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- Soil, grass and plants -

Cover with clean soil

Objective
To reduce external gamma and beta doses from outdoor areas that are covered with grass and soil within inhabited areas, and reduce inhalation doses from material resuspended from these areas.



Other benefits
The shielding of contamination with soil effectively ties-down the underlying contamination that could otherwise be resuspended. This is therefore an effective tie-down option.



Countermeasure description
Radiologically ‘clean’ soil can be applied around dwellings, and in other open areas, where people spend much time, to shield against contamination on the ground. This option may also be applied to reduce the external dose rate from residual contamination on a soil surface after removal of a topsoil layer.

A layer of 5-10 cm of clean soil is recommended.

Also used for tie-down of contaminated soil to reduce the resuspension hazard to members of the public.

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.

Target surface or population
Grass/soil surfaces in gardens, parks, playing fields and other open spaces.



Target radionuclides
All radionuclides (via shielding). Can be used to reduce external doses  from short-lived radionuclides if implemented quickly. Tie-down targets alpha emitting radionuclides that give rise to inhalation doses from resuspended material. See Appendix B for information on radionuclides.



Scale of application
Any size. Suitable for small surface areas (e.g. gardens) and large surface areas (e.g. parks).



Timing of implementation
For use as tie-down, maximum benefit is achieved if carried out soon after deposition when most of the contamination remains on the ground surface and resuspension is likely to be high. 

For shielding, this option is likely to be effective for a long time after deposition.  Early implementation may mean that contamination that washes off other surfaces over time onto soil and grass re-contaminates clean soil, therefore reducing effectiveness. 



Constraints on implementation


Legal 
· Liabilities for possible damage to property

· Listed and other historically important buildings (and gardens)

· Ownership and access to property

· Use on listed or historic sites and in conservation areas



Environmental / technical 
· Acceptability of smothering flora and fauna

· The area should not be snow-covered.

· Soil can not be excavated from deep layers during periods of heavy frost.



Effectiveness


Reduction in contamination on the surface
This option has a decontamination factor (DF) of 1, since no contamination is removed.



Reduction in surface dose rates
While the clean layer 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 clean soil layer used.  For example, a gamma dose rate reduction factor of around 4 - 5 could be expected for 137Cs using clean soil to a depth of 10 cm (theoretically this value could be higher).  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 surface will be reduced by close to 100% while the soil remains in place, i.e. the option is very effective at stopping resuspension.



Averted doses
Dose reductions have not 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 and the radionuclides involved.

· 

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)
· Availability of required quantities of soil

· Thickness of soil layer used

· Size of treated area (for large areas, the dose rate reductions will be higher)

· Evenness of ground surface

· Correct implementation of option

· If done too early, more contamination may wash onto the clean soil.

· Number of plants, shrubs and trees left in area

· Subsequent disturbance of the clean layer, by whatever means, will reduce the effectiveness of the option. For example, the land’s topography may lead to uneven erosion of the ‘clean’ layer to re-expose the underlying contaminated material.



Factors influencing effectiveness of procedure (social)


Requirements


Required specific equipment
· Spades

· ‘Bobcat’ mini-bulldozer

· Rake

· Transport vehicles for equipment and soil



Required utilities and infrastructure
Roads for transport of equipment and materials



Required consumables
· Soil

· Fuel and parts for bulldozer and transport vehicles



Required skills
On a small scale, using spades, this option can be implemented by unskilled workers. 

Skilled workers will be required to operate bulldozers, which will be used for larger areas.



Required safety precautions
None.



Waste


Amount and type
None directly. If soil is removed later, it may be contaminated. It should be possible to segregate the contaminated layer from the rest of the clean soil.



Intervention costs (see Appendix E)


Small areas
Large areas

Equipment
€ m-2
8 10-1
9 10-2

Consumables
€ m-2

1
4

Labour

€ m-2
2
2 10-1

Operator time
2 101 m2/team.hr 

Team size: 1
4 102 m2/team.hr 

Team size: 2


Work rate depends on access and openness of area and equipment used

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

· Thickness of soil layer used

· Operator skill

· Soil type and condition

· Amount of vegetation that needs to be removed

· Weather

· Topography

· Size of area



Side effects / impact


Environmental impact
· Possible adverse impact on bio-diversity

· Aesthetic consequences of landscape changes

· Loss of plants

· Possible soil erosion risk due to increased soil depth, although reseeding of grass or replanting would reduce the risk of soil erosion



Social impact
· Adverse aesthetic effect of covering areas with bare earth

· Access to public areas may need to be restricted temporarily before clean soil is applied

· Loss of public amenity if used to cover grass areas



Practical experience
The method has been tested intensively in the former Soviet Union.



Key references
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