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- All outside areas -

Snow removal

Objective
To reduce the external gamma and beta doses arising from contamination on snow covered outdoor surfaces within inhabited areas, and reduce inhalation from material resuspended from those surfaces.



Other benefits
Will remove contamination from outdoor surfaces. Removal of activity from gardens may reduce subsequent contamination of soil, hence reducing uptake in garden food crops.



Countermeasure description
If deposition occurs in open areas covered by a thick layer of snow, the removal of the snow layer (or a snow layer to depth to include that on which deposition occurred if there has been snow fall subsequent to contamination) before the first thaw will prevent the contaminants from reaching the underlying ground surface. Generally, soil areas will be most important to treat, but the method could also be applied on paved surfaces. 

If snow-out happens (ie the snow cloud is contaminated), all the snow should be removed.  The contamination of the ground due to the wet contact of the snow and the ground is insignificant compared to the contamination contained in the snow.

The removal can be carried out by 'Bobcat' mini-bulldozers (easy to manoeuvre in small areas) or similar available equipment. Alternatively, and much more slowly, removal can be undertaken with shovels or manual scrapers.



Target surface or population
Snow covered open areas, particularly grassed areas and other areas of soil, e.g. parks, playing fields and gardens. 



Target radionuclides
All radionuclides. Suitable for removing short-lived radionuclides if implemented quickly. See Appendix B for information on radionuclides.



Scale of application
Any size. Suitable for small areas (e.g. gardens) and large areas (e.g. parks, playing fields etc).



Timing of implementation
Maximum benefit if carried out as soon as possible after deposition. Must be carried out before the first thaw following the contamination.



Constraints on implementation


Legal 
· Ownership and access to property.

· Liabilities for possible damage to property.

· Waste disposal legislation



Environmental / technical 
· Severe weather

· In extreme cases, the slope of the area may be a constraint (depends on operator skill).

· Obstacles e.g. trees / shrubs.



Effectiveness


Reduction in contamination on the surface
A decontamination factor (DF) of between 10 and 30 can be achieved if this option is carried out prior to the snow melting and as long as snow is removed to a depth to include the contamination.



Reduction in surface dose rates
External dose rates above the snow covered surfaces will be reduced by a value similar to the DF. If snow fall occurs post deposition, external beta dose rates above the snow surface are likely to be negligible prior to removal



Reduction in resuspension
Resuspended air concentrations above the surface will be reduced by a value similar to the DF. Resuspension from a snow-covered surface will be generally low.  If snow fall occurs post deposition, the resuspended air concentrations above the snow surface will be zero prior to removal.



Averted doses
Reductions in external gamma dose rate received by a member of the public living in an inhabited area shortly after decontamination of the snow-covered surface could be around 35% following deposition under dry conditions. Following wet deposition, reductions in dose rates are likely to be much higher, at around 80%. These are illustrative values and should only be used to provide an indication of the likely effectiveness of this option and to compare across options. Further details can be found in Appendix C.

Factors influencing dose reduction:

· Effective and consistent application of option over a large area.

· Population behaviour in area: the time spent by individuals on or close to snow covered surfaces.

· Amount of the area containing snow covered surfaces.

· Time of implementation. The impact of snow removal will be reduced with time as snow melt starts.

· Over time, snow may form drifts leading to areas of enhanced contamination.



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)
The snow layer must be sufficiently thick to allow complete removal of the snow surface. If, for example, human activity has compressed the snow, complete removal will be more difficult. Snowdrift may reduce the effectiveness.



Factors influencing effectiveness of procedure (social)


Requirements


Required specific equipment
'Bobcat' mini-bulldozer or similar equipment (e.g., tractor with scraper). 

Vehicles for transporting equipment and waste.



Required utilities and infrastructure
Roads for transporting equipment and waste.

Required consumables
Fuel and parts for vehicles



Required skills
Little instruction is required.



Required safety precautions
Water proof clothing, boots and gloves. 

In case of dry frost / storm weather, respiratory protection should be considered if carrying out the procedure soon after contamination. 



Waste


Amount and type


Depends on snow layer thickness. If 5 cm snow is removed, this produces a waste corresponding to some 0.5 kg m-2. 



Intervention costs (see Appendix E)

Equipment


€ 3 10-2 m-2 


Consumables
No significant costs.

About. 40 l ha-1 of petrol, at current cost per litre.



Labour


€ 1 10-1 m-2 

Operator time
2.5 102  - 5.0 102 m2/team.hr (team size: 1 person)

Includes loading to waste transport truck.  



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

· Weather

· Topography

· Size of area

· Thickness of snow layer to be removed

· Type of equipment used

· Access

· Use of personal protective equipment (PPE)



Side effects / impact


Environmental impact
The disposal of the waste water 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
Implementation may give public reassurance

Limited adverse aesthetical effect, due to the use of relatively heavy machinery in garden areas.



Practical experience
Successfully tested on relatively small scale in Norway.



Key references
Andersson (1996); Andersson and Roed (1999); Andersson et al (2003); Qvenild and Tveten (1984)
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