EURANOS(CAT1)-TN(04)00



ID: 48
- Soil, grass and plants -

Skim and burial ploughing

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 these areas.



Other benefits
Ploughing will reduce contamination in soil layer (reduction of 90-95% of contamination in upper 20 cm of soil) in which food may subsequently be grown and so reduce uptake into food crops.


Countermeasure description
A specialist plough is used. It comprises two ploughshares: a skim coulter and the main plough.  The coulter skims-off the upper 50 mm of soil and places it in the trench made by the main plough in the previous run. Simultaneously, the main plough digs a new trench and places the lifted subsoil on top of the thin layer of topsoil now in the bottom of previous trench. This results in the top 50 mm of soil being buried at 450 mm and the 50-450 mm layer not being inverted The effect on soil fertility is minimised, although it may be necessary to fertilise soil after implementation.  The contamination is largely buried below the rooting zone for crops.

Removal of plants, shrubs and trees may be necessary before ploughing. There may be need to replant or replace grass.  Rolling of the grass surface may be needed prior to replanting or reseeding.  Additional information on the likely additional costs of reseeding can be found in data sheet 37.

This option is likely to give rise to dust, so application of water to dampen the surface or the use of a tie-down material is recommended prior to implementation to limit the resuspension hazard.  Further details are given in data sheet 41.



Target surface or population
Grass and soil surfaces in large parks, playing fields and other open spaces, which have not been tilled since deposition occurred.



Target radionuclides
All long-lived radionuclides. Should not be considered for removal of short-lived radionuclides alone. See Appendix B for information on radionuclides. 


Scale of application
Suitable for large surface areas only (e.g. parks).



Timing of implementation
Maximum benefit is obtained if ploughing is carried out soon after deposition, i.e. before soil migration occurs. However, it will continue to be significantly effective for several years after deposition has occurred because in most cases, the contamination will remain in the top 5 cm for many years (this is certainly the case for caesium in clay and brown earth soils).  The effectiveness will gradually decrease with time. 



Constraints on implementation


Legal 
· Liabilities for possible damage to property

· Ownership and access to property

· Use on listed or historic sites and conservation areas



Environmental / technical 
· Severe cold weather (ie frost or snow cover)

· Soil texture (not appropriate for sandy soils)

· In extreme cases, the slope of the area maybe a constraint

· A soil depth of >0.5m is required.



Effectiveness


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



Reduction in surface dose rates
External gamma dose rates above the surface will be reduced by a factor of between 5 and 10 for medium to high energy gamma emitters, such as Cs.  The reductions in dose rate will depend on the radionuclides involved, ie their gamma energies.. The reduction will also depend on the ploughing depth and the soil contamination profile with depth at the time of implementation and the success of the implementation. 

Beta dose rate reduction is likely to be 100% if the technique is implemented effectively.  



Reduction in resuspension
By effectively burying most of the contamination, resuspended air concentrations above the surface will be reduced by a factor significantly larger than the external gamma dose rate reduction.



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. 

An indication of the dose rate reductions that could be achieved for the time a person is at the location where ploughing has taken place is given above.

Factors that will influence dose reduction:

· Consistency in effective implementation of option over a large area.

· The amount of the area covered by grass/soil and the time spent by individuals on or close to these areas.

· Time of implementation.  The impact on the overall doses will be reduced with time as there will be less contamination on the surface due to natural weathering (soil migration is slow).

· Whether clean-up of other nearby ground surfaces has taken place.



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)
· Weather conditions

· Correct implementation of option

· Soil texture (does the soil contain stones? does it have a loose structure?) 
· Contamination profile in soil


Factors influencing effectiveness of procedure (social)


Requirements


Required specific equipment
· Skim and burial plough

· Powerful tractor

· Transport vehicles for equipment and waste

The equipment required for skim and burial ploughing is not readily available throughout Europe at the present time. As this procedure remains effective over several years, one piece of equipment could be used for a large area.


Required utilities and infrastructure
Roads for transport of equipment.

Required consumables
Fuel and parts for transport vehicles and equipment. 



Required skills
Skilled ploughing personnel are essential to implement this option. They must be instructed carefully about the objective.



Required safety precautions
Under very dusty conditions respiratory protection and protective clothes may be recommended to reduce the hazard from resuspended activity.



Waste


Amount and type
None.



Intervention costs (see Appendix E)

Equipment
€ 7 10-3 m-2

Consumables
No significant cost identified

Labour
€ 2 10-2 m-2

Operator time
2 103 – 3 103 m2/team.hr  (team size: 1 person)

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

· Soil type and condition

· Amount of vegetation

· Weather
· Topography

· Size of area

· Evenness of ground surface

· Access

· Operator skill

Side effects / impact


Environmental impact
· Soil erosion risk, although this would be reduced if subsequent re-seeding of grass is undertaken.
· This technique will bring contamination closer to groundwater (caesium will however normally be very strongly bound to the soil).

· Acceptability of smothering flora and fauna and loss of plants and shrubs

· Partial loss of soil fertility.

· Severely complicates subsequent removal of contamination as more waste will be generated and mixing will make segregation of contaminated waste more difficult.

· Land must not be deep ploughed in the future.

· Soil may need to be planed afterwards (all ploughings)



Social impact
· Adverse aesthetic effect of ploughing e.g. parks and playing fields

· Access to public areas may need to be restricted temporarily before skim and burial ploughing is implemented

· Not removing contamination may be seen as an issue by members of the public.

· Temporary loss of use of public amenity (if grass is ploughed)



Practical experience
Tested several times after Chernobyl in the Former Soviet Union and in Denmark in areas of size 1000 – 2000 m2.
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