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1 INTRODUCTION

The Appendix focuses on the identification of features of environmental impact for the decommissioning of nuclear facilities such as research reactors, nuclear fuel manufacturing, and other nuclear installations which are different from the types of facilities considered in the main study (nuclear power plants and commercial reprocessing plants). The main objective is to identify features which may be unique to other the decommissioning of these other types of facilities in order to assist in the application of the guidelines to the decommissioning of other nuclear installations.

1.1 Background

Worldwide, there are more than 300 research reactors operating today, including training, test and prototype reactors and critical assemblies. In addition, there are more than 40 nuclear fuel fabrication facilities, more than 20 spent fuel storage facilities, and several radioactive waste treatment facilities. All of these nuclear facilities will eventually need to be decommissioned; but most have not been designed or operated with decommissioning in mind.

During the lifetime of a nuclear facility, decommissioning is a definite phase which begins with the final closure of the facility and could end with the release of the site for unrestricted use.

Regardless of why a facility is permanently shut down, the three commonly accepted options in decommissioning are as described by the IAEA in its document Technical Report Series Nº 230, Decommissioning of Nuclear Facilities: Decontamination, Disassembly and waste Management (1983):

· No Action, implying maintenance of the shutdown situation

· Long-term or ‘safe’ storage, which entails modifying the installation in order to keep it in a situation of waiting for a period of between 10 and 40 years, with a view to subsequent dismantling and unconditional release of the site.

Options can include the dismantling of some parts of the plant, usually externally accessible areas, while placing others, particularly the reactor core, into a safe enclosure mode. Most options consider the safe removal of the nuclear fuel and operational radioactive waste early in the decommissioning phase in order to obtain a significant reduction in the hazard associated with the installation.

· Immediate dismantling, consisting of the dismantling of the facility in the short term, leaving the site free for unconditional use after a waiting period (3 to 10 years) during which it is subject to surveillance.

Decommissioning of the types of nuclear facility considered in this Appendix can be based on these general options.

In choosing the most appropriate strategy and decommissioning stages for a particular facility, many factors must be assessed, including a cost-benefit evaluation.

For the nuclear facilities considered here, the radiological inventory could be a decisive element in the decommissioning option chosen. In general, two groups of nuclear facilities can be defined:

· Nuclear facilities where radioactivity is present due to contamination

· Nuclear facilities where radioactivity is present due to both contamination and neutron activation.

For nuclear installations where only contamination occurs, such as fuel fabrication facilities or radioactive waste treatment facilities, immediate dismantling will mostly be the preferred option. Deferral of decommissioning activities may not significantly reduce the activity of remaining radionuclides, the quantities of radioactive waste produced or the radiological exposure of workers. This is due to the relatively long half-lives of the radionuclides generally involved. If these are alpha-emitters, there is also the potential for in-growth of decay products such as americium-241 which increases the radiological hazard with time.

For nuclear facilities such as research reactors, where activation occurs as well as contamination, a deferred dismantling option could be chosen. Owing to the decay of shorter-lived activation products such as cobalt-60 and Europium-152 and -154, the quantities of radioactive wastes and radiological exposure to personnel could be significantly reduced by deferral of decommissioning activities, depending on the safe enclosure period.

However, it must be emphasised that the quantities of materials to be dismantled will be significantly lower than compared to large nuclear facilities, such as commercial nuclear power plants. The environmental impact of decommissioning will be strongly reduced for these smaller facilities. This and other considerations may mean that in many cases, immediate dismantling may still be the best solution for small facilities in general, and even for some larger facilities such as research reactors.

To have an idea of the amount of materials involved for a number of nuclear installations, the following table lists the overall quantities of materials involved in decommissioning. These quantities are expressed in weight % relative to a commercial nuclear power station (PWR, 1000 MWe).

	Type of nuclear installation
	Weight % of materials

	Large NPP (reference case)
	100%

	Large research reactor
	~ 15 %

	Waste treatment installation
	~ 10 %

	Fuel fabrication
	~ 10 %


2 ENVIRONMENTAL IMPACTS OF DECOMMISSIONING PROJECTS

Included below is a generic list of actions with the potential to cause impacts that has been considered and compared with the decommissioning of a commercial nuclear power plant (NPP).

· Modification of the industrial site: In many cases, the nuclear facility is part of a nuclear zone with other nuclear facilities present so no modification will occur.

· Modification of the level of occupation or manpower: For fuel fabrication facilities, the manpower involved could be of the same order as the number of operators involved to run a NPP.

· Modification of industrial buildings: Decommissioning will most probably not need a modification of industrial buildings although for large research reactors it could be necessary to modify an existing building (e.g. for sorting and interim storage of wastes)

· Modification of property limits: Decommissioning will most probably not need a modification of property limits.

· Demolition of buildings: For larger research reactors and storage facilities for spent fuel or high level waste, demolition of the buildings could have a significant impact, although less than for a NPP.

· Construction of new buildings: Decommissioning will most probably not need a construction of new buildings although it could be necessary to construct a new building (e.g. for sorting and interim storage of wastes)

· Landfill and earth movements: Decommissioning will most probably not have an effect on landfill and earth movements.

· Silting and drainage: Decommissioning will most probably not cause silting and a need for drainage.

· Recycling of waste materials: The quantities of materials to be recycled will be significantly lower.

· Transport of materials: The quantities of materials to be transported will be significantly lower.

· Handling of hazardous materials (radioactive and toxic): In general, the quantities of hazardous materials will be significantly lower. For mixed oxide (MOX, i.e. U-Pu) fuel fabrication facilities, the presence of plutonium in gloveboxes and other enclosures will need a specific evaluation; for uranium oxide fuel fabrication facilities, the presence of uranium will also need some specific attention.

· Work in monitored and controlled zones: Specific attention will be needed for nuclear installations where alpha-emitting radio-nuclides are present and in some cases dominant.

· Treatment of liquid and gaseous effluents (radioactive and non-radioactive): Specific attention will be needed for nuclear installations where alpha-emitting radionuclides are present and in some cases dominant.

· Storage or disposal of radioactive wastes: In general, the quantities of radioactive wastes will be significantly lower although specific attention needs to be paid to alpha-bearing waste. For large research reactors, the storage of highly activated components needs to be evaluated.

· Risks of dismantling (potential accidents and actions):

· Fires of various types (involving radioactive and/or toxic materials): in general, the quantities of combustible materials will be significantly lower. Attention needs to be paid to nuclear facilities where alpha-emitters are dominant, specifically for MOX fuel fabrication facilities, and where combustible materials could occur in significant amounts (e.g. in gloveboxes).

· Releases and leakage of contaminating liquids and gases: Attention needs to be paid for nuclear installations where gloveboxes and/or hot cells are present.

· Handling failures (dropping of loads): In general, the quantities of materials will be significantly lower. Furthermore, the weight of equipment to be manipulated is generally less.

· Personnel accidents (falling from heights, impact of objects, etc.): The height of the buildings may be less, and the weight of equipment to be manipulated may be less significant.

· Structural failures due to the action of external agents (earthquakes, flooding, sabotage, etc.): in general, these should not be significant.

3 ENVIRONMENTAL FACTORS POTENTIALLY AFFECTED

Included below is the list of potentially affected environmental factors that has been considered and compared with the decommissioning of a commercial nuclear power plant (NPP).

The environmental factors that might be affected by impacts belong to the physical-biotic medium or to the socio-economic medium. In general, it should again be stated that the quantities of materials to be dismantled will be significantly lower than compared to a NPP. Due to this size effect, the impact of decommissioning on the environment will in general be strongly reduced.

3.1 Air

As with a NPP, the dismantling works for the facilities considered here include the demolition of buildings, the crushing of rubble, the disassembly of metallic equipment, the movement of vehicles and machinery, etc. The necessary activity will be greater in the case of large nuclear research reactors or some storage facilities for spent fuel or high level waste.

These activities will lead to increases in the emission of radioactive and non-radioactive gases and aerosols, and will cause an appreciable change in the quality of the air. It most be emphasised that uncontrolled airborne emissions to the environment in normal operations will not occur, thanks to the use of barriers such as pressure barriers, sealed tents, and filters in the ventilation system. The most important potential source of gaseous emissions would be that arising from a fire accident.

Alterations to the climatological conditions of the area are not to be expected, since the dismantling activities will not lead to the release of any type of material or energy in quantities that might change the local climate.

Consequently, the environmental factors that might be affected are fundamentally air quality and noise pollution – the same as for a NPP but on a smaller scale.

3.2 
Land and Soil

After unrestricted release of the nuclear buildings, these and other buildings on site could be demolished if no further use is foreseen for them. The rubble and other materials generated could be stored on site but most probably will have to be removed.

Contaminating particles could be present on the land surface or in the soil, and could thus have an effect on the soil quality. However, the contaminated areas would presumably be highly localized and normally located on site. In order to fully release the site, any contaminated land will have to be decontaminated or removed.

Consequently, the potential modifications to the land will be caused by the refilling of pits, levelling operations, the compacting and re-profiling of the terrain; and, in certain cases, the removal of underground structures.

In view of the above, the environmental elements that might be affected are fundamentally natural materials used for construction, soil replacement, compacting and settling and the topography.

3.3 Water

In the case of nuclear installations where large quantities of foundation are present, such as for large research reactors, or large artificial surfaces are present, the removal of these structures could modify surface water runoff, the drainage characteristics of the plot and infiltration to the groundwaters. 
Consequently, the aquatic environmental factors that might be affected are the hydrological regime.

3.4 Flora

The effects on the flora will most probably be limited .

3.5 Fauna

The habitats and/or behaviour of certain species could be affected slightly due to an increase in noise levels (e.g. as a result of the use of explosives during demolition works).

3.6 Landscape

The landscape will be hardly influenced. Only when demolishing large structures (e.g. cooling towers of large research reactors) a significant increase in the quality of the scenery and in the visibility of the area can occur.

3.7 Land Use

The land use will hardly be affected as the site surface involved is relatively limited.

3.8 Cultural Factors

There will be no direct influence on the cultural factors.

3.9 Infrastructures

Generally speaking, the dismantling activities will cause an increase in vehicle traffic, which may be more or less important depending on the geographical location of the nuclear installation.

3.10 Human Factors

In general, consideration may be given to the following factors under this heading: the quality of life, nuisance, health and safety, well-being and lifestyle.

As regards health and safety, the same as with a NPP, a decommissioning project for the facilities considered here implies certain activities that give rise to radiation exposure of the workers and to a series of other occupational risks. The project and its associated documentation will have to identify such risks and how they will be prevented or made as low as reasonable practicable. The most important of these risks are associated with the following:

· Exposure to ionising radiations

· Exposure to toxic products (aerosols containing lead, asbestos, etc.)

· Exposure to high concentrations of dust

· Falls, contact with electricity and other risks typical of construction works

· Exposure to high noise levels.

In the case of the public, the risks for health and safety will be considerably lower than those existing during the operational phase of the plant; but this point must be established and documented.

3.11 Population and Economy

In general, consideration may be given to the following factors under this heading: levels of employment, density, migratory movements, population centres, economic benefits, the appearance of auxiliary industries, investment and expenses, the local, provincial and national economies and energy consumption.

As with an NPP, the greatest effect is not related to decommissioning as such, but to the ending of plant production activities, which implies a reduction in income from taxes in the area and all the problems associated with a downturn in the sectors supplying the installation.

The number of workers at the installation will be smaller than during the operational phase, and much smaller than during construction of the plant. The effects on numbers of contracted personnel will depend on the alternative selected.

4 GLOSSARY

Activation: radioactive substances produced in a material due to nuclear reactions with the material itself (usually neutron activation).

Contamination: radioactive substances present in or on a material, but are not part of the material itself.

Glovebox: Sealed box where manipulation of radioactive substances is performed by means of gloves attached to the box.

Hot cell: Sealed and radiation shielded enclosure where manipulation of radioactive substances is performed by remote control.
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