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Abstract:

Most modern industries rely on nuclear energy, the threat posed to humans and
nature by radioactive waste is particularly a result of the ionizing radiation released
during the radioactive decay of this material. The methods of managing radioactive waste
are from the easiest to the most difficult, on the physical, technological level. However,
the treatment of international law and IAEA did not differentiate between types of
radioactive waste. All radioactive waste poses a threat to international peace and
security. It is therefore necessary a safely manage radioactive waste accumulated.
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International standards for safe management of radioactive waste

Introduction:

Radioactive materials are naturally present in the environment as they can
be manufacturer. However, manufactured radioactive materials are more
dangerous, despite their beneficial uses in medicine, industry and agriculture.
However, the use of radioactive materials results in radioactive wastes in various
gaseous, liquid and solid forms. Radioactive waste arises from the generation of
electricity in nuclear power plants, as well as from nuclear fuel cycle operations
such as fuel manufacturing and other activities, such as mining and processing
uranium and thorium ores. In some countries, spent nuclear fuel declared as
radioactive wastes, as it is unexpected to continue to use. In other countries, spent
nuclear fuel is a resource intended for reprocessing. The reprocessing itself will
generate highly radioactive and heat-generating waste, which creates various
types of nuclear waste. In addition to other types of radioactive waste, such as
metal cladding that is removed from the fuel elements, radioactive waste can also
be generated from equipment, equipment, and even workers ’clothing in nuclear
reactors before processing. The waste is radioactive because the atoms in the
waste are unstable and release radiation automatic ionizing during the
stabilization process. This ionizing radiation can have potential harmful effects.
Therefore, it is important to manage waste safely in order to protect people and
the environment, and to help prevent waste from becoming a burden on future
generations. Attention must pay to legal and applied safety standards to protect
against the effects of radioactive waste. In addition, for the danger that
radioactive waste has, it treated in a safe way, and this is compliance with
international safety standards for radioactive waste disposal, and environmental
protection.

- So, what are the radioactive waste management that maintains
international safety and security?

Our study proceeded with the adoption of the analytical method for
identifying and analyzing legal and material facts, and dividing our article into
two parts, in the first section we will address the concept of radioactive waste,
while in the second section, the management methods for radioactive waste.

Section I: The concept of radioactive waste
Radioactive wastes are wastes that contain radioactive material and are
usually byproducts of nuclear power generation and other applications of nuclear
fission or nuclear technology, such as research and medicine. Radioactive waste
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is hazardous to human health and the environment and regulated by government
agencies.

A) Definition of radioactive waste:

Many international agreements have referred to radioactive waste. As the
first article of the Paris Convention 1960: Radioactive products or waste, means
any radioactive material produced in or made radioactive by exposure to the
radiation incidental to the process of producing or utilizing nuclear fuel.
However, does not include nuclear fuel or radioisotopes outside a nuclear
installation. Which have reached the final stage of fabrication to be usable for any
industrial, commercial, agricultural, medical, scientific or educational purpose™.

Generally, the Basel Convention? does not address radioactive waste.
Article 1(3) of the Convention states, “Wastes, as a result of being radioactive,
are subject to other international control systems, including international
instruments, applying specifically to radioactive materials, are excluded from the
scope of this convention ®, *. According to this language, the Basel Convention
does apply to radioactive waste until another “international control system”
developed to govern these materials®.

For the World Health Organization, the definition came simple as it deals
with nuclear energy for its peaceful uses only, and therefore, nuclear waste
defined as “Radioactive waste such as products contaminated with radionuclide.
Including, radioactive diagnostic materials, radiation therapy materials™®.

According to the International Atomic Energy Agency (IAEA), radioactive
waste is any material that contains a concentration of radionuclide’, greater than
deemed safe by national authorities, and for which no use foreseen®. Because of
the wide variety of nuclear applications, the amounts, types and even physical
forms of radioactive wastes vary considerably: some wastes can remain
radioactive for hundreds or thousands of years, while others may require storage
for only a short decay period prior to conventional disposal’. In according to;
facilitate communication; and information exchange among its member states™.

Radioactive waste is an inevitable by-product of the application of ionizing
radiation. Substantial amounts of radioactive waste are generated through civilian
applications of radionuclide in medicine (for diagnosis and treatment), in research
and industry (for example, for finding new sources of petroleum or producing
plastics), or agricultural applications (notably for the conservation of
foodstuffs)™. A major source of non-military waste is nuclear power generation'?,
including various steps in the nuclear fuel cycle such as fuel fabrication, power
plant operation, reprocessing, and the decommissioning of nuclear facilities™.
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The radioactive waste produced by nuclear power generators represents a small
fraction of the total toxic wastes generated in countries that use nuclear energy to
generate electricity, but at the same time this waste has the highest levels of
radioactivity"*.

B) Sources of radioactive waste:

Radioactive waste comes from different sources. This is because
radioactive waste differs in its source from one country to another. In countries
with nuclear power plants, nuclear armament or nuclear fuel treatment plants,
most waste originates from the nuclear fuel cycle and reprocessing of nuclear
weapons, the waste generated by the nuclear industries, in the fields of
engineering, mining, agriculture, and water desalination. In industrialized
countries that consume nuclear energy without the use of reactors or nuclear fuel,
other sources include medical and industrial waste. In addition to the naturally
occurring radioactive materials that can be concentrated because of processing or
consuming coal, oil, gas, and some minerals. Based on the above, we will show
the various sources of radioactive waste as follows:

1- The nuclear fuel cycle: also called the nuclear fuel chain, is the
progress of nuclear fuel through a series of different stages. It consists of steps in
the front end, which are fuel preparation, steps in the service period in which the
fuel is used during the operation of the reactor’, and steps at the back end, which
are necessary for management and containment, and either safely reprocessing or
disposing of spent nuclear fuel. If the spent fuel is not reprocesses, the fuel cycle
referred to as the open fuel cycle (or one-time fuel cycle); if the spent fuel
reprocessed, it referred to as the closed fuel cycle'®.

2- Nuclear decommissioning: is the process whereby a nuclear facility
dismantled to the point that it no longer requires measures for radiation
protection. The presence of radioactive material necessitates processes that are
potentially occupationally hazardous, expensive, time-intensive, and present
environmental risks that must addressed to ensure radioactive materials are either
transported elsewhere for storage or stored on-site in a safe manner'’. The
challenge in nuclear decommissioning is not just technical®®, but also economical,
and social.

In 2004, in a meeting in Vienna, the International Atomic Energy Agency
estimated the total cost for the decommissioning of all nuclear facilities®.
Decommissioning of all nuclear power reactors in the world would require
US$187 billion™.
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3- Legacy waste: created as result of the pressures of war and the world’s
first civil nuclear reactor, at a time when waste and decommissioning not
considered. However, such materials did not become of public concern until the
large-scale activities involving uranium and thorium ores and nuclear fission
during and after World War II. Efforts to provide disposal sites for radioactive
wastes, especially those associated with nuclear weapons and nuclear energy.

4- Radioactive medical waste: tends to contain beta particles and gamma-
ray emitters. In diagnostic nuclear medicine, a small percentage of radioactive
material is used. Many of these substances can eliminated by letting them
decompose for a short time before they are disposed of as normal waste®.

5- Industry: industrial source waste can contain alpha, beta, neutron or
gamma emitters. Gamma emitters are use in radiography while neutron-emitting
sources are use in a range of applications, such as oil well logging®*.

6- Naturally occurring radioactive material: Radioactive materials are
prevalent in many soils and rock formations, and consequently in the water that
comes in contact. Extraction and processing of these resources may expose or
concentrate naturally occurring radionuclide, causing them be classified as
Technologically  Enhanced, Naturally-Occurring Radioactive ~ Materials
(TENORM)® %, As an example, we find:

6.1- Coal: contains a small amount of radioactive uranium, barium,
thorium and potassium, but, in the case of pure coal, this is significantly less than
the average concentration of those elements in the Earth's crust. The surrounding
strata, if shale or mudstone, often contain slightly more than average and this may
be reflected in the ash content of 'dirty' coals®’.

6.2- Oil and gas: Residues from the oil and gas industry often contain
radium and its decay products. Radioactive elements are an industrial problem in
some oil wells where workers operating in direct contact with the crude oil and
brine can exposed to doses having negative health effects. Due to relatively high
concentration of these elements in the brine, its disposal is also technological
challenge®.

C) Classification of radioactive waste:

The IAEA instituted a revised waste classification system in 1994 that
takes into account both qualitative and quantitative criteria, including activity
levels and heat content. The International Atomic Energy Agency has classified
radioactive waste as follows **;
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1- Exempt waste (EW): Waste that meets the criteria for clearance,
exemption or exclusion from regulatory control for radiation protection
purposes®.

2- Very short-lived waste (VSLW): Waste that are stored for decay, over a
limited period of up to a few years, and subsequently cleared from regulatory
control, according to arrangements approved by the regulatory body, for
uncontrolled disposal, use or discharge. This class includes waste containing
primarily radionuclide with very short half-lives often used for research and
medical purposes™.

3- Very low-level waste (VLLW): Waste that does not necessarily meet
the criteria of EW, but that does not need a high level of containment and
isolation and, therefore, is suitable for disposal in near surface landfill facilities
with limited regulatory control. Such landfill type facilities may also contain
other hazardous waste. Typical waste in this class includes soil and rubble with
low levels of activity concentration. Concentrations of longer-lived radionuclide
in VLLW are generally very limited®.

4- Low level waste (LLW): Waste that is above clearance levels, with
limited amounts of long-lived radionuclide. Such waste requires robust isolation
and containment for periods of up to a few hundred years and is suitable for
disposal in engineered near surface facilitiecs. LLW may include short-lived
radionuclide at higher levels of activity concentration, and long-lived
radionuclide, but only at relatively low levels of activity concentration®.

5- Intermediate level waste (ILW): Waste that, because of its content,
particularly of long-lived radionuclide. Require a greater degree of containment.
Isolation provided by near surface disposal. However, ILW needs no provision, or
only limited provision, for heat dissipation during its storage and disposal. ILW
may contain long-lived radionuclide; in particular, alpha emitting radionuclide
that will not decay to a level of activity concentration acceptable for near surface
disposal during the time for which institutional controls can rely upon. Therefore,
waste in this class requires disposal at greater depths, of the order of tens of
meters to a few hundred meters®.

6- High level waste (HLW): Waste with levels of activity concentration
high enough to generate significant quantities of heat by the radioactive decay
process or waste with large amounts of long lived radionuclide that need to be
considered in the design of a disposal facility for such waste®. Disposal in deep,
stable geological formations usually several hundred meters or more below the
surface is the generally recognized option for disposal of HLW®.
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Section II: Management Methods for radioactive Waste

The type of radioactive waste disposal varies depending on the types of
waste. The type of disposal must be such that the exposure of the public can kept
or below specified limits and can be as reasonably low as possible. This means
that an approach from the point of view of radiation protection is important. By
considering this as a basic safety requirement, in order to ensure the safety
specified by the International Atomic Energy Agency. Therefore, every
organization and institution that disposes of radioactive waste must assess the
potential impact of waste on the planned disposal system on the public and
demonstrate that it will not pose any problem in ensuring safety. The assessment
of the impact on the public begins by classifying possible future events into a
number of scenarios and determining the conditions that constitute those
incidents.

Now that an overview of radioactive waste types has presented, this section
describes three radioactive waste management processes: treatment, disposal, and
conditioning.

A) Radioactive waste treatment:

Treatment is a process to improve safety and economy by changing the
properties of radioactive waste. These include steps such: filtration, ion exchange,
coagulation and sedimentation to remove radionuclide, Incineration and
compression to reduce volume. Some parts of the waste that considered sanitize
by removing radionuclide are no longer radioactive waste.

1- Gaseous radioactive waste Treatment:

Operations involving radioactive material handling may generate airborne
radioactive contamination. The basic difference between airborne effluents and
radioactive waste in condensed (i.e. liquid or solid) phases is that airborne
material has no definite volume and its dispersion in the environment is rapid.
Special technologies and equipment used for the localization, collection and
treatment of airborne effluents®’.

Ventilation and air cleaning systems are a vital part of the general design of
any nuclear facility including those of radioactive waste processing. The
combination of a well-designed ventilation system with thorough cleaning of
exhaust air prevents radioactive contamination of the air in working areas and in
the surrounding atmosphere®. In nuclear facilities, in general, air streams from
highly contaminated areas such as hot cells and process vessels called oft-gas
streams. These may contain higher concentrations of airborne radionuclide than
the air streams contaminated only from equipment or leakage from a hermetically
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sealed area. Off-gas streams must treat prior to mixing with the ventilation air for
occupational and environmental safety reasons®.

The general purposes of ventilation and air cleaning systems are:

- To control airborne contamination below safe working levels,

- To filter and monitor the air supply on a once-through basis,

- To maintain directional flow from the point of least contamination
potential to the point of greatest contamination potential,

- To clean the exhaust air before discharge to the atmosphere,

- To monitor contaminants in the working areas; and releases to the
environment®.

2- Liquid Radioactive Waste Treatment:

The IAEA Co-ordinate Research Project (CRP) on Combined Methods for
Liquid Radioactive Waste Treatment initiated in 1997 to identify, through the
exchange of information and the results of experimental work, specific combined
methods for liquid radioactive waste treatment and to define their applicability
and efficiency for processing of different waste streams. Substantial advantages
accrued by selecting a combination of two or more processes and their
consecutive or simultaneous application for treatment of liquid waste. The
multiple or combined process approach may allow resources and materials
recovery, provide volume reduction or allow processing of waste in a single
equipment unit. Research and development in this field would contribute toward
improvement of efficiency, safety and cost of the waste management system*".

The objective of the Co-ordinate Research Project (CRP) on Combined
Methods for Liquid Radioactive Waste Treatment was to outline areas of potential
and prospective®.

Through conducting of research, exchange of information and results of
this research it intended to identify specific combined methods for treatment of
liquid radioactive waste and to define their applicability and potential efficiency
for particular waste stream processing. Practical experience in the development
and operation of pilot and full-scale facilities utilizing combined treatment
processes for treatment of liquid radioactive waste considered to be of particular
importance and interest. Therefore, for the benefit of all participants of the CRP
its programs was oriented not only on the research, but also on the development
and application of different new materials and combined methods for treatment of
liquid radioactive waste aimed at improving the treatment efficiency®. The
program planned to prove, possibly up to a pilot plant scale, the effectiveness of
the combined processes for treatment of real radioactive waste™.
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The following areas identified and recommended for co-operation and joint

efforts.

- Use of inorganic sorbents in combination with other treatment processes;

- Use of sorbent mixtures;

- Combined processes for treatment of solutions containing agents and organics,
- Multiple processes for treatment and immobilization of organic liquid waste®.

3- Solid radioactive waste treatment:

Solid radioactive waste treatment aimed at an appropriate preparation of
the waste that facilitates the subsequent treatment steps.

Treatment actions may comprise:

-Administrative measures;

-Segregation, sorting;

-Packaging for transport to an intermediate storage area or to the treatment
facility;

-Size reduction;

-Decontamination;

-Decay storage46.

It is obvious from this enumeration that pretreatment must start at the
source where the solid waste produced; indeed, the complexity of operating a
volume reduction system requires that this management aspect emphasized from
the very beginning. There, administrative measures fix the rules for the very first
steps of the solid waste management, i.e. collection, sorting, segregation and
packaging for transport to buffer storage areas, or directly to the treatment
facilities. Emphasis must be placed on an as informative as possible description
of the waste, stating origin, nature, activity (isotopes, radiation level), package
volume, weight and all further information relevant to the safe execution of the
subsequent treatment steps”’. It is imperative that this information also provided
to meet accountability and operational purposes. This, in turn, leads to the need to
use adequate measuring techniques to obtain the above information. Indeed, the
establishment has to keep a detailed record system that integrates and documents
the information obtained in all phases of the waste management system®.

B) Radioactive waste conditioning:

Conditioning is a process for converting radioactive waste into safe forms
for handling, transporting, storing and disposing of it. Waste solidified, closed in
containers, and packaged to convert into waste forms. These steps may be easier
to understand when they called "waste form production". Conditioning
sometimes called packaging®.

- 515 -



International standards for safe management of radioactive waste

As well as all, technological processes ranging from facility
decommissioning and conditioning wastes to long-term safety assessment for
final geological disposal. As one of the waste-conditioning technologies, for
which active research and development have been performed and effects of
partitioning and transmutation™.

Conditioning techniques designed by the IAEA to slow the release of
radionuclide from the disposed waste package into the environment™.
Conditioning puts the waste in a safe, stable and manageable form for transport,
storage and disposal. Common forms of conditioned waste for disposal are
encapsulated or solidified waste in cement or glass®*:

1- Conditioning the radioactive waste with cement:

Cement-based materials are widely used in the nuclear industry for
radioactive waste conditioning and disposal. They result from the setting of a
mixture of anhydrous cement, aggregates of various sizes, and water. Several
categories distinguished depending on whether aggregates are present or not, their
size, and the water/cementations ratio>:

* Pure pastes, only consisting of cement and water;

* Grouts, pure pastes or fine mortars with a low sand content and a high
quantity of water (water volume > cement volume), which gives them the
relevant theology for the pouring that follows mixing;

* Mortars, which contain aggregates (sand) under 6.3 mm in size
(generally, the sand volume is higher than the cement volume, which is itself
higher than the water volume);

* Concretes include aggregates of a size between 6.3 and 80 mm. In order
to increase their tensile strength, they armored with bars or reinforced with short
metal fibers™.

2- Conditioning the radioactive waste with glass:

It is a proven method for restoring high-level liquid waste (HLW). As well
as intermediate level waste (ILW) and low-level waste (LLW). It characterized by
high flexibility in terms of the range of forming glass. Moreover, reliability of the
paralysis process, productivity of glass, a High durability for final waste. In
addition to a small volume of waste generated. However, its limits are high initial
investment and operating costs. Complex technology requires highly qualified
personnel, and requires control of emissions, and Specific high-energy
consumption®.
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C) Radioactive waste disposal:

The concept of radioactive waste disposal has evolved through wide-
ranging international discussions. Since the future use of nuclear energy must
base on the safe and rational management of radioactive waste, the prevention of
any harm to humans or the environment. It is necessary to give priority to
establishing what should be international cooperation in the fields of regulatory
texts and modern technological technologies, and it will require participants in
this field to possess comprehensive understanding of the overall picture. In order
to, preserve the safety of nuclear facilities in the future. Nuclear waste disposal is
extremely hazardous and is often an argument against the use of nuclear reactors.
The main objective in disposing of nuclear waste is to protect people and the
environment®®. To make sure that it does not produce harmful radiations,
practically all wastes are contained and managed — some clearly need deep and
permanent burial. Broadly, there many options to a safely dispose of nuclear
waste as:

1- Geological Disposal: is the process of selecting appropriate deep final
repositories for high level waste and spent®’. The basic concept is to locate a
large, stable geologic formation and use mining technology to excavate a tunnel,
or large-bore tunnel boring machines to drill a shaft 500 meters to 1,000 meters
below the surface where rooms or vaults can excavate for disposal of high-level
radioactive waste”. The waste needs to protect for stopping any material from
leaking Furthermore, the waste needs fastened to the burial site, also structurally
supported in the event of a major seismic event, which could result in immediate
contamination. The goal is permanently isolate nuclear waste from the human
environment.

Many people remain uncomfortable with the immediate stewardship
cessation of this disposal system, suggesting perpetual management and
monitoring would be more prudent, according to the long term of radioactive
waste life estimating of several hundred thousand years™.

2- Reprocessing: is the chemical separation of fission products and unused
uranium from spent nuclear fuel. Originally, reprocessing used solely to extract
plutonium for producing nuclear weapons. With commercialization of nuclear
power, the reprocessed plutonium was recycled back into MOX nuclear fuel for
thermal reactors®. The reprocessed uranium, also known as the spent fuel
material, can re-use as fuel, but that is only economical when uranium supply is
low and prices are high. A breeder reactor is not restricted to using recycled
plutonium and uranium®’. It can employ all the actinides, closing the nuclear fuel
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cycle and potentially multiplying the energy extracted from natural uranium by
about 60 times®.

3- Transmutation: Also poses a solution for long-term disposal. It
specifically involves converting a chemical element into another less harmful
one®. Common conversions include going from Chlorine to Argon or from
Potassium to Argon. The driving force behind transmutation is chemical reactions
that caused from an outside stimulus, such as a proton hitting the reaction
materials. Natural transmutation can also occur over a long period. Natural
transmutation also serves as the principle force behind geological storage on the
assumption that giving the waste enough isolated time allows it to become a non-
fissionable material that poses little or no risk®.

4- Space Disposal: has emerged as an option, but not as a very viable one.
Specifically, space disposal centers on putting nuclear waste on a space shuttle
and launching the shuttle into space. This becomes a problem from both a
practicality and economic standpoint as the amount of nuclear waste that could
shipped on a single shuttle would be extremely small compared to the total
amount of waste that would need to deal with. Furthermore, the possibility of the
shuttle exploding en route to space could only make the matter worse as such an
explosion would only cause the nuclear waste to spread out far beyond any
reasonable measure of control®. The upside would center on the fact that
launching the material into space would subvert any of the other issues associated
with the other disposal methods as the decay of the material would occur outside
of our atmosphere regardless of the half-life®.

Conclusion:

Radioactive waste is a reality with nuclear energy. It must properly address
in order to assess the long-term viability of this power source.

All radioactive waste management operations must carried out in
accordance with the legal and scientific procedures specified by the International
Atomic Energy Agency and the various scientific bodies responsible for nuclear
energy, nationally and internationally.

The different types of radioactive waste make their operations different.
However, a set of factors should take into consideration when assessing any
particular method, including:

- The volume of nuclear waste is large and must take into account.

- The half-life of nuclear waste leads to the need for any policymaker to
view the time horizon as effectively infinite because it is better to find a solution
that requires minimal intervention once a long-term plan modified. Note that any
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errors in estimating the half-life may lead to a threat to international peace and
security.

- We must understand the sustainability of any plan. Reducing material
fission and dealing with the harmful effects that it can have on the environment
and living organisms must fully integrate.

Each type of radioactive waste imposes specific practices in the nuclear
facility and legally,

Whatever type of radioactive waste, it must deal with as imposed by
international organizations,

Radioactive waste can harm the environment and human for an extended
period. This is what forces states to respect the applicable safety rules,

The International Atomic Energy Agency must review and update its
convention,

The radiation danger is too big for a single country to deal with. All
countries are obligated to help deal with radioactive waste,

Despite the gradual flow of radioactive waste from treatment to reuse
...etc. Some stages are not process in legal side.

Even if radioactive wastes have their own rules, but there are some
violations.

The solutions to deal with nuclear waste are inadequate or very costly.
Solutions must found internationally and nationally.

A new set of laws should develop. To ensure management of radioactive
waste, from treatment to disposal.

International cooperation in the field of nuclear industry should be at the
level of factories and reactors, and legally.

The International Atomic Energy Agency must send monitors or inspectors
with missions specializing in radioactive waste disposal.
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