X 25 X 500(mm)the total filtering area is about
3m».
PE-porous tube isn't suitable either for the laundry drainage as it is liable to be blocked up, or for the liquid waste
with low suspension contents as the pressure drop of the filter will rapidly rise because the suspended particles fail to
build bridge on the surface of the tube but are trapped into the tube pores. For the waste with suspension
concentration of 100 mg/L the high filtering precision will be provided as the filter cake is formed rapidly. As the
simulative suspension was standard losses dust with mid-diameter 8-10Am and the resistance of the filter cake was
high, the pressure drop rises rapidly and the continuous working time is very short. But in the filtrating process,
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TableS. Test Results for the PP—5 Cartridges

Suspension Content Flow
N°" (ig/L) (mVb)

21

22

22

24

2S

26

27

28

1

1

1

100

100

100

400

ISO

26

26

26

10

10

10

10

to

Maximal pressure
drop(MPa)

0.50

0.50

0.25

0.25

0.25

0.25

0.25

0.25

rater
Continuous operating efficiency

ttortO CS)

54

53

30.5

99. 3 21. 5

99. 4 27.5

23

15. 5

99. 5 18

Remark

absorbing of 9X 10' Gy
Y 'dose

pause 4 times In operation

pause S tunes in operation

pause 2 antes in operation

pause 1 tunes in operation

pause 5 cimes in operation

when the pumping sloped it would lead to backward flow and pressure in the bube in negative pressure so the filter
cake would fall off easily and even more effective falling of the cake could be got if backfwashing by compressed air
is adopted. But in the radioactive sites other methods for the residue discharging have to be adopted as it is difficult to
collect and cleanse the off gas from the backwashing process. Therefor the test of discharging residue by stoppage of
pumping was conducted. The results are shown in Table 3 in which the stoppage of pumping shown in "
Remark" is for a study on the situation of residue stripping through change of the operational pattern. In the test No.
27 , as the inlet valve was turned off before the stopping of the filtration, it led to rising of the pressure drop in the
following filtrating operation. This means that the residue on the tube has not fallen off.
From the tests described above, the sintered PE-porous tubes are found to be only suitable for the medium - level
radioactive liquid without colloidal matter in NPS and the sintered PE - porous tube filter could be adopted as the
reusable filter for the waste with suspension 100-150mg/L, for the residue could be stripped by the negative pressure
at inlet of the filter and the equipment for collecting residue is installed to prevent the water flow from disturbing the
discharging of residue so as to make the filter work for a long time. When the residues stripped and captured on the
tube are cumulated to a certain volume and the pressure drop rises to a limited value, the feeding is stopped and the
filter is opened, the filter cartridges and residue - collecting barrel are lifted out for treatment.

6. RESULTS AND DISCUSSION

(1) To determine the filter performance for radioactive liquid waster treatment, the selection of the standard loess dust
made in China as the simulative suspension, which was found to be representative and corresponded to the
U.S. A.standard specimen is reasonable.
(2) The PP-cartridge developed and made by Hangzhou Water Treatment Development Center is able to meet the
needs of radioactive liquid waste filtering process in NPS. Its characteristics are high - flow rate and low - resistance
and the efficiency could be up to 98% for the suspended particles with larger than 5*Mn in diameter. Besides, the
ground washing waste water and laundry drainage can also be filtrated with the filter.
(3) The sintered PE-porous tube can be used to manufacture reusable filter for radioactive liquid waste, and is suitable
for the waste with high suspension content, and its service life can be further extended by the practice of residue-.
stripping and regeneration process under negative pressure.
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VOLUME REDUCTION OF SYNTHETIC RADIOACTIVE
WASTE BY THE THERMOPRESS

P. VAN DER HEYDEN, P. DEBIEVE
Belgonucleaire S.A.,
Brussels, Belgium

Abstract
The management of radioactive wastes is one of the major concerns of all
organizations involved in the nuclear field and the volume reduction of such
wastes is thus of major interest, mainly to the plant operators.

The Thermopress is a compactor designed especially to treat the synthetic
wastes. In order to avoid the disadvantageous springback effect of
synthetic wastes after compression, the Thermopress combines compaction and
slight external fusion of the synthetic pellets. Its hydraulic power system
ensures a compaction up to 1600 kg. A regulated electrical heating system
allows to control the thickness of fusion of the external part of the
synthetic pellets after compression. An automatic air extraction system
maintains the compaction chamber at a negative pressure and assures the
cooling of the synthetic pellets after the heating cycle.

This paper describes the historical development of the thermopress, from the
non nuclear standard equipment designed by the Dutch Company ICORDE, to the
actual equipment improved by the Belgian Engineering Company BELGONUCLEAIRE
for nuclear application, and its subsidiary TECNUBEL.

The main technical characteristics and advantages of the thermopress will be
reviewed in this paper as well as the economical aspects in favour of this
type of equipment.

I. HISTORICAL DEVELOPMENT OF THE THERMOPRESS

The Company ICORDE has developed a new press to reduce the volume of
synthetic waste - Winner of the Dutch environmental Award 1989 - the
thermopress combines compaction and slight external melting of the compacted
wastes (pellets). The pellets are cooled before releasing the compaction,
and so, keep their shape, avoiding the disadvantageous springback effect
well-known with other types of press.

Due to the important amount of synthetic wastes in the nuclear field,
BELGONUCLEAIRE has approached ICORDE to develop together a thermopress for
nuclear applications.

The "nuclear" thermopress development has been achieved in two steps.

First, by the design of one prototype (rectangular shape as for non nuclear
aplications) in order to :
*• adapt the equipment for nuclear applications by :

• maintaining a depressure inside the compaction chamber during the entire
treatment process;

• improvement of the confinement and increase of the ventilation capacity
for cooling (40 -»• 250 m3/h) ;

• replacement of the mechanical press by a hydraulic press, with the
hydraulic group located out of the contaminated compaction chamber;
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• improvement of the process control command, and the general assurance
quality level;

• provide a separated control command panel out of the thermopress itself;

*• improve the performance of the equipment and the quality of the pellets
issued from the process by :

• increase the compaction force and the cooling capacity;
• uniformisation of the heating by electrical tracing and better control
by several PT 100;

• improvement of the control command and possibility to change easily the
parameters of process in order to find the best parameters to increase
the volume reduction and the quality of the pellets, taking into account
the composition of treated wastes.

Many tests have also been performed with this prototype in order to check
the compaction performance with different types of synthetic wastes, and
mixing of synthetic wastes generally treated in the nuclear field.
The prototype was also used as a demonstration unit for many potential
customers such as nuclear power plants and waste treatment facilities,
nuclear waste management agencies,..

II. TEST CAMPAIGNS WITH THE PROTOTYPE AND QUALIFICATION OF THE PROCESS

Many tests have been performed with the prototype (see Photo below) in order to :

*• check the influence of the different process parameters;

*• measure the volume reduction of typical specific wastes, or wastes mixing;
*• check the possibility of incineration of the pellets issued from the

thermopress (qualification of the process).

Prototype
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II.I. Influence of the process parameters

Tests campaign has been achieved in order to check the influence of process
parameters on the performance of the thermopress : heating temperature,
heating time, force of compaction, duration of compaction cycle, and cooling
temperature.
All the tests have been performed with the same type of wastes : ± 150 1. of
polyethylene sheets (thickness : 100 ,u) having a total weight of about 5 kg.

The results have been compared from the point of view of :

»• pellets quality ;
+ pellets density (volume reduction);
»> duration of the complete cycle (treatment capacity).

Main conclusions are the following :

P- The heating temperature influences the quality of the pellet (optimum
temperature for polyethylene is 170 °C). Tests with other materials have
showed that the heating temperature is to be adjusted according to the
treated material.

*• The extension of the heating time increases the duration of the complete
cycle, without significant improvement of the pellet quality.

f The compaction force influences directly the volume reduction, without any
influence on the duration of the complete cycle. For this reason, we will
use for all the tests the maximum compaction force.

*• It appears that the cooling temperature is the most important parameter
for the pellets density (see Graph below).

T H E R M O P R E S S N P l LIST OF SYNTHETIC
WASTES ALREADY
TREATED

• Polyethylene or
similar

• PVC
• Overshoes
• Mixed Wastes
• Cellulose
• Rubber
-Latex
- Polyethylene
-PVC

Influence of
cooling temperature

90
T e m p e r a t u r e C
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As "low" is the cooling temperature, as "high" is the density (volume
reduction) of the pellet. As a matter of fact, a low cooling temperature
increases the hardness of the external melted part of the pellets,
avoiding so the springback effect.

On the other hand, a low cooling temperature extends the duration of the
complete cycle. An optimum must be found between density of the pellets
and the capacity of treatment (number of pellets/hour).

II.2. Volume reduction of typical specific waste

Tests campaigns have been performed to check the possibility of typical
synthetic waste compaction (or mixing) similar to wastes coming from nuclear
power plants as :

• polyethylene, polypropylene, polystyrene,...;
« overshoes;
• rubber (mask, gloves,. .);
• paper;
• clothes;
• heat insulation...

THERMOCOMPA.CTION TESTS RESULTS

PRODUCTS

PET 100 Ï

Overshoes 100 X
Plastic laboratory
bottles (fine) 100 X

PET 50 X
Rubber (Mask) 50 X

PET 33 X
Rubber 33 X
Cellulose 33 X

PET 40 X
Rubber 25 X
Cellulose 25 X
Heat insulation 10 X

PET 25 X
Rubber 20 X
Cellulose 20 X
Heat insulation 10 X
Paper 25 X

PET 55 t.
Cellulose 6 Z
Heat insulation 6 X
Paper 33 X
PET 32 r
Cellulose 20 Z
Paper 20 X
Heat insulation 8 X

PET 50 X
Rubber masks 25 X
Rubber gloves 25 X

WEIGHT

5,6
5,4 kg

2 kg

3 kg

6 kg

6 kg

6 kg

6 kg

6 kg

6 kg

FINAL VOLUME

20 1

18 1

11 1

34 1

27 1

29 1

46 1

31 5 1

38 1

23 1

R V FACTOR

7.5
8.3

13.6

4.4

5.5

5,2

3.2

4 8

3 9

6,4

Remarks • Initial volume fron the bags 150 1
• Tests vere made with a double PET bag
• P F. T is polyethylene or similar
• R \ factor - Reduction Volume factor

- Initial Volume/Final Volume
• '. products are in weight
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The table gives the volume reduction obtained with various mixed
synthetic wastes.

The main conclusions to obtain a good quality of pellets and a volume
reduction of about 5 are :

> wastes must be closed in a simple (or preferably double) polyethylene bag;
*• percent of soft plastic or/and soft rubber must be > 50 % (weight);
*• percent of clothes and/or paper must be < 40 % (weight) (see Photo below);
»• percent of heat insulation must be < 10 % (weight).

II.3. Qualification tests

In order to qualify in Belgium the process of the thermopress, a campaign of
incineration of pellets prepared with the prototype has been organized with
the assistance of the Belgian Agency for wastes management NIRAS/ONDRAF.

700 kg of synthetic wastes, similar to those issued from the Belgian nuclear
power plants, have been compacted by the thermopress in polyethylene bags of
150 1. The composition of those wastes was (% in weight) :

• paper : 20 %
• clothes : 20 %
• PE, PP, PS : 50 %
• Latex, rubber : 5 %
• PVC : 5 %
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120 pellets have been realized and burnt with success in the CILVA
incinerator (capacity of 100 kg/h) located at BELGOPROCESS.

III. TECHNICAL SPECIFICATIONS OF THE NUCLEAR THERMOPRESS

After many tests performed with the prototype, BELGONUCLEAIRE has decided to
construct a standard equipment for the nuclear market taking into account
the experience of those tests.

Nuclear application and cost reduction for the construction of a standard
thermopress for the nuclear market were the main objectives for the design
of the commercialized product.
For these reasons, following modifications have been decided :

*• Circular therraopress instead of rectangular in order to store the pellets
in drums ;

*• Compaction chamber in stainless steel instead of carbon steel;
*• possibility of remotely waste loading and pellet unloading;
*• possibility to put this compaction chamber in glove box (for alpha

applications);
> simplification of the control command taking into account the main

parameters having an influence on the performance.

The main technical specifications of the nuclear thermopress are described
hereafter :
This standard equipment could be revised according to specific requirements
of the customer for particular applications :
> Wastes compaction chamber :

• standard shape : cylindrical (diameter : ± 580 mm) or rectangular (in
option)

• nominal capacity : ± 200 1.
*• Compaction force : up to 1600 kg, assumed by an hydraulic group (maximum
pressure : 80 bar)

> Electrical heating : 16 Kw. The heating temperature is adjustable between
130 °C and 190 °C.

»• Depressure inside the compaction chamber assumed by an exhaust fan
connected to the site ventilation via a prefilter and a HEPA absolute
filter.

*• This exhaust fan is also equipped with high speed (250 m-̂ /h) in order to
ensure the air cooling of the pellets after the compaction and thermal
cycle.

*• The cooling temperature is adjustable between 85 °C and 40 °C.
>• The full cycle time (compaction - thermal - cooling cycle) is about

15 minutes.
> Material :

• internal chamber : stainless steel
• heating part (removable) covered by special coating
• other part : carbon steel painted with decontaminable coating
• wastes inlet and outlet designed for remotely loading and unloading (as
an option)

• quick connection to a separate control panel equipped with safety
interlocks and alarms.
All the process is automated. A selection up to 8 different process
programmes could be supplied as an option.

• internal chamber equipped with a smoke detector (as an option)
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• overall dimensions :
- length 700 mm
- width 800 mm
- height 2200 mm

• shipping weight : ± 200 kg.

IV. ADVANTAGES OF THE THERMOPRESS

The storage on the site of producers of nuclear synthetic wastes, as well as
the transportation to a centralized treatment facility or to an
interim/final disposal results in high costs.

The thermopress reduces the volume of such wastes (average volume reduction
between 3 and 6) in pellets acceptable for disposal or later treatment.

The main advantage of the thermopress could be summarized hereafter :
>• Volume reduction of various synthetic wastes in pellets easy to handle;
*• Reduce the volume of interim storage ;
> Increase transport efficiency;
* Possibility of incineration of the synthetic pellet;
> Possibility to integrate the compaction chamber in a small confined cell;
> Possibility to adapt easily the dimensions of the pellets according to the
customers requirements ;

»• Small compact machine;
>• Easy for operations and maintenance ;
> Safety controlled and automatic process;
> Low investment (less than 100,000 US dollars);
* Safe environment and money.
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RADIOACTIVE WASTE-MORTAR MIXTURE FORM
CHARACTERIZATION DUE TO ITS PHYSICO-CHEMICAL AND
MECHANICAL PROPERTIES OBTAINED IN AN ACCELERATED
AND NON-ACCELERATED LEACHING PROCESS

A. PERIC, I. PLECAS, R. PAVLOVIC, S. PAVLOVIC
Radiation and Environmental Protection Department,
Institute of Nuclear Sciences "Vinca",
Belgrade, Yugoslavia

Abstract
Mortar as a matrix for the radioactive waste materials of the low and intermediate level

of bonded activity is investigated in the "Vinca" Institute in accordance with IAEA
standardized procedures and recommendations. One of the properties that could characterize
mortar as an appropriate matrix for radioactive waste materials accept of the most commonly
used radionuclide leach rate is its mechanical strength. In the performed experiments two
groups of the orthocylinder shaped mortar matrix samples doped with 137CsCl solution, after
curing in the atmosphere of defined parameters for 28 days were treated on leaching in
distilled water using accelerated and non-accelerated processes. The first group of samples was
treated on leaching for period of 292 days in aim to obtain cumulative 137Cs leached fraction.
137Cs leach rate of such treated samples, was a base in establishing cycles for accelerated
ageing processes, that understands samples immersion, heating, immersion and freezing in
each cycle. The second group of samples was treated on leaching using cycles in accelerated
ageing of mortar matrices. By introducing the mortar-radioactive waste mixture form into the
environment with temperature extremes, we could obtained the radionuclide 137Cs leach-rate,
that is adequate for the nearly one year non-accelerated leaching conditions in the almost eight
cycle steps of the accelerated ageing process.

Mechanical strength of such treated samples was investigated using hydraulic press.
Decreasing of the empirically obtained values for mechanical strength of samples treated by
accelerated and standardized Hespe leaching method were noticed, being consequence of the
corrosion effects of water on mortar and synergistic influence of mortar matrix exposure to
the elevated temperatures before each immersion step. These experiments were performed in
aim to predict mortar matrix behaviour due to leaching and mechanical characteristics in the
prolonged periods of disposal, assuming the most undesirable environmental conditions on the
disposal site.

1. INTRODUCTION

As a result of the cementation of the radioactive waste materials of the low and
intermediate level of bonded activity immobilization process, solidified radioactive waste-
mortar mixture form is obtained. This solidified form is a part of the engineer trench system,
consist of: matrix-radioactive waste mixture monolith, inside the concrete container, which
itself is posed in the concrete made trench [1]. Mortar matrix, accept its role as primary
barrier to the immobilized radionuclide migration from the radioactive waste monolith to the
environment, has to satisfy few other tasks that arise from the safety handling, transport and
radiation protection point of view, such as: good mechanical characteristics, stability of matrix
structure in the prolonged period of storing and disposal time, fire resistance, thermal stability,
resistance on the influence of the corrosive environment, resistance on the irradiation, etc. In
this paper, mechanical strength of the radioactive-mortar mixture forms, as a measure of their
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stability during the manipulation and disposal, in the prolonged time on disposal site, is
discussed. These investigation have a base in the studies on the effects of die corrosion
influence on the mortar matrix structure, caused by the water environment of the matrix. One
group of the orthocylinder shaped samples, where the sample surface completely exposed to
the environment, was treated on leaching in the distilled water, as a leachant [2]. The second
group of the samples, prepared in the same batch as the first group of samples, was treated
on leaching in the accelerated ageing process. Accelerated ageing of the sample understands
repeating of the cycles, in which mortar-radioactive waste mixture sample is introduced to the
steps of: immersion, heating, immersion and freezing, in each cycle. In establishing the
number of the cycles, that are appropriate to the purpose of these investigations, leach-rate of
the radionuclide 137Cs from the mortar-radioactive waste mixture form, in the one year
leaching test experiment, carried out in the ordinary manner, was taken as a base parameter
[3]. Both groups of the two way treated samples were, after prescribed experimental period,
investigated on the mechanical strength, in aim to compare two sample groups characteristics,
due to a named property and in attempt to define possibility of the predicting the matrix
material properties in the prolonged periods of time, spent in the undesirable environmental
conditions on the disposal site to the matrix material structure.

2. EXPERIMENTAL

For the purpose of described mortar-radioactive waste mixture form mechanical strength
investigations, two groups of the otrhocylindrically shaped samples, H=D=4.5 cm, were
prepared. Formulation of the mortar-radioactive waste mixture form is given in the Table I.

Table I - Materials used in the radioactive waste-mortar mixture samples preparation.

MATERIAL

CEMENT PC-45 (MPa)

SAND 0-2 (mm)

DISTILLED WATER
137CsCl solution, pH=1.2

MIXING ADDITIVES

FORMULATION (g)

1320

335

450

25

10

Water-to-cement ratio, W/C, for the chosen formulation is 0.36. Prepared samples have
average apparent density p =2.145 g/cm3 and a porosity s =0.22. Radioactive waste-mortar
mixture was prepared by using planetary mixing device. Mixture material, prepared in the
batch, for both groups of samples, was poured into the plastic molds to harden. After one day,
the samples were taken out from the molds and cured in an atmosphere of 65 percent relative
humidity and temperature T=20°C, for a period of 28 days. Hardened samples all have
approximately the same level of bond activity, A,, »10 kBq. After the curing time period, the
first group of samples was placed inside clear plastic beakers, where the completely exposed
surface of the samples were brought into contact with leachant, distilled water. Experiments
were carried out at a room temperature of T=20±l°C.The leachants were renewed periodically.
After the preaccepted immersion time, group of three samples were investigated on the
mechanical strength resistance. In postulating the accelerated ageing process, base parameter
was one-year leach-rate value for the 137Cs, measured in the non-accelerated process. The
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same level of activity adequate to a leach-rate measured in non-accelerated process, was
obtained hi an eight successive cycles of sample's: immersion, heating, immersion and
freezing. Each immersion step was performed in distilled water on the room temperature of
Tj=20°C; heating was performed in the air of temperature Th=70°C; freezing steps were
performed on the air temperature of Tf=-20°C. After the accelerated ageing in the number of
cycles appropriate to the certain non-accelerated leaching experimental time equivalent, sample
were investigated on their mechanical strength characteristics.

3. RESULTS AND DISCUSSION

Results of the performed experiments are shown numerically in the Table II and
graphically in the Figure 1. Obtained values of the mechanical strength for the orthocylinder
shaped samples, H=D=4.5 cm, have to be multiply by factor 8, when describing the properties
of the standardized cube sample, length a=10 cm, that is in accordance to Yugoslav standards.

According to a performed experiments and investigations, it could be deduced that there
is a certain decreasing trend of the mechanical strength characteristics, when investigating the
radioactive waste-mortar mixture samples, treated solely in the distilled water. The highest
value for mechanical strength is obtained after t,=100 days, when hydration process of mortar
is finished. Decreasing values of the measured characteristic is dedicated to the corrosion
effect of the water on the mortar composition, and it is in correspondence with Ca2+ depletion,
caused by leaching from the matrix composition. Certain trend to the saturation values of the
mechanical strength is noticed for the samples treated in distilled water for 365 days and
longer. Obtained values for mechanical strength of an accelerated aged samples have shown
that, when the mortar matrices are introduced to the influence of the temperature extremes and
immersion, the end of the hydration process is postponed.

TABLE II. MECHANICAL STRENGTH OF THE RADIOACTIVE WASTE-MORTAR
MIXTURE SAMPLES TREATED IN THE NON-ACCELERATED AND ACCELERATED
LEACHING PROCESSES.

EQUIVALENT
LEACHING TIME (day)

28

45.5

100

292

365

547

730

MECHANICAL STRENGTH RESISTANCE (MPa)

Ordinary aged

4.90

5.85

8.84

8.56

8.35

8.10

8.05

Accelerate aged

4.90

5.10

6.50

7.65

7.56

6.85

6.32

Experimental conditions postulated in accelerated ageing leaching process caused
widening of the matrix interim pores, better contact of the leachant with matrix, faster
leaching of the Ca2+ and consequently, destruction of the matrix structure.
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FIG. 1. Comparative curves of the mechanical strength resistance of the two-way treated
sample groups.

Successive treatment of matrix, in the conditions that are destructive its structure, is resulting
in faster decreasing of the mechanical strength of the accelerate aged samples. Using linear
fitting of the values, that represent mechanical strength for two groups of treated samples, the
lowest values of matrix resistance on the influence of external forces are obtained after ten
years of continual described attacks for the accelerate aged samples and twenty years for
ordinary treated samples, as it is shown at the Figure 2.
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FIG. 2. Linearly fitted curves presenting mechanical strength of the ordinary and accelerate
aged treated radioactive -waste-mortar mixture sample.
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4. CONCLUSION

Performed experiments were carried out in the frame of the quality testing experiments
of the matrix materials for the radioactive waste materials of the low and intermediate level
bonded activities. In these tests, we tried to confirm performances of mortar matrix materials
due their mechanical characteristics and radionuclides retention capabilities, even in the worst
environmental conditions, that might occur on the site planned for the final disposal of such
waste materials. Results obtained in the accelerated ageing processes of the mortar-radioactive
waste forms serves as an indication of the of the applied mortar-matrix formulation quality
and possible mortar matrix behaviour in the extended disposal time.
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USING BITUMEN SOLIDIFICATION FOR ILLW & LLLW

ZHANG WEIZHENG, LI TINGJUN
Beijing Institute of Nuclear Engineering,
Beijing, China

Abstract
The paper describes the results of the research and development work done on the

bituminization of low and intermediate level radioactive wastes generated from the nuclear
fuel reprocessing plant. The purpose of the work was to select a suitable bitumen for
various radioactive wastes, to determine operation conditions and the properties of the
bituminized waste forms.

With the construction and the development of atomic energy
industry in China, large amount of radioactive waste gradually
accumulates and awaits treatment, especially radioactive liquid
waste produced from nuclear fuel reprocessing plant. In the early
stage, according to its radioactive concentration and chemical
properties this kind of liquid waste was stored separately in
several ten to more than one thousand cubic meters underground
tanks. In consideration of the safety of long-term storage and
environmental pollution caused by damage of the tank, research
personnel and engineers in China have set research on transform
the liquid waste into solid waste since the mid stage of the 60s.
Bitumen solidification is one of the researches that can be used
to transform the above-mentioned ILLW & LLLW into solidification
waste form.
Bitumen solidification has the advantages of low rate of volume
reduction, low leach rate. Much attention has been paid by many
countries, and it has been developed and used. In China since
1969, basic researches has been made on the bitumen
solidification and small-scale solidification unit test has been
given. The purpose is to select suitable bitumen for various
radioactive liquid waste, to determine operation conditions and
the properties of bitumen solidification waste form. At the
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beginning of 70s, a series of middle-scale simulate test was
made. Based on performance experiment, scrape thin-film
evaporator was optimized as main engineering device of bitumen
solidification. Many researches and tests have been completed on
thermal stability of bitumen solidification waste form. Soon
afterwards industry-scale bitumen solidification workshop was
designed and constructed which now is put into operation and has
treated near one thousand cubic meters radioactive liquid waste.
This paper chiefly provides information about the general
engineering situation of this workshop and problems that should
be paid attention to in bitumen solidification.

1. Representative radioactive liquid waste for bitumen
solidification.

Chemical composition: total saltness 400g/l
NH+4 0.5g/l
alkalinity(OH~) 1—1.5N

Main nuclide: 137Cs 90Sr
average radio activity 1.85*10 Bq/1
Max radio activity 3.7*l08Bq/l

2. Description of the process
See figure on the next page. Bitumen is filtrated by filter(2)
and then is pumped into bitumen supply tank(4) by bitumen gear
pump(3) , where additive is put in by fixed quantity and the
bitumen will be preheated up to the required temperature. After
being analyzed, radioactive liquid waste is transported into
liquid waste tank(6), then pumped into regulation montejus
tank(7), in which HNO3, will be put in to adjust PH to 10—12 in

accordance with the chemical composition of the liquid waste,and
some additives are also put in the tank. Then the liquid waste
will be pumped into supply tank(10) for use.
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When solidification system begins to operate, Thermal insulation
gear pump(5), screw metering pump(ll) will start in order, fixed
quantity of hot bitumen and liquid waste preheated by
preheater(12) will be delivered in proportion into scrape thin-
film evaporator(13), in which bitumen and liquid waste go through
the upper and lower distribution plate in succession and will be
thrown on the inside wall of the evaporator by- way of the
centrifugal force produced by distribution plate rotation. Due to
the scraper's rotary stir, bitumen and liquid waste gradually mix
in form of film, flow down spirally and will be heated on the way
by steam in the jacket of the evaporator. The water in the mixed
material will evaporate by degrees, the salt and radionuclide in
the liquid waste will be covered by bitumen until well-
distributed liquid mixture of bitumen and salt can be obtained at
the end of the evaporator.

Solidification process is completed by four boxes and a drum
transportation line. The whole process is controlled by computer.
Batch loading is adopted, each batch has four drums and each drum
will be filled in 4 times. The control step is: four empty drum
of each batch go line, pass through protection sealing door to
inlet drum box(15), then go to feed box(16) through sealing door,
in which four drums make a round trip and will be filled at the
fixed loading position with liquid bitumen and salt mixture flew
from storage tank(14) . After four cycles, full drum will be
sealed at fixed position and goes to decontamination and monitor
box(17) through sealing door. After surface decontamination and
monitoring, the drum goes to transfer box(18). Finally drum
filled with bitumen-salt mixture will be transported to the
solidification temporary storage room by digital control crane
and piled up in good order for cooling. After solidified
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completely, the drum as the bitumen solidification product will
be transported to the repository by special purpose truck.
3. Process parameter of scrape thin-film evaporator
3.1 Parameter of equipment

heat conduct area 2.5m2

diameter of heat conduct area <j>426mm
height of heat conduct area 3*600mm
total height 3670mm
gap between the edge of the scraper

and inside wall of the heat
conduct area 41mm

3.2 Process control parameter
capacity of radioactive liquid waste 150—2501/h
quantity of bitumen added 75—1501/h
axial revolution of scrape thin-film evaporator

—400rpm
operational negative pressure of evaporator

99—99.5KPa
temperature control:
waste liquid feed 90—95°C
bitumen feed 130 *C
steam <2.5MPa
product outlet 165—170 *C

4. Production capacity and product target
4.1 Production capacity

About 30 drums (2001)of solidification waste form per day.
4.2 Product target

total saltness »40%(w)
moisture content <l%(w)
leach rate (Na+) >l*10~4cm/d

(total 3 ) >l*10~5cm/d
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soften point >65*C
initial exothermic temperature -£240*0
spontaneous combustion temperature
of solidification waste form -£300 °C

5. Engineering problems should be paid attention to on bitumen
solidification
5.1 The main equipment of this workshop is scrape thin-film
evaporator. The technological difference between scrape thin-film
evaporator and other evaporators is that liquid waste heated till
boiling and separation of secondary steam almost happen at one
heating areas in form of film, the film-like liquid mixture of
waste and bitumen should not be overheated during the evaporation
to avoid explosive boiling, dry inside wall, cutoff flow and

V

decomposition. The selected control parameter, the flowrate enter
the equipment and temperature should be suitable to obtaining
qualified product. During test operation, dry inside wall once
occurred and caused the salt scarred seriously on the evaporate
surface. It also happened that high moisture content in product
caused outlet pipe blocked up.
5.2 Special attention should be paid to fire prevention when
using bitumen solidification process, because bitumen itself is
inflammable, especially when the liquid waste contains oxidant
such as Manganese ion, and salt such as nitrate which can produce
oxygen when being heated. For example, it is found that when
using solidification sample to test its thermal stability and if
the solidification sample contains 40% NaNO3, the nitrate begins
to melt when the temperature reaches 280 °C. Due to different
specific gravity, the liquid bitumen and nitrate separate and the
bitumen stays on the surface of the experimental instrument.
Because of low heat conductivity and low heat convection of the
bitumen, heat can not emit from the bitumen surface. When the
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sample keeps on being heated, the nitrate will decompose and give
out oxygen so that it cause the sample burn severely or explode
when using airtight container. Therefore preventive measures that
are taken during workshop construction are as follows:

a. Overheating of bitumen and solidification waste form
should be strictly prohibited during transportation, production
and storage. Automatically temperature controlled system is
installed.

b. Before solidification each batch of radioactive liguid
waste should be analysed. Solidification samples should be made
in order to analyse DTA and to do some representative experiment
under constant temperature. The results can be used to adjust the
process control condition of the workshop.

c. The drum can not be transported from workshop to
repository until the waste solidified completely and it's
temperature drops to normal atmospheric one.

d. Warning device and automatically fire fighting facilities
should be installed at the important post of the workshop, and

emergency ventilation system should also be installed at the same
time.
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RADIOACTIVE WASTE FORMS:
A REVIEW AND COMPARISON

R. C. EWING
Department of Earth and Planetary Sciences,
University of New Mexico,
USA

Abstract

Borosilicate glass is, at present, the waste form of choice for most countries
and for most waste compositions. The selection of borosilicate glass is based
mainly on an anticipated ease of processing (glass frit and the waste are mixed,
melted at relatively low temperatures, and poured into canisters), the fact that
the technology is well demonstrated for actual (radioactive) waste, and finally the
assumption that the glass as an aperiodic solid will easily accommodate wide
variations in waste stream compositions which are extremely complex and varied.
There are, however, alternative waste forms which may be single or polyphase
crystalline ceramics. Principal ceramic nuclear waste forms include: Synroc,
tailored ceramics ( = supercalcine), TiOz-matrix ceramics, glass ceramics,
monazite, synthetic "basalt", cementitious materials, and FUETAP concrete. In
addition, there are a number of "novel" ceramic waste forms which have been
developed to only the most preliminary stages (e.g., crichtonite and cesium-
titanates), and there are several multi-barrier strategies which encapsulate one
ceramic waste form in another. Finally, in recent years, spent fuel has become
an important waste form. This paper will briefly describe the importance and
types of ceramic waste forms that have been developed and review their
advantages and disadvantages.

2. INTRODUCTION

During the period from 1977 to 1982, there was a tremendous diversity in
the types of nuclear waste forms under development. In the United States, much
of this work ended with the decision to use borosilicate glass as the waste form for
defense waste at Savannah River and the construction of the Defense Waste
Processing Facility. Synroc, a ceramic waste form, was selected as the alternative
waste form, but further development in the United States ended in the absence of
funded programs. Major research and development programs for the
development of Synroc continued in Australia culminating in the construction of
a "cold" Synroc pilot-scale processing plant. Basic research on the properties of
Synroc have been continued at the Australian National University by the late
Professor Ted Ringwood and his colleagues and at the Australian Nuclear Science
and Technology Organization with collaborative work at the Japan Atomic Energy
Research Institute and AERE Harwell in the United Kingdom. Synroc remains
perhaps the most thoroughly studied ceramic alternative to borosilicale glass.

Investigations into the properties and performance of other ceramic waste
forms have revived during the past ten years for application to special waste
stream compositions. At Lawrence Livermore National Laboratory, a Mixed Waste
Management Facility is being developed in order to demonstrate an alternative to
incineration. The waste form is a derivative of a Synroc composition originally
developed for the immobilization of reprocessed residues at Savannah River, and
typical phases include zirconolite, perovskite, spinel, nepheline and rutile.
Although the radioactivity is low in this waste form, this does illustrate the
ubiquity of a rather limited set of phases, some of which will be discussed in this
presentation. At the Idaho National Engineering Laboratory, an iron-enriched
basalt waste form has been under development, and the addition of ZrO2 and TiOi
has produced zirconolite crystals as an actinide host in a silicate ceramic, i.e., a
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basalt. Most recently, spent fuel - a metal clad, ceramic oxide - has received
important consideration as a waste form because its use eliminates the need for
reprocessing, and it is highly stable under reducing conditions.

3. IMPORTANCE OF THE WASTE FORM
Despite the great challenge of handling chemically complex wastes, which

are highly radioactive and of great volume, the greatest challenge still lies in the
development and evaluation of the long-term durability of waste forms.
Materials scientists will have to design materials to performance standards that
are not measured in decades, but rather are measured in 10^ to 10^ years. The
issue of long-term durability is unusual in materials science and requires
interdisciplinary research programs with rather unusual combinations of
subdisciplines — processing/synthesis technologies, materials properties,
mineralogy and geochemistry. Thus, even after issues of technological feasibility
and cost are considered and settled, the most difficult scientific issue remains:
What is the long-term durability of the waste form? and What is the effect of
improved durability on the performance assessment and the calculated dose to
humans ?

Why this interest in the waste form, when so much effort is devoted to the
final disposal of nuclear waste in a geologic repository? In recent years, the
preponderance of effort and attention has been on the geologic repository as the
long-term barrier. Performance assessments of a well-designed geologic
repository have focused on the development of models that attempt to describe the
complex interaction of geologic, hydrologie, geochemical and geophysical
barriers over long periods. Much less attention has been paid to the long-term
behavior of the waste form; however, the waste form can be the first and final
barrier to the release of long-lived nuclides, such as the actinides (Pu, Np and
Am), or Tc" or I129.

Thus, research programs on radioactive waste forms will require:

i.) careful considerations of synthesis and processing technologies;
ii.) a detailed characterization of the wastes and the waste form after
immobil izat ion;
iii.) an extensive data base of corrosion/alteration experiments over a
wide range of conditions, and in some cases, for extended periods (both
repository-relevant and special experiments designed to elucidate the
corrosion mechanism);
iv.) kinetic models of the corrosion/alteration process and
thermodynamic models that predict the formation and stability of phases
which will control solution compositions;
vj studies of relevant natural phases or systems to confirm experimental
and extrapolated results.

4. PRINCIPLES OF NUCLIDE ISOLATION IN CRYSTALLINE CERAMICS

In contrast to glass waste forms in which the radionuclides are in principle
homogeneously distributed throughout the waste solid, ceramic waste forms
incorporate radionuclides in two ways:

(1) Radionuclides may occupy specific atomic positions in the periodic
structures of constituent crystalline phases, that is as a dilute solid solution. The
coordination polyhedra in each phase impose specific size, charge, and bonding
constraints on the nuclides that can be incorporated into the structure. This
means that ideal waste form phases usually have relatively complex structure
types with a number of different coordination polyhedra of various sizes and
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shapes and with multiple subsiitutional schemes to allow for charge balance with
radionuclide substitutions. Extensive nuclide substitution can result in cation and
anion vacancies, interstitial defects, and finally changes in structure type. One
expects, and finds, the formation of polytypes and twinning on a fine scale. The
point defects can themselves become sites for the radionuclides. Except in
unusual situations (e.g., monazite, CePU4), the complexity of the waste composition
results in the formation of a polyphase assemblage (e.g., Synroc consists of phases
such as zirconolite, CaZrTiaO?; perovskite, CaTi03; and "hollandite", BaAlaTieOie),
with unequal partitioning of radionuclides between the phases. In Synroc,
actinides partition preferentially into the zirconolite phase. The polyphase
assemblages are sensitive to waste stream compositions, and minor phases form,
including glass, segregated along grain boundaries. Ideally, all waste stream
elements, radioactive and non-radioactive, are important components in the
phases formed. In some rare cases, a single phase (e.g., monazite or sodium
zirconium phosphate, NZP) can incorporate nearly all of the radionuclides into a
single structure.

(2) Radioactive phases, perhaps resulting from simply drying the waste
sludges, can be encapsulated in non-radioactive phases. The most common
approach has been to encapsulate individual grains of radioactive phases in Ti02
or AhOs, mainly because of their extremely low solubilities. This usually requires
major modifications to the waste stream composition and special processing
considerations to maintain temperatures that are low enough to avoid
volatilization of radionuclides. A similar approach may be taken with low
temperature assemblages (e.g., mixing with concrete), but in this case there is the
possibility of reaction between the encapsulating phase and the radioactive
phases.

Both of these types of waste forms are specifically fabricated for the
incorporation or encapsulation of radionuclides. Spent fuel - a metal-clad, U02
ceramic - is designed without consideration of its waste form properties. The
properties of spent fuel as a waste form are determined primarily by the
irradiation history of the U02 in the reactor. Radionuclides are distributed
through the fuel matrix as interstitial defects, as exsolved/precipitated phases,
along grain boundaries, or in voids and cracks of the fuel sheet gap.

5. ADVANTAGES AND DISADVANTAGES OF CERAMIC WASTE FORMS

The main advantage of ceramic waste forms lies in the fact that they hold
the potential for engineering a phase assemblage which provides unique
structural hosts for specific radionuclides. Ideally these hosts should be
thermodynamically stable, but for most repository environments this is unlikely
(a notable exception is sphene, CaTiSiOS, in the ground waters of the Canadian
shield); but one can already demonstrate greater stability for some of the ceramic
phases than for metastable borosilicate glass. The development of ceramic waste
forms which are stable at high temperatures has even more important
implications: 1) higher thermal stability provides the possibility of higher waste
loadings, and thus a reduction in the amount of material to be handled; 2) higher
thermal stability means that disposal can occur in rock units at greater depth or
in canister arrays with closer spacings. The instability of borosilicate glass at
higher temperatures is well known, and in fact, disposal concepts for
borosilicate glass are shaped by the limitations imposed by its thermal instability.
Because the thermal event is the result of the decay of fission products (137Cs and
90Sr) which are short lived (half lives of 30.2 and 28.1 years, respectively),
temporary, ventilated storage has been proposed for vitrified waste prior to final
disposal. Even without the higher thermal stability, higher waste amounts are
incorporated in ceramics because of their higher density.

A final consideration is that many of these ceramic phases occur in nature
(e.g. zirconolite, pyrochlore, perovskite, zircon, monazite, uraninite, etc.). This
provides the possibility of evaluating the long-term durability of these phases in
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the presence of aqueous solutions and with a-decay doses that reach values
comparable to those which the waste form will experience in the first 1,000 to
10,000 years after disposal. The ability to validate projected long-term behavior is
a critical part of the performance assessment of the nuclear waste containment
strategies.

The disadvantages of ceramic waste forms are an inherent part of their
complex microstructures. First, the extrapolated corrosion history of a waste form
is critical to its evaluation. For polyphase ceramics, the corrosion process is
inherently more complicated than modelling the corrosion process of an
essentially single phase glass. Despite a considerable amount of experimental
data, there is no confirmed model for the long-term corrosion of Synroc. More
importantly, there has never been a performance assessment of the long term
behavior of a ceramic waste form. Second, the atomic periodicity of crystalline
materials is disrupted by a-decay damage. Thus, there is the possibility of a
radiation-induced transformation from the periodic-to-aperiodic state
(amorphization or metamictization). This is a well known process in minerals
which contain uranium and thorium and is observed in actinide-doped phases
(e.g. Pu-doped zircon). The process is mitigated by natural annealing (which
increases with higher temperatures) and some phases anneal at low enough
temperatures that they are only found in the crystalline state (e.g. uraninite and
monazite). Still, this transformation can result in decreased chemical durability
and the volume expansion associated with the transformation can cause
microfracturing with an increase in the surface area exposed to corroding fluids.

<>. CONCLUSIONS

There is every reason to expect that waste form performance can be much
improved over what is now accepted for borosilicate glass. Ceramic waste forms,
such as Synroc, have already demonstrated this improved performance under
certain conditions (e.g. hydrothermal, up to 300°C). Prudence requires that
research and development of these second generation waste forms continue:
i.) Any strategy of isolation should emphasize the near-field containment of the
radionuclides. This is primarily a function of waste form or "waste package"
performance. Strategies that -»rely solely on long travel times, dispersal or
dilution, implicitly presume release and movement of radionuclides. ii.) The
long-term performance assessment of the success of radionuclide containment
requires the development of deterministic models of the future physical and
chemical behavior of each part of the barrier system. Although difficult, it is
almost certainly easier to model the chemistry and physics of corrosion and
alteration of waste forms, with the subsequent release or retention of
radionuclides over some range of conditions, than it is to develop coupled
hydrologie, geochemical and geophysical models of the movement of
radionuclides through the far-field of a geologic repository. The extrapolation of
corrosion behavior over long periods rests on a firmer scientific foundation than
the extrapolated behavior of, as an example, hydrologie systems that are site
specific and highly dependent on idealized boundary conditions (e.g., climate and
recharge). Hi.) Finally, natural phases (minerals and glasses) provide an
approach to "confirming" the hypothesized long-term behavior of waste form
phases in specific geochemical environments. Indeed, "natural analogue" studies
have become an important component of performance assessment. The very
specific use of natural analogue phases (i.e., naturally occurring phases that are
structurally and chemically similar to waste form phases) in determining the
corrosion or alteration behavior of waste form phases provides fundamental data
that are significant for performance assessment.
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DEVELOPMENT OF A NUCLEAR WASTE DRUM
OF CONCRETE

WEN YING HUI
Beijing Institute of Nuclear Engineering,
Beijing, China

Abstract
The paper describes the selection of raw materials for a nuclear waste concrete drum and

the properties of the materials, the formulation and properties of the concrete, and the
specification and technical quality requirements for the drum.The manufacture essentials and
technology, the experiments and checks as well as the effective quality control and quality
assurance carried out in the course of production are described.

The nuclear waste drum has a simple structure, and is made from easily available raw
materials and contains a rational formulation of concrete. The compressive strength of the
drum is greater than 70 MPa, the tensile strength is greater than 5 MPa, the nitrogen
permeability is 3.6-2.16xlO'18 m2. The error of the drum in dimensions is ± 2 mm. The
external surface of the drum is smooth. The drum meets the China standards regarding sandy
surface, void and crack. The appraisal results show that quality of the drum is as good as of
the same foreign product. Our research shows China has the ability to develop and produce
nuclear waste concrete containers and lays the foundation for standardization and series of the
nuclear waste container for waste packing and transporting in China.

1. INTRODUCTION

A large amount of radioactive waste is generated from nuclear facilities. According to
the properties of radioactive waste and the requirements for interim storage and disposal, the
concrete container is widely used for LLW and ILW in the world. Now Qin Shan and Daya
Bay nuclear power plants have already been operated, the concrete drum developed has also
been manufactured and utilized there. The development of the concrete drum was successful,
the qualities of the drum came up to advanced standards of the same foreign products.

2. CONCRETE DRUM CONSTITUENTS AND PROPERTIES

A reinforced concrete drum, intended for loading with low and intermediate level
radioactive waste, shall meet the following requirements:

Confinement during the various phases of handling, transport and storage;
Biological shielding against radiation emitted.

TABLE I. DRUM SPECIFICATIONS

type

Cl
C2
C3
C4

D (m)

1.4
1. 4
1.4
1.4

H(m)

1. 3
1.3
1. 3
1 3

thickness (cm)

base

15
30
40
15

side wall

15
30
40
15
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The four types of a concrete drum are shown in Table I. Cl, C2 drums are used for
storage of solidified cemented low level spent resins, concentrates or sludges. C3 drum is
used for storage of solidified cemented high level resins. Figure 1 shows the concrete drum.

1. c o n c r ete drum

2. s tee 1 ins ide drum

3. c o n c r e t e drum c o v e r

FIG. 1. Diagram of the nuclear -waste concrete drum.

3. TECHNICAL REQUIREMENTS

3.1. Raw materials

The technical standards of sand, gravel, cement, mixing water and admixture required
must comply with Chinese standards.

3.2. Properties of concrete

The required properties of concrete are shown in Table 2. From the above requirements,
it is clear that the concrete must have high tensile strength and density.

TABLE II. CONCRETE PROPORTION AND CURING PARAMETERS

i tern

content of cement
ratio of sand
. admixture
curing system

scope of s e l e c t i o n

400-550kg/ma
25-33%

superplast i c i z e r (FE) 0.5-1%, s i l i c a fume
natural curing steam curing (40-70'C)

4-10%

3.3. Properties of drums

The acceptance criteria of the drum are:

(1) Reinforcement bar: Visible inspection of the external surface and the bottom of the
container must be carried out to check that there is no reinforcement bar appearing on
the surface.
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(2) Finish: The external condition of the container must be such that when it comes out of
the mould no further manual or mechanical action is needed. Any trace of smoothing,
polishing or stopping, either in the bottom or on the external surface, is the cause for
refusal.

(3) Sandy surface: All visible surfaces with a shallow depth of some 1/10 mm maximum
are considered as sandy surfaces. Surfaces are not cumulative. Included in this fault
are chips caused by removal of the drum from the mould, or by impacts during
handling. The fault must have a surface area no greater than 100 cm2 in one or other
of the two following shapes: either a square 10 cm x 10 cm; or a rectangle 5 cm x 20
cm.

(4) Voids: Voids are all those faults concerning a small surface but of considerable depth.
Examples of this type of fault are large bubbles or lack of filling around or below the
U-bar. To avoid rejection, the fault must lie within the allowed surface area, viz, 25
cm2 in one or other of two different shapes as follows: either a square 5 cm x 5 cm; or
a rectangle 10 cm x 2.5 cm. The depth of all must be checked. When penetration is
such as to cause doubt as to the bearing capacities of this reference surface, the
container is rejected.

(5) Crack: Crack width on the out surface and the bottom is less than 0.1 mm, its length
is less than 20 cm. On the outside surface, crack width is more than 0.1 mm but is less
than 0.3 mm, its length is less than 2 cm; on the bottom crack width is more than 0.1
mm but is less than 0.3 mm, its length is less than 5 cm. Crack width greater than 0.3
mm is not acceptable.

(6) Inside quality: Cutting drums vertically into two parts, visual inspections of inside
quality, on all cutting surfaces, no cracks and no voids deeper than 1 cm were inspected.
The aggregates are well-distributed. The reinforcements are in good location and
distribution, and the quality of concrete is good.

(7) Dimensional checks: The following tolerances shall be checked and complied with:
External diameter and height ± 2 mm
Internal diameter (entrance, lower, upper) ± 5 mm
Concentricity of inner and outer axis: ± 4 mm

(8) Seepage: After the concrete has dried, there must be no seepage from containers filled
with water.

4. TEST RESULTS

The entire process of the development was divided in two stages.The first stage included
design of the drum, selection of raw materials, concrete ratio, manufacture of a test drum and
cutting check.The second stage included development of machine tools, commercial
manufacture of the drum and its acceptance.

4.1. Selection of raw materials

The following materials have been selected for the drum:

Sand: The Yongding River sand
Gravel: Crushed limestone (size 5-20 mm) from Mentougou rock plant
Cement: 525* Portland cement produced by Jidong Cement Works of

China
Mixing water: Potable water
Admixture: The superplasticizer and silica ash.
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4.2. Concrete ratio

According to the property requirements and manufacture conditions, the basic proportion
and curing system were determined with testing over and over again. These basic proportion
and curing system are shown in Table II. The testing results for the concrete properties are
shown in Table III. All the results are satisfactory. All items meet the requirements because
the superplasticizer and other admixture were used in the concrete, the strength and density
increase and other performances of the concrete are improved.

TABLE III. CONCRETE PROPERTIES

test designation

slump test
weight loss (28 days)
shrinkage (28 days)
nominal compressive strength (28 days)
nominal tensile strength (28 days)
[resistance to compression (or traction

or flexion) 25 cycles]

resistance to compression (or) on
specimen at 20'C± 1'C

resistance to freezing defreezing cycles
swell ing at 25 cycles

permeability to nitrogen after 28 days

Acceptance
creter ia

5± 3cm
<30kg/cm8
<600 Hm/m
>55MPa
> 5. OMPa

> Q flffÖU»

<500 M m/m

5X10' 18m2

test ing
results

2. 6-4. 6cm
14. 1-17. lkg/cm3
242-303 M m/m
77. 9-82. 2MPa
5. 5-6. iMPa

>96%

0-6 v- m/m

3.6-2. 16XlO-18m2

4.3. Concrete drums

From July 1989, when a contract was signed through July 1992, more than 700 drums
have been produced, each drum (100 %) was inspected carefully, the rate of qualified products
was more than 90%, quality came up to the technical requirements as specified in Section 3.3.

Through the overall acceptance checks, properties of the nuclear waste concrete drum
developed by us came up to the advanced level of same foreign products. The first batch
products, 596 concrete drums, have been transported to Da Ya Bay nuclear power plant and
have been used to the satisfaction of Chinese and foreign experts. Figure 2 shows the nuclear
waste concrete drum developed by us.

5. PRACTICE

We adopted the way that the institute and the factory jointly develop the drum by stages.
The institute is responsible for:

examination and approval of the design
establishment of technical requirements
establishment of acceptance criteria and QA programme
selection of raw materials and concrete proportion
overall quality management from design to manufacture and surveillance to assure the
drum quality.
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FIG. 2. The concrete drum.

The factory is responsible for manufacturing. The following works were performed in
the course of manufacture:

(1) The raw materials (sand, gravel, cement, admixture etc.) were controlled strictly
according to the technical requirements.

Sand and gravel
The following check tests shall be performed regularly:

Every 100 drums: granulometry, cleanliness, méthylène blue test, chlorine ion content
Every 200 drums: flatness index, colorimetry
Every 500 drums or every year whichever is the more frequent: Los Angeles coefficient,
wear resistance.

If needed, all aggregates older than 6 months shall be removed from the storage area
and not allowed to be used.

Cement
The following tests are performed:

For each delivery day: setting test, hot expansion test, specific area surface and density,
false setting test.

Each month: mechanical properties at 28 days, heat of hydration..
Cement shall never be stored for more than 3 months.

(2) The operating parameters (concrete ratio, curing, unmoulding, etc.) were controlled in
the course of manufacture.
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(3) The concrete properties were tested systematically. The acceptance tests are to be carried
out with nominal-formula concrete and consist of the following:

Slump test: 28 days compressive and tensile strength test, loss of weight and
shrinkage test, permeability to nitrogen test, freezing-defrosting cycle
test.

The concrete production unit shall be able to maintain the following tolerance in actual
mix compositions with respect to theoretical compositions (in weight): sand ±3%, aggregates
as a whole ±3%, cement ±2% water ±2%, admixture ±5%.

(4) The drums were strictly controlled for acceptance. During the acceptance, one drum per
type will be checked as follows:

Survey and inspect installation of welded wire mesh, casting, vibrating, curing.
After 7 days of removal from mould, check the drum dimension, seepage test one
by one.
The drum's exterior quality is a direct window for user assesses product quality,
the visual check has to be made as a hold point, each drum must be checked
strictly, each drum itself has working sheet on which strength, overall dimension,
surface quality and seepage condition shall be recorded, the working sheet is also
a quality evidence and quality certificate.

(5) The quality management was performed seriously. From design to manufacture, overall
quality management has been performed, effective QA surveillance measures have been
undertaken. The drum's development adopted PDCA circulating procedure, that is Plan-
Do-Check-Action management method. The organization system assured that the
development of drum was always under control.

6. CONCLUSION

(1) The nuclear waste concrete drum developed by BINE has the following advantages and
properties: easy to obtain raw materials, rational formula in concrete, the compressive
strength of the drum is more than 70 MPa, the tensile strength is more than 5 MPa, the
permeability of nitrogen is 3.6-2.16xlO~18 m2. The error in dimensions of the drum is
± 2 mm. The external surface of the drum is smooth. The drum complies with China
standards regarding sandy surface, void and crack. The appraisal results show that
quality of the drum is as good as same foreign product.

(2) While developing the concrete drum, high precision moulds, high-frequency vibrating
table, special grab, cutting machine and nitrogen-seepage meter have been developed.
The drum construction is rational, special grab can be remotely-operated, it opens a new
way to treat, pack, transport and store low and intermediate waste from every nuclear
power plant in China.

(3) Overall quality management, effective QA, QC surveillance is the assurance of the
success in the drum's development.
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Abstract
This paper describes the research works on the decomposition of Ion-Exchange Resins(IERs) in H2Û2-
Fe2+/Cu2+ catalysis systems for volume reduction and improvement of immobilization in cement. The
resins used in the study were polystyrene strong acidic and basic resins containing about 45% of water.
The. radioactive spent resins loading 60Co, 13'Cs, 134Cs, 90Sr and 5lCr with a radioactive activity level
of 4GBq/m3 were obtained from a reactor installation. It has been found in batch scale experiment that
many factors has influence on the decomposition of DERs, and the most important ones are H2O2 dosage,
H2Û2 dose rate, temperature and pH value. The best temperature range is 97-99°C. The pH-value of resin
slurry chosen in this study is 2.0-3.0. The appropriate dosage of H2O2(30%vol.) is 200ml/25g wet mixed
resins. The decomposition ratio is 100% and more than 90% for cation and anion ffiRs respectively,
while it is 85% for mixed resins(as TOC-value). The analytical results indicates that the radioactive
nuclides loaded in the spent resins are concentrated in decom-position solution and solid residues. No
radioactivity enters into the off-gas, while the condensate from the reaction system has a radioactive
activity of 1.65Bo/l. Foaming is a problem associated with resin dissolution. Addition of a little amount of
anti-foam agent can solve this problem very well. Three cementation materials have been chosen for
encapsulation of decomposition residue. All of the three kind of solidification materials can produce
qualified cemented products with excellent properties for long term storage. The adopted volume
reduction(VR) process can significantly reduce waste volume of solidified product decreases by 40%
compared with that of original spent resin.

1. Introduction

Radioactive spent resin originated from nuclear power station and other nuclear installations is usually
directly encapsulated in cement. Cementing spent resin in status quo ante inevitably increases the
ultimate disposal volume of waste and thus the disposal expense is correspondingly increased. Therefore,
it is suggested that spent resin be treated firstly and disposed in a volume-reduced state.
Spent resin can be mineralized by means of incineration, pyroiysis, acid degradation and low-temperature
wet oxidation as well.
It is well known that the catalytic decomposition of hydrogen peroxide with the catalysis of either ferrous
or ferric salts is a chain radical reaction which yields hydroxyl radical, a high reactive radical. This-
process has been popularly applied in the destruction of refractory organic substances contained in waste
water . In recent years, it has been widely investigated as a prospective option for the treatment of spent
resin. Low temperature wet oxidation process takes the advantages of high reactive radicals such as HO-,
O-, etc. generated from the decomposition of oxidants such as HsQj, Oj, Ch catalyzed by one-electron
trans.-metal ions, alkali and yellow phosphorus etc. . Catalyzed low-temperature wet oxidation has
evident superiority in rad-waste treatment for its moderate operation condition and sufficient volume-
reduction effect^.
The objectives of this study was to:

-decompose the spent resin before solidifying with cement;
-reduce the volume of the waste product immobilized in cement;
-improve the qualities of the waste product and
-provide data for the preparation of resin decomposition procedures by H^O-j oxidation process.
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The ion-exchange resin used in the nuclear installations in China was sulphonated or quaternaryaminated
cross-linked polystyrene resin. H2O2-Fe2"t"/Cu2* system was selected for the decomposition of spent resin.
To determine the volume-reduction factor of the process, the decomposition residue was cemented with
various cement and the properties of the product were tested.

As to Fenton reaction , Haber and Weiss had postulated the following chain reactions'2':
Fe^+HjO, —— > Fe* +OH- +HO- (1)
HO- + X°2 —— » ^2° +HOO- (2)
HOO- + \O2 —— > Ö2 +Hp +HO- (3)
HO- + Fe2* —— > Fe3* -i-OH- (4)
Fe34" +H2O2 —— » Fe24" -i-HOO- +H* (5)
Fe3* +HOO- —— > Fe24" + O2 +H* (6)

High reactive hydroxyl radical reacts with organic by either abstraction of hydrogen or addition to
an unsaturated site to yield organic radicals which are readily oxidized by O2 or oxidant ions such as
Fe34" , Cu^.etc.P).

RH +HO- —— > HjO +R- (7)
R-C=C-+HO- —— >• R-C-C-OH (T)J T l

> RCOO- (8)
RCOO- —— >R' + CO2 (9)
R- +CU24- — »CU++R+ . (io)
R. +FC* —— >Fe2f+ R+ (11)
Cu+ + Fe34- —— > Fe24" +Cv» (12)

Cheves Walling pointed out that Cu2*- would induce synergetic catalytic effect with Fe2* owing to
reaction (12)W. The resins studied were sulphonated or aminated cross-linked polystyrene. The ideal
results of the resin destruction by H^Gh might be presented as follows:

CjHgSO3 +20 H2O2 —— > 8 CO2 +23 HjO +H2SO4 (13)
(CH)n +25 n HjO, —— > n CO2 +3n HjO (14)
C12H19NO + 3 1 Hj'Oj —— > 12 HjO +38 Hp +NH4OH (15)

3. Laboratory experiments

(1) Material and equipment
The resins used in this study were fresh cross-linked polystyrene strong acidic and basic resins

(in granular form )which marked 732 and 717 respectively, and the radioactive spent resin was
obtained from a nuclear installation which loaded nuclides of «Co, «7Cs, 134Cs,90Sr, "Crwith
radioactivity level of 4 GBq/ra3. The reagents used in this study were hydrogen peroxide;
FeSO^THjO, CuCNO^; citric acid; sulfete-resistant cement(SRC); acrylate co-polymer(ACP),
epoxide plastic-polyamide-styrene (EPPAS); The analytic instruments were DID AC 800 Multichannel
Analyzer( Intertechnique, France) for y -emitting nuclide analysis; BH1216 low background a and ß
analyzer(made in China) for ß- emitting nuclide detection. TOC- 1 OB TOC Analyzer(Shimadzu
Company, Japan) for analysis of TOC (Total Organic Carbon) of dissolution residue; SP-2305 Gas-
Chromatography(made in China) for measurement of CO2 and O2 content in the off gas.

(2) Process
A lot of batch-scale studies were performed to investigate the optimum decomposition process. 25 g

resin slurry with 0.9g critic acid , 30%(vol) hydrogen peroxide and 0.01 M FeSO^ CuO^O^ solution
were added at the rates of 1 ml/min. and 0.25 ml/min. respectively. Off-gas from the vent line was
cooled through a water condenser and simultaneously analyzed with a gas -Chromatograph to observe
the release patterns of O2 and CO2 in off-gas. Mechanical stirrer was used to provide homogenous
mixing. When the reaction mixture reached 85°C , dissolution was initiated and proceeded rapidly.
The decomposition temperature was kept under 99°C to prevent from foam over. At the end of the
reaction TOC value of the decomposition residue was analyzed to determine the degradation
percentage of the tested resins.

Radioactive spent resin was then tested under the same conditions as mentioned above. Specific
radioactive activity of the decomposition product of resins including off-gas, condensate,
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decomposition solution and solid residue were detected to examine the distribution of radioactive
nuclides in the gas phase, liquid phase and solid phases, and then the decomposition residue was
immobilized in cement after evaporation to compare the volume reduction effect of this process with
direct encapsulation in cement.

4. Results and Discussion

4. 1 . Radioactive spent resm can be partially mineralized through hydrogen peroxide oxidation catalyzed by
"" The operation conditions and the results of the decomposition process are listed in Table I

Table I Operation condition and results of the resin decomposition

hem
H2Qj/resm**(kg/kg)
Catalyzer/resin reaction time

(kg/kg, mm)
Citnc acid/resin (kg/kg)
Anti-foam agent/wet resin
(kg/kg)
Temperature ("O
Initial pH value
Reaction time for 25g wet resin(hrs)
TOC value of liquid residue(ppm)
pH value of liquid residue
Decomposition ratio (%)*****

Cation resm(732)
3.7
A**» 1.67x10^

0

3.0
2.5
<IOO
1.0-1.5
-100

Anion resm(7J7)
5.0
A:l ICxlO-1

B:«"** 149x10-*
-0.06
001

97-99-C
2.0
3.5
<1000
2.0
>90

Mixed resin*
3 8
A- 1.52x10-*
B 1 88x10-*

001

30
25-30
1000-2000
1 5
>85 ,

•Weight ratio of cation resm to anion resm was 2.1.
**Shown as pure resm winch contained no water
—A-FeSO4
****B-Cu(Nbj)-,
"""Decomposition ratio(%)=(weight of solid residue in dried stateV(weight of dissolved resm

in dried state)

4 2. From the economic point of view, it is unnecessary to mineralize the spent resins completely. The
decomposition reaction ends up with the high ratio of CO7 to O2 content in the off-gas. A typical gas
releasing history of the process is given in Figure 1

0 20 40 60 80 100 120 140 160 180
duration(min )

F:g. I CO, and O, releasing history
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4.3. Bench-scale experiments demonstrates that many factors can influence the decomposition of ion
exchange resins. Within these factors the most important ones are HjO7 dosage, H^O^ addition rate,
temperature and pH value of the reaction system. Batch -scale tests reveals that comparatively high
temperature can prompt the decomposition reaction. Reactions conducted under different temperature
shows that when the temperature raises, the reaction rate increases rapidly and simultaneously the
decomposition of resins occurs more completely The upper limit of the temperature to be controlled is
below the boiling point of water, i e. 100°C, to prevent from the foam-over

pH value of the reaction medium is in a very important position for both the catalytic effect of
", Cu2+/Cu+ and the overall utilization of hydrogen peroxide The experimental results indicates

that the effect of acidity of the reaction medium is much more marked because of high pH value hydrogen
peroxide no longer reacts with ferrous salts as the uncharged molecule , but rather as the ion HO2- In a
neutral solution all the ferrous ion remains m solution while all the feme compounds has been
precipitated High pH-value causes also a self-decomposition of hydrogen peroxide(H,O2- H^O +1/2 (X)
on one hand. On the other hand it is necessary to consider the requirement for alkalinity in the subsequent
cementation process beforehand Therefore , the pH value chosen in this study was as high as possible i e
pH=2 0-3 0.

As oxidant, H,O2 plays a key role m the decomposition reaction The study indicates that insufficient
hydrogen peroxide leads to the incomplete destruction of the cross-linkages and thus results m only partial
decomposition of resin. The more H,O, is added, the more complete the resin is decomposed and the
higher is the treatment cost. In the view of economy of the process and practicability of immobilization of
decomposition residue in cement, the experimental results exhibit that the spent resin can be mineralized
incompletely. There is an optimum H,,O2 dosage that satisfy both economy and practicability of the
process Practicability can be defined here as the tolerable limit of maximum salt content for
encapsulation of the concentrated decomposition residue in cement or the highest permissible radioactive
level of the solidification product from the view point of radiation protection Figure 2 reflects the
relationship between H^Oj dosage and the TOC value of decomposition solution in the batch-scale
experiments with 25 g cation ion exchange resin For mixed spent resm(cation.anion resin=2" 1 by
weight), the appropriate dosage of hydrogen peroxide (30% vol.) is 200 ml/25 g resins

It was also found that the organic substance contained in the decomposition solution degraded
continually after the reaction was ended and the solution was laid up for a few hours This post-
decomposition might be caused by residual trace amount of H^ and organic peroxides produced m the
course of decomposition.

Foaming is a problem associated with resin dissolution and particularly with the anion exchange resin
Foaming will not only contaminate the condensate but also lead to secondary contamination of off-gas
line by radioactive nuclides at higher temperature This problem was practically eliminated by increasing
the stirring rate and maintaining the dissolution temperature below 99°C in order to minimize foaming in
the reaction system. In most cases a sulphonated type organic anti-foam agent marked XP-1 was used to
prevent foaming in this study

XlOOOppm

0 20 40 60 80 100 120 140 160 180 200

HfeOi dosage

ig - Relationship between H,(X dosage and the TOC value of decomposition residue
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4.4 The radioactivity analysis results obtained during spent resin decomposition process indicates that
the radioactive nuclides loaded m the spent resins kept concentrated in the decomposition solution and
solid residues. No radioactivity existed in the gas and liquid phase of the decomposition.

4.5 To prepare these decomposition residues for cementation it is necessary to neutralize these
residues to pH value of 8—10 by NaOH solution and then evaporate at 99°C until the salts content of
evaporated residue up to 40%(wt) due to the limitation of salts content for cementation. Three cementitous
matrices in solidification system were chosen for immobilization of decomposition residue. which were
sulfate-résistant cement (SRC), AEP-SRC, EPPAS-ARC. The formulations of encapsulation processes are
listed in Table II.

Table It Solidification parameters and product properties

Cement
Polymer
Polymer content
Water/Cement (in weight)
Salt/Cement (in weight)
Bleed
Set time (hrs) Initial

Final
Compresstve strength Maintained for 28 days

(MPa)* Irradiated"

High temperature stability***
Accumulative leaching ratio of total ß for
42 days (cm)*»**
Dens«y( g.cm°)
Volume reduction £actor(VRF)*****

Sulfate-Résistant Cement
no
0
05
035
no
20
2 2
400
350

Fine
998x10-2

206
039

ACP
4%
05
035
no
16
2 1
308
294

Fine
745xlO-2

203
037

EPPAS
8%
05
035
no
19
23
41 3
387

Fine
7 17r]0-:

1 92
034

"Tested according to National Standard GB-177-62 "Physical test for cement"
**Total irradiated r dosage. 2.8x 105Gy
"Tested according to ASTM D63-74
*** Tested according to National Standard 7023-86
"***VRF=(Onginal volume of dissolved resin—volume of final cemented productXonginal volume

of dissolved resin

5. Conclusion

On the basis of a series of resin decomposition tests , it is concluded
(1) Radioactive spent ion exchange resin can be successfully destructed by K^Oj in a Fe^/Cu2*"—citric

acid system . The resins transform from a solid phase consisting of organic matrix into a liquid phase
containing a little amount of organic components and the decomposition ratio is approximately 100% for
cation ion exchanger, more than 90% for anion exchanger and 85% for mixed resin .
(2) The radioactive nuclides loaded in the spent resin in the period of decomposition are concentrated
completely in the decomposition solution and solid residue, no radioactive contamination associates with
the off-gas , so it can be vented directly to the atmosphere without any further treatment;
(3) The concentrated decomposition residue can be successfully immobilized in cement with proper
formulation and the cemented products in terms of quality meet regulatory requirements for a long-term
storage of IL W such factors as compressive strength ( lOMPa), high temperature stability, freeze/ thaw
cycles, gamma radiation stability and leaching ratio.
(4) The volume reduction percentage of the HjO2 oxidation process is up to 30—40% compared with the
volume of directly cemented ion exchange resin which has a volume increment of 80%.
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RADIOBIOLOGICAL WASTES TREATMENT:
ASHING TREATMENT AND ASH IMMOBILIZATION
WITH CEMENT

S. FENG, B. WANG, L. GONG, L. WANG, L. SHA
China Institute for Radiation Protection,
Taiyuan, Shanxi, China

Abstract
The possibility of biological wastes treatment IB discussed by using a RAF-3 type

rapid ashing apparatus and the immobilization of ash with cement is studied. This
apparatus, developed by China Institute for Radiation Protection (CIRP), is used for
pretreatment of samples before chemical analysis and physical measurement. The
results show that it can ash 3 kg of animal corpora by a batch, ashing time is 6-7 h
and the ash content, < 4%(wt). The ashing temperature not exceeding 460"C »e used
without any risks of high losses of radionuclides. The ash can be immobilized with
cement using a in-drura mixing procedure. The optimum formulation of cemented waste
form ie 36±6%(wt) of the Datong Portland^ cement,29±2%(wt) of water and 36±6%(wt)
of ash.The cemented waste forms are homogeneous and dense. Its density is ~1.78g/cm°,
compressive strength is >7.7MPa. At the 42nd day the leaching rate of ^""Cs and 8eSr
is 2.5xlO~* cm/d and 9.0xlO~" cm/d respectively. The coefficient of volume reduction
is about 1.6 for ash immobilization with cement. 100 kg of biological wastes becomes
a less than 11.2 kg of cemented waste form after ashing and solidifying.

1. Introduction

Radiobiological wastes are mainly produced from the radioisotopes applications in
the radiobiological tests and the assay of radiation medicine. It is not possible to store
them for a long period because they are putrescible. On the other hand, with radiation
harmfulness, they must be treated to become harmless waste forms.

The RAF-3 type rapid ashing apparatus, developed by the CIRP, is used for
pretreatment of biological sample before chemical analysis and physical measurement£T1.
For a email amount of the biological wastes, the apparatus can be used to treat them.

This report gives the feasibility study of biological wastes treatment by using the
apparatus and describes the results of an investigation of the immobilization of ash
with cement.

2. Ashing treatment

2.1 Apparatus
The rapid ashing apparatus CTI consists of a rapid ashing furnace, an oxidation/

reduction gases supply system and a temperature-programming cabinet. Figure 1 shows
its exterior view.

2.2 Ashing
2.2.1 Animal aample.3

The animals—the rats and the rabbits are used in the cold tests.
The animals to be used in the radioactive tests are the rats. Before ashing, 1ml of

radioactive solution containing tracer radionuclide *a*Cs, "Sr, °°Co, ""Zn, or "0l>Pu is
injected into the each rat, then the rats are all killed with ether.
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Fig.1 The exterior view of rapid ashing apparatus

2.2.2 Ashing Processta]

Biological wastes will undergo the charring phase and the ashing phase in the
ashing furnace. The charring process is conducted under the inert gas N3 atmosphere
in order that a safe and rapid charring is carried out at a higher temperature. The
ashing is conducted under the circumstances of oxidizing atmosphere (0» and NO*) in
order to accelerate the oxidation/reduction process. The whole process usually takes
6 — 7 h, varied with waste types and there is no contaminated black in the container
wall. The ashing temperature is 360—450'C, and the ash content is < 4 wt.%0

2.2.3 Whereabouts of radionuclides after ashing
Three safe temperatures have been chosen at this test: 360'C ,400'C .»öd 460'C. The

test results show that the recovery of radionuclides (TS*Cs, aeSr,e°Co, °"Zn and BSI»Pu)
can arrive at 100% and the losses of radionuclides are undetected, i.e. the radionuclides
contained in biological wastes remain in the ash (see Table 1).

Tab.l Recovery of radionuclides after rats ashing
(7 hr of ashing time, at three ashing temperatures)

nuclides

134Cs
8eSr
60Co
8DZn
23Spu

injection
amount

cpm

2151

5765

1416

1186

350-561

350 'C

measure-
ment value

cpm

2184

5739

1406

1187

recovery
o//o

101 ±6

99.5±1

99.3±1

100+1

103 ±2

400 'C

measure-
ment value

cpm

2138

5611

1408

1182

recovery
o//o

99.4+1

97.3+ 3

99.5 ±1

99.7 ±1

96.3+ 1

450 'C

measure-
ment value

cpm

2148

5795

1421

1172

recovery
of/o

99.9±2
1

100 + 4

100 ±1

98.9+1

98.6+4
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3. Ash immobilization with cement

3.1 The ash characterization

There are a lot of brittle bone-black in the ash generated from rapid ashing
furnace, BO the particle-size distribution and volume density of ash can be changed by
stirring.

The ash has a stronger absorption capacity for water. After 24 hours of water
immersion, the volume of ash was not changed, but the water content in ash could
attain to 48.2%(wt) by filtering and to 41.4%(wt) by pumping.

The adsorption distribution ratio (Kd) and desorption coefficient (Rd), for as*Cs
and SBSr are 0.89 ml/g, 82.6% and 128ml/g, 21.8% respectively.

3.2 Immobilization with cement

3.2.1 Specimens preparation

the Datong cement, which is one type of ordianry Portland cement, was chosen as
the immobilization matrix in our experiment. Cement, water,and ash in certain amount
were combined to provide the proper weight percentage compositions. After stirring
for 3 minutes at a speed of approximately 137 rpm, the mixture was poured into
the 4-6 cm diameter cylindrical glass container (beaker). Two samples were made for
each formulation. After weighting, the specimen containers were covered to mimimize
evaporation loss of water and then set aside to cure for 28 days .at ambient
temperature.Daily checks were made for the presence of observable free standing water.
The well cured specimens were taken out from the glass container (break the beaker),
the top and bottom surfaces of specimens were abraded with 0** coated abrasive to
make its height-to-diameter ratio to be 1:1—l:l.liel.

3.2.2 Formulation development

3.3.2.1 Requirements for process and products

To successfully design a formulation for the immobilization of aeh waete in cement,
a number of process and product requirements have to be satisfied.

Process requirements: (1) The product in the mixing stage must be fluid enough to
give a homogeneous product. According to teste, the consistencies of cement-ash mortar
should be in the range of 10-40mra. (2) No free water (bleed) remains on the surface
after 24 hours. (3) Setting time of less than 1.5 days are desirable.

Product requirements: According to the National Standard, the characteristic
requirements for cemented waste form are listed below (see Table 2).

3.3.2.2 Formulation design

Water-to-cement ratio is used as an important parameter in formulation designcei m.
When the ash is solidified, a portion of water is absorbed by the ash and thus is not
directly available for hydration of cement. The ratio of weight percentage (W) of
total water included in formulation to that (C) of cement can be expressed by

W/C-(WAb../C)4(Whyd./C) (1)
where W»*,«. — weight percentage of water absorbed within ash

Wftytf. —weight percentage of water used for hydration of cement.
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Tab.2 Characteristics requirement for cemented waste form

No.

4
5

6
7

item

free standing water
compressive strength
leaching rate at the
42nd day for 13<tCs

for 8CSr
water immersion
impact resistance

freeze/thaw cycle test
flame resistance

characteristics requirement

no free standing water
>5MPa

<lxlO-2cm/d
<lxlO-3cm/d

no swelling, no cracking
falling down freely on concrete

ground from a height of 9 m,
no ohvious damage

compressive strength>5x 0.85MPa
no cracking

The weight of water absorbed within ash is related to the weight of ash by
W.b.. = n X a (2)

where a —weight percentage of ash
n —ratio of the weight percentage of water absorbed within ash to that of ash.

As for Datong OP cement, the ratio of water-to-cement is 0.26—0.34 for hydration
of cement. As a matter of convenience, the Wb3,d./C is considered as 0.3, the median
value. And we have

a + C -f W - 100 (%). (3)
The following relation can be derived from (1),(2) and (3)

W-[100Xn-(n-0.3)xC]/(Hn). (4)
According to equations (3) and (4), a variety of formulations can be designed.

3.3.2.3 Ternary diagram of cement-ash-water system and
cemented waste forms

acceptable formulations of

On the basis of the formulation designed above, the test of formulation comparison
has been conducted. According to the formulation test results, we can obtain a ternary
compositional phase diagram of cemented waste form.Figure 2 is the compositional phase
diagram illustrating the region of formulation acceptable for ash immobilization with
cement. Formulations which contain the minimum water necessary to form a
homogeneous mixable mortar fall on the line labeled "mixability limit" . None , of these
specimens exhibited free standing water after a 24 h cure time, but the formulations
in the region of acceptable formulations did not contain those for which the observable
free standing water after 24 hours was absorbed or combined into the waste form
within one or two weeks.

3.3.2.4 Optimum process formulation

Formulations which fall at the boundaries of acceptable limits may not provide
good reproducibility. It is necessary to keep away from these boundaries as far as
possible. A reasonable formulation should have a good workability, which has to
consider the fluidity of cement-ash mortar, setting time, and the principle of as more
ash content in waste form as possible.

Thus, the optimum process formulation fall in range of acceptable formulations.The
median formulation is 36%(wt) of cement, 29%(wt) of water, and 36%(wt) of ash.
Variation of process parameter is ±5%(wt) of cement, ±2%(wt) of water, and ±6%(wt)
of ash respectively.
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100

7o go
Water, %(wt)

D acceptable formulation area
Elîl optimum process formulation aéra

Pig.2 Ternary compositional phase diagram for
immobilization of ash with cement

3.3.3 Characterization of optimum formulation specimen
i

The specimens were prepared with the median of optimum formulation, i.e. '36%(wt)
of cement, 29%(wt) of water, and 36%(wt) of ash waste. The results of specimen
property measurements are listed in Table 3.

Tab.3 Characterization of optimum formulation specimens

No

1
2
3
4
5
6
7
8
9
10
11
12

13

item

cement-ash mortar consistency, mm
free standing water, %
setting time, hr
maximum centre temperature, 'C
volume density, g/cm3

compressive strength, MPa
compressive strength (after a week immersion), MPa
compressive strength (after freeze/thaw test), MPa
compressive strength (after flame test), MPa
integrality after fall-down test
total porosity, %
leachability at a34Cs LR, cm/d

CLF, cm
the 42nd day 86Sr LR, cm/d

CLF, cm

result

25
no
36

65.5
1.78
7.7
8.4
8.3
7.9

cracking
47

2.5 xlO-4

2.1 y. 10-1

9.0 xlO-4

4.4 xlCT2

appearence: Homogeneous, dense and free standing solid
. —— , — __ ——————————————————————————————————————— ~ ———
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4. Conclusion

(1) The rapid ashing apparatus is used for biological waste treatment. Its features
are rapid charring, rapid ashing and low ashing temperature. The apparatus can ash
3kg animal corpora by a batch.The ashing temperature can be chosen within the range
of 360—460'C- The ashing time is 6—7 h. The ash content is < 4%(wt). If the ashing
temperatures do not exceed 460'C, ** has not the risk of high losses of radionuclidee.

(2) The ash is a type of light waste material which is liable to disperse. According
to the radioactive waste disposal requirements, it must be immobilized with a matrix to
form a free standing solid. The in-drum mixing procedure is an effective and reliable
treatment way for ash immobilization with cement using the formulation proposed in
this work.

(3) The optimum formulation of cemented waste form is 36±6%(wt) of cement, 29±
2%(wt) of water, and 36±6%(wt) of ash. The performances of waste form were in
compliance with the technical equirements except for the impact resistance. By the
aid of calculation, it is concluded that the coefficient of volume reduction is about
1.6 for ash immobilization with cement, 100 kg of biological wastes will produce a less
than 11.2 kg of cemented waste form after ashing and solidifying.

(4) Cement and ash waste both are porous materials. Cement-ash waste form is also
a porous solid, and its total porosity is as high as 47%, which has an effect on
the properties of waste form, such as impact resistance, compressive strength,
leachability. etc.

(6) further work is required for ash immobilization with cement in furture, such
as choice of additives, development of formulation centered on the improvement of
impact resistance, compreesive strength and leachability, so that the waste form can
meet all the requirements for disposal.
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DEVELOPMENT OF THERMOPLASTIC SOLIDIFICATION
PROCESS FOR URBAN SOLD) RADIOACTIVE WASTES

JING WEIGUAN
Municipal Radioactive Waste Disposal Experimental Centre,
Shanghai, China

Abstract
Urban radioactive solid wastes come mainly from laboratories and hospitals using

nuclear technology and radioisotopes. Most of them is combustible and they are treated by
incineration into ash which is dispersive and may easily contaminate the environment. For this
reason the immobilization of the ash is required. Spent ion exchange resins are also
dispersive and they need to be converted into stable waste forms. This paper describes the
technological process and operation conditions for polymerization of the incineration ash and
spent ion exchange resins with the thermoplastic solidification unit.

1. Introduction

As compared with cement, bitumen, glass, or complex material solidification process,
the thermoplastic solidification process is characterized by simplicity in technology, less
equipment, safe operation, and low investment.

There are some other advantages in thermoplastic solidification process such as easy
operation, no polymerization, and no curing treatment of solidified products.

This paper also gives the results of physico — chemical characteristics and radiation
resistance of solidified wastes.

2- The process and equipment

According to the principle in thermoplastic solidification, the thermoplastic material
(the solidifying agent) becomes soft and plastic so that other materials (contents) can
be incorporated with as heated, and it returns to the solid state as cooled.

In the process the solidifying agent and content were pretreated by screening,
dewatering, and mixing steps. Then the mixed material was fed to screw extruder and
remixing, softening, compacting, and plasticating steps were carried out at certain
operating temperatures. Finally solidified products were produced through pelleter and
packaged into storage drums.

Thermoplastic solidification unit is shown in Fig. 1.
The following parameters were controlled in the process:
The particle-size of the solidifying agent and content were controlled below 40 mesh ;
Dewatering temperature was 85 *C in thermostat oven;
According to the softening and melting points of the solidifying agent to be measured,
the operating parameters (content ratio, screw temperature, screw rotational speed)
were determined.

The process parameters of thermoplastic solidification are shown in Table 1.
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01 - motor 02 - drum 03 - pelleter 04 - screw extruder 05,08 - hopper 06 - mixer
07,10,12 - vibration conveyer 09 - ash drum 11 - vibration screen

Fig. 1 Thermoplastic Solidification Unit

Table 1 Parameters of thermoplastic solidification process

Solidified
waste

PVC+ash, resin
PS+ash, resin
PE+ash, resin

Temperatures ( °C )

Feeding
zone

140
120
95

Optimum
content ratio (weight)

Softening Plastication
zone zone

160 180
140 170
102 110

Solidifying agent/content (ash ,

Extruding
zone

170~180
160—170

110

Screw
speed
(rpm)

10
10
10

resin) = 1/0. 3

3- Physico-Chemical Characteristics of the Solidified Wastes

3-1 Appearance and density

The experiment shows that regardless of ash or resin, provided thermoplastic
solidification is carried out with above process parameters, the solidified waste
appearance of compact, solid, and surface crackfree was obtained.
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The density of the solidifying agent, content, and solidified wastes is shown in
Table 2.

Table 2- The density of solidifying agent, content, and solidified wastes

Pure material
density
(g/cm3)

PE
PS
PVC
Cation
Ash

0.91
1.04
1.44

resin 1. 31
0.86

Solidified wastes density

+ 30% resin

1.02
0-98
1.31

(g/cm3)

+ 30% ash

0.87
1.02
1;38

3. 2 Compressive strength and tensile strength

120 specimens from the same batch of the experiment were sent to Shanghai Institute of
Architecture to measure compressive strength and tensile strength. The results are
shown in Table 3 and Table 4.

Table 3. The compressive strength of plastics and solidified wastes

PE
PE + 30 ash
PE + 30 resin

PS
PS + 30% ash
PS + 30% resin

PVC
PVC + 30% ash
PVC + 30% resin

Solidifying
agent

(Mpa)

14.5

80.0

66.5

Solidified
waste

(Mpa)

17.4
13.4

59.0
11.8

75-3
35.9

Solidified waste
after 106 Gy
accumulated

(Mpa)

19.6
17.8

47. 1

76.2
24-7

Table 4. The tensile strength of solidified wastes

Solidifying
agent

PE
PS

PVC

30% ash
solidified waste

(Mpa)

8-6
23.4
31-5

30 % resin
solidified waste

(Mpa)

5-3
12.2
14. 1

It can be seen from Tables 3 and 4 that the compressive and tensile strength of the
incorporating ash is higher than the incorporating resin, mainly because the cation resin
and solidifying agent possess a poor compatibility. A better mechanical strength of
solidified wastes is favorable for final storage. Exposed by a higher dose rate of 7
radiation, solidified wastes would show no obvious changes in compressive strength. It
means that thermoplastic solidified wastes have suitable radiation stability. PVC
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solidified waste has a best compressive and tensile strength. Moreover, the mechanical
strength of all the solidified wastes can meet the storage requirements.

3. 3 Shock strength

When the specimens of the solidified wastes in the shape of bar <j>16~20 X80(H)mm
fell down in free drop at the height of 10 m, l l m , and 12 m separately,damage or even
crack was not found to them. One of the specimens of PS incorporating ash fell down at
the height of 12 m in flat throwing and only small breach was found on the edge of the
bar.

3- 4 Flammability
In order to control the flammability of the solidified wastes, specimens in size of <f>4~5
X 1 5 0 C H ) were tested according to the Flammability Standard Method GB 2406-80.
The results of the test are shown in Table 5.

Table 5. Oxygen index and flaming phenomena of solidified wastes

Specimen

PE+ash
PE+ resin

PS+ash
PS + resin

PVC+ash
PVC + resin

O I
(0,

vol. %)

21-0
21-0

21-0
21-0

50.2
46.0

Melting

Y
Y

Y
Y

N
N

Flaming

Dropping

Y
Y

N
N

N
N

phenomena

Crimping

N
N

N
N

N
N

Charring

N
N

N
N

N
N

Smoking

Y
Y

Y
Y

Y
Y

Smell

Y
Y

Y
Y

Y
Y

Room
temperature

CO

20±5
20±5

20±5
20±5

20±5
20±5

Oxygen index means minimum O2 concentration needed to keep buring in a balanced
state when plastic specimen is in the measuring apparatus and the flow rate of mixed O2

with N2 is 4 + 1 cm/sec.

Table 5 shows that the PVC solidified waste contains higher OI than others while PC
and PS solidified wastes melt when burned. It demonstrates that PVC solidified waste
has a better flame resistance than PE and PS solidified wastes.

3- 5 Penetration

Specimen was soaked in the penetrant for 120 days and then cut out for cross section
and longitudinal section. The depth of penetration was measured.

•v

The incorporating ash of the solidified waste had no penetration. PVC and PE
incorporating resin had depth of 0. 2 mm. PS incorporating resin had depth of 0. 5 mm.

The results show that all the solidified wastes had a good penetration resistance.

3. 6 Leaching resistance

According to the ISO method the leaching resistance was determined at 70 "C and using
deionized water for leaching 14 weeks.
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Incineration ash contained isotopes of 147Pm, ]37Cs, 13T, 12Ï, 32P, etc.

In this test ''"Pm was used as tracers. Specific activity of U7Pm was measured by liquid
scintillation counter. The leaching results are shown in Table 6-

Table 6- Leaching rates and percentage of accumulated leaching

Solidified
waste

PE + resin
PE + ash

PS + resin
PS + ash

PVC + resin
PVC + ash

Leaching rate
cm/d

3. 14X10-8

4.28X10-8

1.42X10-8

0. 82X10'8

7. 10X10'8
7. 10X10-8

Accumulated leaching
%

8.77
7.27

2.39
1.32

5-64
3-80

3- 7 Radiation resistance
Specimens in form of 25X10X10 mm bars were sent to Radiation Center of Shanghai
Institute of Nuclear. A cobalt-60 gamma cell was used as an external irradiation
source. The radiation dose received by specimen was 106 Gy (dose rate was 5. 9 KGy/
h).

After irradiation, the dimensional changes or structural degradation from the
macroscopic point of view and the obvious changes in colour, compressive, and tensile
strength were not found in all the specimens.

3- 8 Weathering resistance

Weathering resistance was evaluated by 3 different tests: the freeze-thaw test,
long-time soaking in deionized water, and weathering test.

The freeze-thaw test
Specimens in size of <f>15-20X40-70(H) rnm were maintained alternatively at -10 "C and
at +40 C for one year. The volume and weight of specimens were measured every 2
weeks. The results of the test showed that the volume of solidified wastes had almost
no change after two weeks.

Long-time soaking
Specimens were soaked in deionized water at room temperature for 120 days. The
results of the test showed that all the sollidified wastes had no changes in volume and
weight except expansion and weight increasing in PS incorporating resin.

Weathering test
Specimens were kept outside the flat roof and suffered an overall action of sun light
ultravialet ray, temperature, wind, rain, oxygen, ozone, etc. for 375 days (126 days
of sunny, 152 days of cloudy, 76 days of rain, 21 days of acid foggy, and 8 days of
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rainstorm). The results of the test showed that the stripping or cracking were not
found in the solidified wastes except the PS incorporating resin. There were no changes
in volume, weight, and colour except a slight colourfade in the PE incorporating resin.

4. Conclusion

4. 1 Thermoplastic Solidification Process has been developed to incorporate city solid
radwastes, including incineration ash, spent radioactive resin, and contaminated
plastics. It is simple, and feasible and requires low investment.

4. 2 The characterization of the solidified wastes shows that PS incorporating ash is
characterized by good radiation resistance (106 Gy ), good mechanical strength
(compressive strength 59 MPa),good leaching resistance (8- 2 X 10~9cm/d at 70"C),
and volume reduction ratio ( 2. 76 )• PS is an optimum solidifying agent for
incorporating incineration ash and PVC and PE have the similar advantages when
incorporating resin.

4. 3 11,000 pieces of radioimmunassay kits per year are consumed in Shanghai. Total
volume of 7 m3 solid wastes is delivered in a year. In the thermoplastic solidification
process, the spent PS tubes can be used as solidifying agent in incorporating
incineration ash so as to reduce storage volume of radwastes and storage cost.
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ROCK CHARACTERIZATION IN SITE SELECTION

A.E. OSMANLIOGLU
Çekmece Nuclear Research and Training Centre,
Turkish Atomic Energy Authority,
Istanbul, Turkey

Abstract
General information about the waste management activities hi Turkey is presented.

Recent site selection studies for the future necessities of Turkey are mentioned. Preliminary
studies and programmes of rock characterization in site selection process are described.
Candidate host rock formations and sampling points are shown in figures.Initially, several
geomechanical tests are applied on granite samples in laboratory. Then test results are
evaluated.

1. INTRODUCTION

In Turkey, only low level radioactive wastes are produced by industry, hospitals and
research laboratories. For this reason, detailed disposal site selection studies have not been
started yet.

High level radioactive wastes should be permanently isolated from the environment and
remained safe for very long periods. A mined geologic method of disposal has been considered
to be a preferred solution. Ground control is one of the major problems in deep repositories
due to the nature of bearing strata. Geomechanical properties of host rocks play an important
role in an underground repository stability [1]. This study will comprise preliminary
investigations of the site selection studies in Turkey. The aim of this study is to collect
information on properties of candidate host rocks before detailed investigations on site
selection are carried out in future. In this study, candidate host rock formations which are
available in our country are generally investigated with a particular emphasis on granite rock.

2. WASTE MANAGEMENT IN TURKEY

Recent activities of waste management hi Turkey can be briefly described as follows:

(a) Sealed sources: conditioned in cement in the middle of a steel drum
(b) RIA wastes produced by hospitals and laboratories. This type of wastes include

especially plastic tubes and injectors. Compacted within the drums by a compactor for
reduction of their volumes.

(c) Liquid wastes produced by nuclear research centres. Chemical precipitation is
applied to these liquid wastes in a waste treatment plant. Precipitated sludge of
the liquid waste is mixed with cement in the drum. The upper part of the drum
is covered with pure cement composite.

All these drums are taken into our storage building nearby the waste treatment plant in
Çekmece Nuclear Research and Training Centre,
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3. PRELIMINARY SITE SELECTION STUDIES

Selection of a suitable repository site is one of the most important aspects of radioactive
waste disposal. In this study, the candidate host rock formations which are available in our
country were generally investigated. Basic host rock formations are shown in Fig. 1.

General tectonic conditions of our country can be described according to the basic fault
zones and previous earthquakes. Our country can be separated into five earthquake levels.
Especially North Anatolia fault is more effective in this separation. These earthquake level
zones are shown in Fig. 2.

MEDITERRANEAN 6RANITE FORMATIONS
ED TUFFS

FIG. 1. Candidate host rock formations

FIG. 2 Earthquake level zones
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4. ROCK CHARACTERIZATION

It should be noted that the repository is presently planned to have an operational lifetime
of twenty-six to thirty-five years, and to provide an option for retrievability for fifty years after
waste emplacement. Therefore, a variable which has a major impact on host rock performance
is time. A second variable anticipated to have a significant impact on nuclear waste
emplacement is the effect of high temperatures on rock (100-400°C). A third variable which
the repository will experience, which is not encountered in conventional underground
excavations, is the radiation [2].

For this reason, numerous rock characterization tests are planned in the beginning of this
study. Some of these tests have been completed. But some of them have not completed yet.
Planned tests are shown in Table I.

TABLE I. ROCK CHARACTERIZATION TESTS

Index Tests

Specific gravity

Water contents

Porosity

Permeability

Heat transfer

Georaechanical Tests

Triaxial compressive

Uniaxtal compressive

Tensile Strg.

Special Tests

Thermodynamic
properties

Radionuclide
migration

Rock characterization tests are initially applied on granites. First, numerous block
samples are taken from north-east region of Turkey. These samples are prepared for index and
geomechanical tests. Core specimens are taken from these block samples. Several
geomechanical tests are applied on these core specimens. Results of these tests are shown in
Table II.
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TABLE H. ROCK CHARACTERIZATION TESTS

PROPERTIES

Density ,
(g/cm3 )
Water
Content, (%)

Porosity, (%)
Uni .Comp.
Strg. (MPa)
Tensile
Strg. (MPa)
Poisson
Coefficient
Elasticity
Coefficient
Internal
Friction
Angle (*)
Cohesion,
(Kg/m2 )
Strg. Under
therm . loads
Thermal
Conductivity

Radionucl ide
Migration

Sample
No

20

20

2O

1O

10

1O

1O

6

6

1O

6

1O

Planned
Test
Number

200

200

2OO

1OO

1OO

30

3O

12

12

30

6

10

Completed
Test
Number

2OO

2OO

200

30

35

1O

1O

6

6

Initial
Results

2.364-2.652

O. 173-O.678

O. 385-1. 868

120-324

25-110

O. 26-0. 38

265000-44OOOO

34-52

65OO-98OO

5. CONCLUSION

Geomechanical properties of the north-east granite rocks are seemed to be convenient for
detailed investigations according to the rock tests which have been done to the date. After the
completion of the planned tests, the north-east granites will be classified in accordance with
the existing classification system.
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COMPETITIVE ADSORPTION OF ^Sr ON SOIL SEDIMENTS,
PURE CLAY PHASES AND FELDSPAR MINERALS

S. H. SAKUMA, S. AHMAD
Malaysian Institute for Nuclear Technology Research,
Bangi, Malaysia

Abstract

Laboratory batch experiments were conducted to determine the adsorption of ^Sr by a
soil sediment, mineralogically pure clay phases (vermiculites, smectites and illites) and
feldspar minerals (adesine, albite, microcline and oligoclase) as a function of ionic
composition. The clay minerals were present at different proportion in the soil sediment. The
important adsorbing phases and the adsorption mechanism(s) can be determined from the stud-
ies. Twenty two stock solutions were prepared with concentrations of the major cations Ca,
Mg and Na and were varied from 0.0 to 0.00312 M, 0.0 to 0.00165 M, and 0.0 to 0.00312
M, respectively. S5Sr tracer was used to spike the solutions due to its high specific activity and
short-life. The experiments yielded adsorption coefficient values Kj that could be described
by equations using samples from the sediment, pure clay minerals and feldspar minerals.
Theoretical slope value -1 for pure ion- exchange mechanism of strontium adsorption onto Ca-
saturated clay was described. The slopes obtained in the experiments represented an average
of adsorption on several different mineral surfaces having different relative affinities for
strontium, calcium and magnesium. Experiment results showed that strontium was adsorbed
to ion-exchange sites and that calcium and magnesium cations were effective competitors for
these sites. Vermicultes, smectites and illites clay minerals yielded adsorption coefficients
that could be described by equations slopes-1.0 similar to the theoretical value. The feldspar
minerals yielded slope ranges from -0.72 to -1.13, and the sediments slope value of -0.81.
These suggest that ion-exchange was the dominant adsorption mechanism for strontium.
Slopes makes of other than 1.0 suggest that other mechanism may be operative. Distribution
coefficient Kd values calculated from the experiments would make it possible to accurately
predict future concentrations of ^Sr in groundwater from sediments. This can be done by
estimating the distribution of ^Sr in the area sediments, current ^Sr concentrations and major
ion concentrations data from the area.

1. INTRODUCTION

The need for proper disposal of radioactive wastes containing ^Sr has caused
considerable interest in its adsorption behaviour on minerals of the type found in and around
the various types of disposal sites. Adsorption studies are needed to estimate the rate of
transport of ^Sr in the event of groundwater penetration into and through a disposal sites
which may contaminate drinking water.

The results of a study on the adsorption of ^Sr by means of a batch technique for a
number of clay minerals in solutions of sodium salts can be approximated by ideal ion-
exchange equations [1]. It was found that distribution coefficient values at very high salt
concentration were very low. This caused migration rates of ^Sr relative to water flow,
through geologic formations whose adsorption behaviour was dominated by clay minerals,
likely to be high at high salt concentrations. In this system, the mass-action equilibria
equations can adequately describe the Sr-90 adsorption reactions [1-2].
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Previous work [3-4] on the measurements of Kd
Sr for mineralogically pure segregates

indicated that vermiculites was an effective adsorbent phase. Relationships between Kd
Sr and

exchangeable calcium on sediments and competing cation concentration, indicates electrostatic
forces primarily control the sorption of strontium. Besides clay minerals, hydrous metal
oxides, primary aluminosilicates and organic matter, are effective absorbents [5-7]. ^Sr was
strongly correlated with Fe, Al and Mn, suggesting specific adsorption by these metal oxides
[8-9]. In addition to adsorption mechanism, strontium may be retarded during groundwater
transport by precipitation processes, either as SrCO3 or by coprecipitation with CaCO3 [10].

The purpose of this study is to gain better understanding of the adsorption properties of
strontium onto soil sediments, mineralogically pure clay and feldspar minerals and how
changes in groundwater chemistry can affect these properties. The main concerns were the
competitive effects of calcium and magnesium cations on strontium adsorption. The results
and Kd values calculated with equations determined will make it possible to predict future
concentrations of ^Sr in groundwater at disposal site. This was accomplished by (a)
identifying the mineralogical composition and properties of the soil sediments, (b) determining
the distribution coefficient of ^Sr between solid and aqueous phases at different ionic
composition, (c) statistical analyses on the experimental data, (d) forming distribution
coefficient Kj equation for each minerals and soil sediments, and (e) identifying the pure clay
minerals and feldspars minerals adsorbents associated which effectively adsorbed the ^Sr in
the soil sediments.

2. THEORY

Mechanism of Strontium Adsorption by Ion-Exchange

Interpretation of the K^ results in terms of an ion-exchange mechanism can be explained
as follows. The thermodynamically rigorous mass-action equilibrium expression for a binary
cation- exchange reaction, such as strontium adsorbed onto a Ca-saturated clay is

aSrb+ + b(CaX) - a(SrX) + bCaa+ (1)

where
a is the valence of calcium ion,
Sr is the trace component of strontium,
b is the valence of strontium ion,
Ca is the calcium component in binary system,
and X is the solid adsorbent of soil sediments.

The equilibrium constant, K, can be expressed as:

K = ([SrX]a[Caa+]b)/([CaX]b[Srb+]a) (2)

where brackets, [ ], indicate thermodynamic activities. If one assumes that the exchange
capacity, C, of the solid adsorbent is constant (equivalent per unit weight) and that Sr is
present at low trace concentration, then the concentration of the trace constituents
adsorbed, (SrX), is much smaller than C, and the concentration of calcium ions adsorbed on
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exchange sites, (CaX), is approximately equal to C/a in terms of moles per unit of weight,
because C = (SrX)b + (CaX)a. The distribution coefficient can be represented by:

Kd = (SrX)/(Srb+) (3)

where (Sr""1") is the solution concentration of the trace constituent at equilibrium with the solid.

By substituting the relationship:

[A] = y{A}.(A) (4)

where
[A] is the actvity (moles),
{A} is the activity coefficient,
and (A) is the concentration (moles).

Equation (2) can be written as:

K = [(Kd)a(Ma+)b/(C/a)bj. ö (5)

where 3 is the ratio of the activity coefficients:

3 = [ {SrX}a {Caa+)b/[ (CaX}b {Srb+}a] (6)

For ideal ion exchange of the Sr constituent in which the exchange capacity C is
constant, the ratio of activity coefficients for the adsorbed ions, {SrX}a/[ {CaX}b, is constant.
For low ionic strength solutions, the ratio {Caa+}b/ (Sr13"1"}3 is also constant. The 3 becomes
constant. Using these conditions and assumptions and a logarithmic transform of equation 5,
the dependence of distribution Kd of the Sr constituent on the calcium ion concentration,
reduces to -b/a, the ratio of Sr ion charge to the calcium ion charge. Therefore, for ion-
exchange of Sr2* for Ca2+, -b/a is -1.0.

3. MATERIALS AND METHODS

A series of batch adsorption experiments was conducted to determine the strontium
adsorption properties of soil sediments and the individual minerals composing these sediments
as a function of the equilibrating solution composition [11-14]. Samples from the soil
sediments were analyzed by X-ray diffraction (XRD) method to identify the individual
minerals which were known to be effective adsorbent phases. Experiments were conducted
using the soil sediments, mineralogically pure clays such as smectites, illites and vermiculites
that composed the major portions of the sediments, and several feldspar minerals. Prior to
these experiments, supercentrifuge equipment was used to segregate clay minerals from the
soil sediments by particle density effects. The experiments were not able to segregate
completely all the clay minerals, and finally it was decided to use mineralogically pure
minerals in the experiments.

Twenty two stock solutions of 500 ml were prepared with the concentrations of the major
cations Ca, Mg and Na varied from 0.0 to 3.12 x lu* M, 0.0 to 1.65 x 10'3 M, and 0.0 to
3.12 x 10'3 M, respectively. The compositions of the stock solutions is listed in Table I.
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Experiments 15 through 17 all have the same initial calcium and magnesium concentrations.
The solutions were spiked with 85Sr tracer and the pH of each stock solution adjusted to 8.2
±0.1 with sodium hydroxide or hydrochloric acid.

TABLE I. EXPERIMENT NUMBER AND SOLUTION COMPOSITION (MOLAR
CONCENTRATION)

Experim.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

Ca(NO3)2 4H2O
0.0
0.000624
0.0
0.000624
0.0
0.000624
0.0
0.000624
0.0
0.000624
0.003120
0.003120
0.003120
0.003120
0.003120
0.003120
0.003120
0.001560
0.001560
0.001560
0.001560
0.001560

Mg(NO3)2 6H2O
0.0
0.0
0.000165
0.000165
0.0
0.0
0.000165
0.000165
0.0000823
0.0000823
0.0
0.001650
0.000823
0.000823
0.000823
0.000823
0.000823
0.0
0.000823
0.001650
0.001650
0.0

NaCl
0.0
0.0
0.0
0.0
0.000312
0.000312
0.000312
0.000312
0.000156
0.000156
0.001560
0.001560
0.0
0.003120
0.001560
0.001560
0.001560
0.0
0.001560
0.003120
0.0
0.003120

Final pH
8.230
8.200
8.207
8.210
8.170
8.215
8.229
8.226
8.155
8.208
8.194
8.186
8.180
8.234
8.195
8.200
8.197
8.210
8.208
8.160
8.200
8.239

Each batch experiment was conducted in a 40 ml polycarbonate centrifuge tube. One
gram sediments and feldspar minerals, and 0.1 gram clay minerals were precisely weighed
and added into their respective tubes. Twenty ml of spiked solution was then added into each
tube. All the tubes were equilibrated for 14 days shaken at room temperature. After the
equilibration period, 1.0 ml solution sample was collected with a 0.45 //m disposable filter,
acidified by adding approximately 100 /A of concentrated hydrochloric acid or nitric acid (6
M or 12 M) and then analyzed for 85Sr gamma. Solid sediments were removed from each tube
by filtering through a 0.45 ̂ m. filter and then allowed to dry. The solid sediments were
transferred to counting tubes for gamma analysis.
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All the solutions and the sediments were collected at the bottom of counting tubes of the
same geometry. Countings were conducted the same day to minimize error due to the decay
of the strontium radionuclide. The distribution coefficient Kd

Sr was calculated by :

Ksr=dpm/g (?)

dpm/ml

where dpm/g and dpm/ml were the activities expressed in disintegrations per minutes per gram
of sediments and per milliliter of solution, respectively. Ionic strength which measures the
total concentration of charge in a solution was calculated by:

I = 0.5 S [mjz2 (8)

where nij is the molality or concentration (m) of the ith species of Zj charge [15].

The ionic strength (I) parameter was used to calculate activity coefficient of the solution.
At higher concentrations < 0.5M, Davies equation was used to calculate activity coefficient
Y which represented better experimental data than other equations in the literature [16-17].
Activity coefficient y was calculated by:

In Yi = -1 -17 Zi2 [(Vl)/(l +V/I) - 0.21] (9)

Expression for activity was calculated by:

Activity (moles) = concentration (moles)
x activity coefficient Y (10)

Detail statistical regression and variance analyses were done for each batch experiment to yield
values for the adsorption coefficient Kd.

4. RESULTS AND DISCUSSION

Twenty two K/r values were obtained for each batch experiments on adsorption of Sr(II)
on the soil sediments, the minerallogically pure clay (vermiculites, smectites and illites) and
feldspar minerals (adesine, oligoclase, albite and microcline) at different solution
composition. For experiments 15 through 17 which have the same initial calcium and
magnesium concentrations, the Kd results were very similar in all the 8 batch experiments. It
can be deduced that the experimental results produced were accurate and can be used with
confidence to produce the Kd

Sr equations for each minerals.

K/' values for pure clay minerals showed the highest values compared to soil sediments
and the feldspar minerals. Average Kd values for smectites and microcline mineral showed
to have the highest and smallest values, respectively. The average soil sediments Kd values
were relatively high and this indicated that some individual minerals component in the
sediment selectively adsorbed strontium. The ability of the different minerals to adsorb
strontium varied considerably, but the most reactive phases were smectites, vermiculites and
illites. The high proportion of the clay minerals in the sediments further gave rise to the high
adsorption of strontium. The ability of feldspar minerals in the sediments to adsorb strontium
were much less compared to the clay minerals.
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Figure 1 to Figure 8, show Kd
Sr values as a function of the sum of the equilibrium

calcium and magnesium concentrations in solution for the soil sediments and minerals. Table
II lists the adsorption coefficient Kj for soil sediments and minerals described by the equations.
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TABLE II. ADSORPTION COEFFICIENT KD
Sr EQUATIONS FOR EACH MINERALS

AND SOIL SEDIMENTS

Minerals
sediments
smectites
vermiculites
illites
albite
oligoclase
microcline
adesine

Adsorption Coefficient Equation Log Kd

-0.80745 ± 0.03969 log (Ca + Mg) - 1 .35567 ± 0. 12 1 1 8
-1.00954 ±0.03 131 log (Ca + Mg) - 0.67740 ± 0.09603
-0.97705 ± 0.03243 log (Ca + Mg) - 0.66772 ± 0.09901
-0.99509 ± 0.02521 log (Ca + Mg) - 1 .04392 ± 0.07695
-1.04703 ± 0.02280 log (Ca + Mg) - 3.38466 ± 0.06960
-1. 13430 ± 0.02929 log (Ca + Mg) - 3.50853 ± 0.08943
-0.73896 ± 0.05535 log (Ca + Mg) - 3.02207 ± 0.16899
-0.72563 ± 0.02989 log (Ca + Mg) - 1.96493 ± 0.09125

R
0.96
0.98
0.98
0.99
0.99
0.99
0.91
0.97

For pure ion-exchange on a single type of site, the theoretical slope would be -1.00.
Figures 1 to Figure 8 show that very good linear correlation exists. Slopes obtained for
smectites, vermiculites and illites ranged from -0.98 to -1.01 suggesting that ion-exchange was
the dominant adsorption mechanism for strontium. Slopes for oligoclase and albite minerals
were -1.13 and -1.04, respectively, which also indicated that ion-exchange was the dominant
adsorption mechanism. However, slope for microcline and adesine -0.74 and -0.73,
respectively, indicated that ion-exchange was the dominant adsorption but another mechanism
may also be operative. The soil sediments slope -0.81 was close to the theoretical value -1.00,
which suggested that ion-exchange was the dominant mechanism for strontium, however
mineral components in the sediments which reacted to another operative mechanism may
exist. The clay mineral phases having higher cation exchange capacities and dominant of ion-
exchange mechanism for strontium contributed to the high Kd in the sediments.

For feldspar minerals, eventhough ion-exchange mechanism was dominant, another
mechanism may be operative. Kd values indicated that strontium adsorbed was small compared
to the clay minerals. Desorption ^Sr experiments [8] indicated a very strong correlation exists
between ^Sr and extractable Al, Fe, and Mn. A majority (~ 80%) of adsorbed ^Sr was
exchangeably adsorbed, most of the remainder was apparently specifically adsorbed by
hydrous metal oxides and was nonexchangeable. From Ref. [6], the cation exchange reactions
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of feldspars had strong specific effects. The cation exchange capacities of feldspars were
highly variable, depending on the nature of the displacing and released cations. Certain
cations have a very strong tendency to be fixed. In microcline which contains both Na and K,
Na was preferentially liberated by water and acid over K. In albite and oligoclase, Ca was
preferentially exchanged over Na. Thus, it can be stated that strontium was adsorbed by cation
exchange with Ca or Na on the feldspars surfaces. Experimental studies on cation exchange
reactions of feldspar surfaces were relatively few compared to similar studies on clay minerals.

5. CONCLUSION

A method has been developed which calculate Kd
Sr value from an equation. It is

possible to accurately predict future concentrations of ^Sr in groundwater at a site. This can
be done by estimating the distribution of ^Sr in the area soil sediments with the equation,
current ^Sr concentrations and major ion data from the various area wells. Once the
distribution of ^Sr in the sediment is calculated, future ^Sr concentrations in a nearby aquifer
could be calculated by combining the equation with future major ion concentrations.
However, the mineralogy of the aquifer material should not varied significantly from the
sedimentary material that was used in the experiments or otherwise the Kd values will varied
significantly. This could result in large errors in future ^Sr concentrations within the site
where the sediments were sampled.

From this study a better understanding of the adsorption properties of strontium onto the
soil sediments, mineralogically pure clay minerals and feldspar minerals and how changes in
groundwater chemistry can affect these properties. This was shown by the competitive effects
of calcium and magnesium cations on strontium adsorption. The results also showed that mass
action equilibrium laws adequately predicted the behaviour of strontium in solution in contact
with the minerals. Adsorption behaviour of clay minerals was frequently related to high,
relatively constant ion-exchange capacity. The competing cation concentrations of calcium and
magnesium in solutions correlate linearly with the measured Kd

Sr values.
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ENVIRONMENTAL IMPACT STUDY FOR LOW AND
INTERMEDIATE LEVEL RADIOACTIVE WASTE DISPOSAL

WANG ZfflMING
China Institute for Radiation Protection,
Taiyuan, Shanxi, China

Abstract

The work on disposal of low and intermedjate level
radioactive wastes (LLW and ILW) has been already started-and pre-
stage work of disposal of LLW and ILW generated from nuclear power
plant is now proceeding in China. Corresponding assessments have
been conducted and safety assessment methodology for disposal of
LLW and ILW has been systematically studied aiming at evaluating
their impacts on environment. Some aspects which need solving in
safety assessment are put forward in this paper. To make the
assessment results meet the actual situation, the following four
problems should be solved: 1) make the inventory of radionuciides to
be disposed clear and put stress on key radionuciides; 2) accurately
determine the release rate of radionuciides from a repository,
particularly the relation between release rate and size and arrangement
of waste forms as well as water content in the repository; 3) find out
radionuclide migration behavior in the geological medium, especially
relation between retardation coefficient and velocity of unsaturated
water flow; and 4) standardization of models.

The essential purpose of disposal of radioactive wastes is to isolate them from human
environment to make sure that any subsequent return of them to the human environment
will not result in undue radiation exposure to man. The necessary isolation degree depends
on the actual radionuclide content and properties of wastes to be disposed under
consideration. And the practical isolation capacity depends on performance of the whole
disposal system.

Similar to the other nuclear activities, safety assessment is necessary in disposal of
radioactive wastes. Its objective is to analyze expected performance of the disposal system
related to safety, especially the possibility of return of radionuciides released from a
repository to human environment and to comprae the résulte analyzed with acceptable
criteria so as to judge the acceptability of the disposal system and expected activities.
Usually, safety assessment can be divided into two types, i.e., generic assessment and site-
specific assessment. Generic assessment can be useful for making programmatic decisions
regarding the choice of a disposal concept and the appropriate use of available resources as
well as in gaining recognition of the feasibility of a disposal concept. Site-specific
assessment is necessary for decisions affecting siting, design, and licensing for
construction, operation, shutdown and sealing of a repository. Up to now, the assessments
for disposal of LLW and ILW are mostly concentrated on the generic.
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In context of safety assessment, models and computer codes have been developed and
employed in many countries according to their respective conditions. PRESTO and
PRESTO-II codes were developed by the U. S. Environmental Protection Agency
(EPA)[l'2j to calcubte moisture movement as well as release, transport and exposure to
man of radionuclides. As developed for generic assessment, they have been actually used
for such commercial low level radioactive waste disposal sites at Barwell, Beatty and West
Valley[2]. GEN n code was developed by the U. S. Nuclear Regulation Committee
(NRC) to review and approve the license application and this code together with the other
codes can be used to perform an independent assessment calculation for disposal of LLW
PL BIOS code is used for assessment in Englandf4!. Japan Atomic Energy Research
Institute (JAERI) used SAMSON-I-STA to make generic assessment^] and Central
Research Institute of Electric Power Industry (CRIEPI) used a combination of FORADO,
CORF, FEGM and FERM codes to make site-specific assessment of Rokkasho LLW
Repository in Japan["3. Even though the codes have been used under various situations,
such aspects need further improving especially as no consideration of the effect of
unsaturated condition on radionuclide migration when calculating their release from a
repository; no consideration of the applicability of distribution coefficient, kj, when
calculating radionuclide migration in the geological medium; no consideration of the effect
of chemical speciation of and competition between radionuclides on release and migration
of them, and so on. It is necessary to inquire deeply the aspects as the effects may be
considerable.

The work on disposal of LLW and EL W has been already started and pre-stage work of
radioactive waste disposal for nuclear power plant is now proceeding in China. The
radioactive waste disposal activities to be conducted have been evaluated according to
Chinese laws and regulations in order to evaluate the effects of radioactive waste disposal
on environment. Recently a computer code PRESDSA used for safety assessment of
disposal of LLW in which some -improvements were tried has been developed by China
Institute for Radiation Protection (CIRP)[7>83. The following four problems should be
solved to make the results of assessments meet the actual situation.

1. Make the Inventory Clear and Put Stress on Key Radionuclides
The difference in properties of wastes and contents of radionuclides may affect the

choice and the decision of disposal options. To make the inventory clear is very important
in the determination of disposal option and the analysis of the effect on environment. It is
the foundation not only for selection of disposal site and design of disposal option but also
for safety assessment

Because of difference in sources of wastes and distinction of collection, conditions and
control for wastes, the radionuclide composition and content in the wastes may be
considerably different!^ ^,9-15] Therefore, the properties, especially chemical character of
wastes as well as composition and content of radionuclides, of wastes to be disposed
should be made clear before implementing a given disposal practice. In the license
application of siting for disposal of wastes, analogical method can be used for providing
rough data of inventory in case of lack of applicable data. But in license application of
building and operating the disposal facility, the measured data shall be given to conduct
design and assessment with a definite aim.

The models and computer codes for shallow land disposal of wastes have been
developed in many countries to estimate their radiological consequencesU'^lMS] and
used for some actual disposal sites. It is found from many results that even though the
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contents of some radionuclides such as Co, Sr, -Cs and Cs are higher, the
radiological effect on public is lower, and the other radionuclides such as 14C, ^Tc, 129j
and 22^Ra ^ih lower content may be the main contributors to dose to man[5>MM61.
The principal reason is that the radionuclides need transport in the environmental medium,
including aerated zone and saturated zone, between exposure to man and .release from
repository. The period, in general, of transport in the medium is longer. The
radionuclides, therefore, with shorter half-life and higher sorption capacity can not reach or
can reach in a small quantity human environment. Only those with longer half-life and
lower sorption capacity can reach human environment. A question, therefore, may be
raised: in conducting safety assessment research, which radionuclides should be selected?
In fact, they should be selected according to the ratio between transport time from release
to exposure to man and half-life of radionuclides. It is not necessary to study them in detail
if the ratio is greater than ten. So the notable attention should be paid to migration
behavior of such radionuclides with longer half-life and lower sorption capacity as ^4C,
99Tc, I29!, 226Ra, etc. rather than 60Co, 90Sr, 134Cs and 137Cs in safety assessment.

2. Accurately Determine the Release Rate
Release rate of radionuclides from a repository is one of the most important parameters

in evaluating environment impact. It is a complicated function which may be affected not
only by waste forms themselves but also by integrity and retention capacity of the
engineered barriers. Moreover, it also is affected by the external factors such as wind,
flood and so on. Up to now, useful data used for assessment are obtained only in some
links of it or through some tests with smaller-scale and shorter-time. The release rate for
an actual disposal is obtained only by calculation mathematically.

The release pathway is principally through groundwater in case of ground disposal of
wastes. At present, the main mechanism considered in simulation of release through
groundwater is leaching which is a comprehensive effect of such processes as diffusion,
dissolution and surface rinse. Diffusion release, in general, is an essential process. The
models developed and used for describing diffusion release related to specific surface of
waste forms and diffusion coefficients in the waste forms and in the other engineered
baniers[17'22]. They, however, did not consider the effect not only of waste form size
but also of water content on leaching in the literatures. It leads to overestimate obviously
the release rates and hence release effects. In order to estimate reasonably the release rate,
through the tests, it is found that the two factors mentioned above affect obviously release
rate and that the difference is about 1-3 orders of magnitudel''15,23] ^ reasonable
correction should be made when the results obtained from laboratory are used for
mathematic models calculating the effect of actual disposal because actual waste forms are
larger than the solidified waste forms used for leaching tests and water content under real
disposal is lower than those under leaching tests. For this reason, it is necessary to study
deeply the effects of both solidified waste form size and water content on leaching to get
the leaching rate which corresponds to the real disposal situation.

3. Find out Radionuclide Migration Behavior in the Geological Medium
Usually, equilibrium adsorption models in which distribution coefficient, k<j, can be used

for describing simply interrelation of radionuclides in water and on soil are used for
migration research of radionuclides in the geological medium. In order to explain m a
reasonable way the radionuclide migration phenomenon, someone adopted nonequilibrium
adsorption models in which reaction constants of adsorption (kj) and desorption (1<2) were
used. As compared with equilibrium adsorption models, the latter agreed with test results
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more closeh/17,24,25] Regardless of either of these two types of models, adsorption and
desorption processes will be involved in them. Therefore, it is necessary to study carefully
the processes. It, however, is discovered that retardation coefficient, R^, increases with
water flow, u, under unsaturated condition after analysis of radionuclide migration test
results!̂ ]. Thus it can be inferred that kj and k2 may change with water flow velocity.
The other question should be put forward: under what conditions can R^j or kj and k2 be
used in the mathematic simulation? In order words, how do the results derived from the
laboratory tests be used for a real site? Only if the problem is solved the more real
prediction can be obtained. It is difficult but necessary to solve the problem, especially
with longer time scale.

4. Standardization of Models
Six types of models are involved in a comprehensive assessment of disposal of LLW and

ILW: source term release model, movement model of water flow, transport model of
radionuclides in the groundwater and surface water, transport model of radionuclides in
the atmosphere, transfer model of radionuclides in the food-chain and dose model, in
which some submodels are included. A comprehensive assessment model can be formed
by combination of models.

At present, there are many assessment units engaged in assessment work and submitted
a number of environmental impact reports (EIRs) in the scope of disposal of LLW and
DLW in China. Some differences exist in choice of models and parameters in the EIRs.
From a long-term point of view, the unified models should be developed, like the situation
by EPA and NRC in U.S.A., by the competent authorities through organizing experts with
various specialities so as to standardize safety assessment. It is helpful to the comparison
of the results and review of the EIR. Moreover, parameters which can not be measured
within a shorter-term should be collected and reviewed to provide the best parameter
values to various types of assessments. Some parameters, of course, which can be
obtained within a shorter-term should be determined by measurements.
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A STUDY ON PROTECTIVE COVERS FOR LOW AND
INTERMEDIATE LEVEL RADIOACTIVE WASTE DISPOSAL
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F. ZfflWEN, C. GU
China Institute for Radiation Protection,
Taiyùàn, Shanxi, China

Abstract
Cover is an important protective barrier for low-and-intermediate level radioactive waste disposal in near-surface facility. The performance of cover is

dependent on site meteorological conditions, site characteristics, soil properties, cover structure and other factors. Foreign Experiences show that performance of cover can
not be effectively assessed and predicted only through laboratory tests and small scale field tests. China is planning to construct five regional disposal sites for low-and-
intermediate level radioactive waste wound 2000. China started cover study in 1988, concept design of cover testing, systematic literature survey on cover testing, cover
testing plan were sequentially carried out. and some apparatus were purchase by the end of 1991. However, due to funding shortage, the testing work has not been gone
further any more since then. We think funding shortage is the issue that commonly exists in developing countries. The paper looks back our wort in the are» of cover study
for radioactive waste disposal in near-surface facility, summarizes our experiences and lessons, which are expected to be instructive and helpful to other countries, especially
to developing countries who are performing or will start cover study for radioactive waste disposal in near surface-facility. Introducing, digesting and transplanting the
developed countries' technologies and models is the principal approach we recommend to developing country in the area of cover study for low-and-ii.-termcdiate level
radioactive waste disposal in near-surface facility, which we found eventually makes the very limited funding workable and productive.

Introduction

A protective cover is an important barrier for radioactive waste disposal in near-surface facilities, plays a critical role
to long-term safety of radioactive waste disposal'1-">. In general specific functions include'4': (1) Minimizing infiltration through
the cover from precipitation and surface runoff; (2) Minimizing the contact of the infiltrated water with waste through drainage
layer and low-permeability barrier layer, (3) Minimizing differential settlement and subsidence; (4) Minimizing surface
erosion; (5) Providing resistance to biological intrusion; (6) Providing resistance to freeze-thaw attack; and (7) Maintaining
long-term stability without the need of active maintenance. It should be noted that the long-term stability of these cover
functions is not an independent function requirement of a cover but a reflection of time-dependent variations of the other cover
functions.

A number of countries have carried out cover development in varying degrees"'5- '• '• *• '•I0- "'. Through comprehensive
analysis of their research programs three trends are available. The first trend is an engineering-scale cover testing. With further
development of the research it has been recognized that laboratory-scale or small-scale cover tests could not be effectively used
for long-term prediction of cover performance. Therefore, engineering scale tests were carried out, typical cases including
permanent protective barrier development program by the Westinghouse Hanford Company and Pacific Northwest Laboratories
in the United States'10'; waste cover tests by S.Melchior, Hamburg University in Germany*1"; bio-intrusion barrier testing by
Los Alamos National laboratories in the united States(7). The second trend is modelling approach in cover research. Since
radioactive waste disposal involves large space scale and long time scale of hundreds years (for low-and-intermediate level
radioactive waste disposal). Although engineering-scale cover tests can provide solution to the issue of large space-scale of a
waste cover, it is impossible to conduct cover tests for a time period up to hundreds years. Therefore, modelling approach is
being increasingly used and enhanced in the field of cover research to predict long-term performance of covers. A lot of codes
have been developed for cover analysis and assessment like CREAM, HELP02', UNSAT1D"2' by the United States,
MARTHE031 by France, and TOUCH*6' by Spain. The third trend is each country carries out its own cover research and tests.
Since the performance of waste covers is determined by such factors as site meteorological conditions, site characteristics, soil
properties and cover structures and so on. Therefore, although there has been much experience in cover research and tests'3- M),
including generally accepted methodology, specific test is still necessary for specific design.

Currently, research work can be roughly divided into three catelogues in terms of research approaches. The first
approach is that (he research is conducted mainly by testing, like China'5-5) and Germany'"'. In this case large amount of
funding and time are required, and long-term performance assessment is still quantitative without efforts in modelling. The
second is testing/modelling approach i.e. Hanford Permanent Protective Barrier Program'10' is following the approach. This
approach also requires large amount of funding and time as the first one. Certainly, this approach is of significant value to both
engineering design and long-term performance assessment of waste covers because testing is in combination with and
supported by modelling mutually. The third is modelling approach which is used in Spain'6'. By this approach the cover
research is done through computer simulation and with essential parameters obtained in laboratory experiments. Through
different viewpoints exist, the single modelling approach for waste cover research is regarded as the most effective way of
cover research in case of difficulties in funding.

China's cover research has been developed and regulated with its development in radioactive waste disposal. The
progress and development of cover research in the field will be described in the following sections. And finally,
recommendations to future cover research program will be given with consideration of current cover research trends and cover
research practice in China.
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Cover Research for Low-and-Intermediate-Leve! Radioactive
Waste Disposal in China

1. Background

China will build up three regional sites to dispose
of low-and-intcrmediate level radioactive(L/ILW) by the
end of this century as a solutions to radioactive wastes
arising from nuclear fuel cycle, nuclear power plants, and
nuclear technology applications in China. Figure 1 shows
the distribution of L/ILW disposal sites.

To meet the demand of radioactive waste disposal
the cover research was intiated in China Institute of
Radiation Protection in 1988. Up to now the work can be
divided into four stages in the cover research i.e.
conceptual design, testing design, testing preparation and
modelling research.

2. Cover Research Activities

2.1 Stage of Conceptual Design

With the development of Qinshan Nuclear Power
Station, work concerning the South China L/ILW disposal
Site was put forward and site pre-selection was conducted
in Zhejiang Province, in 1988 and cover research was
followed. It was thought that0*: "for a disposal cell of
radioactive waste disposal system it is necessary to include: (1) Bio-intrusion barrier, (2) Cover to minimize water infiltration,
(3) Drainage and collecting system of infiltrated water, (4) Base liner to prevent groundwater contamination, (5) Backfill
materials to retard radionuclide release, and (6) Corrosion-resistant waste container."

Based upon the above knowledge and local meteorological conditions of annual mean precipitation of 1290mm,
annual mean temperature of 15.6°C and potential evaporation rate of 800mm, the following tests were designed.

(1) Test Design of Bio-intrusion Barrier

Biological intrusion generally includes animal intrusion, plantation penetration, and inadvertent human intrusion.
Here only plantation intrusion was considered in the test. According to the local geological and meteorological conditions, three
10*8m blocks were planned to be selected in the Gaoyu area, Anji county, Zhejiang Province, to place different biological
barrier treatment in the three blocks and observe continuously for 5 growing seasons to measure root depth and degree of
disturbance to the bio-intrusion barriers. The schematic design of the test is shown in Figure 2.

Fig. 1 .Distribution ofL/ILWdisposal sites
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Fig. 2. Conceptual design of bio-
intrusion barrier test(3>
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(2) Test Design of Infiltration Barrier

A multi-layer cover was designed for the test The top layer is a mixture of local bentomte and clay, subsequently
beneath is gravel layer The principle objective of the test was to determine the anti-infiltration capability of the mixture layer
of bentomte and clay According to the plan, some experiments should first be conducted in laboratories to determine the
maximum dry density, permeability,• and strength of bentomte/clay mixture in various ratio Then, a cover would be constructed
in the field at bentomte/clay ratio of maximum strength and minimum permeability Figure 3 shows the schematic design of the
test The water infiltration and distribution in the column would be detected under the conditions of local annual mean
precipitation, maximum precipitation density, and maximum precipitation duration

Fig 3 Conceptual designof infiltration
barrier test(3)

However, because of slowdown of the East China L/ILW Disposal Site and in funding the above two tests were not be
able to come to reality Only basic properties of local bentomte were tested The results are listed in Table 1

Table 1 Basic properties of the local bentorute

Items No No 2

Particle density
Fluid limit(%) •
Plastic lunit(%)
Plastic index
Maximum dry density
Optimum water content(%)
Total porosity(%)
Swell/shrinkage ratio(%)
Saturated permeabihty(cni/s)
Air-dned water content(%)

271
9930
7020
29 10
097

620
642

7608
063*10"*
683

269
5442
4168
1274

1 38
31 1
487

5682
1 09*10 5

934

2.2 Stage of Testing Design

With the development of the Northwest China L/ILW Disposal Site, relevant work was set out in 1991 The site is in
very and area with annual mean precipitation of 62mm, annual mean temperature of 7 9°C, and potential evaporation rate of
3577mm/yr Therefore, evapotranspiration through covers were considered in testing design besides water infiltration Water
movement control was thought to be the most critical function of a L/ILW disposal cover Considering the new situation and
previous cover research experience a three-year LILW disposal cover research plan was set up<5)

291



1990 Literature survey for cover research
Cover testing design "
Conceptual design of experimental apparatus

1991 Sketch design of the experimental apparatus
Manufacture of the experimental apparatus
Purchase of related experimental equipment
Apparatus Installation and tnal test

Material collection and preparation
1992 (!) Infiltration Test — simulated cover test for Southeast China L/ILW Disposal Site

(2) Evaporation/transpiration Test — simulated cover test for Northwest China L/ILW Disposal site

The Infiltration Test was composed of the following activities

(i) Field distnbution measurement of temperature, depth and moisture in the near-surface,
(11) Study of water movement through covers

(a) Water infiltration tests with soil depth of 0 5m and 1 Om and under compact and loose conditions,
(b) Low-permeability material tests

- bentomte/backfill mixture, at ratio of 1 9, 2 8, and 5 5(wt),
- cement/backfill mixture, at ratio of 1 9, and 3 7(wt),
- bitumen/backfill mixture, at ratio of 0 05 0 95(wt), and
- compacted clay,

(c) Wick effect test,
(d) Multi-layer cover test Figure 4 shows the profile design of the multi-layer cover
(e) Modification test of top soil Add 2% bentonite,

0 75% NaCl and 0 75% Na2CO3 into the top soil and compact them
to thickness of 0 5m, and

(f) Plantation test Compare infiltration difference through
covers with or without surface plantation

follow-
The evaporation/transpiration test were composed of as

Top soil layer 0 5m

Compacted clay 0 3m

Gravel layer 0 5m

Compacted bentonite 0 3m

Compacted backfill 0 5m

(i) Field distnbution measurement of temperature, depth, and
moisture in the near-surface,

(u) Study of water movement through covers
(a) evaporation through covers with thickness of 0 5m,

1 Om, 1 5m, 2 Om, and 3 Om,
(b) evaporation through backfill layer without further

engineering actions, with thickness of 0 5m, 1 Om and 1 5m
respectively,

(c) evaporation through backfill layer compacted to the
maximum dry density, with thickness of 0 3m and 0 5m,

(d) evaporation through 0-15cm gravel surface treated covers,
(e) evaporation/transpiration with plantation treatment, and
(f) evaporation/transpiration through multi-layered covers The profiles of the covers are shown m figure 5

Fig 4 Schematic diagram of
multi-layer cover for
infiltration test

Top Soil 0 5m Top Soil 0 5m

Compacted Soil 0 5m

Cobble Layer 0 5m

Compacted Clay 0 5m

Compacted soil 0 5m

Cobble Layer 0 5m

Compacted Clay 0 5m

a Planted surface b Bare surface

Fig 5 Schematic of multi-layer covers for evapotranspiration tests
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An apparatus was designed specially for the cover tests'5' Figure 6 shows the apparatus schematically

As shown in Figure 6, the apparatus consists of
the following subsystems

(1) Container It is 1*1 *3m carbon-steel with
thickness of 5mm It is composed of six section and
connected each other with flanges,

(2) Filling system,
(3) Spnnkler system Spray water with a

spnnkler,
(4) Evaporation heating system The heat required

would be supplied with infrared light according to local
solar radiation duration and density to assure the surface
temperature of the filling not lower than that of the field
surface,

(5) Drainage system,
(6) Temperature/moisture measure system, and
(7) Supporting systems, including pump,

electrical control, support equipment, crane etc

H»«t Supplier

Porous Pipe«
or «Itor Bed

Fig 6 Schematic diagram of apparatus
of the cover test

As planned test would be conducted in the China
Institute for Radiation Protection, Taiyuan, Shanxi
Province

2 3 Stage of Testing Preparation

Due to insufficient funding, the whole test was
postponed A lysuneter system was purchased in 1991 and
a laboratory was reconstructed specially for the tests in
1992 Because it was realized that the application
limitation of cover testing results obtained in the laboratory
of China Institute for Radiation Protection in design and
performance assessment of covers in either the Northwest
Site or the Southeast Site, the giant cover research program
was suspended temporanly

2 4 Stage of Modelling

Under an IAEA technical assistance project entitled "Low-and-Intermediate Level Radioactive Waste Disposal
(CPR/9/014)", a fellowship training on L/ILW disposal cover design was held at Battelle Pacific Northwest Laboratones, the
United States in 1993 It provided us opportunity to overview current work of waste cover research and development around the
world, to obtain systematic understanding to the past, present situation and future plan of the Hanford Permanent Protective
Bamer Program, and to acquire perceptual knowledge of cover research The first of two main activities is a laboratory-scale
evaporation experiments of different surface treatments tine sands and pea-gravel The experiments show that gravel layer on
the surface can greatly reduce evaporation and as a result increase infiltration The work is to simulate cover performance with
HELP code which was developed for the US Environmental Protection Agency to review and assess waste cover designs The
work demonstrated that the HELP code is not effective in Hanford because it underestimate evaporation rate Anyway this work
gave us systematic knowledge of modelling approach in cover research and assessment, which is an economic and effective
approach in cover research »

Cover research by modelling approach was initiated in China Institute for Radiation Protection in 1994 The
modelling approach of cover research is considered suitable for present actual conditions in China The work was planned to be
earned out by two stage First, input parameters required by code shall be prepared through laboratory experiments and
literature survey Then, the second would be to run the code After comprehensive sensitivity analysis, a preferred cover design
suitable for China Southwest conditions would be given as reference of factual engineering design or to be adapted in the future
field cover test when favorable conditions are available

Conclusions and Recommendations

1 Recalling China's history in L/ILW disposal cover research shows that China's cover research may be divided into
two phases by research approaches, testing phase and modelling phase In the first phase, we achieved far below expected Now
we are just in the beginning in the modelling phase however we are confident that we will achieve much more than that in the
testing phase

2 Performance of a L/ILW disposal cover is closely connected to site charactens very much site-specific Therefore, it
is recommended that site-specific cover tests be conducted as long as conditions permit However, in case of insufficient
funding, modelling is truely an effective approach to cover research, which is more applicable to the developing countries
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3 Cover design and assessment remain in quantitative stage in China05 14) More important, L/ILW sites are widely
distributed in China and conditions of these sites are very different Therefore, we recommend China's competent authorities to
increase funding to LILW disposal cover research so as to improve results of cover research by modelling approach and provide
funding to field scale cover tests as long as conditions permit

4 We recommend that the developing countries start their cover research with modelling approach, e g performing
cover testing mainly by modelling analysis and assessment with necessary input parameters obtained in laboratories so as to
make very limited funding more effective and productive We recommend that the developing countries to make full use of
technological results and models accumulated by the developed countries as basis of our LDLW disposal cover research And
when situations permit large scale cover tests will be performed to step into cover research of testing/modelling
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SCREENING OF SORPTION MATERIALS FOR RADIOIODINE
AND TECHNE1TUM

J. ZENG, D. XIA, X. SU, X. FAN
China Institute of Atomic Energy,
Beijing, China

Abstract

By using batch sorption experiments it has been completed to determine sorption
ratios for I~ and TcOj anions. Several kinds of industrial products and minerals from
China were tested. Tests were performed at 25°c constant temperature in traced pre-
equilibrated water or deionized water. The test results show that the sorption ratios of
I~ for tiemannite and activated carbon of apricot-pit are of the order 103ml-g~1,while the
sorption ratio of TcO^ for jamesonite is of the order 10*ml-g~1.These materials can be
considered as selected backfill materials to improve capability of depository for preventing
iodine and technetium anions from migrating. Comparing results of sorption ratios of I~
and TcO^T from both in pre-equilibrated water and deionized water,in most cases values
are nearly the same. Although the difference of sorption ratio between two solutions for
a few materials is as high as 5 times,it is still feasible for screening sorption materials by
using traced deionized water system.

1. INTRODUCTION

In nuclear waste geological disposal^he long-lived fission products "Tc and ml, nor-
mally existing as anions, could be hardly sorbed by bedrock surrounding repository,such
as granite,tuff and basalt,as well as backfill bentonite (1-3). The purpose of this study
is to search for materials with good sorption properties for TcO^ and I~,in view of their
mixing with backfill materials.

It has been reported that naturally occurring minerals bournonite and tetrahedrite
strongly sorb TcO^l) (Rs values are up to 2000),our research results show that TcOj
is strongly sorbed by stibnite (4),the sorption ratio is about 2xl03ml-g~1. The pre-
sumption is that some other Sb-containing minerals should have good sorption capacities
for Tc. From the various minerals of this kind available in Chinajamesonite, antimony
ocher,kermesite and antimonite whose sources differ from the source of stibnite used in
previous work have been chosen in this work.Batch techniques have been used for sorption
and desorption experiments.

2. EXPERIMENTAL

2.1 Materials

The materials were crushed and sieved. The fraction between 60-120 mesh was col-
lected for experiments.

2.2 Pre-equilibrated water

Pre-equilibrated water was prepared by contacting deionized water for at least two
weeks at 25°c with ground minerals that had not been sieved, the ratio of solution volume
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to the solid weight was 20(v/w). The phases were separated by centrifuging at 18000 rpm
for one hour.

2.3 Tracer

The tracer of "Tc used for experimints was NHf9Tc04 in O.lM NH4OH solution,with
an activity of 2xl07Bq-ml~1 obtained from the Radio-chemical Centre Amersham,United
Kingdom.

The solution of Na125I without reduced agent and with the specific activity of 5.8xl07

Bq-ml"1 (from Isotop Department of CIAE) was used in this work.

2.4 Sorption procedure

0.25g of materials (60-120 mesh) was weighed and added to a stopped polyethylene
centrifuge tube that had been weighed,5ml of the spiked preequilibrated water was then
added to it,meanwhile a blank test that was used to determine the initial activity was
prepared by only placing 5ml of spiked preequilibrated water in a tube in which there is
no any materials selected.

All the tubes were placed in a water-bath shaker where the water temperature was
set at 25°c. The shaking frequency was 120 oscillations per minute. Contact time varied
from 7 to 35 days. At the end of the shaking period, the aqueous phase was separated
from the solid phase by centrifuging at 18000 rpm for one hour.

An aliquot of the supernatant was removed and placed in a scintillation counting vial in
which 7ml of scintillation solution had been added.The sample was then measured for the
remaining activity.The rest of supernatant that was taken out as much as possible was
provided for the pH value determination.The volume of the final liquid remained with
solid,which was determined by weighing,was used later in the caculation of desorption
ratio.

2.5 Desorpton procedure

Desorpton experiments were carried out from the samples previously used for the sorp-
tion experiments.5ml of non-spiked preequilibrated water corresponding to the materials
was used for each experiment.The same procedure that was in the sorption experiments
was used for separation of the phases and for the radioactivity measurements. The des-
orption contact time was 23 days.

3. CALCULATION

The sorption ratio Rs is used to express the ability of materials to sorb "Tc or 125I
and calculated by the following formula

_ D-Af - At V_
RS~ At 'W

where
Af: initial activity per ml of "Tc or 125I in the spiked water
At: activity per ml in the supernatant solution after the contact time
v: volume of liquid phase
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W: weight of solid material used
D: dilution correctness factor

In this work,D is equal to one for sorption experiments,while for desorption experiments

Vd
~ ^Vd + Vr ''

where
Vd: volume of solution added for desorption
Vr: volume of final residual liquid with solid phase after sorption experiment
Fs: fraction of "Tc or 125I sorbed on/in solid phase

4. Results and Discussions

4.1 Sorption and desorption of "Tc on minerals

The values of Rs for "Tc sorption on various Sb-containing minerals at 35 days of
contact time are present in Table 1. Sorption ratio data for "Tc on other materials

Table 1. Sorption and Desorption of "Tc on materials
Materials Contact time

days
stibnite

molybdenite

rare-earth
hematite

kermesite
antimonite
antimonite

ocher
jamesonite
iron powder

reduced

1
7

14
21
28
42
1
7
14
21
35
1
7
14
21
35
35
35

35
35

Sorption ratio
R,, ml-g-1

143
380
520
1032
1980
1980
1.3
0.6
2.6
1.3
2.7
5.1
1.2
1.0
2.8
44

2660
25800

61200
1910

PH
sorption

5.87
6.22
4.53
4.64
3.84
4.67

7.51
5.21
3.75

3.75
7.86

Desorption ratio
R«*, ml-g-1

99.9%(42)*
99.8%(36)
99.8%(29)
99.5%(22)
99.2%(15)
99.7%(1)

2220(23)
34500(23)

37700(23)

pH
desorption

5.22
5.32
4.78
5.15
4.71
5.99

apricot-pit
activated carbon

34 18000 8.67

* The figures in parentheses are contact time for desorption,and the percentages are the
desorption fraction remained on minerals.
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which were considered as potential backfill candidates for retarding "Tc (5),taken from
the reference (6),were also listed as compared with those above mentioned. It is seen that
Sb-containing minerals used for testing,except for kermesite,strongly sorbed "Tc. The Rs
values for antimonite was of the order of magnitude of 103 and is compatible with the data
provided by previous study (4). This has again proved good Tc-sorption capacity of anti-
monite. Tc-sorption capacities of both antimony ocher and jamesonite are much greater
than that of antimonite,the Rs values are 2.58xl04 and 6.12xl04ml-g~1,respectively.

Dependence of Rs on contact time indicated that the sorption ratios for antimonite,
antimony ocher and jamesonite increase with increasing contact time. The sorption equi-
librium wasn't reached for 35 days contact. Variation of the Rs for kemesite with contact
time differed from above minerals, the highest value of Rs occurred at 7 days, in the
following days dropped gradually. In any case,these results correspond to the conclusion
made by R.Strickert et al (l),that an equilibrium distribution is reached slowly (>100h)
for bournonite and,presumably,for similar minerals.

Table 2. Sorption and desorpion of 125I on materials
Materials Contact time

days
chalcopyrite

galena

rare-earth
hematite

molybdenite

stibnite

pyrite

diatomite
cinnabar

tiemannite
apricot-pit

activated carbon

1
3
8
15
21
1
3
8
15
22
1
3
8

22
1
3
7

21
1
7
15
21
1
3
7
15
21
34
35
35
35

Sorption ratio
Rs.ml-g-1

41.5
47.8
49.0
66.6
96.9
118
83
63
62
137
1.2
1.6
1.2
1.3
0.4
1.1
3.0
0.9
2.7
2.6
1.5
2.6
2.7
2.5
6.0
3.6
5.9
250
500
2300
2800

pH Desorption ratio pH
sorption Rd,ml-g-l desorption

7.73 99.0%(22) 8.15
8.03 99.8%(20) 7.71
7.64 99.4%(15) 7.84
8.11 99.0%(8)
8.24 98.0%(1)
4.27 98.0%(22
4.83 98.0%(20
3.53 99.0%(15
4.64 99.1%(8)
6.14 99.6%(1)
7.91
8.24
8.34
8.31
7.70
7.62
7.64
7.89
5.42
5.66
4.72
4.54
7.05
7.83
8.03
8.10
8.10
7.64 480(23)
8.20
5.74 800(23)
8.54 4600(23)

8.10
7.95
6.71
6.62
6.64
6.34
6.36

7.66

6.70
8.58

*The figures in parentheses are contact time for desorption,and the percentages are des-
orption fraction remained on minerals.
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Desorption experiments were carried out with stibnite, antimonite, antimony ocher and
jamesonite. Desorption ratio Rd was used for expressing experiment results, the same
formula used for calculating Rs was used for caculating Rd. The results are presented in
Table 1. By comparing Rd with Rs listed in Table l,it can be seen that Rd values are
smaller than Rs value for both antimonite and jamesonite, while Rd value is larger than
Rs values for antimony ocher. these results indicate that slight desorption occurs on both
antimonte and jamesonite, while no desorption occurs on antimony ocher during 23 days
of contact time.

4.2 Sorption and desorption of 125I on materials

Sorption of 125I on 10 kinds of minerals or inorganic materials was investigated. The
results obtained are shown in Table 2. The sorption ratios of 125I on diatomite, cinnabar,
tiemannite and apritcot-pit activated carbon were much higher than on other materi-
als,such as stibnite ,molybdenite, rare-earth hemahite,chalcopyrite,galena and pyrite and
so on. Rs values around 102-103ml-g~1 were obtained.

Desorption experiments were carried out with chalcopyrite,galena diatomite and apri-
cot -pit activated carbon and showed that more than 99% of the sorbed 125I remained on
these materials after 20 days of desorption. Therefore, sorption of 125I on the materials
mentioned above seems also to be irreversible.

5. CONCLUSION

Some Sb-containing minerals,such as antimonite ocher and jamesonite,have very high
sorption capacities for "Tc,their sorption ratios are competitive with that for both iron
powder reduced and activated carbon.

The results obtained also indicated that some inorganic materials,such as diatomite,
cinnabar,tiemannite and apricot-pit activated carbon have good sorption properties for
125I.From desorption tests it can be seen that sorption of "Tc or 125I on some materials
investigated seems to be irreversible.lt. appears that these materials can be taken into
consideration as backfill candidate for retarding migration of "Tc and 125I.
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A SYSTEMS APPROACH FOR QUALITY ASSURANCE
IN WASTE CONDITIONING, STORAGE AND DISPOSAL

E. R. MERZ
Jülich Research Centre,
Jülich, Germany

Abstract

An integrated system for the management of radioactive wastes refers
to the complete spectrum of background policy, safety, environmental
protection, and actual practices which define the classification, control,
movement, conditioning, quality assurance, storage and disposal of
wastes. Emphasis is placed upon demonstrating that all radioactive wastes
can be safely isolated from the biosphere for the required time.

Four domains dictate the requirements concerning properties and quality
of the wastes to be disposed of:

- handling and transport
- conditioning
- interim storage
- final disposal.
Thus, waste product and canister quality assurance measures must be

oriented towards criteria derived from their overall safety assessments.
The most stringent requirements originate from long-term safety aspects
of the geological repository.

In evaluating an engineering project two different ways of achieving
the specified goal are customary: either an inductive or deductive analysis
approach. It is proposed here that the deductive method, which first
analyses the total system as a whole and then draws inferences for each
single step, is the more advantageous way.

The criteria to be set up for any kind of radioactive waste disposal
must always be put in perspective: (1) what are the waste characteristics?
(2) what time period for safe isolation is of interest? (3) which geo-
logical disposal alternatives exist? Different approaches may be used
in the short- and long-term perspective. In either case, a general pro-
cedure is recommended which involves concentrating, containing and
isolating the source of radiotoxicity as far as practicable.

Governmental agencies determine how the requirements for an efficient
quality assurance system can be met. Compliance with these authentic
standards will be assured by independent product and quality control
measures.

1. Introduction
The objectives for ensuring quality assurance (QA) in the waste manage-

ment program are to provide confidence that the integrated radioactive
waste management system will prevent disposed waste from returning to the
biosphere and will operate safely in accordance with legislature and re-
gulatory requirements. The program needs to provide assurance that the
waste management system will perform its programmatic functions reliably
and efficiently.

The quality assurance program must cover all the elements of the waste
management system. Almost all of these elements are unique; there are
some similarities with nuclear power plant quality assurance measures /!/,
but with notable differences. In a certain way, nuclear power plant quality
assurance programs may serve as the model for the waste management program,
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but it has to be developed so as to be appropriate for the unique operations
of the conditioning, transportation, storage, and final disposal elements
of the whole system.

An effective program of quality assurance is essential for demonstrating
that the technical performance of the waste management system and its ele-
ments meets regulatory standards. The licenses needed for the operation
of the various waste management steps require the implementation of a
quality assurance program that satifies all relevant governmental stan-
dards, orders and directives. As an example the German Report "Produkt-
kontrolle radioaktiver Abfälle - Schachtanlage Konrad" may be cited /2/.
The principal regulatory requirements that apply to the waste management
quality assurance program are contained in this report.

An essential element of the development and implementation of such a
quality assurance program is the instruction and training of all personnel
participating in the specific national program. The overall government-
dependent quality assurance plan envisages developing training modules
and conducting training sessions to ensure that all personnel partici-
pating in the program fully understand the management systems and their
responsibilities for quality.

Consistent application of quality assurance requirements not only en-
sures the accomplishment of work by all participating organizations to the
same required quality, but also facilitates systematic verification of
quality achievement.

Quality assurance practices are a component of good management and are
essential to the achievement and demonstration of high quality in products
and operation. Organizational arrangements for sound quality assurance
practices are requisite for all parties concerned to provide a clear de-
finition of the component groups'responsibilities and channels of
communication and coordination between them.

The objectives of quality assurance measures and their integration
into the overall waste management system are illustrated by the following
outline, see Figure 1.

2. The systems approach
In evaluating an engineering project, any competent professional en-

gineer or technical manager would prefer to use a systems approach to
interconnect the subtasks to an optimum functional entirety. In simple
terms, this means that the engineer would like to quantify, on a comparable
basis, different ways of achieving the specified goal by considering all
the aspects and effects of each option.
In principle, either an

- inductive analysis approach or a
- deductive analysis approach

can be applied.
The inductive route draws conclusions by analyzing each individual step

separately, and subsequently putting them together to form the total
system, whereas

the deductive method in a reverse mode first analyzes the total system
as a whole and then draws inferences relating to each single step.
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Fig. 1: Outline of radioactive waste management structural elements

Clearly, the deductive approach is the more appropriate one, although
in most cases the inductive route has been applied up till now in waste
management. This is due to the fact that mostly experts try to solve their
problem by themselves in their special field. Many mistakes in the past
originate from this.

Many nuclear waste management and related safety critics, when making
presentations to non-technical or non-scientific audiences, will pontifi-
cate on the amazing new concept known as the holistic approach in so far
as it is any different from normal quantifiable value judgements of a
social, moral, or ethical nature. If this is done, it has the inestimable
advantage to the critic of making meaningless comparisons between diffe-
rent concepts, since the critic can conclude that the holistic approach
proves the particular pet scheme of the moment to be superior to any
alternative, without having to go to the bother of quantifying the case
for it.
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Fig. 2: Systems approach for waste management
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Fig. 3: Responsibility for disposal of radioactive waste in Germany
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3. Legislation and responsibility of the operating organization
Nuclear power stations in the Federal Republic of Germany are privately

owned and operated. Consequently, the electricity utilities are obliged
to take care of the back-end of the nuclear fuel cycle. German government
and federal authorities have laid down in a special order that nuclear
power stations will only be licensed if sufficient evidence of secure
ultimate waste disposal practices is disclosed.

The ultimate disposal of waste remains the responsibility of the Fede-
ral Government. The German Atomic Energy Act /3/ appoints the Federal
Radiation Protection Agency (Bundesamt für Strahlenschutz, BfS) in Salz-
gitter to undertake waste disposal on behalf of the Federal Government.
Thus, the BfS has to organize, construct, and operate the repositories
for radioactive wastes. An organization chart is depicted in Figure 3.

In the future there may be a certain change. The commitment to govern-
ment responsibility may be changed by an amendment to the Atomic Energy
Act /3/ within the aim of transferring the responsibility for installing
and operating the repository to industry.

Ultimate responsibility for the safety of the various waste management
installations rests with the operating organization. The operating organi-
zation establishes the policy for adherence to safety requirements,
establishes procedures for safe control of the installations under all
conditions, including maintenance and surveillance, and retains a
competent, fit and fully trained staff.

In Germany, responsibility for protecting public health and assuring
safety of the radioactive waste has been vested in the Federal Ministry
for the Environment, Nature Conservation and Reactor Safety (BMU) in
accordance with its enabling legislation and subsequent laws and regu-
lations. In Germany radioactive waste is controlled by the Atomic Energy
Act /3/ and the Radiation Safety Ordinance /4/. Construction and operation
of radioactive waste management installations according to /3/ can only
be granted if the designed operation of the installation and all precau-
tions taken against damage represent the state of the art. According to
/4/ the technical design and operation must fulfill the safety objectives
laid down in the stipulations described therein.

Similarly, the construction and the operation of a nuclear repository
requires the official approval of a plan according to section 9 b of the
Atomic Energy Act. According to section 24 paragraph 2, the highest
authority in the Federal State in which the repository is to be estab-
lished is responsible for this. For example, in Lower Saxony, where the
licensing procedure for the Konrad mine is currently in progress, the
Lower Saxony Environmental Ministry is the authority responsible for
plan approval.

Preliminary waste acceptance requirements for the Konrad mine have
been formulated by the Federal Agency for Radiation Protection, BfS /5/.
They are formulated in such a way that they first describe the general
aspects which must be fulfilled by the waste packages and then list more
specific requirements for the waste forms, the packagings, and the radio-
nuclide inventories.

Safe operation and permanently effective enclosure of radioactive
material can be guaranteed by means of construction, control, and ad-
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ministrative measures. Every future licensing procedure for a nuclear
waste treatment and storage plant must conform to safety criteria stipu-
lated by the government. In nuclear technology the multibarrier principle
is applied not only in nuclear power plants, but also in waste treatment
and storage facilities for any radioactive waste.

An ingenious technical safety system allows all malfunctions that
have any reasonable probability of occuring to be controlled in such a
way that the population and operation personnel do not suffer any serious
damage to health. Operational disorders and malfunctions that could occur
in the plant must be examined in a malfunction analysis.

After being granted a license, every nuclear plant is subject to
observation and supervision by state authorities during its entire life-
time. They must make sure that the operating company adheres to laws as
well as to other rules and regulations, and follows licensing conditions.
Representatives of the supervisory body or experts appointed by them can
enter the plant at any time, inspect and examine it, and demand infor-
mation from the license holder.

4. Safety culture
Radiation protection standards have been established setting limits to

exposure which are not to be exceeded. Site selection and facility design
ensure that any radioactive discharges in normal operation do not lead to
exposure limits being exceeded and are as low as reasonably achievable
(ALARA principle) .

The application of the ALARA principle relies on the correct attitude
of the staff. The correct attitude can be encouraged by the process of
"Education for Safety Culture" and there is now some experience of this
in the field of reactor operating training. The "Code of Practice", set
up by a EURATOM Directive, spells out the need for training of "Radiation
Protection Advisers".

Safety is the quality of being unlikely to cause or occasion an injury.
Safety culture is regarded as an important feature of operational safety
at any installation and it should be an important part of radiation pro-
tection practices. Safety culture seems to determine the limits of safety
performance that can be achieved. An important component of nuclear
safety is the use of lessons learned from mistakes. It rests on the view
that mistakes wi\Ll be made but the consequence will not be a total failure
if some other person can be told how to avoid that mistake.

Some form of protection is required for those reporting their mistakes.
If this attitude is to take root, avoidance in reporting near misses in
the interest of maintaining a good record must be seen as a serious fail-
ure in the safety culture. The concept of ALARA is a natural component of
the safety culture. Safety culture is present in all aspects of radiation
protection which depend on the attitude of the worker. The educational
process must be sufficiently flexible to permit the behavior of the
trainees to be observed and modified as far as possible. In this respect,
experience of realistic situations, the gaining of job experience and
maturity are important.
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5. Quality assurance implementation
High quality in equipment and in human performance is of utmost impor-

tance in nuclear plant safety. The process in which high quality is achie-
ved are subject to control and verification by quality assurance practices.

The primary role of quality assurance in all activities of the designing,
procurement and construction phase is to assure that the involved activi-
ties are properly organized, defined and then implemented. The first acti-
vity is to have in place defined QA requirements provided in official pub-
lished technical inspection orders (e.g. KTA rules, DIN norms, VDI general
directions) for the implementors to adhere to. Numerous codes and standards
have been adopted for nuclear use, after formulation by the professional
engineering community and approval by the appropriate agencies. Approved
codes have the simultaneous objectives of reliability and safety. They are
based on principles proven by research, past application and testing.

The quality assurance entity must assure that there is a proper program
to verify that all these regulatory requirements are identified. Quality
control and product control will then verify that they are being complied
with. Quality control will be present during the construction and fabri-
cation of the equipment and products. This includes the assurance that
the materials have been properly selected and not damaged, as well as
verification that the items have been constructed and fabricated in accor-
dance with specified requirements.

All safety related components, structures and systems are classified
on the basis of their functions and significance with regard to safety.
Quality assurance practices thus cover:

- validation of designs
- supply and use of materials
- manufacturing, inspection and testing methods
- operational and other procedures to assure that
specifications are met.

The associated documents are subject to strict procedures for verification,
issue, amendment and withdrawal. Formal arrangements for the handling of
variations and deviations are an important aspect of the process.

An essential component of quality assurance is the documentary veri-
fication that tasks have been performed as required, deviations have
been identified and corrected, and action has been taken to prevent the
recurrence of errors.

A ticklish task is the review of the implementation of the product
quality assurance program by an independent organization or commission,
e.g. the so-called Product Control Group of the BfS, accommodated at KFA-
Jülich, or the Technical Control Board (TÜV = Technischer Überwachungs-
verein). In the audits released by them, their staff will be examining
selected technical products and procedures, such as a design or a site
characterization test program with a team of technical and quality
assurance specialists.

The quality of the work is assessed, with particular emphasis given to
any QA program breakdowns that allowed problems to occur, in the case
of observation audits, the inspection staff determines whether the audit
team belonging to the BfS is adequately assessing technical products in
addition to the product controls. It must be borne in mind that to
adequately assess the quality of work in audits, the technical audit
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team members must have a thorough understanding of the work themselves
and they must give an account of their independence.

Rules should be established which in performing chemical and physical
analyses must guarantee that a service delivered by the analytical lab-
oratory will be of consistently good quality. As examples the rules known
as QA-EN 29000 or QA-ISO 9001 may be quoted and the standardized pro-
cedures described therein applied. The individual laboratory has to
acquire a quality assurance (QA) certificate. Compliance with the preset
standards is verified by an accredited independent institution or by
the customer by performing audits to check the accordance of the applied
procedures with the standards and the efficiency with their procedures
are followed.

The advantages of such a quality assurance system for the customer
are obvious. But also the executing laboratory may profit from it. The
gain in transparency of working conditions as a consequence of clear
definitions of competences, responsibilities, and working rules leads
to an increase in motivation and efficiency.
6. Quality control of waste products and canisters

Radioactive wastes properly conditioned and packed have to meet accept-
ance criteria specific to a particular repository under the expected
environmental conditions. The operator of a nuclear installation will
make all efforts to satisfy these requirements since he bears responsi-
bility for compliance. Therefore, the plant operator in his capacity as
the waste conditioner has to install an adequate control system of
his own.

Irrespective of such self-regulation, the BfS is charged with the duty
of installing an independent redundant checking institution. The BfS has
made use of third parties to fulfill its duties specified in an official
order /6/. It has a contract with the Research Center Jülich, KFA, for
the performance of the quality control for radioactive wastes. Contractual
assistance is also provided by the Federal Agency for Materials Research
and Testing (BAM = Bundesamt für Materialforschung und -prüfung) and the
Technical Control Board (TÜV = Technischer Überwachungsverein).

The product quality control group supports the observance of the waste
acceptance requirements by the following measures /?/:

- qualification of conditioning processes
- control of the conditioning processes and inspections
- random tests at the already conditioned waste packages
- checking of the documentation.

The performance of quality control measures requires contracts between
the waste producers and conditioners and the BfS in which details of
execution are determined.

The favored procedure to be employed in future is the method of process
qualification of a well instrumented conditioning process with subsequent
process inspections. Process data from production operations will be used
to determine the actual waste form and some of the characteristics of the
canister. Operation of the facility must be carried out in compliance
with the officially approved operation handbook. In the case of high-level
waste glass products the composition will be determined primarily by
analyzing the liquid waste before melting and then establishing that it
has been vitrified within known process operating parameters.
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Analytical calculations will be used to acquire information such as
the quantity of certain isotopes, canister temperature, and criticality
prevention.

Administrative controls will be used for observance of specifications
such as the absence of restricted materials, e.g. quantities of gases,
free liquids, explosives, pyrophorics, chemical toxicants, corrosives
and fermentable reactants.

Controls at the repository entrance are dictated by health physics as
well as legal accident prevention regulations. They comprise:

- visual inspection of the waste package
- control of dimensions and weight
- measurement of the dose rate and
- control of surface contamination.

The corresponding reports are included in the waste package information
to fulfill the waste acceptance requirements. All important data arising
at the waste producers, the control points and the repository are docu-
mented in a central data library.

7. Management audit and inspection program
The approach to ensuring that the waste treatment and final disposal

facilities are designed and constructed in a manner that minimizes poten-
tial contaminant releases depends on the interaction of the following
programs :

- regulatory controls imposed during the period of site selection,
facility design, and construction incorporated into licensing
procedures and regulatory requirements

- use of engineered controls to minimize effluent releases
- monitoring programs at the facility designed to provide an
early warning of unplanned releases to the environment

- radiation protection programs, consisting of administrative
and operating controls designed to minimize worker and public
exposure to contaminant sources

- procedures to mitigate the effects of accidents and natural
catastrophes.

The plant management should require that all principal work assignments
are conducted in accordance with standard written procedures that include
consideration of relevant safety practices. Periodic management audits
of procedural and operational efforts should be performed to maintain
emissions and exposures obeying the ALARA principle. Table 1 lists the
items that should be reviewed in an audit of a radioactive waste
management facility.
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Table 1: Material to be reviewed in an "Audit" of a radioactive
waste management facility

1. Safety meeting reports, e.g. fire control and chemical
hazard protection systems, reduction of radiological
source concentration

2. Control of liquid and airborne releases of radioactivity,
recording of the emissions

3. Employee exposure records showing trends for
categories of workers

4. Radiological monitoring program
5. Radiological survey and sampling data,

contamination survey
6. Inspection log entries
7. Reports on overexposure of workers
8. Operating procedures reviewed during the time period
9. Documented training program activities
10. Records of control equipment use, maintenance and

inspection, emergency procedures
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