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Background   

  

In 1991, the General Conference (GC) in its resolution RES/552 requested the Director General to prepare 'a 

comprehensive proposal for education and training in both radiation protection and in nuclear safety' for 

consideration by the following GC in 1992. In 1992, the proposal was made by the Secretariat and after 

considering this proposal the General Conference requested the Director General to prepare a report on a 

possible programme of activities on education and training in radiological protection and nuclear safety in its 

resolution RES1584.  

  

In response to this request and as a first step, the Secretariat prepared a Standard Syllabus for the Post-
graduate Educational Course in Radiation Protection. Subsequently, planning of specialised training courses 

and workshops in different areas of Standard Syllabus were also made. A similar approach was taken to develop 

basic professional training in nuclear safety. In January 1997, Programme Performance Assessment System 

(PPAS) recommended the preparation of a standard syllabus for nuclear safety based on Agency Safely 

Standard Series Documents and any other internationally accepted practices. A draft Standard Syllabus for 

Basic Professional Training Course in Nuclear Safety (BPTC) was prepared by a group of consultants in 

November 1997 and the syllabus was finalised in July 1998 in the second consultants meeting.  

  

The Basic Professional Training Course on Nuclear Safety was offered for the first time at the end of 1999, in 

English, in Saclay, France, in cooperation with Institut National des Sciences et Techniques 

Nucleaires/Commissariat a l'Energie Atomique (INSTN/CEA). In 2000, the course was offered in Spanish, in 

Brazil to Latin American countries and, in English, as a national training course in Romania, with six and four 
weeks duration, respectively. In 2001, the course was offered at Argonne National Laboratory in the USA for 

participants from Asian countries. In 2001 and 2002, the course was offered in Saclay, France for participants 

from Europe. Since then the BPTC has been used all over the world and part of it has been translated into 

various languages. In particular, it is held on a regular basis in Korea for the Asian region and in Argentina for 

the Latin American region. 

  

In 2015 the Basic Professional Training Course was updated to the current IAEA nuclear safety standards.  The 

update includes a BPTC text book, BPTC e-book and 2 “train the trainers” packages, one package for a three 

month course and one package is for a one month course.  The” train the trainers” packages include 

transparencies, questions and case studies to complement the BPTC.  

  
This material was prepared by the IAEA and co-funded by the European Union. 

 

Editorial Note 

  

The update and the review of the BPTC was completed with the collaboration of the ICJT Nuclear Training 

Centre, Jožef Stefan Institute, Slovenia and IAEA technical experts. 
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1 INTRODUCTION 

 

Learning objectives 
After completing this chapter, the trainee will be able to: 

1. Define in his/her own words radioactive waste.  

2. Discuss the generation of radioactive waste. 

3. Specify the aim of radioactive waste policy and strategy. 

 

Radioactive wastes are the residues from the use of radioactive or 

nuclear materials for the production of electricity, in diagnosis and 

treatment in medicine, and for other industrial and research purposes. 

 

Radioactive materials are either naturally occurring or man-made. 

Certain kinds of radioactive materials, and the wastes produced from 

using these materials, are subject to regulatory control. 

 

Based on IAEA terminology, waste that contains or is contaminated 

with radionuclides at concentrations or activities greater than 

clearance levels (as established by the regulatory body) is radioactive 

waste. It should be recognized that this definition is purely for 

regulatory purposes and that material with activity concentrations 

equal to or less than the clearance levels is radioactive from the 

physical viewpoint — although the associated radiological hazards are 

considered negligible, and regulatory control is not justified. 

 

Radioactive waste is produced in medical, industrial and research 

facilities as well in nuclear facilities (nuclear power plants and fuel 

reprocessing facilities), and uranium and thorium mining.  

 

In medical facilities, radioactive materials are used in numerous 

diagnostic and therapeutic procedures. During these procedures, 

equipment such as test tubes, bottles, tubing and other objects come 

into contact with radioactive material. Some of the material remains in 

or on the objects, contaminating them. 

 

In medical research, laboratory animals are sometimes injected with or 

fed radioactive material for research purposes to combat disease. The 

animal carcases containing the radioactive material become 

radioactive waste and must be handled appropriately. 

 

Hospitals may store waste containing radioactive materials with short 

half-lives until they decays to background radiation levels for ultimate 

disposal with non-radioactive medical waste. Waste containing 

longer-lived radioactive material is stored or sent to a radioactive 

waste disposal facility. 

 

Commercial and industrial firms use radioactive materials to measure 

the thickness, density or volume of materials, to examine welds and 

structures for flaws, to analyse wells drilled for oil and gas 
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exploration, and for various other types of research and development. 

 

During research and chemical analysis equipment and other items may 

come into contact with radioactive material, become contaminated and 

are then classified as radioactive waste. Waste may also be produced 

during the manufacture of devices such as certain gauges, luminous 

watches, exit signs and smoke detectors that contain radioactive 

material. 

 

During normal operation of a nuclear reactor, some small amounts of 

radioactive material may be released into, or produced in, the water 

surrounding the fuel. Although reactor operators purify the water by 

using filters and ion exchange resins, some of this material 

contaminates internal reactor components, such as pipes, pumps, 

valves and filters, and other objects such as tools and equipment. 

Radiation from the reactor also induce radioactivity in components 

that become waste when the reactor is decommissioned. 

 

To protect themselves, workers in contaminated areas at nuclear 

facilities must sometimes wear protective gloves, clothing and, 

occasionally, respiratory equipment, which in turn could become 

contaminated. 

 

After uranium fuel has been used in a reactor for a while, it 

accumulates neutron “poisons”, and is no longer as efficient in fission 

and producing heat to make electricity. It is then called “spent” 

nuclear fuel. About one-fourth to one-third of the total fuel load is 

removed from the reactor every 12 to 18 months and replaced with 

fresh fuel. If it is not reprocessed, the spent nuclear fuel becomes 

radioactive waste. 

 

Tailing wastes are generated during the milling of certain ores to 

extract uranium and thorium. These wastes have relatively low 

concentrations of radioactive materials with long half-lives. Uranium 

mill tailings contain radium (
226

Ra) (which, through radioactive decay, 

produces radon), thorium (
230

Th), and small residual amounts of 

uranium that were not extracted during the milling process. 

 

Uranium mill tailings contain chemical and radioactive material 

discarded from the mill. Radium (
226

Ra) and thorium (
230

Th), which 

are the dominant radioactive materials in uranium mill tailings, have 

long half-lives (1,600 and 77,000 years respectively). Therefore 

permanent supervision and monitoring of tailings disposal sites is 

necessary. 

 

1.1 Responsibilities of different parties in radioactive 
waste management 

 

In accordance with Fundamental Safety Principles [1] and the Joint 
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Convention [2] each national government is responsible for 

establishing and maintaining an appropriate governmental, legal and 

regulatory framework for radioactive waste management. The 

confirmation at national level of the need for waste facilities of 

different types, specification of the steps in development and licensing 

of facilities of different types and clear allocation of responsibilities, 

securing of financial and other resources, and provision of 

independent regulatory functions relating to waste management must 

be established at governmental level.  

 

The responsibility of the regulatory body is to establish regulatory 

requirements for the development of different types of facility for 

radioactive waste and to set out the procedures for meeting the 

requirements for the various stages of the licensing process. The 

regulatory body also sets conditions for the development, operation 

and closure of each individual waste facility and carries out all 

necessary activities to ensure that the conditions are met. 

 

The operator of any facility for radioactive waste is responsible for its 

safety. The operator is responsible for carrying out safety assessment 

and for developing and maintaining safety documentation, and for all 

activities for site selection and evaluation, design, construction, 

operation, closure and, if necessary, surveillance after closure, in 

accordance with national strategy, in compliance with the regulatory 

requirements and within the legal and regulatory infrastructure. 

 

Usually a disposal facility is operated by a specialized organization, 

for instance, a national waste management agency. The 

responsibilities of the various parties, namely the waste generator, the 

operator of the storage or repository, and regulator, are illustrated in 

Figure 1.1. Sometimes the waste generator is also the operator of an 

interim storage or disposal facility. In that case, the regulator should 

bear the review and inspection responsibilities designated for the 

operator. 

 

 
 

Figure 1.1: Responsibilities of the various parties in waste 

management. 
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1.2 Radioactive waste management policy and strategy 

 

According to the Joint Convention [2] all member states must set 

spent fuel and radioactive waste management policies, practices and 

criteria to define and categorize radioactive waste. These documents 

are the first step in proving that proper care is provided over the 

radioactive waste that is produced in the country.  

 

Responsibilities for national policy and strategy in radioactive waste 

management are associated with different levels of organization: 

government, ministries, the regulator, waste management organization 

and radioactive waste producers (Figure 1.1; arrows indicate the 

relationships of the respective holders of responsibilities and 

liabilities).  

 

The fundamental principles that should be applied in radioactive waste 

management planning and decision making are the following: 

� The principle »the polluter pays« is valid in the field of 

radioactive waste management. Because of the high costs of 

radioactive waste management it is often also financed by the 

state budget.  

� The ALARA principle is applied to radiation protection practice. 

� Countries are responsible for the safe management of 

radioactive waste produced in their territory and may not export 

it to countries that do not have provisions for safe management 

of radioactive waste and spent fuel.  

� Disposal is considered to be a final solution, but retrievability 

can be also taken into account, particularly in spent fuel 

management.  

� Radioactive waste management must provide safety and 

protection of human health in the present and in the future. 

� Information on waste inventory and management practices have 

to be available to the public and opportunities to participate in 

environmental decision making in radioactive waste 

management has to be provided to the public according to the 

provisions of the Aarhus Convention and good practices. 

 

The optimal strategy should be determined by comparison of the 

relative advantages and disadvantages of each strategic option (multi-

attribute analysis). Typically, issues related to different processing 

technologies and their interdependence, synergies and relation to 

different disposal systems should be considered. It should be ensured 

that the chosen strategy can be implemented in the country concerned, 

i.e. sufficient financial and technical resources exist and that there are 

no political, social or legal reasons to prevent its implementation. If 

multi-attribute analysis does not result in the selection of a strategy 

which can be implemented, the end points should be redefined and the 

possible technical options re-analysed. 
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Figure 1.2: Development and implementation of radioactive waste 

(RW) policy and strategy. 

 

It should be noted that the multi-attribute approach may be suitable for 

countries with significant amounts and types of radioactive waste to 

manage, but for countries with one or only a few types of radioactive 

waste, the choice of optimum strategy will be straightforward and 

usually obvious, and can be reached without a formal analysis. 

 

This optimization process should result in a general strategy which 

then needs to be further elaborated into an implementation plan.  
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2 WASTE CLASSIFICATION SYSTEM 

 

Learning objectives 
After completing this chapter, the trainee will: 

1. Possess a broad overview of waste classification. 

2. Understand the main characteristics of exempt waste. 

3. Understand the main characteristics of very short lived waste. 

4. Understand the main characteristics of very low level waste. 

5. Understand the main characteristics of low level waste. 

6. Understand the main characteristics of intermediate level waste. 

7. Understand the main characteristics of high level waste. 

 

2.1 Waste classification 

 

Various methods have evolved for classifying radioactive waste 

according to the physical, chemical and radiological properties that are 

relevant to particular facilities or circumstances in which radioactive 

waste is generated and managed. Some countries have never had a 

formal method of classifying radioactive waste. At the same time 

different methodologies have led to a variety of terminologies, which 

may differ from country to country and even between facilities in the 

same country. This results in difficulties in establishing consistent and 

coherent national waste management policies and implementing 

strategies, and can lead to less than optimal levels of safety. It also 

makes communication on waste management practices difficult 

nationally and internationally, particularly in the context of the Joint 

Convention. Comparison of data published in the scientific literature 

is not straightforward, and difficulties can arise in trying to understand 

waste management programmes and practices both within and 

between countries. After the issue of the IAEA guidance on 

classification of radioactive waste entitled: »General Safety Guide 

Classification of Radioactive Waste« (No. GSG-1) [6], published in 

late 2009, many countries are finding it appropriate to adopt a 

nationally uniform system of classification of radioactive waste 

underpinning a range of further guidance of radioactive waste 

management. It is important that all types of radioactive waste be 

correctly classified to ensure that appropriate disposal measures can 

be implemented. 

 

The IAEA Safety Guide sets out non-prescriptive, best-practice 

guidance for classifying radioactive waste. The Safety Guide is 

qualitative in nature with the intention of allowing users appropriate 

flexibility in classifying their waste in accordance with internationally 

accepted methods and terminology. 

 

In the approach outlined in this IAEA General Safety Guide, six 

classes of waste are defined and used as the basis for the classification 

scheme:  
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� Exempt waste (EW): Waste that meets the criteria for clearance, 

exemption or exclusion from regulatory control for radiation 

protection purposes. 

� Very short lived waste (VSLW): Waste that can be stored to 

allow radioactive 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 radionuclides with very short half-

lives often used for research and medical purposes. 

� 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 type 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 activity concentrations. The concentrations of 

longer lived radionuclides in VLLW are generally very limited.  

� Low level waste (LLW): Waste that is above clearance levels, 

but with limited concentrations of long lived radionuclides. 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 facilities. This class covers a very broad 

range of waste. LLW may include short lived radionuclides at 

higher activity concentrations, and also long lived radionuclides, 

but only at relatively low activity concentrations. 

� Intermediate level waste (ILW): Waste that, because of its 

content, particularly of long lived radionuclides, requires a 

greater degree of containment and isolation than that 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 radionuclides, in 

particular alpha emitting radionuclides that will not decay to 

activity concentrations acceptable for near surface disposal 

during the time for which institutional controls can be relied 

upon. Therefore, waste in this class requires disposal at greater 

depths, of the order of tens of metres to a few hundred metres. 

� High level waste (HLW): Waste with activity concentrations 

high enough to generate significant quantities of heat by the 

radioactive decay process, or waste with large amounts of long 

lived radionuclides that need to be considered in the design of a 

disposal facility for such waste. Disposal in deep, stable 

geological formations, usually several hundred metres or more 

below the surface, is the generally recognized option for 

disposal of HLW. 

 

Quantitative values of allowable activity content for each significant 

radionuclide are specified for all classes of waste on the basis of safety 

assessments for individual disposal sites.  
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A conceptual illustration of the waste classification scheme is 

presented in Figure 2.1. The vertical axis represents the activity 

content of the waste and the horizontal axis represents the half-lives of 

the radionuclides contained in the waste. In some cases, the total 

amount of activity, rather than activity concentration, may be used to 

determine the class of the waste. For example, waste containing only 

very small amounts of certain radionuclides (e.g. low energy beta 

emitters) may be excluded or cleared from regulatory control. 

 

Considering Figure 2.1 vertically, the activity content can range from 

negligible to very high, that is, to a very high concentration of 

radionuclides. The higher the activity content, the greater the need to 

contain the waste and to isolate it from the biosphere. At the lower 

range of the vertical axis, below clearance levels, management of the 

waste can be carried out without consideration of its radiological 

properties. 

 

Considering Figure 2.1 horizontally, the half-lives of the radionuclides 

contained in the waste can range from very short (seconds) to very 

long time spans (millions of years). In terms of radioactive waste 

safety, a radionuclide with a half-life of less than about 30 years is 

considered to be short lived. It is beneficial to make such a distinction 

between waste containing mainly short lived radionuclides and waste 

containing long lived radionuclides because the radiological hazards 

associated with short lived radionuclides are significantly reduced 

over a few hundred years by radioactive decay. A reasonable degree 

of assurance can be given that institutional control measures 

contributing to the safety of near surface disposal facilities for waste 

containing mainly short lived radionuclides can be kept in place over 

such a time frame. Limitations placed on the activity (total activity, 

specific activity or activity concentration) of waste that can be 

disposed of in a given disposal facility will depend on the radiological, 

chemical, physical and biological properties of the waste and on the 

particular radionuclides it contains.  
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Figure 2.1: Conceptual illustration of the waste classification scheme. 

 

The majority of countries use the IAEA classification of radioactive 

waste. However, there are a few counties which do not follow the 

IAEA classification, one of which is Germany. According to the 

German approach, the effects of heat generation from radioactive 

waste on the design of a repository are particularly important, since 

the natural temperature conditions may be significantly altered by the 

deposited waste. The German authorities have chosen, instead of the 

IAEA terms Low Level Waste, Intermediate Level Waste and High 

Level Waste, a new categorisation system which is basically 

subdivided into:  

� Heat-generating radioactive waste, 

� Radioactive waste with negligible heat generation.  

 

The classification of waste in these two categories (based on heat 

generation) is compatible, with slight deviations, with the IAEA 

categorisation of radioactive waste, which uses a subdivision into 

short-lived and long-lived waste, allowing waste disposal is both near-

surface disposal and deep geological formations. The term 

‘radioactive waste with negligible heat generation’ was quantified 

within the scope of the planning activities for the Konrad repository. 

The increase in temperature at the wall of the disposal chamber caused 

by decay heat from the radionuclides contained in the waste packages 

must not exceed 3 Kelvin, corresponding to an average heat output of 

about 200 W per m
3
 of waste.  
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Figure 2.2: The German waste classification scheme. 

 

The USA also has a different waste classification system. It separates 

wastes into two broad classifications: high-level or low-level waste. 

High-level radioactive waste results primarily from the fuel used by 

reactors to produce electricity. Low-level radioactive waste results 

from reactor operations and from medical, academic, industrial, and 

other commercial uses.  

 

At the present time there are no facilities in the USA for permanent 

disposal of high-level radioactive waste. Since the only way 

radioactive wastes finally become harmless is through decay, which 

for some radionuclides contained in high-level wastes can take 

hundreds of thousands of years, wastes must be stored in a way that 

provides adequate protection for very long times. Spent fuel is 

currently stored at spent fuel storages mostly on site at nuclear power 

plants. 

 

Determination of the classification of low level radioactive waste 

involves two considerations. First, consideration is given to the 

concentration of long-lived radionuclides (and their shorter-lived 

precursors) whose potential hazard will persist long after such 

precautions as institutional controls, improved waste form, and deeper 

disposal have ceased to be effective. These precautions delay the time 

when long-lived radionuclides could cause exposure. In addition, the 

magnitude of the potential dose is limited by the concentration and 

availability of the radionuclide at the time of exposure. Second, 

consideration is given to the concentration of shorter-lived 

radionuclides for which requirements on institutional controls, waste 

form, and disposal methods are effective. 

 

The classification of radioactive waste in the USA is as follows: 

� Class A waste is waste that is usually segregated from other 
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waste classes at the disposal site. 

� Class B waste is waste that must meet more rigorous 

requirements on waste form to ensure stability after disposal.  

� Class C waste is waste that not only must meet more rigorous 

requirements on waste form to ensure stability but also requires 

additional measures at the disposal facility to protect against 

inadvertent intrusion.  

� Class D waste is waste that is not generally acceptable for near-

surface disposal is waste for which the form and disposal 

methods must be different, and in general more stringent, than 

those specified for Class C waste. In the absence of specific 

requirements in this part, such waste must be disposed of in a 

geologic structures. 

 

2.2 Exempt waste 

 

Exempt waste contains such small concentrations of radionuclides that 

it does not require provisions for radiation protection, irrespective of 

whether the waste is disposed of in conventional landfills or recycled. 

Such material can be cleared from regulatory control and does not 

require any further consideration from a regulatory control 

perspective.  

 

IAEA Safety Standards Series, No. RS-G-1.7 [3], Application of the 

Concepts of Exclusion, Exemption and Clearance, provides 

explanations and guidance on the concepts of exclusion, exemption 

and clearance. It gives values of activity concentrations for 

radionuclides of both natural and artificial origin that may be used by 

the regulatory body for determining when controls over bulk amounts 

of solid material are not required or are no longer necessary. 

 

To understand the difference between exemption and clearance levels, 

it should be emphasized that exempt waste was never under regulatory 

control, and clearance waste was under regulatory control, but as a 

result of its characteristics it was possible to clear it from regulatory 

control.   

Criteria for exemption and clearance 

Safety Standard RS-G-1.7, Application of the Concepts of Exclusion, 

Exemption and Clearance, was based on International Basic Safety 

Standards for Protection against Ionizing Radiation and on the Safety 

of Radiation Sources, Safety Series No. 115 (1996) [4]. In 2014 a new 

document, Radiation Protection and Safety of Radiation Sources: 

International Basic Safety Standards, IAEA General Safety 

Requirements Part 3 No. GSR Part 3 [5] was published, which 

supersedes the document from 1994. 

 

In the Basic Safety Standards the activity concentrations of artificial 

radionuclides are listed which are considered as the levels for 
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exemption of bulk amounts of solid material. They were derived under 

following conditions [5]: 

 

(a) The radiation risks arising from the cleared material are 

sufficiently low as not to warrant regulatory control, with no 

appreciable likelihood of occurrence of scenarios that could lead to a 

failure to meet the general criterion for clearance; or 

(b) Continued regulatory control of the material would yield no net 

benefit, in that no reasonable control measures would achieve a 

worthwhile return in terms of reduction of individual doses or of 

health risks. 

 

Material may be cleared … without further consideration provided 

that in all reasonably foreseeable situations the effective dose 

expected to be incurred by any member of the public due to the 

cleared material is of the order of 10 µSv or less in a year. To take 

into account low probability scenarios, a different criterion can be 

used, namely that the effective dose expected to be incurred by any 

member of the public for such low probability scenarios does not 

exceed 1 mSv in a year. 

 

These conditions are slightly different from the conditions listed in the 

IAEA Safety Standards Series, No. RS-G-1.7 (where instead of 1 mSv 

s collective effective dose of 1 man·Sv was taken as the condition), 

but this does not change with the applicability of this document.  

 

The regulatory body can establish different exemption levels from 

those in Basic Safety Standards on a case by case basis, providing that 

consideration is given to specific national circumstances. However, 

compliance with Basic Safety Standards provides a consensus on the 

limit for unconditionally exempt or cleared material that may be 

transferred from one state to another (e.g. for recycling or reuse) 

without its being subject to regulatory control for the purposes of 

radiation protection.  

 

2.3 Very short lived waste (VSLW) 

 

Very short lived waste contains only radionuclides of very short half-

life with activity concentrations above the clearance levels. Such 

waste can be stored until the activity has fallen below the levels for 

clearance, allowing for the cleared waste to be managed as 

conventional waste. Examples of very short lived waste are waste 

containing radionuclides with short half-lives from industrial and 

medical applications.  

 

Storage for decay is frequently used in the management of liquid and 

gaseous waste containing short half-life radionuclides, which is stored 

until the activity concentration has fallen below the applicable levels 

for discharge to the environment. 
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The main criteria for the classification of waste as VSLW are the half-

lives of the predominant radionuclides and the acceptability of the 

amounts of longer half-life radionuclides. Since the intent of storage 

for decay is to eventually clear the material, acceptable levels of 

concentration of long half-life radionuclides are set by the clearance 

levels. The boundary for the half-lives of predominant radionuclides 

cannot be specified generically because it depends on the planned 

duration the storage and the initial activity concentration of the waste. 

 

In general, the management option of storage for decay is applied for 

waste containing radionuclides with half-lives of the order of 100 days 

or less.  

 

 
 

Figure 2.3: Very short lived waste. 

 

The classification of waste as VSLW obviously depends on the point 

in time at which the waste is assigned for classification. Through 

radioactive decay, VSLW will move into the class of exempt waste. 

The classification scheme is not fixed but depends on the actual 

conditions of the waste in question at the time of assessment. This 

reflects the flexibility that radioactive decay provides for the 

management of radioactive waste. 

 

2.4 Very low level waste (VLLW) 

 

This consist of waste with levels of activity concentration slightly 
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above the levels specified for clearance, or waste containing naturally 

occurring radionuclides originating from the mining or processing of 

ores and minerals. The management of this waste requires 

consideration from the perspective of radiation protection and safety, 

but to an extent limited in comparison to wastes in the higher classes 

(LLW, ILW or HLW). This waste is mostly disposed to specialized 

facilities and requires active and passive institutional controls.  

 

In order to determine whether a particular type of waste can be 

considered to fall into the class of VLLW, acceptance criteria for 

engineered specialized surface landfill type facilities have to be 

established. The criteria are developed based on a safety assessment 

for a specific facility in a manner approved by the regulatory body. It 

is expected that with a moderate level of engineering and controls, a 

landfill facility can safely accommodate waste containing artificial 

radionuclides with activity concentrations one or two orders of 

magnitude above the levels for exempt waste, for waste containing 

short lived radionuclides and with limited total activity. This applies 

as long as expected doses to the public are within the criteria 

established by the regulatory body. In general, for waste containing 

naturally occurring radionuclides, the acceptable activity 

concentrations will be expected to be lower than those for waste 

containing artificial radionuclides in view of the long half-lives of 

naturally occurring radionuclides. Depending on site factors and the 

design, it may still be possible to demonstrate the safety of waste with 

higher activity concentrations. 

 

Another management option for some waste falling within this class, 

such as waste rock from mining operations, may be the authorized use 

of the material (e.g. for road construction). In this case, acceptance 

criteria can be derived by using approaches similar to those set out in 

IAEA Safety Standards Series, No. RS-G-1.7 [3]. 

 

2.5 Low level waste (LLW) 

 

Radioactive waste that requires shielding but needs little or no 

provision for heat dissipation is classified as intermediate level waste. 

 

In the classification scheme set out in the Figure 1, low level waste is 

waste that is suitable for near surface disposal. This is a disposal 

option suitable for waste that contains an amount of radioactive 

material such that robust containment and isolation for limited periods 

of time up to a few hundred years are required. This class covers a 

very wide range of radioactive waste. It ranges from radioactive waste 

with an activity concentration just above that for VLLW, that is, not 

requiring shielding or particularly robust containment and isolation, to 

radioactive waste with an activity concentration such that shielding 

and more robust containment and isolation are necessary for periods 

up to several hundred years. 
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As LLW may have a wide range of activity concentrations and may 

contain a wide range of radionuclides, there are various design options 

for near surface disposal facilities. These design options may range 

from simple to more complex engineered facilities, and may involve 

disposal at varying depths, typically from the surface down to 30 m. 

They depend on safety assessments and on national practices, and are 

subject to approval by the regulatory body. 

 

 
 

Figure 2.4: Typical contents of a low level waste drum. 

 

Low concentrations of long lived radionuclides may be present in 

LLW. Although the waste may contain high concentrations of short 

lived radionuclides, significant radioactive decay of these will occur 

during the period of reliable containment and isolation provided by the 

site, the engineered barriers and institutional control. Classification of 

waste as LLW should, therefore, relate to the particular radionuclides 

in the waste, and account should be taken of the various exposure 

pathways, such as ingestion (e.g. in the case of long term migration of 

radionuclides to the accessible biosphere in the post-closure phase of a 

disposal facility) and inhalation (e.g. in the case of human intrusion 

into the waste). Thus, radioactive waste suitable for disposal near the 

surface and at intermediate depths may, in most instances, be 

differentiated on the basis of the need for controls over time frames 

for which institutional control can be guaranteed and thus human 

intrusion into the waste can be prevented. The suitability of a disposal 

facility for a particular inventory of waste is required to be 

demonstrated by the safety case for that facility. 

 

In many states it is assumed that institutional controls can be relied 

upon for a period of up to around 300 years. Under this assumption, 

limiting values for low level waste in terms of activity concentrations 

can be derived by estimating doses to exposed individuals after this 

period of institutional control. A special situation arises for waste 

from the mining and processing of uranium and other materials 

containing significant amounts of radionuclides of natural origin, for 

which the activity content will not decrease significantly over such 

time scales. Since the management of such waste in near surface 
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facilities is in many cases the only practicable option, longer periods 

of institutional control have to be postulated, with periodic safety 

reviews of the facility. 

 

A precise boundary between LLW and intermediate level waste (ILW) 

cannot be provided, as limits on the acceptable level of activity 

concentration differ between individual radionuclides or groups of 

radionuclides. Waste acceptance criteria for a particular near surface 

disposal facility are dependent on the actual design of and planning 

for the facility (e.g. engineered barriers, duration of institutional 

control, site-specific factors). Restrictions on activity concentrations 

for long lived radionuclides in individual waste packages may be 

complemented by restrictions on average activity concentration or by 

simple operational techniques such as emplacement of waste packages 

with higher levels of activity at selected locations within the disposal 

facility. It may be possible for a regulatory body to set limiting 

activity concentrations for LLW on the basis of generic site 

characteristics and generic facility designs, as well as specified 

institutional control periods and dose limits to individuals. 

 

The regulatory body should establish limits for the disposal of long 

lived radionuclides on the basis of the safety assessment for the 

particular disposal facility. 

 

2.6 Intermediate level waste (ILW) 

 

Intermediate level waste is defined as waste that contains long lived 

radionuclides in quantities that need a greater degree of containment 

and isolation from the biosphere than is provided by near surface 

disposal. Disposal in a facility at a depth of between a few tens and a 

few hundreds of metres is indicated for ILW. Disposal at such depths 

has the potential to provide a long period of isolation from the 

accessible environment if both the natural barriers and the engineered 

barriers of the disposal system are selected properly. In particular, 

there is generally no detrimental effect of erosion at such depths in the 

short to medium term. Another important advantage of disposal at 

intermediate depths is that, in comparison to near surface disposal 

facilities suitable for LLW, the likelihood of inadvertent human 

intrusion is greatly reduced. Consequently, long term safety for 

disposal facilities at such intermediate depths will not depend on the 

application of institutional controls. 
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Figure 2.5: Typical contents of an intermediate level waste drum. 

 

As already stated, the boundary between the LLW class and the ILW 

class cannot be specified in a general manner with respect to activity 

concentrations, because the allowable levels will depend on the actual 

waste disposal facility and its associated safety case and the 

supporting safety assessment. For the purposes of communication 

pending the establishment of disposal facilities for ILW, the 

regulatory body may determine that certain waste constitutes LLW or 

ILW on the basis of generic safety cases. 

 

2.7 High level waste (HLW) 

 

High level waste is defined as waste that contains such high 

concentrations of both short and long lived radionuclides that, 

compared to ILW, a greater degree of containment and isolation from 

the accessible environment is needed to ensure its long term safety. 

Such containment and isolation is usually provided by the integrity 

and stability of deep geological disposal, with engineered barriers. 

HLW generates significant quantities of heat from radioactive decay, 

and normally continues to generate heat for several centuries. Heat 

dissipation is an important factor that has to be taken into account in 

the design of geological disposal facilities. HLW typically has activity 

concentrations in the range of 10
4
-10

6
 TBq/m

3
 (e.g. for fresh spent 

fuel from power reactors, which some states consider radioactive 

waste). HLW includes conditioned waste arising from the 

reprocessing of spent fuel together with any other waste requiring a 

comparable degree of containment and isolation. At the time of 

disposal, following a few decades of cooling time, waste containing 

such mixed fission products typically has activity concentrations 

around 10
4
 TBq/m

3
. 

 

For the purposes of communication pending the establishment of 

disposal facilities for HLW, national authorities may determine that 

certain waste constitutes ILW or HLW on the basis of generic safety 

cases. 
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Figure 2.6: Graphic showing the infrastructure of a proposed high-

level radioactive waste repository. 

 

2.8 Questions 

 

1. Describe the main principles of waste classification. 

2. Describe the main classes of waste based on the IAEA 

classification scheme. 

3. What is the main difference in the German approach to waste 

classification? 

4. Explain the difference in the US approach to waste classification 

(relative to the IAEA approach). 

5. What is exempt waste? 

6. Describe criteria for exemption and clearance. 

7. Describe the main characteristics of very short lived waste. 

8. Describe the main characteristics of very low level waste. 

9. Describe the main characteristics of low level waste. 

10. Describe the main characteristics of intermediate level waste. 

11. Describe the main characteristics of high level waste. 
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3 NATURE AND SOURCES OF 
RADIOACTIVE WASTE 

 

Learning objectives 
After completing this chapter, the trainee will: 

1. Obtain a broad overview of the types of radioactive waste. 

2. Obtain a broad overview of the generation of liquid radioactive 

waste. 

3. Obtain a broad overview of the generation of solid radioactive 

waste.  

4. Obtain a broad overview of the generation of gaseous radioactive 

waste. 

 

3.1 Types of radioactive waste 

 

Many activities involving the use of radionuclides and the production 

of nuclear energy, including all the steps in the nuclear fuel cycle, 

result in the generation of radioactive waste. Radioactive waste may 

also be generated by other activities such as the medical or industrial 

use of radioisotopes and sealed radiation sources, by defence and 

weapons programmes, and by the (mostly large scale) processing of 

mineral ores or other materials containing naturally occurring 

radionuclides, which in some cases have to be managed as radioactive 

waste. Examples of the last include the processing of phosphate ore 

and oil or gas exploration. Radioactive waste also arises from the 

intervention activities which are necessary after accidents or to 

remediate areas affected by past practices. 

 

Radioactive waste may be solid, liquid or gaseous. Levels of activity 

range from extremely high levels associated with spent fuel and 

residues from fuel reprocessing, to very low levels associated with 

radioisotope applications in laboratories, hospitals, etc. Equally broad 

is the spectrum of half-lives of the radionuclides contained in 

radioactive waste. 

 

3.2 Waste from mining and minerals processing 

 

Mining activities lead to the extraction of ore that is sufficiently rich 

to justify processing, and also of relatively large amounts of materials 

that contain uranium or thorium in such small quantities that further 

processing is not economically justified. The mined materials not 

subjected to further processing constitute the mine tailings, generally 

accumulated as waste piles, usually in the proximity of the mine. Mine 

tailings resulting from the mining of uranium and thorium ores 

generally contain elevated levels of naturally occurring radionuclides 

and are required to be managed as radioactive waste for radiation 
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protection purposes and safety reasons. The richer ores from which 

uranium or thorium are to be separated are sent to mills for 

processing, which generally entails crushing and chemical processing. 

After removal of the uranium or thorium, the residues (the mill 

tailings) contain little of the parent nuclide of the decay chain of the 

mined element, but they still contain most of its decay products. Some 

of the daughter products may be more susceptible to leaching and 

emanation from the tailings than from the original ore. In addition, 

tailings from processing contain significant amounts of hazardous 

chemicals, including heavy metals such as copper, arsenic, 

molybdenum and vanadium; these need to be considered in assessing 

the safety of planned management options. 

 

Similar types and quantities of radioactive waste containing naturally 

occurring radionuclides also arise from the extraction and/or 

processing of other materials that happen to be rich in naturally 

occurring radioactive materials; these materials include phosphate 

minerals, mineral sands, some gold-bearing rocks, coal and 

hydrocarbons, and contain long lived radionuclides at relatively low 

concentrations. The concentrations of radionuclides in these waste 

streams may exceed the levels for exempt waste. In recent years an 

increasing awareness has arisen that action is required to reduce doses 

due to exposure to such waste (often referred to as naturally occurring 

radioactive materials (NORM) and technologically enhanced NORM 

(TENORM)) and that regulatory control is necessary to ensure safety. 

The characteristics of such waste, however, are sufficiently different 

from those of other waste that specific regulatory considerations may 

be required. Of particular relevance are the long half-lives of the 

radionuclides present and the usually large volumes of materials 

arising. 

 

Some waste, such as certain scales arising in the oil and gas industry, 

may have high activity concentrations. These may necessitate the 

management of waste such as LLW or, in some cases, ILW. Volumes 

of such waste, however, are generally very limited. 

 

3.3 Waste from NPPs 

 

Reprocessing: In this case the fuel is dissolved and treated to separate 

the remaining fissile components from the fission products and 

activation products. Reprocessing operations generate solid, liquid and 

gaseous radioactive waste streams. Solid waste such as fuel element 

cladding hulls, hardware and other insoluble residues is generated 

during fuel dissolution. This waste may contain activation products, as 

well as some undissolved fission products, uranium and plutonium. 

The principal liquid waste stream is the nitric acid solution, which 

contains both high activity concentrations of fission products and 

actinides in high concentrations. The principal gaseous waste stream is 

the off-gas, which contains rare gases and volatile fission products 
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that are released from the spent fuel during the dissolution process.  

 

After solidification, HLW arising from reprocessing of spent fuel 

requires disposal in geological disposal facilities providing sufficient 

isolation and containment over long time periods. 

 

Disposal: A number of states have decided that spent fuel should not 

be reprocessed and consider it to be waste, therefore requiring 

disposal. The disposal option generally under consideration is 

emplacement in geological disposal facilities. 

 

Long term storage: If reprocessing is not carried out, and as long as 

geological disposal facilities are not operational, storage of spent fuel 

is obviously unavoidable. Most states that do not reprocess spent fuel 

are making plans for its extended storage. Long term storage may take 

place at reactor sites or in storage facilities remote from the reactor. 

Nuclear power production gives rise to the generation of several kinds 

of radioactive waste, including spent fuel (if it is declared as waste), 

other high level waste (HLW) that is generated mainly from the 

chemical reprocessing of spent fuel, and very low level waste 

(VLLW), low level waste (LLW) and intermediate level waste (ILW) 

that is generated as a result of reactor operations, reprocessing, 

decontamination, decommissioning and other activities in the nuclear 

fuel cycle.  

 

High level waste: Spent nuclear fuel contains significant amounts of 

fissile materials, other actinides and fission products. It generates 

significant heat when freshly removed from the reactor, and is usually 

placed in storage pools, generally located within the reactor building. 

Eventually the spent fuel will be removed and subjected to a 

management option chosen from among the options of: reprocessing, 

disposal and long term storage. 

 

Liquid HLW is generally stored in tanks prior to its eventual 

solidification (vitrification is the approach currently used). While 

there is general agreement that liquid HLW needs to be transformed 

into a solid, there are a number of sites where liquid HLW has been 

stored in tanks for time periods now extending to several decades. 

Most liquid HLW subjected to such long term storage has been 

generated by activities within defence programmes. 

 

Low level waste and intermediate level waste from the uranium 

fuel cycle and NPP operation: Purification, conversion and 

enrichment of uranium and fabrication of fuel elements generates 

waste in the form of filter materials, lightly contaminated trash, and 

residues from recycling. Uranium and plutonium (in the case of mixed 

oxide fuel) are characteristic radionuclides in this waste. 

 

In the operation of NPPs, waste arises as a result of processing of 

cooling water, decontamination of equipment, and routine 
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maintenance. During routine maintenance waste includes 

contaminated clothing, floor sweepings, paper, plastic and 

contaminated equipment. Spent resins and filters are the result of 

processing of primary coolant and off-gas system. Waste may also be 

generated from the replacement of activated core components such as 

control rods or neutron sources. 

 

Fission products and activation products are normal contaminants of 

the waste generated during NPP operations.  

 

Waste from decommissioning of nuclear installations: At the end 

of the useful life of a nuclear installation, administrative and technical 

actions are taken to allow the removal of some or all of the regulatory 

controls from the facility. The activities involved in decontamination 

and dismantling of a nuclear facility and the clean-up of the site lead 

to the generation of radioactive waste that may vary greatly in type, 

activity concentration, size and volume. This waste may consist of 

solid materials such as process equipment, construction materials, 

tools and soils. The largest volumes of waste from the dismantling of 

nuclear installations mainly VLLW and LLW. To reduce the amount 

of radioactive waste, decontamination of materials is widely applied.  
 

3.4 Waste from institutional activities 

 

Institutional uses of radioactive materials include activities in the 

fields of research, industry and medicine. Such activities, particularly 

in the field of research, are very varied and result in the generation of 

waste of different classes. As in the nuclear sector, institutional waste 

can be generated in gaseous, liquid or solid form. Most institutional 

waste is in solid form and is generally handled in a comparable way to 

waste generated within the nuclear fuel cycle. 

Waste from research reactors  

The waste generated by research reactors and from some disused 

radioactive sources is particularly significant because, owing to its 

activity concentration and to the half-lives of the radionuclides, it does 

not meet the waste acceptance criteria for near surface disposal 

facilities. 

Waste from research facilities  

Research facilities (e.g. hot cells, glove boxes) or pilot plants for 

checking fuel fabrication processes (particularly the fabrication of 

mixed uranium-plutonium oxides, known as MOX) for fuel 

reprocessing (particularly advanced schemes), and for post-irradiation 

examinations, as well as their analytical laboratories, generate types of 

waste that are often different from the typical waste generated by 

industrial plants. Owing to the presence of non-negligible amounts of 

long lived alpha emitters, waste from research facilities generally 

belongs to the ILW class and even, in some circumstances, to the 
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HLW class. Research activities also take place at facilities such as 

research reactors and accelerators, and include laboratory activities. 

The type and volume of waste generated by research activities is 

dependent on the research conducted. 

Waste from the production and use of radioisotopes  

Production of radioisotopes: The type and volume of waste 

generated depends on the radioisotope and its production method. 

Generally, the volume of radioactive waste generated from these 

activities is small but the levels of activity may be significant.  

 

Waste from decommissioning of other nuclear facilities: the waste 

generated in decommissioning of nuclear facilities in the institutional 

sector is similar to that arising from decommissioning of other nuclear 

installations (research reactors in particular), but the volume of waste 

is substantially smaller. 

 

Disused sealed sources: Sealed sources are widely used in medical 

and industrial applications. They usually contain a large and highly 

concentrated amount of a single radionuclide. At the end of use they 

may still be hazardous and require appropriate management. Due to 

the level of activity they may not meet the waste acceptance criteria 

for near surface disposal facilities. These sources require emplacement 

at greater depths and fall within the ILW (or even HLW) class. 

 

According to their activity and half-life, some sources (those with 

half-lives less than 100 days, e.g. 
90

Y, 
192

Ir, or 
198

Au used in 

brachytherapy) may be stored to decay and eventually disposed as 

exempt waste. Sources with longer half-lives (e.g. 
137

Cs, 
60

Co or 
238

Pu) require different management options. 

 

3.5 Waste from defence programmes and weapons 
production related waste 

 

In the early days of nuclear programmes a large quantity of 

radioactive waste was generated. A lot of HLW is still in storage 

awaiting solidification. 

 

At the end of the last century a considerable number of nuclear 

weapons were dismantled. This typically involves blending highly 

enriched uranium or plutonium with natural uranium to produce 

uranium or mixed uranium-plutonium fuel for commercial reactors, or 

storing this material for future disposal with HLW or spent fuel. 

 

3.6 Radioactive material in the environment 

 

Residues from nuclear weapon testing, accidents at nuclear facilities 

and some past practices like uranium mining have resulted in the 
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deposition of radioactive residues on the Earth’s surface. The waste 

arising from remediation operations will have to be managed as 

radioactive waste and be either stabilized in situ or disposed of in 

appropriate disposal facilities. 

 

3.7 Questions 

 

1. Describe the main ways in which radioactive waste is generated. 

2. Describe the main characteristics of waste from mining and 

minerals processing. 

3. Describe the main characteristics of waste from nuclear power 

plants. 

4. Describe the main characteristics of waste from research reactors. 

5. Describe the main characteristics of waste from the industrial use 

of radioisotopes. 
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4 TREATMENT 
 

Learning objectives 
After completing this chapter, the trainee will: 

1. Have a broad overview of waste treatment and conditioning. 

2. Have a broad overview of the techniques for waste treatment and 

conditioning. 

 

The main objectives of treatment and conditioning of LILW is to 

produce a waste product that meets the acceptance criteria for its 

disposal and the requirements for any associated activities involving 

handling, transport and storage. 

 

The treatment of LILW may include: 

� Reduction in the volume of the waste (by incineration of 

combustible waste, compaction of solid waste and segmentation 

or disassembly of bulky waste components or equipment); 

� Removal of radionuclides (by evaporation or ion exchange for 

liquid waste streams and filtration of gaseous waste streams); 

� Change of form or composition (by chemical processes such as 

precipitation, flocculation and acid digestion, as well as 

chemical and thermal oxidation); 

� Change in the properties of the waste. 

 

General concerns relating to the treatment and conditioning of LILW 

include: 

� Limitation of the external and internal exposure of workers due 

to external irradiation and airborne radionuclides; 

� Avoidance of fires and explosions; 

� Minimization of leakage of liquid waste; 

� Minimization of releases of volatile or airborne radionuclides; 

� Prevention of criticality, particularly in circumstances in which 

waste containing fissile isotopes might be concentrated owing to 

processing, such as precipitation or the incineration of waste. 

 

Treatment of contaminated liquid waste aims at reducing levels to 

those that can be safely discharged. This can be achieved by 

concentrating and removing activities by a variety of processes such 

as ion exchange, evaporation, and chemical treatment, decanting-

centrifuging and reverse osmosis ultrafiltration. The concentrated 

residues from these processes are called wet wastes. 

 

Conventional treatment options are usually employed to treat liquid 

radioactive wastes after consideration of their chemical and biological 

characteristics. Some trends that influence the selection and 

application of radioactive waste management strategy and technology 

have emerged worldwide. These trends include issue of new 

legislation and regulations, new waste minimization strategies, 

strengthening quality assurance procedures, increased use of safety 
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and risk assessment, physical protection and safeguards measures in 

the design and operation of waste management facilities, and new 

technological options. Some conventional treatment technologies in 

the management of aqueous and organic liquid wastes and emerging 

technological options for the management of liquid wastes are 

provided in Section 4.1. 

 

4.1 Waste treatment techniques 

 

The choice of treatment process(es) is dependent on the level of 

activity and the type (classification) of waste, and the national 

approach to waste management. Some of the treatment process (often 

used) are provided below. 

  

Segmentation and other size reduction techniques are used to 

facilitate the packaging of bulky waste batches, such as worn-out 

equipment and components. Oxygen culting, various sawing methods, 

hydraulic shearing, abrasive cutting, and plasma arc cutting can be 

used for segmentation. Prevention of particulate contamination should 

be considered in the choice of method. 

 

 
 

Figure 4.1: Compaction. 

 

Compaction can reduce waste volume by a factor from 2 to 10. 

Compactors vary from balers and in-drum compactors with modest 

pressing forces up to 2000 t super compactors. The latter are also 

available in mobile units and they are normally used for further 

compaction of waste drums; the crushed drums are then enclosed in an 

over-pack. Such compactors are usually equipped with HEPA filters 

to prevent the spread of contamination. 

 

Incineration requires waste segregation but can produce volume 

reduction factors up to 100 for the combustible portion of the waste. 
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Incinerators have capacities from some tens to a few hundreds of kg/h. 

They are normally central facilities, located e.g. at nuclear research 

centres. The more advanced incinerators have afterburners to 

decompose combustible gases. The ash from incinerators is normally 

grouted in wet cement in order to immobilize radioactive substances 

and to provide radiation shielding. Secondary waste is generated in the 

form of filters. 

 

 
 

Figure 4.2: Incineration. 

 

Cementation is a widely used technique and is available even in 

mobile units. It is applicable to a variety of wet wastes and the process 

occurs at room temperature. The water content of the waste can be 50 

% or even more but, on the other hand, the volume of cemented waste 

is typically twofold in comparison with the original waste volume. 

The product has good mechanical stability and radiation resistance 

while the leach resistance is satisfactory. Cemented waste is 

compatible with many types of environmental conditions and, in 

addition, cement generates favourable alkaline conditions in a 

repository. 

 

Bituminisation is applicable to most wet wastes that can be 

dewatered. Extruder, dryer-mixer and film evaporator processes are in 

use in a number of countries. The process requires a high operating 

temperature and involves certain fire risks. A volume reduction factor 

of two is typically achieved via bituminisation. The product 

characteristics vary according to the characteristics of the waste and 

the process. The mechanical stability is poor (plasticity, swelling); 

radiation resistance is satisfactory for LILW from NPPs and the leach 

resistance ranges from poor to satisfactory. Also bituminized waste is 

compatible with most environmental conditions. 
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Figure 4.3: Cementation. 

 

Vitrification is the immobilisation of high-level waste (HLW). In the 

form of glass it involves the formation of an insoluble, solid waste 

form that remains stable for many thousands of years. In general 

borosilicate glass has been chosen as the medium for dealing with 

HLW. The stability of ancient glass for thousands of years 

demonstrates the suitability of borosilicate glass as a matrix material. 

 

 
 

Figure 4.4: Vitrification. 

 

This type of process has also been extended to lower level wastes 

where the type of waste or the economics are appropriate. 

 

Most high-level wastes other than spent fuel itself arise in liquid form 

from the reprocessing of spent fuel. To allow incorporation into the 

glass matrix this waste is initially calcined (dried) which turns it into a 

solid form. This product is then incorporated into molten glass in a 

stainless steel container and allowed to cool, giving a solid matrix. 

The containers are then welded closed and are ready for storage and 
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final disposal. 

 

Ion Exchange is a process in which mobile ions from an external 

solution are exchanged with ions that are electrostatically bound to the 

functional groups contained within a solid matrix. When the 

functional groups are negatively charged the exchange involves 

cations, and when they are positively charged they involve anions. By 

taking advantage of the fact that, under certain conditions, ion 

exchange media have a greater affinity for certain ionic species than 

for others, a separation of these species can be made. 

 

Depending on the type of functional group, ion exchangers can be 

divided into several types: strong acidic, strong basic, weak acidic and 

weak basic. Ion exchangers containing sulpho- and phospho-acidic 

groups and those containing tetraammonium basic groups are strong 

acidic and strong basic exchangers, respectively, whereas those 

containing phenolic and primary amino groups are weak acidic and 

weak basic exchangers, respectively. Exchangers with carboxyl 

groups and tertiary amino groups take an intermediate position 

between strong and weak acidic and basic exchangers, respectively. 

 

To achieve the removal of both positively and negatively charged ions 

from solution, a mixture of cation and anion resins in a mixed bed 

system is often used. 

 

Evaporation is the process by which a solution is concentrated via 

boiling away the solvent, resulting in reducion of the waste volumes 

and of the amount of radioactive nuclides in liquid effluents. 

Evaporation is usually used for radioactive wastes that require a high 

degree of separation between volatile and nonvolatile components, or 

for wastes that are not amenable to treatment by low-temperature 

operations such as precipitation, filtration, and ion exchange. An 

evaporator consists basically of a device to transfer heat to boil the 

solution and a device to separate the vapour phase from the liquid 

phase. The principal elements involved in evaporator design are heat 

transfer, vapour-liquid separation, volume reduction, and energy 

utilization. In the design of evaporators for concentrating radioactive 

liquids, vapour-liquid separation is the most important factor because 

decontamination of the liquid is the most important objective and 

heating costs and volume reduction are relatively less important. A 

small amount of entrainment can contaminate the condensed vapour 

and reduce the level of decontamination to unsatisfactorily low levels. 

 

A wide variety of membrane separation processes exist which differ 

from one another in the type and configuration of the membrane, the 

mechanism of trans-membrane transport for various water solution 

components, the nature of the force driving the process (pressure, 

temperature, electrical potential gradient, etc..) and other features. 

While some processes are well proven in full scale industrial 

applications (pressure driven), others are experimental, in 
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development, or are in transition from the development stage to 

industrial use. Pressure driven separation processes have been 

preferred by the nuclear industry over other membrane processes as 

they are well proven (more than 30 years) in wastewater treatment 

applications and are capable of covering the entire removal spectrum 

from large particles to ionic species. Pressure driven membrane 

separation processes differ mainly in the pore size of their membranes, 

which makes a particular membrane effective for the removal of a 

specific range of impurities. In pressure driven membrane systems the 

pressure of the feed solution permits passage of the major portion of 

the solution through a semi-permeable membrane. Pressure driven 

membrane processes may be viewed as sophisticated filtration 

methods capable of separating fine particles, molecules and ions in 

solution. Pressure driven membrane processes can be operated in 

cross-flow mode or in dead end (conventional) mode. 

 

Osmosis is the spontaneous transport (diffusion) of solvent that takes 

place when two solutions of different concentrations are separated by 

a semipermeable membrane that allows the solvent (but not dissolved 

species) to pass through it. The term reverse osmosis is reserved for 

separation of dissolved ions and small molecules that contaminate 

aqueous solutions. The pressure exerted to force the flow of water into 

the less concentrated solution must exceed the osmotic pressure of the 

feed solution. Reverse osmosis is used to remove all ionic species and 

thus has the smallest membrane pore size.  

 

Polymer fixation is applicable to most wet wastes but is not widely 

used due primarily to the high price of the fixation agent. Polymers 

like polystyrene, polyester epoxy and vinyl-ester have been used. The 

process takes place at room temperature but good control of the 

chemical reactions is necessary. The waste may contain excess water 

and polymerization results in a slight volume increase. The leach 

resistance of polymer products is generally higher than that of cement 

products. Polymers can, over long times, degrade to form complexants 

which may increase the mobility of some radionuclides. 

 

Organic and other liquids, which cannot be treated by means of the 

methods discussed above, can be absorbed into special granular or 

powdered agents, resulting in a semi-solid end product. Ion exchange 

resins and filter masses of low activity may also be dewatered and 

packed into durable containers as such, without immobilization. 

 

Treatment of dry solid waste normally involves volume reduction. For 

this, mechanical, thermal, chemical and biological methods can be 

used; these are discussed below. 

 

Melting is employed in central facilities and various melting 

technologies are in use. Melting is generally not an economic 

treatment method for disposal of waste, but for metal scrap below 

clearance levels or for recycling of very low level waste in the nuclear 
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industry, it may be a practicable way of homogenizing the material. 

Secondary waste is generated in the form of slag and off-gas filters. 

 

Chemical or biological treatment such as acid digestion, chemical 

oxidation and microbial digestion are mostly still at the development 

and demonstration phase. They might not be applicable for the large 

waste quantities from the operation of NPPs. 

 

Decontamination reduces the radioactivity on the surface of a 

contaminated material and thereby it may be brought below clearance 

levels for recycling. The contamination removed must then be treated 

in a proper way. A variety of decontamination methods exist: 

mechanical scrubbing and brushing, chemical gel and foam treatment, 

water and steam jet cleaning, electrochemical treatment, and 

ultrasonic cleaning. 

 

The container in which conditioned waste is enclosed should have the 

following major functions: 

� To facilitate handling of waste; 

� To prevent the spread of contamination during handling; 

� To act as a disposal barrier. 

 

For LLW, standard 200 L steel drums and thin-walled metallic boxes 

of various sizes are the most common container types. For ILW, 

typical containers include cubic or cylindrical concrete containers, 

cast iron casks, and fibre reinforced concrete containers.  

 

4.2 Waste characterisation 

 

An important element of waste management is activity monitoring. If 

the waste stream is adequately homogeneous, activity monitoring can 

be based on sampling and laboratory analysis. This is seldom the case, 

thus activity monitoring is often done by gamma spectrometric 

measurements of waste packages. Some of the nuclides that dominate 

in LILW from NPPs are not strong gamma emitters. Their inventory 

must be estimated by means of indirect methods, e.g., by using scaling 

factors. These are proportionality coefficients that relate the activity of 

a difficult-to-measure nuclide to the activity of certain strong gamma 

emitters with sufficient safety margins. For the determination of 

scaling factors, a sampling and analysis programme is needed. 

 

In order to demonstrate compliance with waste acceptance 

requirements, systematic record keeping of the origins of waste and its 

characteristics is needed throughout the management chain. In 

addition, the treatment and conditioning processes must be subject to 

adequate inspection and testing to ensure that the characteristics of 

waste products comply with their specifications. 
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4.3 Questions 

 

1. What are main objectives of the treatment and conditioning of 

radioactive waste? 

2. Describe the main waste treatment techniques. 

3. What are the differences between the treatment of solid and liquid 

wastes? 

4. How is monitoring of waste characteristics performed? 
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5 WASTE PACKAGING 
 

Learning objectives 
After completing this chapter, the trainee will: 

1. Obtain a broad overview of waste packaging. 

2. Obtain a broad overview of waste package specifications. 

3. Obtain a broad overview of waste acceptance criteria. 

 

In the management of radioactive waste, a waste package is designed 

as the major engineered component for ensuring containment and 

providing safety functions. It also represents the principal unit used as 

a reference for controlling information, record keeping, and making 

decisions with due consideration of the interdependencies, impacts 

and information needs at various stages in radioactive waste 

management. 

 

According to the IAEA terminology, a waste package is the product of 

a treatment process and includes the waste form and any container 

(packaging) prepared in accordance with requirements for handling, 

transport, storage and disposal. Due to its multiple functions and the 

great importance of the waste packaging, its design, fabrication, 

inspection and testing, quality assurance, and the maintenance of 

records are extremely important. 

 

Given that disposal is considered the final step of safe waste 

management, developing and implementing requirements for safe 

disposal of waste packages is an unavoidable prerequisite for the 

entire waste management system. The definition and quantification of 

waste acceptance requirements for disposal should be approved by the 

national authorities, having regard to international standards, best 

practices, and recommendations. 

 

There is a direct relationship between disposal waste acceptance 

requirements and waste package specifications. Package specifications 

must reflect and comply with the applicable disposal waste acceptance 

requirements. 

 

The waste acceptance requirements are either specified by the 

regulatory body or developed by the repository operator on the basis 

of safety assessments, considering radiological criteria, the conditions 

of operation, the planned duration of active institutional control and 

the characteristics of natural and engineered systems. Even in the 

absence of a national disposal facility and waste acceptance 

requirements, radioactive waste still needs proper packaging as a basic 

safety requirement for waste conditioning, interim storage and 

transportation. 
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5.1 Waste acceptance criteria 

 

Waste acceptance criteria specify the radiological, mechanical, 

physical, chemical and biological characteristics of waste packages 

and unpackaged waste which need to be processed, stored or disposed 

of, or their radionuclide content or activity limits, their heat output and 

the properties of the waste form and packaging. 

 

Adherence to waste acceptance criteria is essential for the safe 

handling and storage of waste packages and unpackaged waste during 

normal operations, for safety during possible accidents and for the 

long term safety of the subsequently disposed waste. 

 

The operators’ procedures for the reception of waste must contain 

provisions for safely managing waste that fails to meet the acceptance 

criteria. 

 

The development of requirements for radioactive waste disposal 

should be performed with regard to international safety standards and 

recommendations. Reasonable assurance of the safety of each 

individual disposal system can be provided in a stepwise approach, 

based on site-specific safety assessments of the operational and post-

closure phases. The following three stages can be distinguished, with 

interaction between waste package characteristics and repository 

design: 

� First, generic requirements are defined (a) on the basis of the 

national radioactive waste disposal policy; (b) on general 

information on the types and quantities of waste expected to be 

generated; and (c) on the availability of potential sites. 
� Site selection and site characterization follow to determine the 

characteristics of the disposal site. 
� Finally, specific waste acceptance requirements are established. 

 

Depending upon the specific national situation, the definition of waste 

acceptance requirements must encompass disposal of all types of 

radioactive waste. These must emphasize the importance of site 

selection for a system consisting of geology/repository/waste 

packages, the multi-barrier concept, and the use of state-of-the-art 

technology. These requirements should result from a site-specific 

safety (performance) assessment of the operational and post-closure 

phases of the repository. The requirements for disposal should address 

the relevant waste package parameters, as well as any additional 

requirements imposed by the licensing and supervising authorities. 

These requirements may either cover a broad range of different waste 

packages or be established for individual types of waste packages. 

 

The waste acceptance requirements should permit some freedom of 

judgement and approaches. This may be determined by a site-specific 

safety assessment, within the scope of which the required safety of the 

repository in its operational and post-closure phases must be evaluated 
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quantitatively, including the derivation of requirements for the design 

of the disposal facility, as well as for the waste packages. 

 

In any case, the protection objective of disposal can only be achieved 

within an iterative process drawing together more detailed information 

as the repository project progresses through its various phases of 

investigation, conceptual planning, detailed design, and performance 

assessment, consequently assuming more stable forms. Thus, the 

original qualitative waste acceptance requirements (guidelines) should 

assume a more quantitative character (criteria). Quantitative waste 

acceptance requirements for a near-surface or geological repository 

can be defined at an advanced stage of development based on the 

results of a site-specific safety assessment. Such an assessment should 

consider the geological situation, the technical concept/design of the 

repository, its scheduled mode of operation and the waste packages to 

be emplaced therein. 

 

Waste acceptance requirements should be prepared in such a way that 

they either define the safety related packaging for the waste intended 

for disposal, or focus on specific requirements of individually 

characterized radioactive wastes. They are derived in any event from 

the safety case. 

  

Waste acceptance requirements should first describe the general 

disposal related aspects and requirements of the waste packages and 

then develop into more specific requirements on the waste forms, the 

waste containers, on individual radionuclides and activity, on 

documentation and record keeping, and finally on the delivery of 

waste packages. Thus, depending on whether the repository is a near-

surface or geological repository, waste acceptance requirements may 

be structured as follows:  

 

(1) Basic requirements for the radioactive waste to be disposed:  

� Prohibition of mixing non-radioactive waste with radioactive 

waste; 

� Compliance with the requirements of the site-specific safety 

assessment. 

 

(2) General requirements for waste packages:  

� Surface dose rate; 

� Surface contamination; 

� Hazardous substances content limitation; 

� Absence of overpressure; 

� Waste package mass. 

 

(3) Requirements for waste forms:  

� Basic requirements (e.g. only solid or solidified waste, no free 

liquid); 

� Specific requirements (e.g. stabilization (dispersion inhibition), 

heterogeneity, chemical restrictions); 
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� With immobilization binder (e.g. bitumen, polymer or cement); 

� Without immobilization binder (e.g. radioactivity and 

radionuclide restrictions). 

 

(4) Requirements for waste containers:  

� Basic requirements (e.g. geometric shape and dimensions, 

stackability); 

� Specific requirements (e.g. mechanical stability, thermal 

resistance, leak tightness, shielding function); 

� Inner containers (e.g. surface coating, seals, vents, void space 

restrictions). 

 

(5) Limitations of activity:  

� Permissible activities for individual radionuclides; 

� Permissible total activity per waste package; 

� Permissible total alpha and beta/gamma emitter activity; 

� Declaration of radionuclide specific activities/total activities per 

waste package. 

 

(6) Delivery of waste packages:  

� Compliance with transport regulations; 

� Permits/documentation including record keeping; 

� Labelling waste packages; 

� Requirements for transport containers. 

 

Regardless of the requirements for a near surface or geological 

repository, the regulations on transporting dangerous goods and waste 

packages with radioactive and fissile material must be followed. 

 

5.2 Waste package specification 

 

Waste package specifications consist of a quantitative description of a 

waste package prepared for disposal. Separate waste package 

specifications should be developed for each type of waste package. 

The intention is to demonstrate that the waste packages will meet the 

waste acceptance requirements of the disposal facilities. Typically, 

waste package specifications describe the nature, content and 

performance of each type of waste package and provide a link 

between the supporting research and development (R&D) and package 

production.  

 

It is important that all parties involved in the development, approval 

and implementation of the waste package specifications are consulted 

at the earliest opportunity. This allows a cross-fertilization of ideas 

and promotes smooth progress during the development, approval and 

implementation phases. In particular, it allows those involved to 

understand and reach a consensus on what can reasonably be expected 

within the specifications and on what can actually be provided.  
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Depending on the national legislation, a formal statement on the 

approval and acceptance of waste package specifications should be 

issued by the regulatory authority and in agreement with the operator 

of the repository or disposal facility. In the case of waste package 

specifications dealing with waste to be returned from foreign 

countries, official statements between the authorities of these 

countries are to be exchanged.  

 

In compliance with a given regulatory context, contractual 

negotiations on waste processing and waste disposal provide an ideal 

opportunity to clarify waste acceptance requirements and to define the 

waste package specifications that must be followed. Important 

contractual relationships will exist between the waste generator and 

conditioner on the one hand and the operator of the repository on the 

other, even if such a facility is not yet available. Close consultation 

between the waste generator and the repository operator will help take 

account of any aspects of wastes that are not the concern of the 

generators of waste when they operate their facilities. For example, 

long lived activation products do not influence the operation of a 

power plant but can be very significant for disposal. 

 

As with any interactive project, the preparation, approval and 

implementation of waste package specifications require careful 

definition of the task, realistic programming and appropriate 

allocation of resources to ensure efficient progress. This allows cost 

benefits to be realized, especially through avoidance of backfitting, 

(both of equipment and control measures) to comply with 

requirements that existed but were earlier ignored. 

 

Waste package specifications must be reviewed regularly and updated 

as required (in accordance with the quality assurance system) to 

ensure that they continue to define the characteristics of waste 

packages. New versions of waste package specifications must be 

issued when significant changes to requirements have occurred. It is 

imperative that waste package records reflect the waste package 

specifications in place at the time of package design and construction, 

including any subsequent modifications or upgrades. 

 

The specifications may be split into a number of sections. A suitable 

structure would cover the following items:  

� general introduction;  

� waste container and associated items;  

� waste composition and inactive feed materials;  

� formulation envelope, process description and conditions;  

� waste product storage conditions;  

� guaranteed parameters of the conditioning process;  

� summary of the supporting R&D, identifying parameters that 

show the waste package is consistent with waste acceptance 

requirements;  

� QA and QC arrangements;  
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� additional or supplementary information;  

� figures and diagrams.  

 

Each of these items should be developed interactively to ensure 

consistency. As in many other areas of the nuclear industry, 

experience has shown that many drafts may be needed before a formal 

version of the specifications is ready for issue. 

 

5.3 Questions 

 

1. What is a waste package? 

2. Define waste acceptance criteria. 

3. Why are waste acceptance criteria important? 

4. How are waste acceptance criteria developed? 

5. Who is responsible for development of the waste acceptance 

criteria? 

6. How is waste which does not satisfy waste acceptance criteria 

stored? 
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6 STORAGE AND DISPOSAL 
 

Learning objectives 
After completing this chapter, the trainee will: 

1. Obtain a broad overview of waste storage. 

2. Obtain a broad overview of waste disposal. 

 

6.1 Storage of radioactive waste 

 

As disposal of waste packages is not made immediately after 

conditioning in the majority cases, interim storage of waste is 

required. It must be arranged in such a way as to ensure the 

operational safety and the suitability of waste packages for disposal 

after retrieval from the storage facility. 

 

In the design and operation of waste storage, consideration should be 

given to: 

� Limitation of radiation exposure during handling of waste 

packages; 

� Limitation of external dose rate outside the storage facility and 

potential releases from the storage facility; 

� Maintenance of appropriate environmental conditions 

(temperature, humidity) in the storage facility; 

� Fire protection if combustible waste is present; 

� Prevention of unauthorized access; 

� Inspection, monitoring and identification of waste packages; and 

� Feasibility of retrieval of waste packages. 

 

 
 

Figure 6.1: Low-level nuclear waste storage area. 
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The storage facilities are, in most cases, concrete buildings with wall 

thicknesses from 30 cm up to about one metre, depending on the 

activity of the waste. In facilities for LLW, waste packages are 

normally transferred with a shielded lift truck, while in those for ILW 

remote handling by overhead crane is usually provided for waste 

packages. In nuclear power plants interim storage facilities are mostly 

sited on the location of the plant, or if there are several units they can 

share one storage facility on site. 

 

6.2 Disposal of radioactive waste 

 

Disposal refers to the emplacement of radioactive waste into a facility 

or a location with no intention of retrieving it. Disposal options are 

designed to contain the waste by means of passive engineered and 

natural features and to isolate it from the accessible biosphere to the 

extent necessitated by the associated hazard. The term disposal 

implies that retrieval is not intended, but it does not mean that 

retrieval is not possible. 

 

A number of design options for disposal facilities have been 

developed and various types of disposal facility have been constructed 

in many countries and are in operation. These design options have 

different degrees of containment and isolation capability appropriate 

to the radioactive waste that they contain or will receive. 

 

The specific aims of disposal are: 

� To contain the waste; 

� To isolate the waste from the accessible biosphere and to reduce 
substantially the likelihood of, and all possible consequences of, 
inadvertent human intrusion into the waste; 

� To inhibit, reduce and delay the migration of radionuclides at 

any time from the waste to the accessible biosphere; 

� To ensure that the amounts of radionuclides reaching the 

accessible biosphere due to any migration from the disposal 

facility are such that possible radiological consequences are 

acceptably low at all times. 

 

Focusing on intermediate-level waste (ILW) and high-level waste 

(HLW), many long-term waste management options have been 

investigated worldwide which seek to provide publicly acceptable, 

safe and environmentally sound solutions for the management of 

radioactive waste. Some countries are at the preliminary stages of 

their investigations, whilst others such as Finland and Sweden have 

made good progress in their investigations to select publicly 

acceptable sites for the future disposal of waste. In Carlsbad, New 

Mexico in the USA, the Waste Isolation Pilot Plant (WIPP) disposal 

facility for defence-related transuranic wastes is in operation, 

underground in a salt formation. 
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The following table sets out different examples of management 

options. When considering these, it should be noted that the suitability 

of an option or idea can be dependent on the waste form, volume and 

radioactivity. 

 

Option Examples 

Specific landfill 

disposal: in a 

facility similar to a 
conventional 

landfill facility for 

industrial refuse  

 

Such a facility may be designated as a disposal facility for 

very low level radioactive waste (VLLW) with low 

concentrations or quantities of radioactivity. 

Near-surface 

disposal at ground 

level, or in caverns 
below ground level 

(at depths of tens of 

metres) 

Implemented for LLW in many countries, including Czech 

Republic, Finland, France, Japan, Netherlands, Spain, 

Sweden, UK and USA. 
 

Implemented in Finland and Sweden for LLW and short-

lived ILW. 

  

Disposal of 

intermediate level 

waste 
 

Depending on its characteristics, ILW can be disposed of in 

different types of facility. Disposal could be by emplacement 
in a facility constructed in caverns, vaults or silos at least a 

few tens of metres below ground level and up to a few 

hundred metres below ground level. It could include purpose 

built facilities and facilities developed in or from existing 

mines. It could also include facilities developed by drift 

mining into mountainsides or hillsides, in which case the 

overlying cover could be more than 100 m deep. 

Geological 

disposal 

(at depths between 

250m and 1000m) 

Most countries with high-level and long-lived radioactive 

waste have investigated deep geological disposal and it is 

official policy in various countries (variations also include 

multinational facilities). 

Implemented in USA for defence-related ILW. 

Preferred sites for HLW/spent fuel selected in France, 

Sweden, Finland and USA 

Geological repository site selection process commenced in 

UK and Canada. 

  

Borehole disposal: 
a facility consisting 

of an array of 

boreholes, or a 

single borehole. 

A borehole disposal facility is designed for the further 

disposal of only relatively small volumes of waste, in 

particular disused sealed radioactive sources. A design 

option for very deep boreholes, several kilometres deep, has 

been examined for the disposal of solid high level waste and 

spent fuel, but this option has not been adopted for a disposal 

facility by any country. 

Disposal of mining 

and mineral 

processing waste 

Disposal usually on or near the ground surface, but the 

manner and the large volumes in which the waste arises, its 

physicochemical form and its content of long lived 

radionuclides of natural origin distinguish it from other 

radioactive waste. The waste is generally stabilized in situ 

and covered with various layers of rock and soil. 

 

The most commonly used design of disposal facilities are near surface 

disposal and geological disposal. 
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Near surface disposal 

� Near-surface disposal facilities at ground level: these facilities 

are on or below the surface where the protective covering is of 

the order of a few metres thick. Waste containers are placed in 

constructed vaults and when full the vaults are backfilled. 

Eventually they will be covered and capped with an 

impermeable membrane and topsoil. These facilities may 

incorporate some form of drainage and possibly a gas venting 

system. 

� Near-surface disposal facilities in caverns below ground level: 

Unlike near-surface disposal at ground level where the 

excavations are conducted from the surface, shallow disposal 

requires underground excavation of caverns but the facility is at 

a depth of several tens of metres below the Earth's surface and 

accessed through a drift. 

 

These facilities are affected by long-term climate changes (such as 

glaciation) and this effect must be taken into account when 

considering safety as such changes could cause disruption of these 

facilities. This type of facility is therefore typically used for LLW and 

ILW with radionuclides of short half-lives (up to about 30 years). 

 

Some examples of the near-surface disposal facilities currently in 

operation are: 

� UK – Low Level Waste Repository at Drigg in Cumbria 

operated by UK Nuclear Waste Management Ltd (a consortium 

led by Washington Group International with Studsvik UK, Serco 

and Areva) on behalf of the Nuclear Decommissioning 

Authority. 

� Spain – El Cabril low and intermediate level radioactive waste 

disposal facility operated by ENRESA. 

� France – Centre de l'Aube operated by Andra. 

� Japan – Low-Level Radioactive Waste Disposal Centre at 

Rokkasho-Mura operated by Japan Nuclear Fuel Limited. 

� USA – three low-level waste disposal facilities at:  

a) Barnwell, South Carolina – operated by 

EnergySolutions, 

b) Richland, Washington - operated by American 

Ecology Corporation (formerly U.S. Ecology), and  

c) Clive, Utah – operated by EnergySolutions. 

 

Some examples of near-surface disposal facilities in caverns below 

ground level currently in operation are: 

� Sweden – the SFR final repository for short-lived radioactive 

waste at Forsmark, where the depth of the facility is 50m under 

the Baltic seabed – operated by the Swedish Nuclear Fuel and 

Waste Management Company (SKB); 

� Finland – Olkiluoto and Loviisa power stations where the depth 

of the facilities are each at about 100 metres. 
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Deep geological disposal 

The long timescales over which some of the waste remains radioactive 

led to the idea of deep geological disposal in underground repositories 

in stable geological formations. Isolation is provided by a combination 

of engineered and natural barriers (rock, salt, clay) and no obligation 

to actively maintain the facility is passed on to future generations. 

This is often termed the multi-barrier concept, with the waste 

packaging, the engineered repository and the geology all providing 

barriers to prevent the radionuclides from reaching humans and the 

environment. 

 

Such a repository is comprised of mined tunnels or caverns into which 

packaged waste would be placed. In some cases (wet rock) the waste 

containers are then surrounded by a material such as cement or clay 

(usually bentonite) to provide another barrier (called buffer and/or 

backfill). The choice of waste container materials and design and 

buffer/backfill material varies depending on the type of waste to be 

contained and the nature of the host rock-type available. 

 

Excavation of a deep underground repository using standard mining or 

civil engineering technology is limited to accessible locations (under 

land or nearshore), to rock units that are reasonably stable and without 

major groundwater flow, and to depths of between 250 m and 1000 m. 

At depths greater than 1000 m, excavation may become increasingly 

difficult and correspondingly expensive. 

 

 
 

Figure 6.2: Radioactive waste material at the closed Morsleben 

repository (ERAM, Germany). 

 

Deep geological disposal of HLW is the only final solution. For 

several countries it remains the preferred option for waste 
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management of long-lived ILW radioactive waste, including 

Argentina, Australia, Belgium, Czech Republic, Finland, Japan, 

Netherlands, Republic of Korea, Russia, Spain, Sweden, Switzerland 

and USA. Plans for disposal of spent fuel are well advanced in 

Finland, Sweden and the USA. In Canada and the UK, deep disposal 

has been selected and the site selection process has commenced. 

 

Some examples of deep geological disposal are provided on 

Figures 6.2 – 6.4. 

 

 
  

Figure 6.3: LILW Kyung-ju radioactive waste disposal facility 

(Korea). 

 

 

Figure 6.4: Model of HLW deep disposal (Finland). 
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Authorized discharge 

According to the “dilute and disperse” principle of radioactive waste 

management, waste and materials containing small amounts of 

radionuclides can be discharged to the environment, disposed of at 

special dump sites, or released to restricted recycling or reuse on the 

authorization of the regulatory authority. In authorized discharge, 

disposal, recycling and reuse the material is released from the 

regulated area, but some kind of regulatory control is maintained by 

means of e.g., environmental monitoring, and the regulatory authority 

should on each occasion be convinced that the pre-set dose limits and 

other conditions are complied with. The tractability of the operations 

should be maintained by record keeping, reporting and quality 

assurance. 

 

Authorized discharge is a well-established waste management option 

with a developed international guidance and national experience. The 

international guidance and associated terminology for other options 

for managing slightly contaminated materials, namely authorized 

disposal, recycling and reuse, are still under development. There may 

also be problems with the public acceptance of these waste 

management options. 

 

6.3 Questions 

 

1. What is the difference between storage and disposal of 

radioactive waste? 

2. Describe the main options for waste disposal. 

3. What is the most frequent design for disposal of waste? 
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