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- Soil, grass and plants -

Cover grassed and soil surfaces (e.g. with asphalt)

Objective
To reduce external gamma and beta doses from contamination in outdoor areas covered in grass or soil within inhabited areas, and reduce inhalation doses from material resuspended from those areas.



Other benefits
None.



Countermeasure description
A layer of asphalt (or alternatively, for example, concrete or paving stones) can be applied over small areas adjacent to buildings, if people spend a lot of time there, to provide shielding from contamination on this ground area . This is likely to be considered for reducing external exposure from residual contamination after removing a topsoil layer, as soil very close to a building may, in some cases, be contaminated to  a greater depth, due to run-off from the building.  

Generally, the procedure would be to apply a layer of stabilising gravel, then asphalt (using shovels and other hand-tools) and finally to use a roller to consolidate.  Resurfacing using asphalt may also be carried out by applying a thick layer of gravel, onto which is sprayed a thin sealing asphalt emulsion layer, and topping this with a thin layer of gravel.

Dust creation during implementation is unlikely to be a problem and so methods are not likely to be required to reduce the resuspension hazard to workers, unless the resuspension hazard in the area is deemed significant.

This option severely complicates subsequent removal of the contamination.

This countermeasure should be seen as a possible alternative to covering with clean soil (see data sheet 40).



Target surface or population
Soil (and grassed) areas and other small to medium sized open areas, typically around residential buildings, schools etc, where people generally spend much of their time while outdoors.



Target radionuclides
All long-lived radionuclides. Should not be considered for reducing dose from short-lived radionuclides alone. See Appendix B for information on radionuclides.



Scale of application
Small - medium sized areas with boundaries around buildings.



Timing of implementation
Maximum effectiveness will be achieved for several years after contamination has occurred, as soil migration is typically slow. Will continue to be effective for many years after deposition has occurred.  May be beneficial to wait until after first rain so that most of dust has washed off other outdoor surfaces and buildings onto soil and grass areas.



Constraints on implementation


Legal 
· Liabilities for possible damage to property.

· Ownership and access to property

· Cultural heritage protection, e.g. use on listed or historical sites and conservation areas



Environmental / technical 
· Cold weather – laying asphalt requires temperatures above 5°C, otherwise it cools too rapidly and consolidation will be inadequate.

· In extreme cases, the slope of the area may be a concern.

· Not appropriate for snow covered surfaces.



Effectiveness


Reduction in contamination on the surface
The decontamination factor (DF) for this option is 1, as no contamination is removed. 



Reduction in surface dose rates
While the asphalt remains undisturbed, the external gamma dose rate above the surface will be reduced by a factor which is dependent on the energy of the gamma rays emitted and the depth of the asphalt layer used.  For example, a gamma dose rate reduction factor of around 2-3 could be expected for 137Cs using asphalt to a depth of 5 - 6 cm. However, it should be noted that the effectiveness in reducing dose-rates above the surface will be dependent on the size of the area treated and how well the procedure is implemented (see below).

This option will effectively reduce external beta dose rates above the surface by 100%.



Reduction in resuspension
Resuspended air concentrations above the soil (or grass) surface will be effectively reduced to 100%.  



Averted doses
No dose reductions have been estimated for this option. The effectiveness in reducing overall doses to a person living in an inhabited area will be very dependent on the specific situation, the size of the area resurfaced and the surrounding surfaces and the radionuclides involved.  In indication of the dose rate reductions above the treated surface is given above. [It should be noted that, without treatment, about one-third of the dose rate from an infinitely large open soil area will, in the short term after deposition, come from contamination more than 16 m away. However, the shielding provided by e.g., buildings in an inhabited area will greatly limit dose rate contributions from afar.]



Additional doses
Exposure pathways workers could be exposed to are:

· External exposure from environment and contaminated equipment 

· Inhalation of radioactive material resuspended from the ground and other surfaces (may be enhanced over normal levels)

· Inadvertent ingestion of dust from workers' hands
Contributions from pathways in italics will not be significant and using personal protective equipment (PPE) can control doses from these pathways. Exposure routes from transport and disposal of waste are not included. 

Beta/gamma hazard:

For radionuclides that present a beta/gamma hazard, external dose to workers from contamination in the environment will be a few times higher than public doses over the period of implementation. Even under very dusty conditions, the inhalation dose from resuspended material will only make a small contribution to the total worker dose.

Alpha hazard:

For radionuclides that present an alpha hazard, inhalation dose to workers from resuspended material will typically be a few times higher than public doses over the period of implementation. External dose from contamination in the environment can be ignored.

For further information on worker doses, see Appendix D.



Factors influencing effectiveness of procedure (technical)
· Evenness of underlying surface.

· Thickness of layer (typically 5-10 cm of asphalt). 

· Size of treated area (large areas will have higher ‘surface’ dose rate reduction). 

· Density of material used (for asphalt - dependent on type of pebbles - typically 1.6 g cm-3 - 2 g cm-3). 

· Traces of contamination in the cover material.



Factors influencing effectiveness of procedure (social)


Requirements


Required specific equipment
· Small asphalt roller (about €30000 – 40000)

· Shovels

· Special 'rakes' for planing gravel / asphalt layers. 

· Trucks for transport of roller, asphalt and stabilising gravel.



Required utilities and infrastructure
Roads for transport of asphalt (or concrete). 

Required consumables
· Asphalt,

· Stabilising gravel

· Fuel and parts for equipment and vehicles



Required skills
Skilled personnel essential to operate equipment.



Required safety precautions
The usual precautions for asphalt workers:

· Safety helmets

· Gloves

· Safety shoes

May also require respiratory protection, particularly in dry and dusty conditions.



Waste


Amount and type
None



Intervention costs (see Appendix E)

Equipment


€ 1 m-2

Consumables
Asphalt and stabilising gravel, ca. € 5 – 7 m-2


Labour


€ 1 101 m-2

Operator time


15 m2/team.hr  (team size: 4 people)

Factors influencing costs
The following factors influence the time taken to implement the option and hence labour costs:

· Weather

· Evenness of surface

· Size of area to be resurfaced

· Type of equipment used

· Access

· Use of personal protective equipment (PPE)

· Need to take into account drainage/sewerage pipes etc

· Vegetation may need to be removed prior to resurfacing

Thickness of the asphalt layer used and the quality of the asphalt will affect the materials cost.


Side effects / impact


Environmental impact
· Total loss of biodiversity in the treated area. 

· Total loss of fertility in the treated area.

· Acceptability of smothering flora and fauna/change from soil to e.g. tarmac surface.



Social impact
· Acceptability of leaving some contamination in-situ.

· Aesthetic consequences of landscape /amenity changes.



Practical experience
The method has been widely applied in the former Soviet Union after the Chernobyl accident. 



Key references
Andersson et al. (2003); Gjørup et al (1982); Hedemann Jensen et al (1977) 
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