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ID: 41
- Soil, grass and plants -

Tie-down

Objective
To reduce inhalation doses from material resuspended from soil/grass areas within inhabited areas in the short term. 



Other benefits
Water used for tie-down may run-off the surface carrying contamination with it or wash contamination further into the soil, which effectively removes contamination from the surface, ie it is good for diluting the contamination. This may reduce external doses and, in the longer term, inhalation doses from resuspended material.



Countermeasure description
Water, acrylic paint, called Vinamul, or lignin (a non-toxic waste product from paper production) can be used for tie-down of contamination on grassed/soil surfaces. The procedure implemented is dependent on which substance is used and the size of the area being treated.

Water: For small areas, the area is sprayed with water using a hose connected to a hydrant. Operators have keys to the hydrant valves. For large areas, large hose reels rotated by water turbine are used. As the reel winds in, a spraying boom is pulled towards the reel, propelling itself over the area. When one area is complete, it is towed by tractor to the next area.

It should be noted that should not be used if the purpose is to tie contamination to grass prior to grass cutting, as the water will wash the contamination into the soil and root mat.

Acrylic paint: For small areas, the area is sprayed with droplets 100(m in diameter to ensure that radioactive particles adhere to the paint rather than being knocked off the surface. This is achieved by using a fine-mist spray gun with an airless pump. For large areas, the paint is applied by tractor-towed spray boom.

Lignin: Lignin is prayed onto the surface and mixes with the soil particles in a thin top layer of the soil (extent depends on water dilution and environmental moisture).



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



Target radionuclides
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
Tie-down can be effective at any time after deposition; however, maximum benefit is achieved if carried out soon after deposition before penetration and fixing of the contamination in the soil has occurred. Tie-down is effective for the period over which the integrity of the covering is maintained.  Effectiveness is reduced after rain has occurred.



Constraints on implementation


Legal 
· Liabilities for possible damage to property.

· Ownership and access to property.

· Use on conservation areas



Environmental / technical 
· Severe cold weather, especially for tie-down with water.

Effectiveness


Reduction in contamination on the surface
This option is not applied to clean-up a surface, so the decontamination factor (DF) is 1.  In practice, some contamination may be removed along with the tie-down material (if it is subsequently removed) and some activity may be washed onto other surfaces if water is used.



Reduction in surface dose rates
This option may be effective at reducing external beta dose rates above the surface while the tie-down remains intact, but is not effective at reducing external gamma dose rates.



Reduction in resuspension
Resuspended air concentrations above the surface will be reduced by close to 100% while the tie-down remains intact. Applying water will aid the bonding of activity to soil particles and can wash contamination below the surface, both of which will reduce resuspension in the longer term.  However, if plants, shrubs and trees are not removed, these will still contribute to inhalation doses from resuspended material.



Averted doses
Dose reductions have not been estimated for this option.  Tie-down will be 100% effective in reducing resuspension from the surface for the period that the tie-down material is in place as long as its integrity remains intact.  Note point above about plants and trees. The effectiveness in reducing overall doses to a person living in an inhabited area will be very dependent on the specific situation.

· 

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 application of tie-down material over the contaminated area.
· Soil and grass surfaces must not be covered in snow.
· Length of grass (for lignin and paint) – shorter grass is preferable to facilitate bonding.


Factors influencing effectiveness of procedure (social)


Requirements


Required specific equipment
The equipment required will depend on whether water or paint is used and the size of the area to be treated.

· For water tie-down on small surface areas, a hydrant and hose are used. For large areas, a winding hose reel, pump and tractor with boom are used.

· For paint tie-down on small surface areas, an airless spray pump and air compressor are used. For large areas, a tractor and boom are used.

In all cases, transport vehicles for equipment are required.



Required utilities and infrastructure
· Roads for transport of equipment, materials and waste.

· Water supply.

· 

Required consumables
· Fuel and parts for transport vehicles.

· Water, acrylic paint (eg Vinamul), lignin. For large areas 1400 litres ha-1 of acrylic paint diluted in water 6:1 should be used.


Required skills
Skilled personnel essential to operate equipment.



Required safety precautions
· Water–resistant clothing is recommended when using water

· Additional protective clothing may be required when applying paint

· Respiratory protective equipment (RPE) to protect against paint spray



Waste


Amount and type
Tie-down in itself results in no waste. If at a later stage, the grass/soil is removed, the additional waste from the tie-down material will be very small compared with the grass/soil itself.



Intervention costs (see Appendix E)


Tie-down: water
Tie-down: paint (costs for lignin are likely to be similar)


Small areas
Large areas
Small areas
Large areas

Equipment cost
€ m-2
7 10-5
4 10-3
2 10-2
4 10-4

Consumables
€ m-2
0
0
1 10-1
4 10-2

Labour

€ m-2
7 10-2
2 10-2
2 10-1
3 10-3

Operator time:
2 102 – 3 103 m2/team.hr depending on tie-down material and equipment used.

Team size: 2 people

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

· Weather

· Topography

· Size of area

· Type of equipment used

· Access

· Proximity of water supplies (for water tie-down)



Side effects / impact


Environmental impact
Chemical contamination from acrylic paint (Vinamul) migrating into soil may be an issue.

The disposal or storage of waste arising from the implementation of this option may have an environmental impact.  However, this should be minimised through the control of any disposal route and relevant authorisations.



Social impact
Perception of contamination of the environment with chemicals



Practical experience
There is no readily available evidence of any practical experience of the use of water and paint as tie-down materials for radioactive contamination in inhabited areas.   Lignin use has been tested on a small scale (only a few m2) in Denmark in conjunction with removal.  Full scale tests on the use of lignin for dust suppression have been carried out in the USA and Sweden, where it is routinely used.  Water flooding of vegetated areas was used as part of the management of plutonium contaminated areas of the Nevada desert in the USA in the 1950’s.


Key references
Andersson and Roed (1994); Brown and Jones (2000); Brown, Charnock and Morrey (2003); Dick and Baker (1961); NRPB (2005); Tawil and Bold (1983).
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