
INIS-mf —1 4344 

Radioactive Waste 
Management 

Overview of Waste Management in Central and 
Eastern European Countries. •• 



This publication was written by Dr. Vladimir Balek, 
of the Czech Nuclear Research Institute, and was edited, designed and toyed 

out by Valerie Gillen with assistance from IAEA intern Todd Kalhar. 
The views expressed are those of the author and not necessarily of the 

International Atomic Energy Agency. 



Radioactive Waste 
Management 

Overview of Waste Management in Central and 
Eastern European Countries 



Preface 

Chapter 1: Introduction 1 

Chapter 2: Radiation and radioactive waste 3 

Chapter 3: Where does radioactive waste 

come from? 5 

Chapter 4: Classification of radioactive waste 11 

Chapter 5: Internationally recommended approach to radioactive waste management 13 

Chapter 6: Safeguarding man and his environment... 17 

Chapter 7: Status of radioactive waste management 
in Central and Eastern European 
Countries 23 

Chapter 8: The IAEA's waste management 

programme 35 

Chapter 9: Public information and involvement 39 

Chapter 10: IAEA call for closer co-operation 41 



T h i s booklet is intended for citizens and policy-makers who have 
heard about radioactive isotopes and their advantageous use in 
agriculture, medicine, and other fields; who have heard about 
nuclear energy production and who would like to learn more about 
the management of radioactive waste. The readers from Central 
and Eastern European countries, where radioisotopes are widely 
used in hospitals, industry and research, and which have also 
developed nuclear power production programmes, are specially 
invited to read this publication. 

It provides answers to general questions such as: What is 
radiation? What is radioactivity? What is radioactive waste and 
where does it come from? Radioactive waste management in 
Bulgaria, Croatia, the Czech Republic, Hungary, the Slovak 
Republic, Poland, Romania and Slovenia is highlighted. 

Radioactive waste is generated from medical, industrial and 
research activities, as well as from the use of WWER-type nuclear 
power stations supplied by the former Soviet Union and used today 
in several countries of Central and Eastern Europe. 

Those who require more specific information in this field will 
appreciate the list of internationally accepted classifications of 
radioactive waste and the principles for radioactive waste manage-
ment recommended by the International Atomic Energy Agency. 

The basic objective of radioactive waste management is the 
protection of man and his environment. These principles of how 
to achieve the permanent protection of the population as well as 
requirements for the radiologocal and environmental safety of the 
disposal of radioactive waste also are outlined in this booklet. 



The information this booklet contains should assist decision 
and policy-makers to objectively consider the environnmental 
impact of radioactive waste and its repositories. 

The present situation of radioactive waste management in 
individual Central and Eastern European countires is described in 
a special chapter. The IAEA waste managemant programmes are 
reviewed here, especially those where the Central and Eastern 
European countries have participated. 



International Atomic Energy Agency assists Member States 
in the safe and effective management of radioactive waste by 
organizing the exchange and dissemination of information, provid-
ing standards and guidance, providing technical assistance and 
advisory services and supporting research. The IAEA is intensify-
ing its effort to provide evidence that radioactive waste can be 
managed effectively and safely. 

It is now evident that technical experts are not the only people 
who have to be convinced that nuclear energy production is a clean 
environmental technology at a time when the Earth's environment 
is threatened by waste products of fossil fuels. The public, too, has 
the right to understand and the rules of democracy need to be 
respected. 

Taking into account the widespread use of nulcear energy for 
electricity generation and its potential for heat production, it is 
clear that sound, safe and efficient radioactive waste management 
at the end of the fuel cycle is a necessary component of the nuclear 
industry. Waste management is also an essential element in other 
industries stemming from the various applications of radioisotopes 
in medicine, industry and food and agriculture. 

Some national authorities are in favour of expanding nuclear 
energy, citing the relative benefits for the environment over the 
more conventional forms of energy production, while others pre-
fer a pause in this expansion, hoping for the massive development 
of alternatives yet to be defined. Nevertheless, radioactive waste 
has been and is currently being produced in all industrial countries. 

During the first decades of the nuclear era, radioactive waste 
management was essentially handled by scientists and engineers in 
close contact with licensing authorities, since they were directly 
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confronted with the necessity to develop adequate, efficient and 
safe solutions. 

Today, after decades of research, development and industrial 
applications, it can be stated confidently that safe technological 
solutions tor radioactive waste management exist. However, waste 
disposal as a part of the whole waste management system is no 
longer a matter for scientists and technocrats alone, but requires 
co-operation between them and politicians, licensing authorities, 
industry and, ultimately, the general public. The goal is unique: 
the protection of human health and the global environment against 
possible short term and (very) long term effects ot radioactive 
materials. Dialogue and co-operation among various parts of soci-
ety may also give indications about the acceptability ot solutions. 
It must also be emphasized that there are many other areas outside 
the field of nuclear energy where one is confronted with problems 
of chemotoxicity of organic materials and also of stable inorganic 
materials, such as heavy metals, which are not subject to any form 
of decay and, consequently, remain potentially hazardous forever. 

People today are not only curious about applications of 
technology, but also more inquiring about their potential impact 
on their own safety and the environment. This is particularly true 
in the nuclear field where people are afraid of nuclear installations 
and processes unknown to them. 

Radioactive waste is an abstract concept to most people. 
Obviously, there are many misperceptions about radioactive waste 
and these breed tear. What makes radioactive waste seem especially 
dangerous is the imagery that radiation brings to mind. A Gallup 
national study for the U.S. Council on Energy Awareness 
(USCEA) in March 1991 confirmed that the most common free 
associations with the word "radiation" were bodily harm (cancer, 
death, sickness, burns), 36 percent; destruction and danger, 21 
percent; and nuclear war and bombs, 21 percent. Much of this 
negative imagery derives from exposure to the popular media. 
Large majorities in the Gallup study said they acquired information 
or impressions about radiation from news reporting (84 percent) 
and dramatic episodes in movies or television (61 percent). 

In Central and Eastern European countries particularly, peo-
ple often do not have an accurate picture of what radioactive waste 
is; how much there is; how it is produced, stored and transported; 
how it is disposed of; how it is regulated and controlled; and what 
kind of oversight isinvolved. All that information could be helpful 
in allaying misperceptions and fears. 
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What is radiation? 
K i d iation is nothing new. It has been around since the earth was 
formed, some 4,500 million years ago. We cannot sense it by smell, 
taste, touch, hearing or sight. Only in recent times have we 
learned to detect, measure and control it. 

Contrary to popular belief, radiation is not something solely 
produced by the nuclear industry or nuclear weapons. In fact, 
about 87% of the radiation dose we receive comes from natural 
sources. It is all around us, occurring in our homes, in the air we 
breathe, in the food we eat; even our bodies are radioactive. The 
Earth itself is naturally radioactive, exposing us to radiation from 
surface rocks and soils. 

The remaining radiation exposure is a result of human activi-
ties. The most familiar and largest source is the medical world. A 
price cannot be placed on the benefits arising from the use of 
radiation to diagnose and treat disease. It has enabled us to carry 
out X-rays, brain ?nd bone scans and to treat cancer. 

Probably less well-known is the role radiation plays in indus-
try, agriculture and research. The inspection of welds, detection of 
cracks in forged or cast metal, emergency lighting, dating of antiquities 
and preservation of foodstuffs are just a few applications. 

On average, the nuclear industry accounts for less than 0.1% 
of the total radiation we receive. 

Traveling by air exposes us to increased radiation due to reduced 
protection against cosmic rays. An air passenger flying at a typical 
cruising altitude receives four times as much radiation dose in one 
hour as he/she receives from the entire nuclear industry in a year. 



Radiation in certain circumstances can be hazardous and its 
dangers should not be taken lightly. It has the ability to damage 
body cells and exposure to high levels can be harmful and even fatal 
if handled improperly. 

What is radioactivity? 
Radioactivity is the property of some elements to change 

spontaneously into others, giving off radiation as they do so. This 
was first observed by Henri Becquerel in 1896—he noticed that 
some photographic plates that had been kept near a mineral which 
contained uranium became fogged as a result. Uranium is a heavy 
metal present in the earth's crust which is naturally radioactive. It 
is mined to be used as fuel to generate electricity in nuclear power 
stations. When uranium is used as fuel in nuclear reactors, new 
(man-made) radioactive elements are produced as a result of fission 
of uranium nuclei. The Bequerel is the unit of activity. It corre-
sponds to one disintegration per second. 

The nuclear industry, through extensive experience in dealing 
with radioactive substances, is fully aware of their hazards. Appro-
priate shielding and containment will keep radiation from escap-
ing. With a clear understanding of the radiation protection 
principles and thorough knowledge of the properties of radiation, 
the nuclear industry designs, constructs and operates its plants to 
keep radiation exposure of workers and public to a minimum in 
accordance with international guidelines. Regular monitoring of 
nuclear workers and their working environment is carried out to 
ensure that these levels are not exceeded. 

What is radioactive waste? 
Strictly speaking, any waste containing radionuclides is con-

sidered radioactive, although everything contains at least some 
traces of radioactive materials. In practice, radioactive waste is only 
that waste which contains or is contaminated with radionuclides 
at concentrations (or radioactivity level) greater than the "exempt 
quantities." Radioactive waste must be managed under a special 
system of control. 

Radioactive wastes are not eternal 
The lifetime of radioactive substances varies from a few 

seconds to several million years, as opposed to non-radioactive 
substances which are eternal. The activity of radioactive wastes 
decreases with time. This lifetime is characterized by the "half-life" 
period, during which the radioactivity is reduced by half. After ten 
half-lives, only one thousandth of the initial radioactivity remains. 
After twenty half-lives, the proportion is about one millionth. 
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Radioactive waste arises not only from the generation of electric-
ity, but also from hospitals, industries, agriculture and research. 

The management of radioactive waste must be seen in context 
with other, often more hazardous materials. Highly infectious 
hospital waste requires special handling and treatment and some 
industrial waste products containing heavy metals such as mercury 
have the potential to remain hazardous forever. Radioactive waste, 
like any toxic industrial waste, is safe when properly managed. The 
radionuclides decay and the radiation actually disappears with 
time. Depending on the type of waste, this time varies from a few 
seconds to thousands of years. 

Radioactive waste falls into three categories based upon its 
radioactivity level: low-level, intermediate-level and high-level. 
These wastes can be in the form of solids, liquids or gases. As their 
names imply, they each emit varying intensities of radiation and 
are consequently given individual consideration with regard to safe 
disposal. 

Nuclear power generation 
Nuclear wastes result whenever nuclear fission is put to work. 

Nuclear fission occurs when atoms split and a "nuclear reaction" 
takes place. The energy from that nuclear reaction is used to make 
electricity. One form of nuclear waste is the by-product of making 
electricity at commercial nuclear power plants. 

At a nuclear power plant, fission takes place under carefully 
controlled conditions inside the nuclear reactor. Nuclear fission 
generates energy, including heat. This heat is used to make steam 
which turns turbines to make electricity. To understand how 
nuclear fuel is used to make electricity, other power plants are 
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usetul t o cons ider . W h e n electr ic i ty is made at coal-tired plants , 
coal is the tuel burned t o m a k e steam. At nuclear p o w e r plants , 
u r a n i u m is the " f u e l " used t o m a k e s team. 

A p p r o x i m a t e l y o n c e a year, one- th i rd ot the nuc lear tuel 
inside a reac tor is r e m o v e d and replaced w i t h tresh tuel. T h e used 
tuel is called " s p e n t fue l . " It is h ighly radioact ive and is the p r i m a r y 
f o r m o f high-level nuclear waste . It must be isolated careful ly tor 
t h o u s a n d s o f years because its high radioact ivi ty has the potent ia l 
t o h a r m people and t h e e n v i r o n m e n t . D u r i n g that t i m e , t h e spent 
fuel will decay t o a level o f radioact ivi ty that is about the same as 
natural u r a n i u m - o r e deposits. 

W h e n spent iuel is r e m o v e d f r o m a reac tor , it is usually put 
i n t o a w a t e r p o o l . T h e w a t e r serves as a radiat ion shield and c o o l a n t . 
S t o r i n g t h e spent fuel in pools is i n t e n d e d o n l y as a t e m p o r a r y 
measure unt i l a p e r m a n e n t disposal place is found. 

The liquid wane evaporation unit at the Dukovany NPP\ in the Czech 
Republic. 



Partial view of the li({uul waste evaporation unit at the Dukovany NPP, in 
the Czech Republic. 

As an alternative to storing in pools, some spent fuel can be 
stored above ground in concrete or steel containers called "dry casks." 
Like storage under water in pools, this approach is intended as 
temporary. 

The chemical process by which uranium and plutonium are 
recovered from spent fuel is called "reprocessing." Commercial 
reprocessing of spent nuclear fuel is currently being done in several 
countries that use nuclear energy, such as France, the United King-
dom, and the Russian Federation. 

The highly radioactive materials that are extracted from used 
fuel at reprocessing plants represent more than 95% of the waste 
(in terms of radioactivity) resulting from the nuclear generation of 
electricity. A typical large nuclear power plant produces about 30 
tones of spent fuel a year, which, if reprocessed, results in about 
three cubic meters of high-level waste in the vitrified form. 

Intermediate- and low-level wastes are also generated during 
nuclear power production. Radioactive products of nuclear fission 
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can contaminate water used as coolant or the equipment of the 
power station. Liquid waste results from the decontamination of 
equipment and buildings, as well as from laundry and shower 
effluents. The off-gases, e.g. radioactive noble gases such as xenon 
and krypton, and various short-lived gaseous products, are ab-
sorbed on the filtration cartridges. The cartridges are further 
treated as solid waste. 

To decrease its volume, the liquid waste can be treated by 
evaporation after which the concentrate is collected at the bottom 
of the evaporator. Ion exchange resins may be used for lowering 
the content of radioactive elements of the liquid waste. The ion 
exchange resins with absorbed radioactive elements are further 
treated as solid waste. 

The solid radioactive waste at a nuclear power plant also 
includes towels, paper, glass, and metal used during the mainte-
nance of the power plant. 

A typical large 1000 MW nuclear power plant produces a 
quite variable quantity of such waste, depending on local condi-
tions, with an average of about 100 - 600 m3. 

Medical, agricultural, industrial and 
research activities 

Radioactive materials are used extensively for research appli-
cations in agriculture, medicine and industry and in research. 
Applications usually involve use of: (l) small quantities of radionu-
clides as tracers, to follow the fate of certain chemicals or chemical 
elements; and (2) sealed sources, frequently with relatively high 
radioactivity levels, for irradiation of other materials to change 
their properties or as heat/power sources. 

Radionuclides are used extensively by the medical industry 
for clinical measurements, clinical therapy, and biological research. 
Radionuclides are also used extensively in industry for quality 
control of materials and constructions, in geological exploration, 
in agriculture and in household devices (such as smoke detectors). 

Processing of naturally radioactive raw 
materials 

Many raw materials which are processed on a large scale 
contain low concentrations of naturally radioactive elements. The 
processing of these materials can result in concentration of the 
radioactivity, either in the products or in various waste streams. 
Examples are the production of artificial phosphate fertilizers and 
the extraction of oil and gas. 
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The production of phosphate fertilizers, for example, results 
in an annual collective radiation dose worldwide which is over 12 
times that from the routine operations of the world's nuclear 
power industry. To put the figures into context, however, phos-
phate fertilizers and routine nuclear power operations together 
result in an annual collective dose that is a minute fraction, less 
than one thousandth, of the total annual collective dose to the 
world's population from natural sources of radiation. 

Radioactive waste generated in Central 
and Eastern European (CEE) countries 
Nuclear power plants 

In Bulgaria, the Czech Republic, the Slovak Republic and 
Hungaiy, pressurized water WWER-type reactors designed in the 
former Soviet Union have been constructed. Annually they gener-
ate the amounts of operational radioactive waste estimated per one 
WWER-440 unit as follows: 

• Spent ion exchange resins 22.5m3 

• Evaporator bottom concentrates . . 300m3 

• Intermediate-level solid waste 30m3 

• Low-level solid waste . . . 100m3 

Sources of radioactive waste in C E E countries 

Bulgaria § * 
Croatia & A 

Czech Republic & * 
Hungary £ A 

Poland & 
Romania & 

Slovak Republic & A 
Slovenia & A 

^ Nuclcar ncsearcli ^ Spent Fuel j^} Nuclear Power 
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The fuel weight in each reactor unit is 42 tonnes. Once a year 
one third of the core is refueled and the spent fuel is stored under 
water in ponds, located close to each reactor unit. Originally it was 
foreseen to keep the spent fuel at the site for three years before 
reshipping it to the supplier. Later the storage time was increased 
to five years. 

Raw waste by type of installation 
(in m-* per year) 

Nuclear Universities 
research and research 
centres institutions Hospitals Industry 

Aqueous effluents 100-500 2-5 2-5 — 

Spent ion 0.1-0.5 — — — 
cxchangc resins 

Compatible solid 50-100 2-5 2-5 — 
waste (plastics.pa-

pcr. clothcs) 

Non-compactiblc 5-10 — ' -2 — 
solid waste 

(metal, glass) 

Sealed sourccs — — — 1-2 

Smoke dclcctors — — — 1-2 

Medical, agricultural, industrial and research activities 

Radioactive elements are used in hospitals, in industry and 
research in all Central and Eastern European countries; there were 
reported more than 900 places using radioisotopes in the Czech 
and Slovak Republics, 250 places in Romania, and nearly 1000 
places in Hungary. 

The radioactive waste resulting from medical applications 
include spent sources used for radiation treatment, contaminated 
rubber gloves, cleaning filters, and paper towels. The radioelements 
used in diagnostics are mainly short-lived, which may be consid-
ered as ordinary waste after a suitable decay time. 
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L i k e all other wastes, radioactive wastes have different physical 
and chemical properties. They also have varied radiological prop-
erties according to the type and intensity of radiation emitted by 
the radioactive elements they contain and the lifetime of radioac-
tive nuclei. 

There are many different radioactive elements emitting sev-
eral types of radiation. Therefore, there are many types of radio-
active waste. The different types, however, can be classified into a 
small number of categories depending essentially on the concentra-
tions of radioactive elements that they contain and the times for 
which they remain radioactive. All the wastes in any particular 
category are managed in the same general way. 

The classification "low," "medium" and "high" relate to the 
concentration of the radioactivity in the waste and hence to the 
intensity of the emitted radiation. In time, high-level waste be-
comes medium-level and then low-level waste and eventually, as 
with all radioactive materials, the radioactivity decays to nothing. 
The classification "short-lived" and "long-lived" relate to the time 
for which they remain radioactive. 

There is an important distinction between radioactive 
wastes—which eventually become harmless, albeit in some cases 
after a very long time—and chemically toxic wastes, some types of 
which remain toxic forever. 

Categories of radioactive waste 
Low-level waste contains or is suspected of containing low 

concentrations of radioactive elements. Since it emits so little 
radiation, it needs no special shielding and is handled using jimple 
protection measures such as rubber gloves. It comes from nuclear 
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General view of the regional low-level radioactive waste disposal at 
Mochovce, Slovak Republic. 

power plants and other nuclear installations and from research 
centres, hospitals and industries that use radiation and radioactive 
materials. Typically it consists of paper towels, used syringes, 
rubber gloves, overshoes and air cleaning filters. 

Medium- (or intermediate-) level waste contains higher 
concentrations of radioactive elements than low-level waste. It 
needs shielding, generally concrete, and remote handling devices 
to protect people from the radiation it emits. It comes from nuclear 
power plants and reprocessing plants (where used nuclear fuel is 
chemically treated to remove the waste from the reusable fuel) and 
from medical, industrial and research uses of radioactive isotopes, 
such as sterilization of medical equipment and for cancer therapy. 
Typically it consists of metal scrap, sludges, ion-exchange resins 
and spent radioisotope sources. 

High-level waste has the highest concentrations of radioac-
tive elements. The intensity of the radiation it emits is so high that 
the waste becomes physically hot and remains so for many decades, 
until much of the radioactivity decays away. It needs cooling, heavy 
shielding and remote handling devices. It comes from reprocessing 
plants and is the "ash" from the "burning" of nuclear fuel in nuclear 
power stations. It is initially in liquid form and is subsequently 
vitrified—incorporated into hard, stable blocks of glass. Spent 
nuclear fuel that is not reprocessed is also a high-level waste. High 
activity spent radiation sources may also fall into this category. 
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Safe management of radioactive waste involves the application of 
technology and resources in an integrated and regulated manner so 
that occupational and public exposure to ionizing radiation is 
controlled and the environment is protected in accordance with 
national regulations and international consensus documents. To 
meet this overall objective, the following internationally agreed 
upon safety principles need to be applied: 

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

2 Protection of human health beyond national borders 
should not be less than the acceptable level in the country 
of origin. (The country has a duty to behave responsibly 
towards its neighbors, especially in the case of the ship-
ments of wastes.) 

3 Radioactive waste management shall be conducted in a way 
that provides protection of the environment. (The envi-
ronmental impact, such as chemical pollution or alteration 
of natural habitats, must be avoided.) 

4 Radioactive waste management shall be conducted in a way 
that limits the burden on future generations. The genera-
tion that produces waste should bear the responsibility to 
manage it. However, some responsibilities and some activi-
ties have to be passed to succeeding generations, such as the 
continuation of the institutional control over a repository. 
The responsibility of the present generation includes de-
veloping the technology and facilities and providing funds 
for the management of radioactive wastes including their 
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disposal. The location of a disposal facility should be 
recorded. 

5 Radioactive waste shall be managed in a way that predicted 
impact on the health of future generations does not exceed 
levels that are acceptable today. 

6 Countries in which radionuclides are produced or used 
should develop national legislation and strategies for radio-
active waste management. 

7 An integrated approach shall be used that keeps production 
of radioactive wastes as low as reasonable and takes account 
of the interdependencies among waste generation and man-
agement steps. 

Requirements for a national waste 
management system 

All countries in which radioactive waste is produced must have 
a national policy and strategy for the management of their waste. 

The IAEA recommends measures to be used in national waste 
management strategy and policy. Some of the recommendations 
to be incorporated into a national legal framework are: 

• The producers of the wastes have to be registered as such 
by the regulatory authorities in each country. They are 
generally responsible for the management of wastes, but 
in some cases, particularly for producers of small quan-
tities, the responsibility may be passed to other compe-
tent bodies. 

• The waste repository operators accept the waste pack-
ages delivered to them from waste producers and they 
are responsible for the disposal. 

• The regulatory authorities are responsible for the develop-
ment of the regulatory framework, the control of its 
implementation and for the licensing of facilities, including 
those for waste management and disposal. 

• The governments are responsible for national radioactive 
waste management policies and are ultimately responsible 
for the long term safety disposal. 
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Waste management activities 
A typical sequence of waste management operations is collec-

tion, segregation, characterization, treatment, conditioning, trans-
port, storage and, finally, disposal. 

Pre-disposal treatment and conditioning 

Radioactive wastes generally have to be treated and condi-
tioned to put them into a form suitable for safe handling, storage 
and disposal. 

Treatment methods may include compaction and incinera-
tion of solid wastes and evaporation and chemical precipitation of 
liquid wastes. 

Conditioning generally consists of incorporating the treated 
wastes in matrices which solidify into blocks, usually within 
external containers, which provide good mechanical strength, re-
sistance to fire, low solubility and good long-term behavior. The 
most common matrices are cements, bitumens, polymers and 

The multi-barrier concept for deep disposals. 
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glasses. The durability of the waste containing matrices and their 
long-term behaviors under disposal conditions must be evaluated. 

Transport 

The transport of radioactive materials, including radioactive 
waste, has for many years been governed by IAEA regulations to 
ensure that the materials are adequately contained and that ade-
quate shielding is provided. 

Interim storage 

The key and final step in radioactive waste management is 
disposal. In many cases, however, interim storage may be needed; 
for example to allow heat generation to die away, to enable 
optimum management strategies to be developed and to allow 
disposal sites to be identified and repositories to be designed and 
constructed. 

Disposal 

The condition for radioactive waste disposal is avoidance of 
any undue burden on future generations. This can be achieved by 
using a combination of man-made and natural barriers. 
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T h e basic objective of radioactive waste management is the pro-
tection of man and his environment. It must prevent any radio-
logical risk from occurring within a certain time span and under 
any circumstances. It means establishing safeguards for the envi-
ronment so that future generations are not left with the responsi-
bility of finding solutions for wastes produced now. 

To achieve permanent protection of the population, two 
simple principles are applied for final waste disposal: 

• Immobilization of the radioelements in the appropriate 
matrices and surrounding them by engineered confine-
ment barriers (containers and overpacks); and 

• Control of any possible dispersion of residual radioactivity 
into the environment. This is achieved by a careful choice 
of the geologic host environment and by suitably designed 
disposal facilities. These disposal barriers are intended to 
minimize, whatever the circumstances, the level of ra-
dioactivity reaching the biosphere, especially around the 
disposal facility. 

Disposal of low, intermediate-level and 
short-lived waste 

Waste which contains almost exclusively short half-life radio-
isotopes and low or medium radioactivity needs an isolation from 
the biosphere for a relatively limited period owing to rapid radio-
activity decay. 
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Section of the LL W disposal facility at Dukovairy, Czech Republic. 

Protection against the action of water is achieved by a system 
of physical barriers and by sufficient elevation above the ground-
water table. 

Protection against accidental human action is guaranteed by 
surveillance of the site, which remains under government control 
for the appropriate period of time. 

Safe near surface disposal of low- and intermediate-level waste 
(LILW) has been practiced in a number of countries for more than 
30 years. Progress has 
been made in several 
countries in the devel-
opment and opera-
tion of near surface 
disposal facilities in-
cluding France, Ger-
many, the U.S. and 
Spain. 

Some countries, 
because of a lack of 
suitable near surface 
locations or for rea-
sons of national pol-
icy, dispose of LILW 
at much greater 
depths. The Swedish 

Detail view of the covering panels of LL W 
disposal at Mochovce. 
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Final Repository (SFR) for radioactive operational wastes at Fors-
mark is constructed in rock caverns approximately 60 meters 
below the seabed with access from the land. It is designed for disposal 
of all the short-lived operational LILW from Sweden's 12 nuclear 
power reactors, as well as wastes from users of radioactive materials 
in the medical, industrial and research sectors. 

Disposal of high-level waste and spent fuel 
Two principal options are available for the disposal of high-

level waste and spent fuel. Spent fuel can be disposed oi as waste 
after a suitable period of storage to allow for radioactivity decay or 
it can be reprocessed to recover plutonium and uranium for 
recycling, with the resulting high-level waste being conditioned 
and disposed of. 

All countries that are reprocessing spent fuel are planning to 
vitrify the resulting high-level waste (HLW) as monolithic borosili-
cate glass. Regardless of which option is chosen, there is agreement 
that deep geologic disposal using a system of engineered and natural 
barriers to isolate the wastes is the preferred method for disposal 
of HLW and spent nuclear fuel. 

To guarantee protection for periods on a geologic time scale, 
the main solution against human intrusion and water risk is the 
burial of long-lived wastes at a depth of several hund/ed meters in 
stable geologic formations. Different types of favorable geologic 
formation have been identified including granite, salt, tuff, clay, 
and basalt. 

The geologic environments where the high-level waste reposi-
tories will be situated have to retain their isolation capabilities for 
thousands of years (like salt formations) as well as be efficient in 
retarding the movement of radionuclides back into the biosphere. 

The repository design incorporates multiple layers of protec-
tion in the form of man-made and natural barriers which isolate 
the radioactive materials from the environment. The solid waste is 
sealed in corrosion resistant metal or ceramic containers to keep 
any moisture from reaching the vitrified high-level waste or spent 
fuel. This is important because most scientists believe that the 
primary way radioactive elements from a repository could be 
transported to the environment is by being moved by water. 

Natural barriers form the subsequent layers of protection. 
Most scientists believe that when the waste containers are first 
placed in rock, the heat from the waste packages will dry any 
moisture present in the surrounding rock mass. After 1000 years, 
repository design will still help prevent the movement of radioac-
tive elements. Should radioactive elements be dissolved and begin 
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to move through the rock, it is believed that some of this material 
would stick to the zeolites, or minerals, in the volcanic rock and 
this could slow their movement from a repository. 

Natural analogues of radioactive waste 
repositories 

There are many examples in nature of radioactive materials 
that have been effectively isolated tor extremely long periods of 
time and that can be used to demonstrate the basic feasibility of 
geological containment of radioactive wastes. 

Experts often point to the example of a spontaneous nuclear 
chain reaction that occurred about 2,000 million years ago in a rich 
uranium deposit at Oklo in Gabon, West Africa. Another example 
is the very rich uranium deposit near Cigar Lake in Canada. 

The natural chain reaction produced the same type of radio-
active waste as man-made nuclear reactors. Studies of the sites show 
that most of the fission products and virtually all of the other 

Oklo, site of the oldest known nuclear reactor, has provided valuable information 
on the long-term isolation of radioactive wastes. 
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elements (including plutonium) have moved less than a distance of 
1.8 meters from where they were formed 20 million centuries ago. 

The investigation of these natural analogues of radioactive 
waste repositories is the subject of several international research 
projects. 

International co-operation plays a major role in radioactive 
waste management programmes. The Commission of European 
Communities (CEC) has sponsored research programmes among 
its member countries for more than 15 years, including field 
experiments at potential disposal sites in Mol, Belgium and Asse, 
Germany. 

The recently terminated "Stripa" Project was organized by 
the Nuclear Energy Agency of the Organization for Economic 
Co-operation and Development (OECD/NEA) and involved Swe-
den and nine other OECD countries. This project, which inves-
tigated many aspects of disposal of HLW and spent fuel in 
fractured hard rock, was conducted in a former iron ore mine in 
Sweden. 

Other underground laboratories where such studies have 
been or are currently being carried out exist in Canada, Finland, 
France, Italy, Japan, Switzerland and the U.S. 

Radiological and environmental safety of 
geologic disposal 

Assessment of the safety of a deep geologic repository consists 
essentially of a detailed analysis of the possible long term conse-
quences of the disposal in order to quantify any potential risk that 
may arise at any time following the final closure of the repository. 
The results then have to be compared with the appropriate safety 
standards. The assessment process also helps to identify key areas 
where additional research may be needed and provides guidance 
for site selection and repository design. 

There has been considerable progress in understanding rele-
vant processes and in carrying out safety assessments over the past 
few years, through national and IAEA co-ordinated international 
programmes. The methodology developed has been applied to the 
case of deep repositories for high-level waste at a number of defined 
sites. The results of the assessments under this project have been 
highly reassuring, showing no radioactivity release at any of the 
sites investigated within at least 10,000 years and radiologically 
insignificant releases in the very distant future. 
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During 1991, experts advising the IAEA, CEC and Nuclear 
Energy Agency of the OECD expressed a collective opinion, 
which says: 

Safety assessment methods are available today to 
evaluate adequately the potential long term radio-
logical impacts of a carefully designed radioactive 
waste disposal system on humans and the environ-
ment; appropriate use of safety assessment meth-
ods, coupled with sufficient information from 
proposed disposal sites, can provide the technical 
basis to decide whether specific disposal systems 
would offer society a satisfactory level of safety 
for both current and future generations. 
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M o s t of the operating WWER-440 reactor units were designed in 
the late 1970's and were based on the Soviet standard regulations 
valid at that time. The WWER is a Soviet designed, pressurized 
water reactor. WWER stands for water cooled, water moderated, 
energetic reactor. It was usual practice to adopt the regulations of 
the supplier, which resulted in all waste management systems being 
based on the regulatory requirements of the mid-1970's. 

The concept for the management of wastes at WWER's was 
to store the wastes on-site and to postpone decisions on condition-
ing and disposal until the decommissioning stage. Thereby, wastes 
from operation and dismantling could be handled together. Waste 
collection and storage systems were designed to accommodate 
10-year arisings of treated operational wastes with possible exten-
sion of storage capacities. The only exceptions were for the ex-
tremely low-level solid wastes, where on-site disposal was 
proposed. 

Sorting and removal of solid wastes from the storage vaults 
for treatment was not considered. Evaporator concentrates with 
high salt content could not be treated later because of crystal-
lization of salts in the tanks. In attempts to solve this problem, 
extra capacity was provided in the waste treatment and storage 
systems. In addition, the excessive use of stainless steel in the waste 
system design has resulted in high costs for waste treatment and 
storage. 

The more recently developed WWER-1000 reactor design 
incorporates waste treatment by compaction and waste condition-
ing bituminization as well as on-site storage of conditioned wastes. 
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Modifications of the original nuclear 
power plant design 

Already in the late 1980's, the institutions of the Central and 
Eastern European countries concluded that waste management— 
including final disposal and decommissioning—was an important 
task if nuclear energy was to be developed further in their coun-
tries. National research and development activities were oriented 
towards this task. 

Many of the nuclear power plants (or design companies) have 
changed their waste management system arrangements. 

In 1991, the IAEA initiated a regional technical co-opera-
tion project aimed to identify existing waste management prob-
lems in countries where the WWER-type reactors were in 
operation and to recommend how to improve existing waste 
management systems. 

Participants of this IAEA regional project stated that the 
storage of untreated wastes in the operational period is not an 
optimal solution. It was recommended to minimize the arisings of 
operational radioactive waste at nuclear power plants and to intro-
duce technologies for waste treatment and conditioning. 

Moreover, it was recommended that improved technologies 
for the storage of irradiated fuel, as well as technologies for decom-
missioning of WWER reactors, be developed. Consequently, facili-
ties for the disposal of low- and intermediate-level waste from the 
operation and decommissioning of reactors should be established. 

Finally, it was determined that regulations and standards 
should be re-evaluated where necessary. To meet this task and to 
enable the transfer of advanced technologies, the IAEA seeks to 
facilitate closer co-operation among Central and Eastern European 
countries and developed countries. 

Undoubtedly, changes in the politics and trading relation-
ships of the Central and Eastern European countries are affecting 
their spent fuel management policies. Russia now requires pay-
ment for services in hard currency at a world price level. Some 
legal problems also exist with the transport of Russian-origin 
fuel and its subsequent reprocessing in Russia. Such factors may 
lead to changes in the spent fuel management policy of these 
countries. Construction of interim storage facilities can be a 
temporary solution, with the options of reprocessing or direct 
disposal kept open. 
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Status in Central and Eastern 
European countries 
Bulgaria 

At present, there is only one site in Bulgaria with operating 
nuclear power reactors, near the town of Kozloduy on the Danube 
river. There are six power units in operation, four of them are 
WWER-440 type and two WWER-1000. No plans for construction 
of other units at the site exist. Construction of two WWER-1000's 
for the second Bulgarian NPP at Belene started a couple of years 
ago. Due to a number of technical, financial, political and ecological 
reasons, the government has made a decision to suspend the plant 
construction until future nuclear energy policy is defined. 

The Kozloduy NPP is the country's major radioactive waste 
producer, and the plant operator—National Electric—has set up 
extensive radioactive waste storage facilities at the site. Low and 
intermediate-level liquid wastes are stored in stainless steel tanks in 
three auxiliary build-
ings. All of the tanks are 
nearly full. Solid radio-
active waste had been 
stored in a 1000 m3 vol-
ume, now full, and in 
another storage zone, 
where 90% of the avail-
able 4800 m3 is now oc-
cupied. The NPP could 
stop energy production 
due to non-availability 
of sufficient storage ca-
pacities for the waste. 

Bulgaria has ap-
pealed for help from 
other nations to keep 
Kozloduy running and 
to upgrade it. Priority 
has been placed on a con-
tract with the Westing-
house Electric Corpor-
ation to condition low-
level wastes at Ko-
zloduy. Further steps are 
needed to reduce waste 
production. This crane at Kozloduy will be used far 

manipulation of the 200 litre radioactive 
waste-containing drums. 
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Kozloduy's spent fuel is to be stored for a three year period 
in water pools at reactors and then to be transferred to an "away 
from reactor storage (AFRS)" facility or returned to the supplier. 
The Russian Federation (the supplier of the fuel) now requires that 
spent fuel be stored for a period of five years before it can be shipped 
back. This new requirement causes certain difficulties for the 
spent fuel management at Kozloduy. No provisions have been 
made with respect to plant decommissioning, management of 
decommissioning wastes or the financing of these waste manage-
ment activities. 

Although Kozloduy generates most of Bulgaria's radioactive 
waste, there are other sources of radioactive waste in the country. 
Institutional radioactive wastes have been disposed of since 1964 
in a shallow-land burial site at Novi Han, 30 km east of Sofia. The 
waste is not treated before burial, but is separated into three groups; 
dry solid waste, biological material and spent gamma-ray sources. 

Czech Republic 

There are four WWER-440 type reactors in operation at 
Dukovany NPP, (the first unit started operation in 1985) and two 
WWER-1000 reactors are under construction at Temelin NPP. 
There are also four research or training reactors in the territory of 
the Czech Republic. 

A radioactive waste treatment facility was commissioned 
at Dukovany NPP in 1991. Liquid waste can be solidified by 
either bituminization or cementation. Therefore, the existing 
collection, treatment and on-site storage facilities at Dukovany 
provided by design are supplemented with solidification of 
liquid waste concentrates and incineration and compaction of 
solid waste. 

The Czech Energy Board in Prague is responsible for the 
programme dealing with the management of spent fuel and wastes 
from Czech nuclear power plants. Research institutes, such as the 
Nuclear Research Institute, and universities participate in research 
supporting this programme. 

Handling or transportation of spent nuclear fuel in the Czech 
Republic is controlled by the State regulatory body. From January 
1,1993, the State Office for Nuclear Safety regulates safety aspects 
of spent fuel management. 

The nuclear power plant at Dukovany represents the main 
source of spent nuclear fuel in the Czech Republic. Fresh nuclear 
fuel had been supplied by the former Soviet Union and was 
originally planned to be re-exported to that country. The trans-
port of the spent nuclear fuel from the Czech Republic stopped 
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Bitumenization plant for radioactive waste from NPP Dukovany. 

in 1988 and the spent nuclear fuel assemblies from Dukovany NPP 
were transported (after a 3 year cooling period) to the wet interim 
storage facility at Jaslovske Bohunice in the Slovak Republic. These 
transports were completed in 1992. 

Owing to this situation, the Dukovany NPP decided to start 
construction of a dry interim storage facility at the Dukovany NPP 
site, as well as to increase the capacity of the spent fuel ponds at 
the reactor. The compact racks will almost double the capacity of 
storage at reactor spent fuel ponds. This allows the operator the 
necessary time to build the interim storage facility where the spent 
fuel assemblies are supposed to be stored in metal transport casks. 
The planned capacity of this interim storage facility is about 600 
metric tons of uranium. 

The Czech Powrer Enterprise (EZ) has conducted several 
studies concerning spent fuel management in the Czech Republic. 
Alternatives include: 

• interim storage followed by final disposal in the Czech 
Republic, 

• foreign reprocessing and return of the wastes to the Czech 
Republic, or 

• foreign final waste services. 

Low-level waste from sources other than power reactors is 
gathered under the auspices of the Institute for Research, Produc-
tion, and Application of Radioisotopes in Prague and sent for 
treatment to the Nuclear Research Institute near Prague, where it 
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Regional LLW disposal at Dukovany, Czech Republic. 

undergoes evaporation and cementation as needed. The waste, 
encased in drums, is then sent to a shallow-land burial ground near 
the town of Litomice, about 60 km northwest of Prague. The burial 
ground has a capacity of 8000 m3, and it is now about 70% full. 

Hungary 

In Hungary, there is one nuclear power plant at Paks, located 
100 km south of Budapest. The Paks NPP is equipped with four 
WWER-440 type reactors. The first one started operation in 1983. 

Spent fuel is temporarily stored under water in ponds at each 
reactor unit. Originally, it was foreseen to keep the spent fuel in 
the storage pools for three years before reshipping it to the supplier 
(the former Soviet Union). Later, the storage time increased to five 
years, therefore the capacity of the spent fuel ponds had to be 
increased. Until now, reshipment of spent fuel to the Russian 
Federation from Paks took place four times after completion of 
the five-year storage period on-site. Possibility for further reship-
ments is uncertain. In these circumstances, Hungary has derided 
to build an intermediate spent fuel storage facility. Such facilities 
were offered to the Paks NPP from six vendors. The dry storage 
type designed by CEC Alsthom was selected. The contract for 
construction has already been signed. 

The liquid low- and intermediate-level wasteproducedat Paks 
NPP is evaporated and the concentrate is stored for a couple of 
years to allow the short-lived radioelements to decay. After the 
delay, the concentrate is embedded into a cement matrix. 
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Apart from the Paks NPP, radioactive waste producers in 
Hungary are hospitals, industry, research laboratories and univer-
sities. Some 1000 places in Hungary use radioactive material. 

There is a disposal site for non-power low-level waste at 
Puspokszilagy, about 30 km northeast of Budapest, which is fairly 
convenient to serve the concentration of industry and medical 
facilities in the capital. 

For a while, low-level waste from the Paks NPP was also 
disposed of at Puspokszilagy. Due to strong public opposition, the 
disposal of wastes there originating from the nuclear power plant 
stopped in 1989. A new near surface waste disposal site was selected 
for non-HLW resulting from the NPP operation. Following long 
technical and political debates, the Hungarian government has not 
approved the license. 

The selection of a new disposal site had to be repeated. To 
gain the public acceptance in the regions of the potential sites, 
information and public relations activities were carried out in 20 
villages. Finally, the new site was selected and has been approved 
by local authorities. 

As ot February 1992, the Central Repository is authorized to 
receive 1000 m3 of low- and intermediate-level wastes from Paks NPP. 

Poland 

In Poland, there was a plan to construct a nuclear power plant 
of the WWER-440 type, but it was canceled in 1989. Two WWER-440 
type units have been under construction at Zarnovic since 1982. 

At present, the Institute of Atomic Energy (IAE) at Swierk 
is the main producer of radioactive waste in Poland. The waste 
arises from isotope production facilities and from the operations 
of the research reactor situated at the IAE. It represents two thirds 
of the radioactive waste production of the country. One third of 
the radioactive wastes arise from isotope applications outside the 
institute. These wastes are transported to IAE Swierk for treatment 
and disposal. Practically all radioactive waste arising in Poland, 
after being treated and conditioned at the IAE Swierk, is sent for 
disposal to the Central Repository CSOP Rozan. This repository 
is located in a former military fort, 90 km from Warsaw. 

In nearly 30 years of operation, about 4600 m3 of solid and 
solidified radioactive waste have been disposed of at the Central 
Repository. It is being considered by the National Atomic Energy 
Authority, the regulatory body of Poland, to stop operations of 
the Rozan repository by 1995. It is p anned to begin construction 
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of a new repository by 1994-1995. Three disposal concepts are 
envisaged: surface, near surface and deep underground disposal. 

Romania 

Romania has no operating nuclear power plants. However, 
five power reactors of the CANDU type (Canadian type pressur-
ized heavy water reactor) are under construction at Cernavoda and 
expected to be operational in several years. For the present, the 
radioactive wastes come mainly from nuclear research and devel-
opment programmes, uranium mining and milling, fuel fabrica-
tion, isotope producers and isotope uses in medicine. 

IAEA experts, invited by the Romanian Government to 
review and give advice on LILW management, stated that the waste 
management practices in Romania are well conceived. Romania 
has long established legislation covering nuclear matters, including 
radioactive waste management. However, the experts stated, the 
country has been isolated in many scientific areas for more than 10 
years and there is now a need for its scientists and engineers to bring 
their knowledge up-to-date through improved access to literature 
and by visiting facilities in developed countries. 

The National Commission for Nuclear Activities Control 
(CNAN) is the regulatory body of Romania. The waste treatment 
facility at the Institute of Physics and Nuclear Engineering (IPNE) 
in Bucharest is responsible for collecting all radioactive waste from 
the radioisotope production of the research reactor, as well as from 
50 hospitals, 200 industrial enterprises and other institutes in the 
country. The IPNE also organizes the final disposal of radioactive 
wastes. 

The Institute of Nuclear Power Reactors (ENPR) at Pitesti 
has facilities for the treatment and conditioning of wastes produced 
from nuclear research, the fabrication pilot plant for CANDU fuel, 
and the research reactor of TRIGA-type located at the Institute. 

The burnable solid wastes are incinerated and the ashes and 
other non-combustible waste are then incorporated into cement. 
Compactible solid wastes are reduced in volume by pressing and 
also embedded in concrete. The concreted waste is sent to the 
IPNE in Bucharest in 200-liter drums for shipment to the low- and 
intermediate-level waste repository at Baita. 

The Baita repository is located 80 km south of Oradea in the 
northwest part of Romania. The location is within the Carpathian 
Mountains where many uranium deposits and mines exist. The 
repository has a capacity of 6000 m3 for approximately 25,000 
drums which should meet the needs for non-nuclear power wastes 
for the next 30 years. 
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The tuture management of wastes from the NPP now under 
construction at Cernavoda has been designed. The Canadian 
designer of the CANDU reactors (AECL) provides a temporary 
storage facility for spent ion exchange resins in the service build-
ings. The containers with low- and intermediate-level waste from 
Cernavoda NPP will be disposed of in the beginning at Baita 
repository in a closed uranium mine. The special near-surface 
repository for this type of radioactive waste will be constructed 
and is scheduled to begin operation in 1998. The spent fuel will 
be stored for 10 years in a pool located in the reactor building. 
The need to construct another interim storage for a further 20-30 
years storage time is foreseen. Studies on the deep geological 
repository have begun. The Romanian Authority for Electricity 
(RENEL) is responsible for the policy and practice of radioactive 
waste management. 

Slovak Republic 

The Slovak Power Enterprise (SEP) operates the nuclear 
power station at Jaslovske Bohunice, equipped with four WWER-
440 reactor units. The first two units were put into operation in 
1978 and 1980, and the two further upgraded WWER-440 units in 
1984 and 1985. There are also four upgraded WWER-440 units 
under construction at Mochovce. The first unit is supposed to start 
in 1994. 

Spent fuel is temporarily stored for three years under water 
in pools next to each of the reactors. After this period, the spent 
fuel ?ssemblies are removed to the interim/wet storage, designed 
by the former Soviet Union, situated at the Jaslovske Bohunice 
NPP. The total capacity of the interim storage facility is 600 metric 
tonnes. It is expected that this capacity will be filled up in 1997. 

General view of the NPP Mochovce, Slovak Republic, where four reactors of 
the WWER-440 type will operate. 
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Plant for incineration of solid radioactive waste at Bohunice NPP in the 
Slovak Republic. 

The storage pools at the reactors at Mochovce NPP are 
designed to be more compact, which should allow room to store 
the spent fuel for a period of six years. Estimating the time schedule 
of Mochovce NPP operation, the spent fuel storage facility will be 
used up to the end of 2001. 

When Bohunice NPP first began operating, spent fuel was 
transported to the former Soviet Union using the rail trans-
porter developed by the Fuel Institute in Freiburg, Germany. 
Slovak Power Enterprise disposes of wastes using two of these 
transporters. 

Spent fuel from Bohunice A-l NPP to be decommissioned is 
still in pool storage at the site, but under a long-standing agreement, 
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the fuel eventually will be sent to the Russian Federation. There 
is no such agreement for reprocessing of spent fuel from the other 
power reactors. 

In 1993, a nuclear waste vitrification facility was put into 
operation at the Jaslovske Bohunice NPP, in pan to assist with the 
decommissioning of the closed Bohunice A-l NPP. A near surface 
repository for low-level waste was also built in 1993 at Mochovce, 
with a 47,520 m3 disposal capacity. 

Preliminary geological studies were carried out to provide a 
basis for selection of the final repository site of spent nuclear fuel 
in Slovak territory. It is expected that a final repository for spent 
fuel will be constructed in close co-operation with foreign partners 
who have long experience in developing concepts for the direct 
disposal of spent fuel. 

Handling and transportation of spent fuel in the Slovak 
Republic is supervised by the sta :e regulatory body, the State Office 
for Nuclear Safety. 

Slovenia and Croatia 

Almost every aspect of the former Yugoslavian radioactive 
waste issue concerns Slovenia and Croatia. The Krsko NPP, a 
single 620 MWe Westinghouse pressurized water reactor, is located 
in Slovenia, but is jointly owned by the public electric utilities in 
Slovenia and Croatia. The other significant radioactive waste 
source in Slovenia is the Jozef Stefan Institute. In Croatia, the major 
radioactive waste sources are the Rudjer Boskovic Institute and the 
Institute for Medical Research and Occupational Health, both in 
Zagreb. In other republics of the former Yugoslavia, there is very 
little use of radioactive material. 

All low-level radioactive waste is placed into 200 litre drums 
in the nuclear power plant. Waste is stored on-site in the interim 
storage facility. In 10 years of operation, more than 1600 m3 of 
waste in drums has been accumulated. 

Recently, a foreign company (Bechtel) evaluated the Krsko 
NPP practices of radioactive waste management and recommended 
alternatives for reducing the waste production rates. The proposed 
modification will reduce the current 1100 drums per year to 600. 
During the operational period of 40 years, the total volume of low-
and intermediate-level waste from Krsko NPP will amount to 
17,500 m3. 

A single permanent disposal facility for low- and intermedi-
ate-level waste, to serve Slovenia and Croatia, is planned. 
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Spent fuel storage at Krsko can last until 1995 as it is, and until 
2008 with expansion. Krsko entered into service in 1982, so its 
operational life could go to about 2020 if there are no outside 
restrictions on operation. 

In Slovenia, the Radioactive Waste Agency so far has screened 
out unacceptable areas for low-level waste disposal and has selected 
potential sites from the remaining land. In Croatia, the electric 
utility ordered a study on siting of a number of new facilities, 
including a radioactive waste repository and a potential new power 
plant; parliamentary deliberations on this and other issues have 
been disrupted by the civil war. 
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T h e main objective of the IAEA's waste management programme 
is to ensure the safe management and disposal of radioactive waste. 
The programme's objectives are achieved by assisting IAEA Mem-
ber States in the safe and effective management of wastes by 
organizing the exchange and dissemination of information, provid-
ing standards and guidance, providing technical assistance and 
advisory services and supporting research. 

The IAEA is intensifying its efforts in providing evidence that 
radioactive wastes can be managed effectively and safely. More 
specifically, the IAEA is expected to demonstrate harmonization 
of approaches at the international level by promulgating standards 
that are developed, discussed, and agreed upon internationally. 

RADWASS 
In response to this challenge, the IAEA in 1991 established 

the Radioactive Waste Safety Standards (RADWASS) programme 
to develop a special series of safety documents specifically directed 
at radioactive waste management. The purpose of the RADWASS 
programme is to document existing international consensus in the 
approaches and methodologies for safe waste management and 
disposal and provide Member States with a comprehensive series 
of internationally agreed upon documents to complement national 
standards and criteria. 

Technical peer reviews and advisory services 
Technical peer reviews have always been an essential compo-

nent of national waste management programmes. As national 
waste management programmes move toward implementation of 
radioactive waste disposal systems, increased demand for interna-

35 



tional peer reviews exists. The countries in Central and Eastern 
Europe make use of these services. 

The IAEA's services aim at enabling countries to become 
more self-sufficient and self-reliant in the management of their 
radioactive waste. An effective avenue for helping them to achieve 
these objectives is known as the Waste Management Advisory 
Programme (WAMAP) begun in 1987. Teams of experts in various 
waste management disciplines visit a Member State on request for 
a comprehensive overview of waste management needs. To date, 
35 WAMAP missions have been undertaken in 34 countries, 
including Poland, Hungary, Romania, Bulgaria and the former 
Yugoslavia. 

WAMAP missions have identified a number of areas demand-
ing greater national awareness and attention. Each mission reports 
its findings and recommendations to national authorities, with 
special emphasis placed on practical approaches that can be taken 
to address or remedy specific problems. Additionally, during the 
course of missions, the experts provide on-the-spot assistance and 
advice to the country's waste management staff. 

As part of each mission's follow-up actions, Agency technical 
officers monitor the steps taken by national authorities to imple-
ment WAMAP recommendations. 

Technical co-operation projects 
Through technical co-operation projects, the IAEA supports 

and arranges training courses and fellowships and provides expert 
advice as well as equipment and instruments. Currently, 20 coun-
tries receive different types of technical assistance in areas of radioac-
tive waste management through 33 projects. 

In 1991, a regional project to provide advice on radioactive 
waste management at WWER-type reactors was started. This 
regional project was directed towards improvement of safety and 
reliability of former Soviet-designed pressure water reactors of the 
WWER-type. Forty-five reactor units of this type are currently in 
operation and 25 are under construction in Bulgaria, the Czech and 
Slovak Republics, Finland, Hungary and the former Soviet Union. 
(The majority of the reactors are situated in the Russian Federation 
and Ukraine.) 

In 1992, the IAEA initiated a technical co-operation regional 
project on environmental restoration in Central and Eastern 
Europe. The project objective is to identify and characterize sites, 
in particular disused uranium mines, needing environmental resto-
ration. The following countries are involved in the project: Belarus, 
Bulgaria, Croatia, the Czech Republic, Estonia, Hungary, Poland, 
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Romania, the Russian Federation, the Slovak Republic, Slovenia, 
and Ukraine. Experts from Canada, Germany, France, Spain, 
Sweden, the United Kingdom and the United States are prepared 
to share their experiences in environmental restoration and will 
participate in this project as well, which is scheduled to be com-
pleted in 1994. 

Co-ordinated research programmes 
Participation in co-ordinated research programmes (CRP's) 

is open to all countries. Radioactive waste management, safety 
assessment of radioactive waste disposal and other related topics 
are considered particularly important. At present, Central and 
Eastern European countries participate in several programmes. For 
example, Bulgaria, the Czech Republic and Romania participate in 
the CRP entitled "Treatment technologies for low- and intermedi-
ate-level wastes generated from nuclear applications." 

Bulgaria, the former Czechoslovakia, Poland and the former 
Yugoslavia participated in the period 1987-1991 in the co-ordinated 
research programme entitled "Use of inorganic sorbents for treat-
ment of liquid radioactive waste." This topic continues to be vital 
for Central and Eastern European countries. In the co-ordinated 
research progi amme initiated by the IAEA in 1992 entitled "Waste 
treatment and immobilization technologies involving inorganic sor-
bents," several participants were from Central and East European 
countries. 

Training courses and study tours 
Scientists from Central and Eastern European countries par-

ticipate in the regional and interregional training courses organized 
by the IAEA. For example, some 23 participants from 11 coun-
tries including the Czech and Slovak Republics, Romania, Bul-
garia, and Hungary attended the training course on radioactive 
waste management held in 1992 in Trnava (former Czechoslo-
vakia). In 1993, participants from Central and East European 
countries attended IAEA training courses on "Management of 
spent sealed sources" and "Management of radioactive waste 
from nuclear power plants." 

International research and development 
projects 

Many research and development and demonstration projects 
are under way, including a natural analogue project and safety 
assessment projects. A project on transmutation of long-lived 
radioactive elements into short-lived elements is receiving height-

mm 

37 



ened attention. The strategy of transmuting long-lived wastes in 
special "burners"—powerful nuclear reactors—should result in 
reducing the amount of long-lived radioactive elements in high-
level wastes. This might increase the safety of geologic disposal of 
the waste. The project is financially supported by the Commission 
of European Communities (CEC) which is active in promoting 
international co-operation in radioactive waste management. 

Since 1993, the CEC's research and development programme 
has been open to Central and Eastern European countries. This 
created opportunities for CEE countries to participate in the most 
recent developments in the field and to upgrade their know-how 
of radioactive waste management. 
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A final but important consideration is that of public understanding. 
It is now recognized that technical experts are not the only people 
who have to be convinced that radioactive waste can be managed. The 
public also has the right to understand. Efforts to obtain public 
understanding may generate new ideas in the search for technical 
solutions; it may, to a certain extent, orient the work in a direction 
which, eventually, will result in public acceptance. 

In some countries where radioactive waste management has 
become a major public concern, extensive information and public 
participation programmes have been undertaken. 

Public acceptance 
In the industrialized countries, most national radioactive 

waste management programmes have begun with an examination 
of the technical and scientific questions that must be answered to 
inspire confidence that radioactive wastes can be safely managed or 
disposed of. Scientists and engineers agree that existing methods 
for radioactive waste management and disposal are acceptable and 
safe. Nevertheless, public concern has in some cases postponed or 
prevented the start of actual disposal. 

Sociological research in a number of countries has shown that 
the fear arises from a fundamental apprehension of radioactivity, 
a lack of knowledge about what radioactive waste is, how it is 
currently managed and how radioactive elements behave in nature. 

In the minds of some members of the public, the perceived 
risk from radioactive waste is high. This perception of the risk from 
radioactive waste differs rrjarkedly from the scientist's view. It does 
not take into account the calculated (very low) level of risk or 
probability that the waste, properly conditioned and placed in a 
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repository, might 
eventually harm peo-
ple and their environ-
ment. The public's 
view often does not re-
flect the fact that by 
conditioning and sub-
sequent disposal, the 
risk level is greatly re-
duced. 

In t h e accep-
t a n c e of n u c l e a r 
power, the compari-
son of environmental 
impacts of nuclear 
power facilities and 
coal burning power 
plants may play an im-
portant role. 

This glass disc simulates the amount of vitrified 
waste produced in one person's lifetime if all his 
electricity was produced by nuclear energy. 
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1 he United Nations' Conference on Environment and Develop-
ment held in 1992 in Rio de Janeiro generated many new ideas on 
global environmental activities. Radioactive waste management 
and disposal is considered an element in solving global environ-
mental protection problems. 

A gap exists between waste management specialists and the 
public and their confidence in disposal technologies. Public appre-
hensions include the belief that waste disposal presents unaccept-
able hazards and environmental risks. These apprehensions are 
also caused by a lack or perspective in comparing radiation risk to 
other risks, such as chemically toxic wastes. Unfortunately, dis-
posal programmes in many countries lack public information 
programmes to address these concerns. 

The next years will be a critical time for radioactive waste 
management and disposal. More countries will begin disposal 
operations for low- and intermediate-level wastes, and by the end 
of the first decade of the next century, some countries plan to start 
using the disposal of high-level waste and spent fuel in deep geologic 
repositories. 

There is broad international consensus on how to achieve 
safe and environmentally acceptable disposal of radioactive wastes. 
In countries where consensus does not exist, the IAEA could help 
create a favorable climate to promote public confidence. 

The IAEA provides information exchange in this field. 
Safety standards on radioactive waste management, established 
through international collaboration, are being published. The 
IAEA provides advisory services, such as peer-reviews of waste 
disposal programmes. This enables national programmes to gain 
higher credibility in the public and scientific community of the 
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country. Such services can also serve as independent analyses to the 
decision-makers. 

The IAEA has a number of successful international and 
regional projects on various aspects of radioactive waste manage-
ment. In the past, the international community has considered the 
concept of regional and international disposal facilities as proposed 
by the IAEA. 

From an economic standpoint, however, countries with 
small nuclear programmes may find cost advantages in using 
regional or international repositories rather than developing small 
national disposal facilities. There are also technical and safety 
reasons that support the regional repository concept—it would be 
safer to keep a low number of disposal sites and it would be easier 
to control them. 

Eastern and Central European countries, such as Bulgaria, the 
Czech and Slovak Republics, Hungary, Poland, Romania and the 
former Yugoslavia, have relatively moderate nuclear energy pro-
grammes which will eventually require disposal of high-level wastes. 

It would be costly and difficult for each of these countries to 
develop its own repository. One cannot argue that a half dozen 
disposal facilities are more environmentally benign, technically 
sound, economically advantageous, or safe than one regional facility. 

A major obstacle to such regional or multinational facilities 
is public and political opinion which can likely prevent a country 
from hosting such a project. 

Finally, the building consensus on all aspects of radioactive 
waste management and disposal will result in a global benefit. It 
should improve the ability to enhance the use of the clean environ-
mental technology of nuclear energy at this time, when the envi-
ronment of our planet is threatened by waste products from fossil 
fuels. The International Atomic Energy Agency calls for closer 
co-operation in this field. 
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