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	Abstract

In the beginning of this century, the Subgroup on principles and criteria for radioactive waste disposal of the Waste Safety Standards Committee (WASSC) of the IAEA started to draft a report on ‘the common framework for the safety of radioactive waste management’ (and disposal of radioactive waste in particular). It was intended to publish the report as a TECDOC. The development was halted in 2003 because of the need for an international consensus on a classification scheme different from the one that was proposed in Safety Series No. 111-G-1.1 (1994). Now that the revision of SS 111-G-1.1 is almost completed, that new common safety principles (SF-1) and a safety guide on the application of the concepts of exclusion, exemption and clearance (RS-G-1.7) have been published, time has come to resume the development of the common framework. This paper gives a status report of this development: how waste classes can be linked to disposal options in a generic way, and how this framework could be applied to waste containing natural radionuclides. Also the new fundamental safety principles are commented upon with respect to their application to the disposal of radioactive waste.



Introduction
Radioactive material is used for various purposes and in various facilities. It is likely that radioactive waste be generated in those facilities. The characteristics of the waste can vary widely, depending on the radionuclides involved, their activity and their physical and chemical form. All wastes have in common, regardless of their origin, that they are radio​active and that they have the potential to give rise to radio​lo​gical hazards (of widely varying magnitude).

All types of radioactive waste need to be safely managed, and eventually disposed of, by appropriate technical solutions and with appropriate levels of control. What constitutes an appropriate solution and level of control will depend on the potential of the waste to give rise to radiation hazards. That will depend on the total quantity and concentra​tions of radio​nuclides present, their half-lives, and their physical and chemical form and distribution within the waste. Moreover, waste management arrangements need to take account of the total amounts of different types of waste that are generated nationally or regionally, the time-frames of waste generation, and the waste processing capabilities and disposal options that are available. 
There is a well-established international consensus on the safety principles for radioactive waste management. These principles form the basis for the Joint Convention on the safety of spent fuel manage​ment and the safety of radioactive waste management.
Consensus over how these principles are to be applied to the management (and disposal in particular) of the whole range of waste types is still developing. The coming into force of the Joint Convention has increased the need for coherent and consistent approaches to the management of radioactive waste throughout the world. The development of a common framework for the safe management of radioactive waste is intended to assist in establishing clear and justifiable arguments for the management and disposal of all radioactive waste types in a safe, cost effective and appropriate manner.

The Common Framework

This common framework is illustrated schematically in the figure below.
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This framework would provide a general understanding of:
-
the basis on which radioactive waste forms can be classified for the purpose of iden​ti​fying appropriate (generic) waste disposal options [top row]; 
-
the identification of appropriate (generic) waste disposal options for each waste type [bottom row] that are in accordance with internationally agreed safety principles and requirements; and
-
the means by which the safety of such options can be ensured through the develop​ment of storage and disposal systems with the suitable characteristics and degree of robustness, so as to offer an acceptable degree of protection of human health and the environment as defined in international guidance and national regulations.

Safety is a major factor in the decision making process, but other factors also play a role in determining the linkage between a waste type and a disposal option. There are institutional, legal and regulatory aspects, technological aspects, economical aspects and societal aspects to be taken into consideration.
Safety Objective and Safety Principles
The three sets of fundamental safety principles (one for radiation safety, one for the safety of nuclear installations, one for the safety of radioactive waste management) have been combined/integrated into one set of fundamental safety principles. The underlying funda​mental safety objective was to protect people, individually and collectively, and the environ​ment from harmful effects of ionizing radiation, without unduly limiting the operation of facilities or the conduct of activities that give rise to radiation risks. This underlying safety objective has been confirmed in SF-1.
To achieve this objective, measures have to be taken:
· to control the radiation exposure of people and the release of radioactive material to the environment;
· to restrict the likelihood of events that might lead to a loss of control over sources of radiation;
· to mitigate the consequences of such events if they were to occur.
This safety objective applies for all facilities and activities, and for all stages over the lifetime of a facility (planning, siting, design, construction, commissioning, operation, decommis​sion​ing, closure), and includes the associated transport of radioactive material and manage​ment of radioactive waste. 

Ten safety principles have been formulated, on the basis of which safety requirements are to be developed and safety measures are to be implemented in order to achieve the fun​da​mental safety objective.

1.
Responsibility for safety 
The prime responsibility for safety must rest with the person or organization responsible for facilities and activities that give rise to radiation risks.
The licensee is responsible for ensuring the safe control of all radioactive waste that is gene​rated.

2.
Role of government
An effective legal and governmental framework for safety, including an independent re​gulatory body, must be established and sustained.
Government authorities have to ensure that arrangements are made for disposing of radio​active waste.

Since radioactive waste management can span many human generations, consideration must be given to the fulfilment of the licensee’s and the regulator’s responsibilities in relation to present and likely future operations. Provision must also be made for the continuity of res​pon​sibilities and the fulfilment of funding requirements in the long term.

3.
Leadership and management for safety
Effective leadership and management for safety must be established and sustained in organizations concerned with, and facilities and activities that give rise to, radiation risks.
Safety has to be assessed for all facilities and activities, consistent with a graded approach. The process of safety assessment is repeated in whole or in part as necessary later in the conduct of operations in order to take into account changed circumstances, the feedback of operating experience, modifications and the effects of ageing. For operations that continue over long periods of time, assessments are reviewed and repeated as necessary. Continuation of such operations is subject to these reassessments demonstrating to the sa​tis​faction of the regulatory body that the safety measures remain adequate. 

4.
Justification of facilities and activities

Facilities and activities that give rise to radiation risks must yield an overall benefit.
It is a common understanding that waste management is not an activity that must be jus​tified in its own. It is the activity that gives rise to the waste that must be justified, taking the associated waste management into consideration.
5.
Optimization of protection
Protection must be optimized to provide the highest level of safety that can reasonably be achieved.
To determine whether radiation risks are as low as reasonably achievable, all such risks, whether arising from normal operations or from abnormal or accident conditions, must be assessed a priori and periodically reassessed throughout the lifetime of facilities and acti​vi​ties.
Where there are interdependences between related actions or between their associated risks, these must also be considered. This might be the case for different stages of the lifetime of facilities, for risks to different groups or for different steps in radioactive waste management. Account also has to be taken of uncertainties in knowledge.
The resources devoted to safety by the licensee, and the scope and stringency of regulations and their application, have to be commensurate with the magnitude of the radiation risks and their amenability to control. 
In its publication 81, ICRP states that optimisation of protection is a judgmental process with social and economic factors being taken into account… the goal is to ensure that reasonable measures have been taken to reduce future doses to the extent that required resources are in line with these reductions. 
6.
Limitation of risks to individuals
Measures for controlling radiation risks must ensure that no individual bears an un​acceptable risk of harm.

7.
Protection of present and future generations
People and the environment, present and future, must be protected against radiation risks.
The process for achieving an acceptable level of protection of human health should be con​strained optimization, with emphasis – in particular for future generations – on taking all reasonable steps to achieve protection instead of relying solely on compliance with numerical criteria. The fact that specified numerical criteria may be assessed as being exceeded at some time in the future may not in itself imply rejection of the disposal option: the decision making process is judgmental particularly when considering the doses assessed for time periods greater than several hundreds of years into the future. 

Radiation risks may transcend national borders and may persist for long periods of time. The possible consequences, now and in the future, of current actions have to be taken into ac​count in judging the adequacy of measures to control risks.
Radioactive waste must be managed in such a way as to avoid imposing an undue burden on future generations, i.e. the generation that produce the waste must seek and apply safe, practicable and environmentally acceptable solutions for its long term management. This generation should do as much as it can to provide for the safe long-term management of the waste it generates, leaving as little as possible for future generations to do.

Institutional controls do not constitute an undue burden from a radiological protection per​spec​tive. They are a burden, but are seen by society as acceptable in the context of ma​naging other types of hazardous (chemical) waste. The important issue is that the gene​ra​tion that generates the waste pass on to the next generation the knowledge, skills, records and societal judgments that led to the decisions as well as any financial resources to cover work that was intentionally deferred. This would allow the next generation to make decisions it regards as being appropriate and acceptable to it. This might include stopping any further action, reversing past actions or continuing to pass information on to its imme​diate next ge​neration. It is not possible, reasonable or practicable for this generation to impose its will on future generations. It is the responsibility of each generation to consider, to decide and to act.
The generation of radioactive waste must be kept to the minimum practicable by means of appropriate design and procedures. Recycling and reuse of material are options to be con​sidered. 

8.
Prevention of accidents

All practical efforts must be made to prevent and mitigate nuclear or radiation accidents.
To ensure that the likelihood of an accident (e.g. human intrusion in a repository) having harmful consequences is extremely low, measures have to be taken:

· to prevent the occurrence of failures or abnormal conditions;

· to prevent the escalation of any such failures or abnormal conditions that do occur;

· to prevent the loss (or the loss of control) of a source.

The primary means of preventing and mitigating the consequences of accidents is ‘defence in depth’, implemented primarily through the combination of a number of consecutive and independent levels of protection that would have to fail before harmful effects could be caused to people or to the environment. 

An important element in defence in depth is an appropriate combination of inherent (passi​ve) and engineered safety features.

9.
Emergency preparedness and response
Arrangements must be made for emergency preparedness and response for nuclear or radiation incidents.

10.
Protective actions to reduce existing or unregulated radiation risks
Protective actions to reduce existing or unregulated radiation risks must be justified and optimized.

Generic Waste Types

In practice, it is convenient to classify radioactive waste broadly according to the level of radiation hazard that it presents and the options for its safe management and/or disposal. The following table shows the generic waste types that may be considered with respect to long-term safety.
	WASTE TYPE
	HALF LIFE
	ACTIVITY
	VOLUME
	EXAMPLE

	VLLW  (Very Low Level Waste)
	Various
	Between 10 and 100 times the clearance levels
	Several 105 to 106 t
	Operational arisings from nuclear industry, decommissioning waste - concrete rubble, scrap metal, all other material possibly slightly contaminated


	LLW (Low  Level Waste)
	< 30 years with limited amounts of  long lived activity
	Typically 105 to 106 Bq/g;
100 to 1000 Bq/g in long lived radionuclides
	About 50 t per year and per installed GW
Arising in some 104 to106 t during a life cycle of a plant and of 1 GW installed power
	Solid waste with vast variety of nature (cellulose, metals, resins, sludges) 
Raw waste usually blocked or embedded in concrete 
Waste arising from operation of nuclear industry
Decommissioning waste


	ILW-1 (Intermediate Level Waste – 1)
	> 30 years
	Some 108 Bq/g of fission/activation products, some 106 Bq/g of actinides
	About 5 t per year and per installed GW
Arising in some 103 to105 t during a life cycle of a plant and of 1 GW installed power
	Ends and hulls embedded in cement or compacted
Bituminised or dried compacted sludge
Various contaminated equipment (technological waste) arising from processing of spent fuel or treatment of active effluents or from facilities
Decommissioning waste


	ILW-2  
	> 30 years
	Some 104 to 105 Bq/g, mainly C14

	Some 1000 t
	Graphite waste from gas cooled reactors

	ILW-3
     
	> 30 years
	Some Bq/g of U contaminated waste
	Several 10 000 t
	Depleted uranium wastes from operation of enrichment plant and fuel fabrication

Waste arising from fuel fabrication or recovered by fuel processing


	HLW (High Level Waste)
	> 30 years
	> 1015 (Bq/kg)
	Hundreds to thousands of tonnes per year
	Spent fuel
Vitrified high level waste



The categories ‘exempt waste’ and ‘very short-lived waste’ are not mentioned in this table, because they normally will not be disposed of as radioactive waste. 
Generic waste disposal types 

Disposal facilities are designed to ensure long term safety through the passive protection provided by engineered and geological barriers, not relying on monitoring or institutional controls after the facility is closed. This does not mean that the waste could not be retrieved if the facility is designed with this in mind, or that monitoring could not be carried out if this or future generations choose to take such actions. It is likely that institutional controls will be applied for a period after closure of most types of disposal facility. This may be done to pro​vide a framework for longer term monitoring, to prevent inadvertent disturbance of the fa​ci​li​ty or, for some waste types, for the purposes of nuclear safeguards.

A radioactive waste disposal system consists of various elements. For the purpose of linking waste types with generic disposal categories and disposal facility types it is suggested that the options be characterised in terms of depth and cross-sectional area. The selection of these criteria is based on the following arguments:
-
the depth of a radioactive waste disposal facility contributes substantially to the isolation of the radioactive waste and can contribute to containment; it also influences the likelihood of intrusion; and
-
the cross-sectional area or footprint of the facility influences the amount of waste that can be accommodated in the facility; it will have an influence on the likelihood of intrusion, both in absolute terms and in terms of other influences such as the proximity of mineral or resource deposits in the vicinity of the facility.

Three main categories have been distinguished according to the depth of the facility:
- 
near surface disposal: on the surface or at depths up to a few tens of meters ( 30 m is considered to be a typical depth of the human intrusion zone for the residential scenario);
- 
intermediate depth disposal: at depths between a few tens of meters and a few hundreds of meters;
- 
deep disposal: at depths of a few hundreds of meters or more.

Disposal cannot provide a guarantee of complete containment of the waste over all time. Rather, the aims of disposal are: 
-
to contain the waste pending decay of shorter-lived components of the radio​activity present; 
-
to isolate the waste from the biosphere, or at least separate it within the biosphere, and to reduce the likelihood of inadvertent human intrusion into the waste; 
-
to delay and limit the migration of radionuclides to parts of the biosphere used by humans, so that the level of radioactivity eventually reaching the biosphere, and to which humans may be exposed, is low and diluted over time;
-
thus to ensure that radiological doses and risks to future generations are low and broadly similar or less than levels of dose and risk that are acceptable today.

The different disposal categories and types of disposal facility are given in the table below.
	CATEGORIES
	DEPTH
	DISPOSAL FACILITY TYPES
	FOOTPRINT
	EXAMPLES

	Near surface
	On the surface or at depths up to a few tens of metres
	Landfill
	Large – up to several ha
	Municipal refuse facilities, phosphogypsum disposal



	
	
	Trench 
	Medium – up to tens of ha
	Trench disposal facility – waste disposed just below ground level – waste may be emplaced in engineered works and a cover limits the ingress of water


	
	
	Vault
	Medium – up to tens of ha
	Mound disposal facility – surface area of some 10 to 100 ha- usually waste are emplaced in engineered works of which void volumes are filled and water ingress is to be limited by use of an impervious cover 
Examples: Centre de l’Aube (France), El Cabril (Spain), Mochovce (Slovak Republic)



	Intermediate depth
	Depths of a few tens of metres up to a few hundreds of metres


	Cavern
	Medium – up to tens of ha


	SFR Forsmark (Sweden), Olkiluoto (Finland)

	
	
	Borehole - shallow
	Small – less than a few m² 
	Radon type facility (Russia)

	Deep
	A few hundreds of metres or more
	Borehole - deep
	Small – less than a few m²


	Proposed South African BOSS concept

	
	
	Deep geological
	Medium – up to a few ha
	Yucca Mountain; in mountain disposal with (sub) horizontal access tunnels




In evaluating the level of protection being afforded to future generations, two categories of exposure situations must be considered: natural processes and inadvertent human intrusion.

In the first case, estimated doses and risks should be compared with a dose constraint of about 0.3 mSv/year or its risk equivalent.

In the case of human intrusion, the consequences of the intrusion are normally assessed in terms of doses to exposed individuals using one or more stylized scenarios. It is not appro​priate to compare these assessed doses with the dose constraint for natural processes, be​cause intrusion will have by-passed all of the barriers which were considered in the opti​mization of protection. They should be compared with criteria used to establish whether in​tervention is necessary, as stated in ICRP publication 81: if human intrusion could result in doses to those living around the site sufficiently high that intervention on current criteria would almost always be justified (100 mSv/year), reasonable efforts should be made during the design and development of the repository to reduce the probability of intrusion or to limit its consequences. An annual dose of 10 mSv can be viewed as a target in the optimization process in respect of human intrusion.
There are a number of possibilities to reduce both the likelihood of intrusion and the possible consequences. The likelihood can be reduced by increasing the depth of the disposal facility, adding markers and by maintaining records and other passive institutional controls. The con​sequences could be limited by elimination of hot spots in the repository, by dispersing the waste in the repository to reduce the activity concentration or by selecting a site with in​herent​ly good containment capacity to reduce dependency on engineered barriers which could be penetrated.

One should note also that, according to the ICRP, radiological protection requirements can be considered to have been complied with, provided reasonable measures have been taken both to satisfy the constraint from natural processes and to reduce the probability or consequences of inad​vertent human intrusion, and technical and managerial principles have been followed.
Linkage between generic waste types and generic waste disposal types
The selection of a disposal option for a particular waste type will depend on various factors: the need to respect the fundamental waste safety principles as indicated earlier, the amount of particular waste types generated, the available facilities and technologies, disposal costs and the acceptability of particular disposal facilities to the various interested and affected stakeholders. 
In terms of meeting the safety principles, the various waste types can be linked first to a category of disposal facility, i.e. near surface, intermediate depth or geological, and then to a particular disposal option within that category.  In the table below, a linkage is suggested between the different waste types and the dif​ferent disposal categories and disposal facility types. 

The notation used in the table is as follows:
(
The waste type is generally acceptable in the generic disposal option.

*
The waste type would generally not be appropriate for this generic disposal option. The reason could be economic, size incompatibility, the hazard may not warrant the level of pro​tection provided or other reasons.

X
The waste type is generally not acceptable in the generic waste disposal option because the level of safety or degree of assurance is not provided by this generic disposal option.

	Disposal Category

	Disposal Facility type
	VLLW
	LLW
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	ILW-2
	ILW-3
	HLW
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Waste containing natural radionuclides
The waste that is considered here is waste that contains natural radionuclides (U and Th series, K-40) at activity concentration levels requiring control for purposes of radiological protection, i.e. higher than the corresponding clearance levels.

The waste includes:

· uranium mining and milling waste;
· large volumes of waste from the mining/extraction an d processing of raw materials such as from the phosphate industry;
· fly-ash from coal burning power stations and gypsum from stack desulphurisation;

· pipe scales and sludge produced in the oil industry;
· soils contaminated from practices that involved uranium and radium.
The activity concentration is very variable: from around 1 Bq/g (phosphogypsum) up to several thousands of Bq/g (scales). It may be classified taking the following aspects into account: enhanced concentration or not, small volume or not. This classification is given in the table below.
	TYPE
	HALF-LIFE
	ACTIVITY
	VOLUME
	EXAMPLES

	Low concentration 
	Long
	< Activity concentration that is equivalent to 1 mSv per annum (10-100 times the clearance level)

[For Ra-226 the value is < 5 Bq/g]

[intrusion dose < 10 mSv/y]

	High
	Waste rock and tailings from some mines and minerals processors e.g. oil, phosphate, rare-earth, metal mining, mineral sand industries

Sludges from nuclear fuel cycle facilities

Soil contaminated with natural radionuclides e.g. scrap recycling sites 

	Enhanced concentration
	Long
	> Activity concentration that is equivalent to 1 mSv per annum

[For Ra-226 the value is > 5 Bq/g]

[intrusion dose may exceed 100 mSv/y] 

	High
	Tailings from mines extracting from high-grade uranium ores

Soil contaminated with pipe scales containing natural radionuclides 

	Enhanced concentration
	Long
	> Activity concentration that is equivalent to 1 mSv per annum 

[For Ra-226 the value is > 5 Bq/g]

[intrusion dose may exceed 10 mSv/y] 

	Small
	Pipe scales


The radiological protection, in particular with respect to the considerations on human in​trusion, may have significant implications for waste containing natural nuclides. Ongoing institutional control might be necessary and mining and minerals processing waste above certain concentrations would be contra-indicated for near surface disposal or would require dilution levels that could not give rise to intrusion doses above 100 mSv.   
Due to the long half-life of the radionuclides involved, institutional control cannot be gua​ranteed over the period of decay. This suggests that disposal should be at depths that would prevent normal intrusion scenarios. However, the large volumes make disposal at depth im​practical.
The approach suggested in the draft report is as follows:

-
optimise doses from natural processes within a constraint of 0.3 mSv/y through consideration of every possible barrier aimed at maximising the containment of the waste with a preference for passive barriers (covers, choice of underlying geology, proximity of resources in the surroundings);

-
reduce the activity concentration as much as is reasonably achievable through the mixing of higher activity concentration waste with lower activity concentration waste;

-
make every effort to establish and maintain proper institutional control mechanisms to reduce the probability of intrusion, e. g. land-use control, monitoring, surveillance and maintenance (with preference to passive mechanisms).

This approach is not in contradiction with the recommendations of the ICRP:

-
reduce the probability of intrusion through for instance disposal at depths that would prevent normal intrusion and minimise the impact of extreme natural events;

-
reduce the consequences of intrusion through e.g. dilution of radioactive waste into a facility.

Due to the practical difficulties of disposing of large quantities of radioactive waste at depths, dilution of the waste into an on-surface, engineered disposal facility could indeed be an al​ternative.  
These considerations lead to the following linkage.

	Disposal Option
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Application of the Common Framework

The linkage between waste types and disposal options is part of a decision making process, and that decision making process might be structured. Such structuring can be presented in terms of a set of tasks (some of them for the regulator, others more specifically for the im​ple​menter) that are needed to develop and implement a safe and optimised strategy for radioactive waste management consistent with the safety principles and requirements. Those tasks are schematically illustrated in the figure below.
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Task 1 is to assess and maintain the national radioactive waste inventory. This includes iden​ti​fication of sources of radioactive waste and types of waste from each source, estimation of quantities of existing waste and projected arisings, assessment of general characteristics and status of wastes especially their hazard potential (including non radiological) and safety features. 

Task 2 is to identify generic waste management and disposal options and corresponding re​gulatory requirements for each of the various waste types in terms of the national radio​active waste management policy and/or international guidance. The options should ensure that the radioactive waste can be managed safely in a manner that is commensurate with the potential hazard presented by the waste and appropriate in terms of national resources, legal system, siting opportunities and societal issues. 

Task 3 is to develop designs and detailed regulatory guidance for each disposal system. Such system consists of a facility design and technical and managerial methods that would provide lines of defence to ensure the appropriate degree of containment and isolation of waste within the system and an adequate level of protection from events and processes both external and internal to the disposal system. The overall approach to achieving safety, especially in respect of the estimated long term impacts from the facility, should be one of constrained optimisation, as defined by the ICRP.
Task 4 is to develop each disposal system and its corresponding safety case (for the opera​tional and post-operational periods) within the framework of appropriate regulatory controls, siting considerations being a key aspect. The system will be developed in a step-by-step pro​cess, with safety assessments at an appropriate level of detail at each step. Clear decision points should be defined at which the safety case can be reviewed, regulatory guidance given and regulatory control exercised, and social and economic aspects taken into account. 

Task 5 is to review the capacities and safety cases for the available and planned disposal fa​cilities against the existing and projected arising of waste. A check is needed that the fa​cili​ties as developed have capacities and safety qualities needed to safely contain the waste for which they were commissioned. It may be that some waste may need to be re-allocated be​tween facilities or that special arrangements may need to be made within a facility for a given waste type. In particular, identify any waste types or future waste arisings for which no suitable disposal route is available.

Concluding remarks

The common framework may assist in decision making to link waste type with suitable dis​po​sal facilities and to find an appropriate, safe and cost effective disposal solution for the va​rious wastes, for instance: 

-
for those countries who have no nuclear energy programme but have to find a solution for disused sealed sources;

-
to rationalise the (near surface) disposal of mine tailings and NORM-waste.
The development, which has been halted in 2003 to wait for consensus on the revised classi​fication scheme, of such a common framework should be resumed. 
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