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International Atomic Energy Agency 

Classification of Radioactive Waste 
 
Advantages: 

 
 A classification system permits to make appropiate decisions at each step 

of lifecycle management of waste 
 

 A classification system provides a systematic foundation for waste 
segregation programmes 
 

 A classification system promotes an efficient management system for 
operators (avoiding ad hoc decisions) 
 

 A classification system provides essential input for national waste 
management policy and strategy 



Classification of Radioactive Waste 

The Safety Requirements publication, 
Predisposal Management of Radioactive 
Waste, requires that:  
 
“At various steps in the predisposal 
management of radioactive waste, the 
radioactive waste shall be characterized 
and classified in accordance with 
requirements established or approved by 
the regulatory body”  
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IAEA   GSG-1  Classification of RW, points that: 
 
Several schemes have evolved for classifying RW according to the physical, 
chemical and radiological properties 
 
These schemes have led to a variety of terminologies, which may differ from 
State to State and even between facilities in the same State 
 
Sometimes, this has given rise to difficulties in establishing consistent and 
coherent national waste management policies and implementing strategies 
 
It also makes difficult the communication on waste management practices at 
nationally and internationally level 
 
In order to address these issues, the classification of radioactive waste has 
been the subject of international standards on the safety of radioactive waste 
management 
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Different types of waste may be grouped for operational waste management 
purposes. For example, waste containing radionuclides with short or long 
half-lives, or compressible waste and non-compressible waste, or waste 
grouped  by origin, or physical and chemical properties, etc 
 
Nevertheless, apart from waste containing only short lived radionuclides, all 
other types of radioactive waste need to be eventually disposed 
according to the safety requirements  
 
The classification scheme developed at GSG-1 is mainly based on long term 
safety considerations and can be applied for all waste management 
activities. However, for certain waste management steps (e.g. processing, 
transport and storage), other classification may be required 
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A conceptual illustration of the waste classification scheme is presented, 
where 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  
 
Vertically, the level of activity content can range from negligible to very high, 
that is, very high concentration of radionuclides. The higher the level of 
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, the management of the waste can be carried out without 
consideration of its radiological properties 
 
Horizontally, the half-lives of the radionuclides contained in the waste can 
range from short (seconds) to very long time  (millions of years).  
 
(In terms of radioactive waste safety, a radionuclide with a half-life of less 
than about 30 years could be considered to be short lived) 
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DEFINITIONS 
 
Exempt waste (EW): Waste that meets the criteria for clearance, exemption or 
exclusion from regulatory control for radiation protection purposes 
(once such waste has been cleared from regulatory control, it is not considered 
radioactive waste anymore) – Next lecture 
 
Very short lived waste (VSLW): Waste that can be stored for decay over a 
limited period of up to a few years and subsequently cleared from regulatory 
control, for uncontrolled disposal, use or discharge (radionuclides with very short 
half-lives often used for research and medical purposes) 
 
Very low level waste (VLLW): Waste (almost exempted) 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 (this class 
includes soil and rubble with low levels of activity concentration) 
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Low level waste (LLW): Waste with limited amounts 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. (very broad range of waste. LLW may include short lived 
RN at higher levels of activity concentration, and also long lived RN, but only 
at relatively low levels of activity concentration) 
 
Intermediate level waste (ILW): Waste that, because of its content, 
particularly of long lived RN, 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 RN, in particular, alpha emitting 
radionuclides that will not decay to a level of activity concentration acceptable 
for near surface disposal. Depending of that activity, this waste requires 
disposal at greater depths, of the order of tens of metres to a few hundred 
metres 
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High level waste (HLW): Waste with levels of activity concentration high 
enough to generate significant quantities of heat by the radioactive decay 
process or waste with large amounts of long lived 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 meters or more 
below the surface is the  recognized option for disposal of HLW 
 
 
 
It is important to notice that: 
 

Quantitative values of allowable activity content for each 
significant radionuclide will be specified on the basis of safety 

assessments for individual disposal sites  
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WASTE CLASSES 

EW 
 
Exempt waste contains such small concentrations of radionuclides that it 
does not require provisions for radiation protection. Such material can be 
cleared from regulatory control and does not require any further consideration 
from a regulatory control perspective 
  
Studies undertaken at the national and international levels have derived 
radionuclide specific levels of activity concentration for the exemption and 
clearance of solid material, providing explanation and guidance on the 
concepts of exclusion, exemption and clearance  
 
(lamps, smoke detectors, etc)  



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 beneath the levels for clearance, allowing for the 
cleared waste to be managed as conventional waste (sources with Ir-192) 
 
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 beneath the applicable levels for discharge to the 
environment 
 
The main criteria for the classification of waste as VSLW are the half-lives of the 
predominant RN and the acceptability of the amounts of longer half-life RN. 
These values cannot be specified generically because it depends on the 
planned duration of the storage and the initial activity concentration of the 
waste. But, in general, the management option of storage for decay is applied 
for waste containing RN with half-lives of the order of 100 days or less 
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VLLW 
 
Operation and decommissioning of nuclear facilities produce substantial 
amounts of waste with levels of activity concentration in the region of or slightly 
above the levels specified for clearance  material 
 
The management of this waste does require consideration from the perspective 
of radiation protection and safety, but the extent of the provisions necessary is 
limited in comparison to the provisions required for waste in the higher classes 
(LLW, ILW or HLW) 
 
An adequate level of safety for VLLW may be achieved by its disposal in 
engineered surface landfill type facilities, ranging from simple covers to more 
complex disposal systems (generally with active and passive institutional 
controls. The time period for which institutional controls are exercised will be 
sufficient to provide confidence that there will be compliance with the safety 
criteria for disposal of the waste 
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VLLW (cont.) 
 
 
There is not a generally valid criteria to defined a VLLW, nevertheless, it is 
expected that with a moderate level of engineering and controls, a landfill 
facility can safely accommodate waste containing radionuclides with levels of 
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 criteria 
established by the regulatory body 
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LLW  
 
In previous classification schemes, low level waste was defined to mean 
radioactive waste that does not require shielding during normal handling and 
transport meanwhile radioactive waste that requires shielding but needs little or 
no provision for heat dissipation was classified as intermediate level waste.  
A contact dose rate of 2 mSv/h was generally used to distinguish between the 
two classes of waste  
 
Now 
Contact radiation dose rate is not used to distinguish waste classes. 
Classification scheme  is based primarily on long term safety. However, it 
remains an issue that has to be considered in handling and transporting the 
waste, and for operational radiation protection purposes at waste management 
and disposal facilities, but is not necessarily a determining factor for the long 
term safety of a disposal facility 
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LLW (cont.) 
 
Low level waste is waste that contains such an amount of radioactive material 
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, ranging from 
radioactive waste with an activity content level just above that for VLLW (not 
requiring shielding or particularly robust containment and isolation), to 
radioactive waste with a level of activity concentration such that shielding and 
more robust containment and isolation are necessary for periods up to several 
hundred years. This implies a range of design options, from simple to more 
complex engineered facilities, and may involve disposal at varying depths, 
typically from the surface  to 30 m. They will depend on safety assessments. 
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LLW (cont.) 
 
Although the waste may contain high concentrations of short lived RN, 
significant radioactive decay of these will occur during the period of  
containment and isolation provided by the site, the engineered barriers and 
institutional control. Classification of waste as LLW should relate to the 
particular radionuclides in the waste, and account should be taken of the 
various exposure pathways, such as ingestion (long term migration of 
radionuclides to the accessible biosphere in the post-closure phase of a 
disposal facility) and inhalation (human intrusion case) 
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LLW (cont.) 
 
It is not possible to establish a precise boundary between LLW and intermediate 
level waste (ILW). Limits on the acceptable level of activity concentration will 
differ between individual radionuclides or groups of radionuclides. Waste 
acceptance criteria (WAC) for a particular near surface disposal facility will be 
dependent on the actual design of and planning for the facility (engineered 
barriers, duration of institutional control, site specific factors, etc.)  
 
Restrictions on levels of activity concentration for long lived radionuclides in 
individual waste packages may be complemented by restrictions on average 
levels of activity concentration.  A limit of 400 Bq/g on average for long lived 
alpha emitting radionuclides has been adopted in some States as well as up to 
tens of kBq/g for beta/gamma emitters  
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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 at  depths of a few tens up to hundreds of metres  has the potential 
to provide a long period of isolation from the accessible environment 
(considering natural and engineered barriers). In particular, there is generally 
no detrimental effect of erosion at such depths in the short to medium term 
and inadvertent human intrusion is greatly reduced 
 
Long term safety for disposal facilities at such intermediate depths will not 
depend on the application of institutional controls 



HLW 
 
High level waste is defined like waste that contains such large concentrations of 
short and long lived RN that, compared to ILW, a greater degree of containment 
and isolation from the accessible environment is needed to ensure 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 
 
Depending the National Policies, HLW  may include conditioned waste arising 
from the reprocessing of spent fuel  or even the spent fuel itself 
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OTHER CLASIFICATIONS        
 
                           ORIGIN 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 RW 
 
Radioactive waste may also be generated by other activities such as the 
medical or industrial use of radioisotopes and sealed radiation sources, by 
defense and weapons programmes, and by the (mostly large scale) 
processing of mineral ores or other materials containing naturally occurring 
radionuclides 
 
Radioactive waste also arises from intervention activities, which are necessary 
after accidents or to remediate areas affected by past practices 
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                        WASTE FROM NUCLEAR POWER PRODUCTION  
 
LLW and ILW from operations  
 

The manufacture of reactor fuel generates waste from purification, conversion and 
enrichment of uranium and the fabrication of fuel elements. This waste includes 
contaminated filter materials from off-gas systems, lightly contaminated trash, and 
residues from recycling or recovery operations. This waste generally contains 
uranium and, in the case of waste from the manufacture of mixed oxide fuel, also 
plutonium  
 

In the operation of NPP, waste arises from the processing of cooling water 
and storage pond water, from decontamination of equipment and from facility 
maintenance. This waste is normally contaminated with fission and activation 
products 
 
RW generated from routine operations includes contaminated clothing, floor 
sweepings, paper and plastic. Waste from processing of primary coolant water and 
the off-gas system includes spent resins, filters and some contaminated equipment.  
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RW  from decommissioning of nuclear installations 
 
The activities involved in decontamination and dismantling of a nuclear facility 
and the cleanup of the site will lead to the generation of radioactive waste that 
may vary greatly in type, level of activity concentration, size and volume, and 
may be activated or contaminated  
 
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 will mainly be VLLW and LLW. To reduce the 
amount of radioactive waste, decontamination of materials is widely applied 
 
Liquid and gaseous waste streams may also originate from decontamination 
processes  



HLW 
 
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. Eventually 
the spent fuel will be removed and subjected to a management option chosen 
from among a few possibilities: 
 Reprocessing: the fuel is dissolved and treated to separate the remaining 

fissile components from the fission products and activation products, 
generate solid, liquid and gaseous radioactive waste streams. Finally, a 
solid HLW arises and requires disposal in geological disposal facilities  

 Disposal: some States have decided that spent fuel should not be 
reprocessed and consider it to be waste, therefore requiring disposal.  

 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  
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                         WASTE FROM INSTITUTIONAL ACTIVITIES 
 
Institutional uses of radioactive materials include activities in the fields of 
research, industry and medicine: 
 

 Waste from research reactors  
 Waste from research facilities (accelerators, pilot plants for checking fuel 

fabrication processes, for post-irradiation examinations, as well as their 
analytical laboratories) 

 Waste from the production and use of radioisotopes (small volumes of 
waste) 

 Waste from decommissioning of other nuclear facilities  (similar to nuclear 
installations but the volumes of RW generated will be substantially smaller) 

 Disused sealed sources (particular type of waste which are characterized by 
the concentrated nature of their radioactive contents and are widely used in 
medical or industrial applications)  

 



WASTE FROM DEFENSE PROGRAMMES AND WEAPONS PRODUCTION 
RELATED WASTE  

 
Large quantities of waste from defense programmes and waste relating to the 
production of nuclear weapons were generated in the early days of the 
development and testing of nuclear weapons 
  
 

RADIOACTIVE MATERIAL IN THE ENVIRONMENT  
 

Radioactive residues from nuclear weapon testing, accidents at nuclear facilities 
and past practices such as uranium mining that were subject to less stringent 
regulatory control than that required by present-day safety standards. 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  
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WASTE FROM MINING AND MINERALS PROCESSING  
 

The initial step in the nuclear fuel cycle is the mining of uranium  ores that is 
then used to produce nuclear fuel. 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 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 proximity to the 
mines. Mine tailings resulting from the mining of uranium ores generally 
contain elevated levels of naturally occurring radionuclides and are required 
to be managed as radioactive waste for radiation protection purposes and 
safety reasons 
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Thank you 
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